Yury Khelemsky
Anuj Malhotra
Karina Gritsenko
Editors

Academic Pain

edicine ‘,,_,

A Practical Guide to Rotations,
Fellowship, and Beyond

@ Springer



Academic Pain Medicine



Yury Khelemsky « Anuj Malhotra
Karina Gritsenko
Editors

Academic Pain Medicine

A Practical Guide to Rotations,
Fellowship, and Beyond

@ Springer



Editors

Yury Khelemsky

Pain Medicine Fellowship

Department of Anesthesiology, Perioperative and
Pain Medicine

Department of Neurology

Icahn School of Medicine at Mount Sinai

New York, NY

USA

Karina Gritsenko

Regional Anesthesia and

Acute Pain Medicine Fellowship
Department of Anesthesiology
Albert Einstein College of Medicine
Montefiore Medical Center

Bronx, NY

USA

ISBN 978-3-030-18004-1
https://doi.org/10.1007/978-3-030-18005-8

Anuj Malhotra

Pain Medicine Fellowship

Department of Anesthesiology, Perioperative and
Pain Medicine

Icahn School of Medicine at Mount Sinai

New York, NY

USA

ISBN 978-3-030-18005-8 (eBook)

© Springer Nature Switzerland AG 2019, corrected publication 2021

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting, reproduction
on microfilms or in any other physical way, and transmission or information storage and retrieval, electronic adaptation,
computer software, or by similar or dissimilar methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication does not
imply, even in the absence of a specific statement, that such names are exempt from the relevant protective laws and

regulations and therefore free for general use.

The publisher, the authors, and the editors are safe to assume that the advice and information in this book are believed
to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors give a warranty,
expressed or implied, with respect to the material contained herein or for any errors or omissions that may have been
made. The publisher remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland


https://doi.org/10.1007/978-3-030-18005-8

Preface

The specialty of Pain Medicine is relatively new, when compared to more established fields.
Consequently, the base of required knowledge and skill is in a constant state of expansion and
modification. The core requirements for the Accreditation Council for Graduate Medical
Education (ACGME) accredited pain fellowships did not emerge until about 10 years ago and
have since undergone multiple significant revisions.

There has been a clear, unmet need for a standardized text to be used by fellows in ACGME-
accredited pain fellowship programs in order to provide a clinically relevant narrative to their
training, as well as help prepare them for certification exams. This work was created to do just
this. Additionally, it may serve as a valuable overview of the field for medical students, resi-
dents, non-physician providers, as well as physicians in other fields.

We believe that this text provides a blueprint for the emerging legitimate specialty of Pain
Medicine and that it provides a common set of ideas for clinicians who have undergone the
rigorous training and certification required in order to have the privilege of alleviating pain and
suffering. And more than anything, we hope that the pages of future iterations of works like
this are filled with new and ever-effective treatments of pain, developed by someone reading
this preface.

New York, NY, USA Yury Khelemsky
Anuj Malhotra
Bronx, NY, USA Karina Gritsenko
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Anatomy and Physiology: Mechanisms
of Nociceptive Transmission

Scott Grubb and George W. Pasvankas

Introduction

Nociceptive pain is defined as sensation generated from
actual or threatened damage to non-neural tissue and
begins with the encoding of noxious stimuli in the nervous
system [1]. Nociception itself is the initiation of a signal in
peripheral nerves that is of sufficient intensity to trigger
reflex withdrawal, autonomic responses, and/or the per-
ception of pain by higher-order cortical structures [2]. The
sensation of pain does not necessarily follow directly from
nociceptive signaling, however, as pain perception is
instead characterized as the unpleasant sensory or emo-
tional experience which results from such signaling.
Figure 1.1 depicts the fundamental process elements of the
nociceptive pain pathway: transduction, transmission, per-
ception, and modulation [3].

From peripheral nerves to the integrative network of
the brain, the relay of pain signals is facilitated by a com-
plex system of neural structures, each serving to modulate
the experience that is the perception of pain. The key pro-
cesses involved in nociception include transduction via
specialized receptive elements and dorsal root ganglia
(DRG), transmission via ascending relay tracts through
the spinal cord and brainstem, and modulation in primary
integrative sites in the thalamus and cortex. Each of these
levels of neuronal signaling contributes to the totality of
sensory input to the organism, and dysfunction at any
level can contribute to the generation of chronic pain
states [4].
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California San Francisco, San Francisco, CA, USA
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Fig. 1.1 The fundamental components of the nociceptive pain path-
way. The system begins at the site of tissue injury which is transduced
into a neuronal signal by peripheral nociceptive fibers. The nociceptive
signal is then transmitted along the axon of the afferent nerve to syn-
apse in the dorsal horn. Second-order projection neurons transmit the
signal to higher order integrative centers in the CNS where pain percep-
tion occurs. Finally, pain sensation is modulated by specific integrative
centers in the brain and via descending projection neurons which feed-
back to synapse in the spinal cord [3]

Peripheral Mechanisms: Primary Peripheral
Nociceptors, the Dorsal Root Ganglion
(DRG), and Spinal Cord Projections

Noxious stimulation is generated through specialized periph-
eral structures located throughout tissue in skin, joints, mus-
cle, dura, as well as the adventitia of blood vessels [5]. These

Y. Khelemsky et al. (eds.), Academic Pain Medicine, https://doi.org/10.1007/978-3-030-18005-8_1
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nociceptors serve to detect mechanical, chemical, and ther-
mal input which are potentially damaging to tissue and to
relay those signals to central integrative centers which gener-
ate protective behaviors [6]. Nociceptors can be polymodal —
meaning they may be activated by different forms of noxious
input such as mechanical, chemical, or thermal stimuli — or
may be specialized to one form of input [6]. A nociceptive
peripheral nerve is comprised of the peripheral terminal in a
target tissue, the axon which conducts an action potential to
the CNS, the cell body located in the DRG or cranial nerve
ganglion, and the central terminal where the cell synapses on
second-order neurons in the CNS [2] (Fig. 1.2).

Primary afferent C fibers are small, unmyelinated nerves,
which conduct nociceptive signals at velocities slower than
2.5 m/s. Aé fibers are thinly-myelinated nerves and have con-
duction velocities of 4-30 m/s [5]. C fibers are more numer-
ous in the dorsal roots than AJ fibers; however, both C and
AJ fibers can travel with other somatic and autonomic motor
axons. The cell bodies of these nociceptive nerves are invari-
ably located in the DRG or trigeminal ganglia (CN V), enter

Fig. 1.2 Structure of a
primary nociceptor.
Information which reaches
the central terminal is relayed

Target tissue

Peripheral nerve

the spinal cord on the dorsal surface, and synapse in the dor-
sal horn. Secondary neurons in the spinal cord project axons
across the midline to ascend to the thalamus via the lateral
and ventral spinothalamic tracts (STT). STT cells located in
the superficial dorsal horn ascend via the lateral STT,
whereas cells projecting from the deep dorsal horn ascend in
the ventral STT (see Fig. 1.3) [5]. Glial cells in the DRG
serve to support the cell bodies and axonal projections of
small and medium-sized nociceptive fibers, even playing a
role in signal modulation and peripheral sensitization [7].
Discriminative touch, pressure, and proprioception are trans-
mitted by large, myelinated A fibers, whose cell bodies are
also located in the DRG. These somatic mechanosensory
fibers ascend in the dorsal column of the spinal cord to first
synapse on the dorsal column nuclei of the medulla [5].
Motor neurons exit the spinal cord via the ventral horn and
travel through large, richly myelinated, and rapidly conduct-
ing fibers contained within the ventral roots; however, auto-
nomic motor afferents travel via small, slowly conducting
fibers [5].

Dorsal root ganglion Dorsal root

-

Spinal cord

to second-order neurons in the
CNS, which are invariably
located in the dorsal horn of
the spinal cord [2]

)

Peripheral terminal

Fig. 1.3 Afferent nociceptor
entry into the spinal cord.
Somatic nociceptors enter the
spinal cord on the dorsal
surface via the dorsal root.
The cell bodies of these
neurons are located within the
dorsal root ganglia. Primary
somatic afferents undergo at
least one synapse onto dorsal
horn interneurons, which then
project across the midline to
ascend in the lateral and
ventral white matter via the
STT. Visceral nociceptive
information, in contrast, is
relayed through the dorsal
horn and ascends via the
ipsilateral dorsal column in
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Ventral

Axon
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dorsal column
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Nociceptive peripheral terminals are specialized, high-
threshold endings which express ion channels that respond to
mechanical, chemical, and thermal stimuli. Cool stimuli acti-
vate the TRPMS8 channel, for instance, whereas noxious heat
stimuli activate an array of TRP channels, including
TRPV1-4 and the heat-sensitive potassium channel TREK-1
[8]. By contrast, non-nociceptive sensory neurons express
ion channels which are activated at low-threshold by innocu-
ous stimuli [2]. Genetic mutations in specific nociceptive
receptor subtypes can produce an array of Hereditary Sensory
and Autonomic Neuropathies (HSAN). HSAN Type IV, for
example, results from a mutation in the TrkA receptor,
thereby resulting in failure of nerve growth factor (NGF)-
associated receptor differentiation and leading to pain hypo-
sensitivity [2].

Glutamate is the primary excitatory neurotransmitter of
nociceptive afferents and derangements in glutamate trans-
port or the maintenance of glutamate homeostasis has been
implicated in the development of chronic pain states [9]. An
array of small molecules and neuropeptides have been found
to reinforce and enhance glutamate signaling, including sub-
stance P (SP), neurokinin A, galanin, somatostatin, and cal-
citonin gene-related peptide (CGRP). Small, peptidergic
nociceptors are the only source of CGRP in the spinal cord
and, as such, CGRP is frequently used as a molecular marker
for the study of nociceptive signaling in the spinal cord [10].
Inflammatory cytokines can activate nociceptors at their ter-
minal endings, the DRG, or the spinal cord and include ade-
nosine, NO, IL-1, IL-6, and TNFa [5]. In pathologic pain
states, these inflammatory cytokines and signaling molecules
can lead to further enhanced nociception, increased gluta-
mate release, and increased dorsal horn activation, thereby
bolstering the development of central sensitization [11].

Fine, discriminative sensory information from skin and
joints enters the spinal cord as large, myelinated afferents in
the dorsal root. The axons travel along the top of the dorsal
horn and ascend in the ipsilateral dorsal column white matter
to the medulla. These primary sensory neurons first synapse
in the dorsal column nuclei of the medulla and then decus-
sate in the medial lemniscus to synapse on the contralateral
thalamic nuclei, most notably the ventral posterolateral
(VPL) nucleus of the thalamus. Primary nociceptive and tem-
perature information is carried within afferent myelinated
and unmyelinated fibers which enter the dorsal surface of the
spinal cord and traverse the top of the dorsal horn via
Lissauer’s Tract. They then enter the gray matter of the spi-
nal cord and widely arborize onto dorsal horn interneurons
[5]. Classically, axons traveling in Lissauer’s Tract have been
thought to either ascend or descend only 1-2 spinal segments
before projecting into the dorsal horn; however, electrophys-
iologic studies have shown some A&-fibers to project as
many as five spinal segments rostro-caudally in a rat model
[12]. Visceral nociceptive afferents have been found to have

more extensive terminal arborization in the dorsal horn than
somatic nociceptors, which may account for the poor local-
ization of symptoms and frequent incidence of “referred”
pain in these cases [5].

Central Mechanisms: Spinal and Medullary
Dorsal Horns, Segmental and Brainstem

The first site of nociceptive processing in the CNS is the gray
matter of the spinal cord dorsal horn. Neurons entering the
dorsal horn arborize to variable degrees and synapse at least
once onto local interneurons. Second-order projection neu-
rons then course to higher-order centers via the contralateral
STT or ipsilateral postsynaptic dorsal column pathway
(PSDC) (see Fig. 1.4). In contrast, discriminative touch and
proprioception travel directly via the white matter of the dor-
sal columns to the dorsal column nuclei of the medulla.

The gray matter of the spinal cord is histologically and
functionally divided into ten Rexed laminae, with the dorsal
horns comprising laminae I-VI [13]. Visceral nociceptive C
fibers are seen to project deeply into the dorsal horn, with
wide branching synapses terminating in laminae I, II, V, and
X ipsilaterally. Some visceral fibers even project across the
midline and terminate in laminae V and X contralaterally.
This wide degree of arborization explains the relatively poor
localization of visceral pain, which is often referred to other
areas of the body (see Fig. 1.5) [5]. The superficial dorsal
horn (laminae I-IIT) is where most primary somatic afferent
C fibers synapse, with laminae II and III comprising the sub-
stantia gelatinosa [14]. The reserved terminal arborization
pattern of somatic C fibers in the substantia gelatinosa allows
for geographic localization of painful stimuli, in contrast to
the wide branching patterns of visceral C fibers.

Rexed lamina IT contains a matrix of interneurons with
large dense-core vesicles of excitatory (e.g., glutamate) and
inhibitory (e.g., GABA) neurotransmitters [5]. In contrast to
C fibers, Ad fibers transmitting mechanical nociceptive
information terminate in lamina I, as well as more deeply in
the spinal cord gray matter of laminae V and X [15].
Distributive interneurons are located within laminae III, IV,
and VI which project nociceptive information to the hypo-
thalamus via the spinohypothalamic tract, and the brainstem
via the spinoreticular and spinocervical tracts [5]. Areas deep
to the dorsal horn extending into laminae VII-X are respon-
sible for somatic and autonomic motor function. The central
area of the spinal cord is comprised of laminae X and adja-
cent segments of the dorsal horn, and is responsible for the
processing of purely visceral and autonomic nociception [5].

Spinal interneurons comprise a majority of the neurons
in the dorsal horn and secrete a wide array of modulating
neurotransmitters. GABA-ergic interneurons located in
lamina II are thought to play an important role in the “gate
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Fig. 1.4 Ascending
nociceptive pathways in the
spinal cord. Somatic
nociceptors enter the spinal
cord on the dorsal surface,
travel in the Lissauer’s Tract
approximately 1-2 spinal
segments along the cranio-
caudal axis and synapse onto
local interneurons in the gray
matter of the dorsal horn.
Second order projection
neurons then decussate at the
spinal cord level in the
anterior white commissure
ventral to the central canal
and ascend to the thalamus
via the STT. The lateral STT
has its origins from the
superficial dorsal horn,
whereas the ventral STT
projects from the deep dorsal
horn. Visceral afferent
nociception ascends via the
ipsilateral PSDC pathway [5]

Fig. 1.5 Structure of the
dorsal horn. Cutaneous
nociceptors terminate in the

substantia gelatinosa of Rexed

laminae IT and III, whereas
visceral C fibers arborize

extensively into laminae IL, V,

and X ipsilaterally, and X
contralaterally [5]
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control theory” of nociceptive transmission, whereby nox-
ious transmissions can be inhibited by somatic mechanical
stimuli [16]. In this model, afferent nociceptive CRGP-
ergic axons synapse onto inhibitory GABA-ergic interneu-
rons in laminae II, inhibiting them through the secretion of
the glycine and dynorphin. In this way, the signaling of
downstream projection neurons is enhanced. It is when A}
fibers carrying mechanical “touch” information are acti-
vated that the inhibitory activity of GABA-ergic interneu-
rons is promoted and the downstream signal is quieted
[16].

Nociceptive information arriving via the trigeminal nerve
from the head, neck, and dura enter the CNS in the caudal
medulla which serves as the functional equivalent to the spi-
nal cord dorsal horn [17]. These afferent neurons synapse
onto the spinal trigeminal nucleus which sends second-order
projections via the trigeminal lemniscus to the contralateral
ventral posteromedial (VPM) nucleus of the thalamus [5]. In
this way, the crossing fibers of the trigeminal lemniscus
decussate in the medulla and join the STT to be integrated in
thalamic relays to convey pain and temperature sensation
from the contralateral face.

Central Mechanisms: Thalamocortical -
Ascending Nociceptive Pathways, Higher
Cortical Processing, and Descending
Modulation

The primary relay which transmits nociceptive cutaneous
and temperature input from the periphery to the CNS is the
spinothalamic tract (STT). Discriminative cutaneous and
temperature nociception project from Rexed laminae I, II,
and V and decussate ventral to the central canal via the ante-
rior white commissure. These axons then form the contralat-
eral white matter of the lateral and anterior STTs and rise to
synapse in the VPL nucleus of the thalamus [5]. The VPL
nucleus of the thalamus serves as the main cortical relay cen-
ter for somatosensory input related to pain, temperature, and
itch from the contralateral side of the body. The anterior and
lateral STTs, along with ascending fibers which terminate in
the reticular formation (spinoreticular fibers), periaqueduc-
tal grey (PAG) (spino-periaqueductal fibers), and hypothala-
mus (spinohypothalamic fibers), are together considered the
anterolateral system (ALS) [18]. The ALS stands in contrast
to the medial pain pathway that is primarily responsible for
transmitting nociceptive information to limbic structures,
such as the prefrontal and insular cortices, and the anterior
cingulate cortex. The limbic system is what generates many
autonomic and affective responses to pain by integrating
input from a wide array of collateral systems, including the
spinoamygdalar, spinoreticular, and spinohypothalamic
tracts [5].

The postsynaptic dorsal column pathway (PSDC) is pri-
marily responsible for relaying visceral nociceptive input
[5]. The dorsal column tract is classically considered the
main thoroughfare for primary afferent neurons carrying
touch, pressure, proprioception, and vibratory sensation;
however, animal and human studies support the presence of
a visceral nociceptive tract in the dorsal columns in which
second-order neurons ascend ipsilaterally to synapse at the
gracile and cuneate nuclei [19]. After synapsing in the grac-
ile and cuneate nuclei, relay fibers of the PSDC decussate in
the medulla oblongata via the medial lemniscus and ascend
to synapse in the thalamus where the signals are then inte-
grated with other forebrain and cortical structures. The func-
tional importance of the PSDC pathway is evidenced by the
ability to relieve visceral cancer pain in humans by perform-
ing a limited, midline myelotomy of the dorsal columns [20].

Although the PSDC pathway and the STT terminate in
thalamic relay centers, they both provide abundant supply to
important parallel medullary, pontine, and midbrain integra-
tion sites (see Fig. 1.6). Such integrating sites include the
rostral ventral medulla (RVM), the PAG, amygdala, and lim-
bic systems [5]. The spinohypothalamic and spinoamygdalar
pathways receive innervation from ascending fibers which
originate primarily in Rexed laminae I and X [21]. These
pathways contribute to the emotional and motivational
responses to pain through the generation of anxiety, arousal,
and attention. Autonomic alterations also result from these
midbrain pathways via changes in sympathetic outflow, heart
rate, and blood pressure. The PAG and the nucleus raphe
magnus (NRM) are primary sites influencing the descending
inhibition of pain transmission [22]. The PAG and the NRM
are part of the larger reticular system which balances excit-
atory and inhibitory nociceptive processing [23]. The spino-
reticular pathway is in part made up of neurons which project
from the spinal cord to the RVM, NRM, and the A7 catechol-
aminergic center of the pons. The spinoreticular tracts con-
tribute to descending modulation of pain, cortical and limbic
projection, stress responses, and other “anti-nociceptive”
reflexes such as the escape response [5]. The complex inter-
actions of these brainstem centers with higher-order cortical
areas are illustrated by Fig. 1.6, along with contributions
from the STT and PSDC pathway.

The RVM is one important area of the brainstem which
receives nociceptive input and exerts both descending inhibi-
tory and excitatory influence on pain transmission. The RVM
is composed of the midline raphe system which contains the
serotonergic neurons of the NRM, as well as non-serotonergic
neurons. The NRM has primarily been implicated in the inhi-
bition of nociceptive transmission via projections down the
dorsolateral funiculus to the spinal cord level [24].
Enkephalinergic connections between the NRM and the dor-
solateral pons help to potentiate descending control of pain
transmission. The noradrenergic neurons of the dorsolateral
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Fig. 1.6 The relationship of
ascending nociceptive tracts
in the brainstem. The primary
ascending nociceptive tracts
include the spinothalamic
tract and the postsynaptic
dorsal column pathway. Both
tracts supply innervation to
brainstem integration sites
which contribute to
autonomic, affective,
neurohormonal, and
modulatory responses to pain.
The VPL thalamic nucleus is
the main cortical relay center
for the localization of pain,
whereas the medial thalamus
projects to the anterior
cingulate cortex which
produces affective and
motivational responses to
pain [5]

Cingulate cortex =

pons receive input from the PAG and the RVM, all of which
act to further inhibit the transmission of ascending nocicep-
tion [25]. Cholinergic transmission in the PAG of the mid-
brain provides descending connections to both the RVM and
dorsolateral pons. The PAG has been found to potentiate opi-
oid analgesia and decrease nociceptive transmission by the
activation of projection neurons which descend to laminae
III-V in the spinal cord and promote activity of cholinergic
interneurons [26].

Somatic nociception is relayed through the VPL thalamic
nucleus to the somatosensory cortex, where higher cortical
processing plays a discriminative role in the localization of
pain. The discriminatory role of the VPL nucleus contrasts
with midline thalamic nuclei, which integrate noxious vis-
ceral input, as well as the ventromedial nuclei, which receive
noxious input from the face and tooth pulp [27]. Cortical
projections from the thalamus to the anterior cingulate cortex
play a role in an individual’s emotional response to pain,
whereas the insular cortex and frontal cortex contribute to
the memory and learning response to nociception [28].
Overall, excitatory and inhibitory feedback connections
between nociceptive tracts in the thalamus, brainstem, and
cortex work together to balance the level of perceived pain
intensity.
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Pharmacology of Pain Transmission

and Modulation

Rishi R. Agarwal, Rishi Gaiha, and David R. Walega

Experimental Models: Limitations

The human experience of pain is a wholly subjective one,
depending on the perception of the individual experiencing a
noxious stimulus. Unlike other acute and chronic conditions
such as myocardial infarction or diabetes for which the
degree of severity can be reliably quantified with laboratory
values, acute and chronic pain conditions lack similar testing
to objectively quantify pain levels. As such, experimental
models designed to study pain perception are limited by the
inherent lack of consistency between different individuals
experiencing the same noxious stimulus. Nevertheless, the
evolution of experimental models over the past century has
enabled a better understanding of pain transmission and
modulation, making possible significant advances in thera-
pies and treatments.

An important and increasingly utilized instrument to
characterize mechanisms underlying pathologic pain disor-
ders is quantitative sensory testing (QST), which allows for
static and dynamic forms of testing [1, 2]. Examples of static
QSTs include: cold and heat pain threshold, pressure pain
threshold, and 2-point discrimination. Static QSTs are used
for threshold determination and provide insight into the basal
state of the nociceptive system. Examples of dynamic QSTs
include: mechanical wind-up and conditioned pain modula-
tion. Dynamic QSTs are used to assess the mechanisms of
pain processing, such as peripheral and central
sensitization.

The development of experimental models of pain and
knowledge of safety profiles for various analgesic medications
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are owed to vivisection. Examples of animal neuropathic pain
models include: progressive tactile hypersensitivity, which
develops months after recovery from sciatic nerve crush in
response to repeated intermittent low-threshold mechanical
stimulation of the re-innervated sciatic nerve skin territory [3];
spared nerve injury, which is characterized by an early and
sustained increase in stimulus-evoked pain sensitivity in the
intact skin territory of the spared sural nerve after sectioning
of the two other terminal branches of the sciatic nerve [3]; and
hot plate testing that assesses pain behaviors such as paw lick-
ing or jumping in response to pain due to heat [4]. An example
of an animal visceral pain model is the writhing test, in which
noxious substances (e.g., capsaicin, acetic acid, mustard oil)
are injected intraperitoneally and visceral pain behaviors such
as licking of the abdomen, stretching, and contractions of the
abdomen are monitored or measured [5]. A less ideal, and
arguably inhumane, animal visceral pain model for irritable
bowel syndrome involves the use of an inflated balloon tamp
applied inside the rectum of rats [6].

Clearly, findings from animal models of pain and pain
behavior do not fully translate into the sensory and emo-
tional experience of pain in humans. As such, pain models
that are ethically and morally acceptable to perform on con-
senting humans were developed based on existing animal
models. A simple way to organize both animal and human
models of pain is by location of the noxious stimulus applied:
skin, muscle, or viscera. Commonly used models of pain
applied to skin include calibrated filaments (e.g., von Frey
filaments), which quantitatively assess the response to touch
by bending when a specific pressure is applied but are not
able to specifically evoke pain as they primarily activate
A-beta fibers, and pressure algometers, which apply stan-
dardized pressure and activate A-delta and C-fibers [7]. A
classic model of pain applied to muscle is ischemic stimula-
tion, in which ischemic muscle pain is induced by pneumatic
tourniquet inflation [7]. The most ideal model of pain applied
to the viscera is chemical stimulation, whereby acidic
chemicals are applied to the esophagus, as this model closely
resembles clinical inflammation [7].
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Peripheral Mechanisms of Pain Transmission
and Modulation

There are three types of primary afferent fibers in the skin
that are distinguished by conduction velocity (Table 2.1)
[8]. A-beta fibers are large and myelinated, have the fastest
conduction velocity, and transmit light touch, pressure,
and hair movement. Unmyelinated C fibers and thinly
myelinated  A-delta  fibers transmit nociception.

Table 2.1 Chemicals released during peripheral tissue injury

Substance Source Effect
Bradykinin Macrophages and Activates nociceptors
plasma kininogen
Serotonin Platelets and mast Activates nociceptors
cells
Histamine Platelets and mast Produces vasodilation,
cells edema and pruritus
Potentiates the response
of nociceptors to
bradykinin
Prostaglandin Tissue injury and Sensitize nociceptors
cyclooxygenase
pathway
Leukotriene Tissue injury and Sensitize nociceptors

lipoxygenase pathway

Hydrogen ions Tissue injury and Hyperalgesia
ischemia
Cytokines Macrophages Excite and sensitize
(interleukins and nociceptors
tumor necrosis
factor o)
Adenosine Tissue injury Pain and hyperalgesia
Substance P Release by peripheral Substance P activates
Glutamate nerve terminals macrophages and mast
following injury cells
Glutamate activates
nociceptors
Calcitonin Release by peripheral Excitatory effect on

G-related peptide nerve terminals in WDR neurons of the

Nerve growth dorsal horn dorsal horn
factor Macrophages Induces heat
hyperalgesia

Sensitizes nociceptors

Table 2.2 Primary afferent fibers

Diameter Conduction

Group (pm) velocity (m/s) Modalities

A (myelinated)

A-alpha 15-20 8-120 Large motor,
proprioception

A-beta 8-15 30-70 Small motor, touch,
pressure

A-gamma 4-8 30-70 Muscle spindle, reflex

A-delta 34 10-30 Pain, temperature

B (myelinated) 34 10-30 Preganglionic
autonomic

C (unmyelinated) 1-2 1-2 Pain, temperature

Unmyelinated C fibers transmit nociception at less than 2
m/s, and are associated with prolonged burning sensations.
Thinly myelinated A-delta fibers transmit nociception at
5-20 m/s and are associated with sharp, intense, tingling
sensations.

The processes that lead to the perception of pain involve
the following steps, in order: transduction, transmission,
modulation, and perception. Tissue injury from mechanical,
thermal, or chemical stimuli results in the release of numer-
ous chemicals including bradykinin, free hydrogen ions,
serotonin, histamine, eicosanoids, nitric oxide, adenosine,
and cytokines (Table 2.2) by various cell types such as dam-
aged tissue cells, macrophages, and mast cells in the skin
(Fig. 2.1) [9]. These, in turn, either directly activate nocicep-
tors or increase the excitability of (e.g., sensitize) nocicep-
tors. These chemical mediators transduce stimuli at the
primary afferent fibers of the peripheral nervous system into
action potentials that are then transmitted to the spinal cord
via the dorsal root ganglion, which houses the cell bodies of
the primary afferent fibers.

Pain modulation in the periphery involves the recruitment
of inflammatory cells to the site of damage by pro-
inflammatory mediators that not only facilitate the percep-
tion of pain, but also act to limit pain transmission. For
example, Substance P released by primary afferent fiber ter-
minals in response to tissue damage leads to the activation of
macrophages and mast cells [10, 11]. Conversely, peripheral
opioid receptors on the same primary afferent fibers receiv-
ing input from noxious stimuli become upregulated in
inflammatory environments, allowing endogenous opioids
(e.g., endorphins), released by inflammatory cells such as
macrophages, monocytes, and lymphocytes, to modulate and
dampen the pain response to tissue damage. Release of
endogenous endorphins is thought to be the mechanism by
which acupuncture works [12]. The mechanisms behind neu-
rotransmitters and neuropeptides involved in pain modula-
tion are discussed below.

Synaptic Transmission of Pain in the Dorsal
Horn

The first synapse in somatosensory processing of informa-
tion from A-delta and C fibers occurs in the spinal dorsal
horn if the stimulus originates from the body surface
(Fig. 2.2) or the spinal trigeminal nucleus if it originates
from the face [13]. These initial synapses in the spinal cord
occur on the ipsilateral side as the origin of the stimuli. The
second-order neurons with which primary afferent fibers
synapse are of two predominant types: wide-dynamic-
range (WDR) neurons and nociceptive-specific (NS) neu-
rons. WDR cells receive input from A-beta, A-delta, and C
fibers, and are thus activated by both innocuous and nox-
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Fig. 2.1 Cell types, neurotransmitters, neuropeptides, and receptors involved in peripheral nociception

ious stimuli. NS neurons receive input solely from A-delta
and C fibers.

The ten layers of gray matter of the spinal cord, which
includes the ventral, lateral, and dorsal horns, are organized
by Rexed’s laminae (I-X) [14]. These laminae can help iden-
tify where the initial synapses between the primary afferent
fibers and second-order neurons occur in the dorsal horn.
WDR cells are largely concentrated in laminae III through V,
while NS cell bodies are largely concentrated in laminae I
and II. The axons of the second-order neurons decussate at 1
or 2 levels above the level of their cell bodies and ascend to
the brain via the contralateral anterolateral spinal tracts,
where synapses occur with third-order neurons. Third-order
neurons are located in the brainstem and diencephalon and
transmit nociception to the cerebral cortex.

Central Sensitization: Mechanisms
and Implications for Treatment of Pain

The “gate control theory” of neuromodulation was devel-
oped by Melzack and Wall in the 1960s as a way to
describe the mechanism by which transcutaneous electri-
cal stimulation provides pain relief [15]. The theory sug-
gested that input from low-threshold A-beta primary
afferent fibers inhibits the response of WDR cells to noci-
ceptive input from A-delta and primary afferent C fibers.
However, present thinking is that the modulation of noci-
ception is likely much more complex than what is
explained by the gate control theory and facilitated by
numerous neurotransmitters released at the spinal level by
intrinsic spinal neurons (e.g., WDR and NS neurons).
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Indeed, high-frequency spinal cord stimulation accom-
plishes analgesia in patients without causing a paresthesia
and thus cannot be explained the gate control theory of
neuromodulation [16]. Moreover, descending inputs from
the brainstem to the dorsal root ganglion also modulate
nociception.

Central sensitization represents a special type of modula-
tion at the spinal level in which the capacity for transmission
of nociception is dynamic — exhibiting neuronal plasticity.
This plasticity is caused by an alteration in molecular tran-
scriptional activity of second-order neurons following a nox-
ious stimulus of sufficient intensity and duration, like
surgical incision, such that the second-order neurons sustain
aresponse to nociceptive stimuli beyond the initiating stimu-
lus [17]. A helpful example which illustrates the concept of
central sensitization is the wind-up phenomenon, whereby
repeated stimulation of C fibers at frequencies between 0.5
to 1.0 Hz results in a progressive escalation in the number of
evoked discharges by primary afferent fibers with a single
stimulus. Furthermore, the now sensitized intrinsic spinal
neurons display an expanded receptive field size, as well as
an increase in the number of spontaneous discharges. Thus,
synaptic input from primary afferent fibers that, prior to sen-
sitization, would be subthreshold now generate an aug-
mented action potential output in the newly sensitized
second-order neurons.
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Specific ligands and receptors are known to be responsi-
ble for central sensitization. One well-defined example is the
interaction between glutamate and the N-methyl-D-aspartic
acid (NMDA) receptor [18]. As detailed earlier, inflamma-
tory cells such as macrophages and mast cells influence the
signals transduced by primary afferent fibers in the periphery
by the release of various chemicals (Table 2.2). These signals
alter the gene transcription patterns in second-order neurons
in the dorsal horn, leading to phosphorylation of the NMDA
receptor on the synaptic membranes with an increased neu-
ronal responsiveness to the excitatory neurotransmitter glu-
tamate. This increased responsiveness allows the
voltage-dependent ion channels to remain open longer due to
removal of a magnesium ion from the ion channel when the
NMDA receptor is phosphorylated. As a result, second-order
neurons in the dorsal horn are activated by subthreshold
inputs, and exhibit an increased response to supra-threshold
mputs.

Neurotransmitters Involved in Pain
Modulation

The neurochemistry of the somatosensory processing sys-
tem involves three classes of transmitter compounds:
excitatory neurotransmitters, inhibitory neurotransmitters,
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and neuropeptides. These compounds are found in termi-
nals of primary afferent fibers, local circuit neurons, and
descending modulatory neurons, and all work to modulate
signal transmission of the second-order neurons in the dor-
sal horn.

The amino acids glutamate and aspartate are the most
ubiquitous excitatory neurotransmitters in the nervous sys-
tem [19]. Four receptor types for glutamate and aspartate are
primarily responsible for excitatory pain modulation:
NMDA, kainate, a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA), and metabotropic recep-
tors. The kainate, AMPA, and metabotropic receptors are
collectively referred to as non-NMDA receptors. As detailed
earlier, persistent activation of NMDA receptors by gluta-
mate leads to an increase of receptive field size, decreased
activation threshold, and prolonged depolarization which in
turn causes sensitization of dorsal horn neurons.

The amino acids glycine and gamma-amino-butyric acid
(GABA) are the most ubiquitous inhibitory neurotransmit-
ters in the nervous system [20]. There are two receptor sites
for glycine at the spinal level, one of which is on the NMDA
receptor. GABA is found in local circuit neurons located in
Rexed’s laminae I, II, and III. There are three types of
GABA receptors: GABAa, which is linked to a chloride
channel and is modulated by drugs such as barbiturates,
benzodiazepines, propofol, and alcohol; GABAb, which is
G-protein-linked complex and is the site of action of the
GABAD agonist baclofen; and GABAc, which has no known
role in somatosensory modulation. Norepinephrine and
serotonin are other common inhibitory neurotransmitters
found in descending pathways, which partially explains the
role of serotonin-norepinephrine reuptake inhibitor medica-
tions such as duloxetine and venlafaxine, and tricyclic anti-
depressants such as amitriptyline and in the management of
chronic pain [21].

Unlike neurotransmitters, which have rapid onset and
termination, neuropeptides have slower onset and longer
duration of action. They can, however, similarly be divided
into excitatory and inhibitory neuropeptides. Substance P is
an excitatory neuropeptide found in high concentration in
small, unmyelinated afferent C-fiber terminals in the periph-
ery (i.e., skin, muscle, joints), with increased levels leading
to vasodilation, inflammation, and pain in response to tissue
damage as this neuropeptide activates macrophages and
mast cells by elevating intracellular calcium levels [11].
Calcitonin G-related peptide (CGRP) is an excitatory neu-
ropeptide that, similarly to substance P, is found in high
concentration in small, unmyelinated afferent C-fiber termi-
nals at the spinal level, with its release leading to an excit-
atory effect on WDR neurons [22]. Inhibitory neuropeptides
such as somatostatin and endorphins are found in second-
order neurons of the dorsal horn, as well as terminal fibers
of descending inputs from different brainstem nuclei. The

endocannabinoids 2-arachidonoylglycerol (2-AG) and
anandamide may also play a role in pain modulation. While
patients and clinicians often anecdotally espouse the bene-
fits of cannabinoids in treating chronic pain, more research
is needed into their potential therapeutic benefits.
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Development of Pain Systems

Michael Miller, Rahul Sarna, and Awss Zidan

Development of Pain Behavior in the Fetus
and Newborn

Introduction

Despite a developing, immature nervous system, the human
neonate feels pain. In the past, the predominant theory was
that infants were not capable of experiencing “true” pain, as
the response to a noxious stimulus was believed to be medi-
ated by nociception rather than higher cortical pain process-
ing [1]. Indeed, the inability to communicate, paucity of
memory formation, and underdeveloped cerebral processing
of the fetus and newborn do suggest that only decorticate
pain processing is well-established in early life. However,
research has shown that the fetus and neonate possess the
spinal and supraspinal neural connectivity required for
advanced pain processing; however, the structure and func-
tion of this processing differ from the adult nervous system.
Additionally, some of these developmental structures and
mechanisms of pain processing in the fetus and neonate are
not maintained into later stages of pain transmission and per-
ception. Of note, many of the conclusions that are made
about human neurodevelopment have been achieved through
studies on rats and other mammals.

Defining a Pain Experience

The distinction between pain and nociception should be con-
sidered in exploring the nuances of the primitive pain pro-
cessing system. Pain is defined by the International
Association for the Study of Pain as “an unpleasant sensory
and emotional experience associated with actual or potential
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tissue damage, or described in terms of such damage.”
Nociception is the activation of sensory transduction in
nerves by thermal, mechanical, or chemical energy imping-
ing on specialized nerve endings. The nerves involved con-
vey information about tissue damage to the central nervous
system [2]. Basic nociception seems more elementary,
requiring a noxious peripheral stimulus to create a signal that
is propagated along a nerve to ultimately synapse in the cen-
tral nervous system. The perception of pain is more involved,
requiring multiple advanced cortical structures to localize
the inciting stimulus, recognize it as painful, and respond
accordingly. There is a complex interplay of higher process-
ing centers of the cerebral cortex involving localization of
pain, emotional response, memory, and learning, as well as
modulation of pain by descending facilitation and inhibition.
While these higher centers are not fully developed in the
fetal/neonatal period, connections to these maturing areas do
exist. The somatosensory cortical response to painful and
tactile stimuli has been exhibited in preterm neonates using
near-infrared spectroscopy (NIRS). Noxious stimuli have
been shown to transmit to the preterm infant cortex from
25 weeks [3]. Bilateral somatosensory cortical activation
was seen from unilateral painful stimulation, indicating
some degree of cortical pain processing ability in human
neonates [4].

Maturation of Pain Behavior

There is ongoing evolution of the fetal and neonatal pain
behaviors as the sensory connections are established and
refined. This process can be observed clinically by examin-
ing the maturation of cutaneous skin reflexes in humans and
other mammals. Reflex responses to noxious stimuli require
establishment of connections between peripheral receptors,
sensory afferents, dorsal horn neurons, and motor neurons.
Spinal reflex responses to tactile and noxious skin stimula-
tion are exaggerated in infants compared to the adult. They
also exhibit lower thresholds for activation, wider cutaneous
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receptive fields, and less-localized motor responses.
Additionally, repeated stimulation results in sensitization of
the reflex response. As the infant’s pain processing system
matures, the threshold for withdrawal increases and the dura-
tion of the response decreases [5]. It has been shown in
developing rats exposed to intra-plantar injections of forma-
lin that sensitivity was tenfold higher in neonates compared
with weanlings [6]. There is also a localization of the reflex
response from diffuse, whole body, or limb movements to
more focal muscle flexor responses. This reflects “fine-
tuning” of neurons and their synaptic connections and a mat-
uration of descending inhibition [7].

Embryology of the Sensory Nervous System

An embryologic nervous system develops in utero from the
neural plate. The neural tube gives rise to the brain and spinal
cord. The neural crest gives rise to cells that form the primi-
tive dorsal root ganglia, the axons of which will radiate cen-
trally to reach the spinal cord and peripherally to form the
beginnings of peripheral nociceptors [8]. Perioral nocicep-
tors first appear at the seventh gestational week. They are
present diffusely across the body by 20 weeks [9]. The devel-
opment of A-fibers first, followed later by polymodal
C-fibers, depends on the expression of different classes of trk
neurotrophin receptors. Nociceptor growth, maturation, and
survival are largely dependent upon neurotrophins such as
nerve growth factor (NGF), brain-derived neurotrophic fac-
tor (BDNF), and glial cell line-derived growth factor (GDNF)
[10]. Peripherally, nociceptors mature at different rates;
C-fiber nociceptors (which respond in polymodal fashion to
chemical, thermal, and mechanical noxious stimuli) are fully
mature at birth, while A-8 fiber high-threshold mechanore-
ceptor activity evolves to the level of adult function over the
postnatal period (despite A-d fiber formation preceding
C-fiber formation in utero) [11].

The dorsal horn of the spinal cord also undergoes marked
reorganization and growth postnatally, specifically with the
localization of A-d fibers to specific laminae. C-fibers extend
their axons to form synapses directly onto laminae I and II;
however, the A-9 fibers grow superficially into laminae I and
IT as well as deeper laminae [12]. They will then regress in
the first three postnatal weeks, in an NMDA-dependent pro-
cess, to their final adult synapses at deeper Rexed laminae,
thus removing the competition for synapses at these levels.
This NMDA activity-dependent synapse reorganization has
been demonstrated in neonatal rats whose lumbar spinal cord
dorsal horn was exposed to an NMDA antagonist, which
resulted in abnormal laminar synapse formation [13]. The
exaggerated reflex response with lower thresholds and wider
cutaneous receptive fields may be secondary to primitive
A-B-myelinated fibers overlapping in the superficial laminae

before regression to their adult organization in laminae 11—
V. The predominance of A-f neuronal inputs into the sub-
stantia gelatinosa has been demonstrated in immature rats,
possibly as a mechanism to maintain neuronal function in
lamina II, in which C-fibers are late to develop their synaptic
connections [14].

In the adult, pain processing at the spinal cord involves a
balance of nociceptive input with descending modulation. In
the developing human, due to prolonged maturation of inhib-
itory pathways, there is a predominance of excitatory stimu-
lation [10]. This contributes to the exaggerated cutaneous
reflexes with lower thresholds and longer durations seen in
the immature nervous system. It has been shown that though
interneurons and neurons that project to higher processing
areas do develop at the same time, the upper projection neu-
rons develop ahead of regulatory interneurons [15].

Substance P has been identified in the dorsal root as early
as 8 weeks of embryonic age, and enkephalin along with
serotonin is present at 12 weeks [16]. NMDA and AMPA
glutaminergic receptors are over-expressed in the embry-
onic dorsal horn and then downregulated to adult levels as
development progresses [17]. In the developing central ner-
vous system, GABA, which is an inhibitory neurotransmit-
ter in the adult, carries out an excitatory function. This is an
example of the difference in neurologic function between
infants and adults. It also highlights the idea that neurologic
growth and maturation of synapses is an activity-dependent
process that relies on excitatory stimulation [18]. The
descending modulatory pathways from the brainstem to the
dorsal horn are also in a state of evolution during develop-
ment. Axons grow from the brainstem to the dorsal horn via
the dorsolateral funiculus tract during fetal development,
but they do not form synapses on the dorsal horn until later.
This represents an underdeveloped system of endogenous
pain regulation, suggesting that nociceptive input may result
in an exaggerated response [19].

While reflex responses can be studied with relative ease,
assessment of behaviors heralding the development of higher
pain processing centers is more difficult. The degree to which
a fetus or neonate can perceive pain cannot be truly eluci-
dated; however, there is evidence that the synaptic connec-
tions are present and functioning. Thalamocortical projections
start to form between 23 and 30 weeks of gestational age [20].
Somatosensory-evoked potentials, suggesting the capacity
for cortical perception of pain, can be observed by 29 weeks
[21]. Cortical synapses develop rapidly in the second postna-
tal week, and their growth is heavily influenced by sensory
experiences, as naturally occurring neural activity influences
the development and organization of the primary somatosen-
sory cortex [22, 23]. Further elements of pain perception are
quite difficult to follow, and little is known regarding the
development of attention, memory formation, and emotional
aspects of the pain experience [24].
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Physiologic and Behavior Pain Assessment
Measures in Infants: Use and Limitations

Introduction

In order for one to treat pain both safely and effectively, one
must start with a reliable and thorough pain assessment [25].
The assessment of pain in newborns and infants is often a dif-
ficult task for clinicians and caregivers. Due to the inability to
verbally report in these patients, clinicians are left to interpret
a wide variety of physiological and biobehavioral parameters
as surrogates for an infant’s pain. Additional barriers, includ-
ing individual attitudes/beliefs, the myth that neonates/infants
do not feel pain, inability to objectify a subjective experience,
and concern that treatment of pain will lead to side effects
from analgesic medications, make it difficult to assess and
treat pain in this vulnerable population [25, 26]. Physiologic
and behavioral pain indicators alone are not sufficient to truly
understand and assess pain in these patients [25].

Nonetheless, almost 30 different unidimensional, multidi-
mensional, and composite tools exist for the assessment of
pain in neonates and infants. The proliferation of such tools
has made it easier for clinicians and caregivers to assess the
pain; however, these instruments must be carefully employed,
as each comes with inherent limitations.

Conceptual and Situational Implications
of Pain

Pain has a nociceptive component, but there is also an emo-
tional and cognitive aspect which ultimately means that pain is
a subjective experience that can never completely be under-
stood by another [25, 26]. Furthermore, the assessment of pain
is further complicated in nonverbal patients, since we still hold
verbal report as one of the gold standards of pain assessment
[1]. The TASP has released an addendum in 2003, concluding
that “the inability to communicate verbally in no way negates
the possibility that an individual is experiencing pain and is in
need of appropriate pain relieving treatment.” While it is clear
that an infant can react to a painful stimulus, we do not have a
good understanding of whether or not the infant is able to
apply coping strategies. It is likely that the infant relies heavily
on the caregiver to contextualize the pain experience [25].

By understanding the context in which an infant experi-
ences pain may allow a clinician or caregiver to better evalu-
ate and treat her pain. Three distinct pain scenarios have been
described in the literature.

Acute Procedural Precipitated by a specific nociceptive
event and is typically self-limited. Usually evidenced by
behavioral or physiologic indicators (i.e., facial expression,
increased heart rate, etc.). Clinician/caregiver should do their

best to predict and prevent acute procedural pain by anticipa-
tion of such situations.

Acute Prolonged Less understood and more difficult to
treat. Typically has a clearly defined cause (i.e., surgery,
burn, etc.), but without a definitive end point. The extended
time that the infant experiences pain can result in greater suf-
fering, irritability, and lower future threshold for pain [25].
Prolonged pain may be more difficult to assess as physio-
logic and behavioral patterns seen in acute procedural pain
may be less reliable or absent. Assessment should occur over
an extended period of time to better understand resulting
behavioral activity and functional impairment [25].

Chronic Pain Pathological pain state without apparent bio-
logical value that has persisted beyond the normal tissue
healing time [16]. We have little research, tools, and overall
understanding in addressing or treating chronic pain states in
neonates and infants [25].

Tools for Pain Assessment in Infants

Although several tools exist today, pain assessment can still
prove to be difficult in the neonate and infant population.
Caregivers and healthcare professionals should always
attempt to anticipate pain-associated procedures or condi-
tions and treat pain accordingly in a dynamic fashion with
ongoing reassessment [26]. It is important that one is not
only treating pain scores but also monitoring the patient’s
response to treatment along with clear documentation of side
effects and vital signs [26]. Although self-report is consid-
ered by some to be the gold standard for pain assessment, we
must be ready to ascertain behavioral and physiological indi-
cators and be cognizant of influence of psychological, devel-
opmental, and cultural factors [26].

There is no single validated indicator of proper and accu-
rate assessment of infant pain; therefore, we are encouraged
to use multiple behavioral, biobehavioral, or physiological in
order to complete our assessments.

Behavioral Indicators Behavioral indicators are often used
to assess neonatal and infant pain, with facial expression,
cry, and motor activity being the most common [25]. In
1987, Grunau and Craig described the Neonatal Facial
Action Coding System which accounted for the presence or
absence of ten objective facial actions (i.e., bulging brows,
eye squeeze, etc.) in order to scale the likeliness and severity
of a painful condition [27]. It is important to remember that
facial expression can be influenced by severity of illness,
comorbidities, low birth weight or prematurity, and neuro-
logical/physical impairment and furthermore may play a
diminished role in persistent or chronic pain states [25, 29].
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Cry is another commonly used behavioral indicator, and
besides its simple presence or absence has also been stud-
ied in terms of amplitude/pitch, latency to cry, duration of
expiratory and inspiratory cry, duration of pause, and regu-
lation/rhythm [25]. Procedure-related cries typically occur
immediately following a known stimulus and may be more
intense or of higher pitch [25], whereas shorter latency and
longer duration have been described in chronic or postop-
erative pain states [12, 13]. It is important to remember
that overall, crying is nonspecific in infant populations and
can indicate a variety of needs such as hunger, fatigue, or
agitation [25].

Physiological Indicators Common physiological indica-
tors used in neonatal/infant pain assessment include heart
rate, blood pressure, respiratory rate, skin color, diaphoresis,
and vomiting. They have a limited role when used alone as
they indicate other situations such as hunger, agitation, fear,
anxiety, or physical stress; they can add value when used
within context or in combination with behavioral indicators
[25, 30]. It is important to remember that autonomic nervous
system is developmentally immature in neonates and further
blunted in premature or neurologically impaired patient pop-
ulations, and therefore, the presence or absence of changes in
heart rate or blood pressure may not be a sensitive indicator
of pain [25].

Biomarkers Biomarkers are widely used, quantitatively
and qualitatively, across all aspects of medicine; they also
have a role within assessing neonatal pain. Cortisol B endor-
phins and growth hormone, among others, have been
described in the context of pain [1, 28, 31]. Although bio-
markers are not typically used as a direct measure of infant
pain, it does have a role in describing an infant’s reactivity or
response to pain [25]. Biomarkers may play additional roles
in conveying CNS integrity and understanding health and
development [25].

Limitations in Pain Assessment of Infants

* Time consuming for clinicians or caregivers to score and
rescore scales.

e Pre-existing individual, cultural, and socioeconomic bias
or misconceptions.

e Difficult to generalize a
populations.

* Some infants may not respond to tissue-damaging events
[28].

e Preterm infant’s response may be behaviorally blunted or
absent (clinical gate).

* Neurologically impaired or cognitively impaired infants.

» Physiologic and behavioral indicators may be nonspecific
(sepsis, hunger, anxiety).

scale to different age

Examples of Pain Assessment Tools
Neonatal Facial Coding Scale (NFCS)

The Neonatal Facial Coding Scale (Fig. 3.1) utilizes facial
expressions to monitor and assess pain in neontates. This
scale can be used in premature infants as well. The absence
(0 points) or presence (1 point) of eight different characteris-
tics is summated where a score of 3 or more is considered to
be a manifestation of a painful experience.

Faces, Legs, Activity, Cry, and Consolability
Scale (FLACC)

The FLACC scale (Fig. 3.2) has five parameters, of which
each is scored as 0, 1, or 2. The score ranges from 0 (no pain)
to 10 (maximal pain). It can be used in ages 2 months to
7 years old. It is an especially important tool in patient non-
verbal populations.

Fig. 3.1 Neonatal Facial
Coding System (NFCS)

Facial actions 0 point 1 point

Brow bulge Absent Present
Eye squeeze Absent Present
Deepening of the nasolabial furrow Absent Present
Open lips Absent Present
Mouth stretch (horizontal or vertical) Absent Present
Tongue tautening Absent Present
Tongue protrusion Absent Present
Chin quiver Absent Present

Maximal score of 8 points, consodering pain > 3.
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Fig. 3.2 Faces, Legs,

Behavioral observation pain rating scale

1 3

Occasional grimace
or frown, withdrawn

Frequent to constant frown,
clenched jaw, quivering chin

Uneasy, reatless, tense Kicking, or legs drawn up

Squirming, shifting
back and forth, tense

Arched, rigid, or jerking

Moans or whimpers
occasional complaint

Crying steadily, screams or
sobs, frequent complaints

Activity, Cry, and . A
Consolability Scale (FLACC) Categories Scoring
0
Face No particular
expression or smile;
disinterested
Legs No position
or relaxed
Activity Lying quietly,
normal position,
moves easily
Cry No crying
(awake or asleep)
Consolability | Content, relaxed

Difficult to console
or comfort

Reassured by occasional
touching, hugging,
or talking to, Distractable

is scored from 0 to

Each of the five categories (F) Face; (L) Legs; (A) Activity: (C) Cry: (C) Consolability

2, which results in a total score between 0 and 10.

Fig. 3.3 CRIES score

Date/Time

Crying — Characteristic cry of pain is high pitched.
0 — No cry or cry that is not high-pitched

1 — Cry high pitched but baby is wasily consolable
2 — Cry high pitched but baby is inconsolable

0 — No oxygen required
1 — <380% oxygen required
2 —>30% oxygen required

Requires O, for Sa0, < 95% — Babies experiencing pain
manifest decreased oxygenation. Consider other causes of hypoxemia,
e.g., oversedation, atelectasis, pneumothorax)

Increased vital signs (BP* and HR*) — Take BP last as this
may awaken child making other assessments difficult

0 — Both HR and BP unchanged or less than baseline

1 — HR or BP inceased but increase in <20% of baseline

2 —HR or BP is increased >20% over baseline.

or open lips and mouth.
0 — No grimace present
1 — Grimace alone is present

Expression — The facial expression most often associated
with pain is a grimace. A griamace may be characterized by
brow lowering, eyes squeezed shut, deepening naso-labial furrow,

2 — Grimace and non-cry vocalization grunt is present

Sleepless — Scored based upon the infant’s state
during the hour preceding this recorded score.

0 — Child has been continuously asleep

1 — Child has awakened at frequent intervals

2 — Child has been awakeconstantly

Total score

CRIES Score

The CRIES score (Fig. 3.3) is obtained by adding together a
0, 1, or 2 score for each of five indicators: crying, oxygen
saturation, vital signs, facial expression, and sleeping pattern.

A score of 4 or higher is typically considered an indication for
medication. The score should be obtained every hour for at
least the first 24 hours postoperatively. It is generally used for
infants 6 months and younger.
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Long-Term Consequences of Neonatal Pain

Effective management of pain is expected for patients of
all ages. However, the field of neonatal pain was not recog-
nized until the 1980s due to the preceding convention that
memory formation is not well developed in neonates, and
hence no long-term consequences can be expected [32]. A
strong turn in understanding neonatal pain occurred after a
landmark study in 1987 that showed improved survival and
short-term outcomes in neonates who received anesthesia
for surgery versus paralytics alone. Studying neonatal pain
coincided with the advances in care of preterm neonates in
neonatal ICU, where numerous pain-provoking procedures
are required on daily basis, such as tracheal suctioning,
blood drawing, or lines placements. These procedures
served as the most feasible and ethical way of studying
human pain response at this early age. However, a large
source of confounding existed as a result of this methodol-
ogy due to difficulties of adjusting for factors that are com-
monly present in NICU infants such as prematurity,
infections, and psychological stress from maternal separa-
tion, repetitive handling, and alike. Moreover, our current
knowledge of the long-term consequences of neonatal pain
largely stems from studies of animal models, which need
to be cautiously interpreted with regard to humans.

In the periphery, for example, rat pups that had skin-
thickness wounds underwent pronounced hyperinnervation
(up to 300%) of the tissue. The hyperinnervation persisted
long after the wounds had healed. The hyperinnervation
effect is maximal when the wound is inflicted in the imme-
diate postnatal period and becomes minimal and transient if
the wounds are inflicted later in age [33]. At the spinal level,
rat pups exposed to hind paw inflammation expressed
increased density of nociceptive fibers in the corresponding
segments of spinal cord, and when reaching adulthood, had
lower pain threshold in response to stimuli compared to
nonexposed pups [34]. The combination of hyperinnerva-
tion and increased density of innervation in the dorsal horn
of spinal cord is thought to be responsible for the long-term
potentiation of painful stimuli [35]. This potentiation is at
least partially related to the delayed maturation of supraspi-
nal inhibitory pathways during neonatal period as well [36].

On the contrary, in another series of studies, mice pups that
underwent neonatal laparotomy showed reduced nociceptive
sensation in adulthood compared to the control group [37].
Studies in humans showed similar controversies. On the one
hand, hyperesthesia was reported in children who had under-
gone cardiac surgeries early in life (not necessarily in neonatal
period) [38], while other researchers reported that infants pre-
viously operated upon in the same dermatome needed more
intraoperative and postoperative analgesia and had higher pain
scores than did infants with no prior surgery [39].

Traumatic experience of childhood can undoubtedly cast
a lasting impact on later neurobehavioral development, but
whether neonatal pain results in long-term effects is a source
of debate. A study of preterm neonates (28-week post-
conceptual age (PCA)) who spent 4 weeks in NICU found
that they were less responsive to heel lances compared to
neonates born at 32 weeks and consequently spent no time in
NICU. The dampened behavioral responses correlated with
the number of pain-provoking procedures in these 4 weeks
[40]. Similarly, 4-month-old and an 8-month-old infant and
toddlers who were born prematurely or with low birth weight
and had prolonged stay in NICU were less responsive to
everyday pain compared to their counterparts [41-44].
Limited research suggested that as these children grew older,
they had poor adaptation to pain and an increased prevalence
of somatization complains [43]. It is prudent to point that the
result of the mentioned studies should be interpreted cau-
tiously, as prematurity, low birth weight, and their complica-
tions can be all confounding factors for the studied outcome,
which is behavioral development. Significant evidence link-
ing neonatal pain and long-term behavior comes from a
widely cited study showing that infants circumcised at birth
had stronger pain response to subsequent routine vaccination
than uncircumcised infants and that pre-treatment of the cir-
cumcision site with topical anesthetics resulted in reduction
of this pain sensitivity [45]. The conflicting reports on
whether neonatal pain dampens or strengthens the pain
response later in life indicate that the effect of pain on the
development of the nervous system in neonatal period is
more complicated than originally thought and that a specific
state of potentiation or dampening of the nociceptive system
may ensue based on the timing and the nature of the painful
experience. It is postulated that painful experiences in late
human gestation seem to enhance, whereas painful experi-
ences in early human gestation seem to dampen the behav-
ioral responses to subsequent pain [35].

Analgesia and Prevention of Long-Term
Consequences

The term “allostatic load” was developed by some authors to
define the cumulative effect of exposure to repeated stress
from any source [46], and since pain is an important source
of distress in neonatal period, few trials have assessed the
role of relieving this allostatic load in preterm neonates by
providing preemptive analgesia. A large randomized con-
trolled trial that compared the continuous infusion of mor-
phine versus placebo in preterm ventilated infants found no
difference in neurological outcome between both groups
[47]. A similarly designed trial also found no difference in
the neuropsychological development later in childhood (age
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5-6) [48]. This is not to underestimate the importance of
humane and appropriate pain management for young chil-
dren but rather to urge caution in overstating the downstream
effects of pain [46].

In conclusion, important steps have been made in under-

standing the long-term effect of neonatal pain, but we are still
far from a complete understanding of this complex subject.
The neonatal nervous system, both peripheral and central, is
in a state of constant formation and reorganization, and it is
likely that nociceptive input may result in long-term sequela.
Thus, a concerted effort should be made to provide safe and
effective analgesia in this vulnerable patient population.
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Introduction

A thorough understanding of evidence-based medicine is a
requirement for any clinician, especially those in rapidly
developing specialties such as pain medicine. This under-
standing is not only important to guide clinical practice but
also to empower active contribution to the body of evidence
that is required to justify reimbursements for interventions.

Evidence-based medicine is the conscientious, explicit,
and judicious use of the current best evidence in making
decisions about the care of an individual patient [1].
Evidence-based medicine’s intended purpose is to allow the
physician to combine their individual clinical acumen with
the best available data from systematic research in order to
promote high-quality patient care.

Outcome assessment is the end goal of conducting
evidence-based research of different therapeutics. Outcome
assessment can be performed for several reasons: to trace the
progress of an individual, to study the efficacy of a treatment
method, to compare the effectiveness of different treatments,
or to evaluate the cost-effectiveness of different treatments.
In technical terms, outcome assessment aims at establishing
four parameters: efficacy (can it work?), effectiveness (does
it work?), efficiency (does it produce value?), and safety (do
adverse events exist and are they acceptable?) [2].

Once a defined outcome is selected, the choice of research
paradigm can be narrowed to appropriately fit the outcome
of interest. Two main study designs exist, observational and
interventional. A researcher can either observe events occur
among different groups or can introduce an intervention for
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select groups in order to measure its effectiveness. Research
design can be further delineated by a number of parameters
including the chronology of outcome occurrence and assess-
ment (prospective versus retrospective), the number of inter-
ventions and groups (controlled studies versus longitudinal
cohorts versus case series) or patient allocation (simple ran-
domized versus restricted randomized versus nonrandom-
ized). The goal of manipulating these additional parameters
is to ultimately tailor a study to best elucidate the primary
research question at hand and establish validity of the design.
The main hindrance to validity is bias, defined as a “system-
atic deviation from the truth.” The probability of biased
results in any given study depends on the rigor of its design,
thus creating a hierarchy of “levels of evidence” with Level 1
studies being regarded as those with the highest degree of
evidence and least likely to be affected by bias [2].

The major tools used to safeguard from bias in study
design are randomization, blinding, and establishment of a
control group. Randomization ensures equitable proportions
of a varied population are assigned to the different treatment
arms, thereby limiting the impact of patient demographics
(i.e., age, etc.) in assessing the outcome of interest.
Randomization can be simple or restricted. Simple random-
ization means that no stratification process was applied to the
randomization. In a small sample size, this can lead to dis-
similar testing groups. Restricted randomization refers to any
process used with random assignment to achieve equality
between study groups across baseline characteristics of the
study population (e.g., block or stratified randomization).

Blinding conceals experimental group allocation of the
participants from the researcher. In a double-blind trial, nei-
ther the researcher nor the patient is aware of the assignment
of allocation and interventions. Allocation concealment is a
technique often used to prevent bias by concealing the allo-
cation sequence from those designating participants to inter-
vention groups until the moment of assignment.

Establishment of a control group, either a placebo or an
active therapeutic alternative, allows for an estimation of an
intervention’s effect size and comparison to other available
modalities. In placebo-controlled trials, subjects are assigned
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to the test treatment or an identical appearing treatment that
does not contain the test drug. Trade-offs exist between using
aplacebo control versus an active control. Placebo-controlled
studies allow for assessment of the absolute effect size of a
treatment; however these studies can raise ethical concerns,
as physicians are not providing a known treatment to patients
with disease. In addition, placebo controls can affect patient
recruitment if patients believe that they will potentially not
be receiving real treatment. Active therapeutic controls do
not have the same ethical concerns, however these studies
are limited in their ability to show the true effect size of the
treatment being studies and also require larger sample sizes
to show statistically significant differences between the two
treatments.

The WHO International Clinical Trial Registry Platform
defines a clinical trial as any research study that prospec-
tively assigns human participants or groups of humans to
one or more health-related interventions to evaluate effects
on health outcome [3]. As the name indicates, randomized
controlled trials (RCTs) are generally designed with the use
of randomization, control groups, and blinding to minimize
bias. RCTs showing either statistically significant differ-
ences or lack thereof with narrow confidence intervals con-
stitute Level I evidence for investigational studies
comparing therapeutic outcomes. They are regarded as the
gold standard for understanding the safety and efficacy of
healthcare interventions. RCTs have a number of strengths
and they continue to play an important role in the develop-
ment, evaluation, and regulatory approval of new treat-
ments and interventions. Compared to other research
designs, RCTs establish an internal validity by diligently
controlling for potential confounding factors. This allows
for their ability to provide specific answers to questions
related to the efficacy of new treatments compared with
alternatives in addition to establishing proper dosing of the
treatment being tested [4].

The field of pain management presents unique challenges
to producing reliable RCT-based evidence. While the
research design allows for the maintenance of internal valid-
ity to determine efficacy, RCTs used for the study of pain
management can have limitations in predicting effectiveness
(external validity) and determining how a therapy will per-
form in real-life populations. The difficulties in treating pain
have stemmed from the difficulties in the development of
clinical research trials that can adequately assess the myriad
factors affecting the experience of pain. Every facet of pain-
related clinical research, from the study design to patient
selection to study duration, has been shown to potentially
confound results. Only by understanding and addressing
these issues can research studies be designed effectively and
ultimately improve the management of pain [4].

Many RCTs of current analgesic medications have failed
to show statistically significant pain relief over placebo in

conditions where efficacy has been demonstrated [5, 6]. In
fact, meta-analyses of approved pain treatments demonstrate
a less than 30% improvement in pain intensity when com-
pared with placebo [7]. The reason for the failure of RCTs in
analgesic studies is still not clear although a number of theo-
ries exist. One proposed explanation for the failure of these
RCTs is the inclusion of a placebo group and the overestima-
tion of clinical improvement [8]. A large Cochrane review
found that trials assessing pain, unlike almost every other
outcome measure, had a potentially strong placebo effect [9].
The implication of this is that the treatment effect may be
underestimated relative to the “control,” which leads to nega-
tive trial results. In addition, the length of a study factors into
the results since longer studies have shown a tendency toward
greater placebo effect. The combination of this information
with regulatory changes mandating longer duration of phase
3 trials may be contributing to a large number of failed trials
considering some longer-duration trials have shown efficacy
early in the course of treatment but eventually may show
decreased separation of drug effect from placebo [10].

Another problem with many RCTs is the exclusion of the
elderly and those with a history of psychiatric disorder, the
two patient populations where pain is most prevalent.
Because many studies require subjects be free of co-existing
chronic conditions and to not be on other medications, many
older patients (especially those >80 years old) find them-
selves unable to participate [11]. Patients with psychiatric
disorders have also been routinely excluded; one review
article found roughly 75% of trials involving lower back pain
had psychiatric exclusion criteria [12]. The underrepresenta-
tion of these populations reduces generalizability and
severely diminishes any assessment of benefit and risk of
treatment with regard to these patients. Patient drop-out has
also plagued many analgesic trials. As many as 30-60% of
patients withdraw and fail to provide primary and secondary
outcome data [5, 13]. The approach taken in assessing this
missing data can have major consequences on the results of
the study. For example, many trials consider early dropout
due to toxicity a treatment failure, pooling these results with
dropouts due to lack of efficacy [14]. Imputing this missing
data has been achieved mainly by using the last observation
carried forward or baseline observation carried forward
methods. These methods may not be ideal for approaching
missing primary data [15, 16]. Lack of complete data and the
improper handling of this incomplete data may obscure the
true outcomes of many RCTs.

Clinical study sites have also drastically changed in recent
decades, moving from academic medical centers to private
sites where financial incentives may play arole [17]. Rewards
for recruiting patients may affect patient selection and
conduct of investigators which in turn could lead to flawed
conclusions of the trial. Examples of this have been seen in
the antidepressant literature, and it is posited that improper



4 Designing, Reporting, and Interpreting Clinical Research Studies About Treatments for Pain: Evidence-Based Medicine 25

recruitment of patients who were not “severely” depressed
may have contributed to the “failed” trial [8, 18]. The
plethora of negative pain trials has provided the impetus to
standardize studies and minimize the issues detailed previ-
ously involving methodology and patient selection. An
important tool that has helped in this pursuit is the
Consolidated Standards of Reports Trials (CONSORT)
which set guidelines emphasizing an avoidance of bias and
transparent reporting of data [19]. The most recent iteration
of CONSORT from 2010 includes a 25-item checklist and a
flow diagram for participants which focus on protocol
design, analysis, and interpretation. The diagram tracks par-
ticipant progress through the trial. At its core, CONSORT
does not aim to shape the design, conduct, or analysis of the
trials — it addressed the need for rigorous standards for accu-
rate reporting of what was done.

Following the model of CONSORT, the Standard Protocol
Items: Recommendations for Interventional Trials (SPIRIT)
were developed [20]. The authors of SPIRIT recognized that
guidelines for protocol content were heterogeneous and very
rarely included empirical evidence to support recommenda-
tions. These deficiencies had the potential to lead to poor trial
conduct, amendments to the protocol, and possible inaccurate
publications. Thus, SPIRIT guidelines were developed to
improve the content and quality of protocols by ensuring that
primarily evidence-based recommendations were included in
studies. A checklist of 33 items was created with this goal in
mind with sections focusing on administrative information,
introduction, methods, ethics, and appendices.

Pain-specific guidelines have also been developed. The
Initiative on Methods, Measurement, and Pain Assessment in
Clinical Trials IMMPACT) collaborative group has been
instrumental in creating guidelines by which studies can be
designed [21]. Special importance is placed on four broad
areas including participant selection, trial phases and dura-
tion, treatment groups and dosing regimens, and types of tri-
als. Another group called the Analgesic Clinical Trial
Translations, Innovations, Opportunities, and Networks
(ACTTION) was formed with the goal of standardizing data
collection and terminology in the hopes of improving the
quality of pain trial data across institutions [22].

The challenges of interpreting data from individual trials
are further compounded when examining meta-analyses. The
Interventional Pain Management techniques Quality
Appraisal of Reliability and Risk of Bias Assessment (IPM-
QRB) was developed recently as a means of evaluating trials
for inclusion in systematic reviews of interventional pain
management techniques, specifically involving spine tech-
niques [23]. The Cochrane Review Group’s quality assess-
ment and bias assessment for randomized trials has been the
most commonly used method of evaluating studies and meta-
analyses. However, no instrument had been developed spe-
cifically for interventional techniques, hence the development

of IPM-QRB. There are 22 items in this tool used to assess
trials, including pain-specific considerations such as imaging
used, financial conflicts of interest, and selection with diag-
nostic blocks. Analysis by this group found improved intra-
class correlation coefficient among interventional pain trials
(0.833) as compared to the widely accepted standard, the
Cochrane review instrument (0.407), signifying a much
improved standardized means of evaluating pain studies.

New study designs are needed in order to incorporate
the psychological, social, clinical, and demographic char-
acteristics of patients with pain. The collaborative efforts
of IMMPACT and ACTTION are signs that there is an
increased attention to the methodological aspects of pain
trials which are paving the way toward more meaningful
evaluations and ultimately more effective treatments for
pain.
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Introduction

Pain affects up to 100 million Americans. It remains diffi-
cult to treat with basic science findings often having limited
clinical translatability. Trends over the last 30 years have
shifted toward an in increase in the use of animal studies to
characterize pain states [1]. Through these animal models,
there have been advancements in understanding the ana-
tomical, biochemical, and physiological mechanisms of
pain [2].

Measuring Pain Behavior in Animals

A unique challenge to developing animal pain models is
the inability to obtain subjective pain information. Unlike
research involving human subjects where patient pain sur-
veys can augment behavioral response data, animal models
must rely solely on evaluating objective responses to stimuli
[3]. As such, appropriate animal models must utilize specific
noxious stimuli and subsequent outcomes that are clinically
measurable and consistent with the pain experience of indi-
vidual disease states [4]. Many behavioral tests measure the
latency to withdraw from such stimuli with longer times
suggesting higher nociceptive tolerance. These tests utilize
various nociceptive stimuli including thermal, mechanical,
chemical, and electrical to elicit both reflexive and non-
reflexive responses [5].
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Thermal Stimuli

One of the first developed methods of thermal testing is
the Tail-Flick Test, where heat is applied to the tail provok-
ing a rapid withdrawal movement [6]. The reaction time is
measured and referred to as the “tail-flick latency.” The tail-
flick is a spinal reflex whose latency is modified by supra-
spinal mechanisms. A variation of this test involves directly
immersing the tail in hot water.

The Hot-Plate Test involves placing a rat or mouse into a
cylindrical container with a metal plate underneath heated to
a specific temperature [7, 8]. Supraspinally mediated behav-
iors including a rapid response of paw-licking and a more
elaborated response of jumping are observed [9]. A modi-
fication of the Tail-Flick Test involves applying heat to the
plantar hind paws of the rodent known as the Paw-Flick Test
or Hargreaves Test [10]. This modification allows the oppor-
tunity to test an experimental and control paw in the same
subject.

Mechanical Stimuli

The application of mechanical nociceptive stimuli dates back
to the late nineteenth century with the work of Maximilian
von Frey. He used animal hair as aesthesiometer to study
cutaneous sensory mechanoreceptors [11]. Subsequent
experiments used nylon monofilaments eponymously named
von Frey filaments to study neuropathy-induced cutaneous
allodynia and hyperalgesia. Filaments of various diameters
applied to skin produce a range of forces that can be tested
with the “up down” method to quantify the pain withdrawal
threshold of the subject [12]. Another commonly used
approach to assess acute mechanical pain is the Randall-
Selitto Paw Pressure Test, which utilizes a conical blunt
tipped stylus applied at increasing pressures [13]. One can
successively observe the reflex withdrawal of the paw, a
more complex movement where the animal tries to release
the trapped limb, and finally a vocal reaction [14].
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Chemical Stimuli

Multiple tests have been developed that use irritant chemi-
cal agents as nociceptive stimuli. They differ from traditional
tests that attempt to determine the nociceptive threshold and
instead aim to quantitatively measure behavior following a
stimulus with a potency that varies over time [5].

The formalin test involves injecting dilute solution of for-
malin into the dorsal paw of an animal and rating behavior
with 0 describing an unaffected animal; 1 indicating avoid-
ance of placing weight on the injected paw and limping; 2
indicating an elevated paw; and 3 including licking, biting, or
shaking the paw [15]. There appears to be a biphasic behav-
ioral reaction with an early phase of frequent flicking and
licking beginning immediately after injection and lasting for
5 minutes, followed by a second phase after 15-30 minutes.
The first phase is a direct response to activation of peripheral
nociceptors, while the second phase likely involves inflam-
mation with peripheral and central sensitization [14].

The writhing test involves intraperitoneal injection of
irritants producing behavior characterized by abdominal
contractions, trunk twisting and turning, motor incoordi-
nation, hind limb extension, and decreased motor activity
[16]. The original test used phenylbenzoquinone with sub-
sequent studies using various chemical agents including
acetic acid, hydrochloric acid, bradykinin, acetylcholine,
adrenaline, adenosine triphosphate, tryptamine, potassium
chloride, and oxytocin. The test is thought to mimic the
pain of peritonitis through activation of both visceral and
somatic nerve fibers [14].

Nociceptive Stimuli and Avoidance Behavior

Numerous experiments have built on the methods developed
in these tests to assess cognitive function through the learned
behavior of stimulus avoidance. A variation of the hot plate
test, known as the Thermal Escape Test, uses a two-chamber
box where floor temperature can be varied and latency to
withdrawal and preference for escaping can be assessed.
This design allows for the comparison between latencies
for innate behaviors like licking and guarding and learned
escape behavior [4]. In the Conditioned Place Avoidance
model, animals are preconditioned by placement in a box
with different chambers with varying stimuli (both noxious
and neutral). The following day, their chamber preference is
assessed in the absence of stimuli, a model thought to mimic
averseness to an unpleasant condition [4]. The Place Escape
Avoidance model assesses the unpleasantness of a stimulus
by measuring deviation from a previously preferred chamber
when a new noxious stimulus (i.e., von Frey filament, etc.)
is applied to that chamber. Through experiments like these,
regions of the brain involved in pain behavioral responses

have been discovered. For example, rodents with electrolytic
lesions to the anterior cingulate cortex (ACC) did not escape
the chamber with the noxious stimulus despite displaying the
same paw withdrawal reflex, suggesting that ACC lesions
selectively alter the negative affective response without
removing the sensory response [17].

Animal Models of Pain

Many animal models of pain have been developed using
the methods of measuring pain described in this chapter.
These models aim to replicate both the physical, cognitive,
and psychosocial dimensions of clinical pain conditions. By
understanding the underlying processes that contribute to the
overall experience of pain, researchers can begin to evalu-
ate therapeutics and possibly translate findings to the human
realm.

Neuropathic Pain Models

Neuropathic pain results from damage to the nervous sys-
tem. Depending on the location of injury or dysfunction,
pain can be classified as central or peripheral; however, often
both locations contribute to the development and mainte-
nance of pain.

Pain After Peripheral Nerve Injury

The most common approach to producing peripheral neu-
ropathy in animals is through traumatic nerve injury by tran-
section or compression. The neuroma or axotomy-autotomy
model developed by Wall et al. involves complete transection
of the sciatic and saphenous nerves of rats to denervate the
limb [18]. The resultant autotomy or self-mutilative behavior
is thought to either represent the reaction to pain from the
neuroma or possibly the animal’s attempt to remove what it
deems a foreign appendage [19]. The chronic constriction
or Bennet-Xie model involves loose ligation of the sciatic
nerve with sutures to produce constriction of the nerve with-
out complete transection [20]. This constriction is thought
to simulate conditions with nerve entrapment like lumbar
disc herniation. The animal experiences mechanical and
thermal hyperalgesia and allodynia to cold and tactile stim-
uli that lasts for months [21]. Similarly, the partial sciatic
nerve ligation or Seltzer model involves ligation of one-third
to one-half of the sciatic nerve [22]. Some of the observed
behaviors include paw licking and guarding with the devel-
opment of allodynia and hyperalgesia, even on “mirror sites”
on the opposite limb [19]. Interestingly, these behaviors are
abolished by chemical sympathectomy suggesting that this
model can mimic complex regional pain syndrome (CRPS)
type II [19, 23]. Other models attempt to isolate certain
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parts of the sciatic nerve. The spinal nerve ligation model
involves ligation of L5 and L6 spinal nerves distal to the
dorsal root ganglion, while the spared nerve injury model
involves lesions of the terminal branches (tibial and common
peroneal nerves) [24, 25]. This allows for the study of more
consistent and localized nerve damage.

Pain After Spinal Ganglia and Dorsal Root Injury
Radicular pain has been modeled using injury to the dor-
sal root ganglion and dorsal nerve roots. The chronic con-
striction of DRG (CCD) model produces neuropathy after
placing rods into the intervertebral foramen at L4 and L5 to
result in reversible compression of the DRG [26]. Cutaneous
hyperalgesia, guarding, and ataxia in the paw ipsilateral
to injury are observed [27]. Experiments using dorsal root
transection create similar behavior, but find less excitation
of DRG neurons and spontaneous ectopic activity [28]. By
injecting an immune activator zymosan near the DRG, the
molecular and cellular changes associated with inflammation
such as glial activation and an increase in pro-inflammatory
cytokine levels can be studied [29].

Central Neuropathic Pain

Central neuropathic pain arises from injury to the spinal cord
or brain. Such injury creates changes at the molecular and
cellular levels that alter neuronal excitability and modulate
the way the CNS processes nociceptive information. Most
animal models use direct injury to the spinal cord or injec-
tion of toxic material into the brain and spinal cord [30]. The
most widely used model to produce central neuropathic pain
called the contusion model involves dropping a weight on the
surgically exposed spinal cord to produce hind-limb paraly-
sis [31]. Other models of mechanical injury such as spinal
cord hemisection, a model of Brown-Sequard syndrome,
have also been developed [32]. Chemical injury through
injection of excitotoxic substances, like the AMPA—metabo-
tropic receptor agonist quisqualic acid and ischemic spinal
vessel injury through exposure of injected erythrosin B dye
to an argon laser, produce similar outcomes of mechanical
and thermal hypersensitivity and excitatory behavior [33,
34]. Cortical central pain can be induced by injecting picro-
toxin into the somatomotor cortex of rodents while thalamic
syndrome has been modeled by injecting collagenase into
the ventral posterolateral nucleus of the rat thalamus produc-
ing a small hemorrhagic stroke [35, 36].

Diabetic Neuropathic Pain

Distal symmetric sensory polyneuropathy is a common find-
ing in patients with diabetes. Experiences of pain can vary
from hyperalgesia and allodynia to sensation loss, depend-
ing on the time course and severity of disease. Rodent
models have been able to mimic certain aspects of diabetic
neuropathy, but often cannot replicate the entire progres-

sive disease process. Rodent models include biobreeding
of diabetic prone animals (e.g., leptin gene mutations),
streptozotocin-induced destruction of insulin-secreting islet
of Langerhans pancreatic cells, and high fat/caloric diets as
methods to produce type 1 and type 2 diabetes [37]. Evoked
pain measures of pressure and thermal hyperalgesia, tactile
allodynia, and hypoalgesia with increased disease duration
have all been observed in these models. Yet limitations exist,
such as the short lifespan and rapid onset of symptoms in
rodents, easy reversibility by treatments that do not work
for humans, and reliance on evoked rather than spontaneous
measures of pain [37].

Inflammatory Pain Models

Inflammation and tissue injury are involved in many pain
conditions. Animal models use injections of noxious sub-
stances in skin, joints and muscles to simulate both acute
and chronic pain processes.

Cutaneous and Subcutaneous Inflammation

Many chemical irritants have been used to study aspects
of inflammatory pain. Complete Freund’s adjuvant (CFA)
produces significant tissue edema with primary and second-
ary thermal hyperalgesia and mechanical allodynia peaking
around 5 hours and lasting for 1-2 weeks [38]. Carrageenan
produces similar dose dependent responses, but with a
shorter onset and lasting only 1-2 days [38]. Mustard oil,
which activates TRPA1, an excitatory ion channel of primary
afferent neuroreceptors and formalin both produce nocifen-
sive behavior and are used as short-term acute inflammation
models with onset within minutes and duration of only 1 hour
[39]. Capsaicin which activates TRPV 1, a heat-sensitive cat-
ion channel on nociceptor terminals, produces a visual flare
reaction whose area is smaller than the area of hyperalgesia
to stroking stimulation, which is in turn smaller than that for
punctate stimuli [40].

Arthritic Pain

Models of arthritic pain have been developed with tech-
niques that cause joint inflammation and tissue damage.
Many of irritants described above can also be injected
into joint spaces. CFA injected into the base of a rat’s tail
induces a rheumatoid-like polyarthritis with systemic find-
ings of skin lesions, bone and cartilage destruction, and
lymphadenopathy [41]. Injection of CFA into the knee
space produces a chronic inflammation lasting several
weeks while injection of kaolin and carrageenan results in
an acute reaction lasting one day [42]. Both produce mono-
articular joint swelling, lowered limb withdrawal thresh-
olds, decreased weight bearing, thermal hyperalgesia,
and mechanical allodynia. Models of surgically-induced
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arthritis subject animals to anterior cruciate ligament liga-
tion and meniscectomy. Histopathologic findings of sub-
chondral bone sclerosis, osteophyte formation, chondrocyte
reduction, and cartilage reduction mimic the pathophysiol-
ogy observed in humans [43].

Muscle Pain

Muscle pain or deep tissue pain differs from subcutaneous
pain in that it tends to be dull, aching, poorly localized, and
exhibits referral. Similar to the other inflammatory models
described, muscle pain has generally been studied through
the injection of chemical irritants. Intramuscular application
of carrageenan induces local inflammation with leukocyte
accumulation that is designed to mimic myositis and muscle
strains in humans. Behavioral findings include decreased limb
grip strength, increased mechanical and thermal hyperalgesia,
and decreased voluntary activity [39, 44]. Injection of acidic
saline into the gastrocnemius produces widespread secondary
mechanical hyperalgesia that is not associated with inflamma-
tion, modeling the pain of fibromyalgia [45]. Another type of
muscle pain, delayed onset muscle soreness, has been studied
by inducing eccentric contraction to the extensor digitorum
longus of rats and observing mechanical hyperalgesia [46].

Cancer Pain Models

Pain is a very debilitating symptom experienced by many
patients with cancer, affecting nearly all those with advanced
stage disease. Among the etiologies for this pain are tumor
compression of soft tissue, bone, nerves, and vasculature, the
release of inflammatory cytokines and chemical mediators,
bone metastases leading to destruction and fracture, and side
effects of chemotherapy/radiotherapy [47]. The first model
used to study cancer pain involved injecting fibrosarcoma
cells into the femurs of mice [48]. Using this model for
bone cancer pain, researchers studied the histopathology of
tumor-mediated bone destruction, neurochemical changes in
the spinal cord and tumor environment, the progression of
spontaneous and evoked pain behaviors, as well as the role
of therapeutics like opioids and COX-2 inhibitors. A model
to study cancer invasion of peripheral nerves involved injec-
tion of sarcoma cells in close proximity of the sciatic nerve
of mice. Findings included a slow progression of neuropa-
thy with spontaneous pain behavior, thermal hyperalgesia,
mechanical allodynia, histological damage to myelinated
and unmyelinated nerves, and upregulation of various spinal
cord neurotransmitters [49].

Many non-bone cancer models have also been developed.
One such model initiated pancreatic cancer cell growth in mice
and observed visceral pain behavior as well as cellular changes
of increases in microvascular density, macrophages that
expressed nerve growth factor, and the density of sensory and

sympathetic fibers that innervated the pancreas [50]. A model of
orofacial pain involving squamous cell carcinoma injection into
the gingiva observed maxillary and mandibular nerve hyper-
sensitivity and upregulation of trigeminal ganglia proteins [51].
Treatment-associated pain has been studied by inducing periph-
eral neuropathy through injection of chemotherapeutic agents
like cisplatin, vincristine, and paclitaxel [47].

Postoperative Pain Models

Persistent postoperative pain remains a challenging prob-
lem for many patients following surgery and often leads to
functional impairment and decreased quality of life. Various
incisional animal models have been developed to study this
subject. In the plantar incision model, a longitudinal inci-
sion is made under anesthesia on the plantar paw of a rat
through skin, fascia, and muscle. Observations of decreased
withdrawal thresholds to von Frey filaments and paw pres-
sures are noted in the following days with gradual return
to baseline [52]. Incisions made on hairy skin and the gas-
trocnemius produce similar findings, as well as secondary
hyperalgesia in areas distant to the incisional site, suggesting
that there exists a component of central sensitization with
surgical incisions [53, 54]. The long-lasting and severe pain
of post-thoracotomy pain syndrome has been reproduced in
rats by making pleural incisions with nerve ligation. This
produces increased mechanical and cold hypersensitivity, as
well as pain response to pinch, lasting for 27 days [55].

Ethics of Animal Experimentation

A chapter on the animal models of pain would not be com-
plete without a discussion of the ethical considerations of
animal experimentation. The increasing role of animal stud-
ies in biomedical research over the last few decades has gen-
erated considerable debate on this topic. Issues regarding the
justifiability of using animals for experiments and weigh-
ing the costs against the benefits of such use raise questions
about complex scientific, philosophical, and moral values. It
is generally recognized that the well-being of animals should
be taken into account from a moral perspective independent
of their usefulness to human beings [56]. As such, the Three
R’s (Replacement, Reduction, and Refinement) have served
as a general framework to guide the ethical use of animals
in research [57]. Replacement involves finding methods or
comparatively substitutable subjects to avoid animal use.
Strategies include experimenting on tissue and cell cultures,
developing computer and epidemiologic models, or “relative
replacement” with less sentient species. Reduction refers to
minimizing the number of animals used per study. This can
be achieved through improving experimental techniques,
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techniques of analysis of data such as the use of meta-
analyses, and encouraging collaboration among researchers.
Refinement refers to methods to minimize potential pain or
distress. Approaches may include non-invasive techniques,
adequate anesthesia and analgesia, and appropriate housing
and environments.

However, there are no universal standard policies. Specific
compliance requirements often vary by country and organi-
zation, with the Animal Welfare Act serving as the primary
US regulation. There has been a push in the scientific com-
munity to improve the reporting of animal research with the
voluntary adoption of the ARRIVE (Animals in Research:
Reporting in Vivo Experiments) guidelines by many sci-
entific journals [58]. Through steps such as these, animal
investigators can gain an understanding of the ethical con-
sideration involved in their work.

Conclusion

Animal models provide unique challenges and opportunities
for understanding the mechanisms and treatment strategies
for pain conditions. Through validated measures of evoked
and spontaneous behavior, we can begin to understand the
multidimensional experience of pain. However, as animal
models may not always fully represent human pain condi-
tions, care must be taken when applying experimental con-
clusions to clinical practice.
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Taxonomy of Pain Systems

Anuj Malhotra

International Association for the Study
of Pain (IASP) Classification of Chronic Pain
Syndromes: Basis and Application

The need for taxonomy for chronic pain was expressed in
1979 by Bonica, who observed: “The development and
widespread adoption of universally accepted definitions of
terms and a classification of pain syndromes are among the
most important objectives and responsibilities of the IASP.”
A list of pain terms was first published in 1979 in Pain [1]
based on terms already established in the literature. The orig-
inal list was adopted by the first Subcommittee on Taxonomy
of IASP and published in 1986 with subsequent revisions in
1994 and 2011 [2].

Initial efforts focused on definitions for common pain
states to allow specialists from different disciplines to bet-
ter define the conditions being treated. This is a distinction
of the IASP’s guiding principle in standardizing definitions:
The terms have been developed for use in clinical practice
rather than for experimental work. As such, they can be of
use for studies of epidemiology, etiology, prognosis, and
treatment but may be of less use for basic science research.

In addition to singular term definitions, the TASP intro-
duced a multidimensional Scheme for Coding Chronic Pain.
The system is the result of consensus expert opinion and
computational cross-checking to ensure no overlap between
diagnoses. In an attempt to create distinct classifications,
some commonly used terms were not included, such as
atypical facial pain and chronic pain syndrome. These omis-
sions have been the source of some controversy, particularly
given the difficulty reconciling coding inconsistencies with
the International Classification of Diseases (ICD-10). The
resulting TASP system relies on five axes to determine a five-
digit descriptor to provide a common reference point for pain
syndromes.
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Application and Definition of Pain Terms

Below is a list of pain terminology defined by the IASP,
reflecting the most recent revisions by the 2011 IASP
Taxonomy Working Group [2]. In addition, definitions for
additional common pain syndromes and terms not addressed
have been included and marked with “x” to reflect that these
are not IASP-defined terms.

e Pain: An unpleasant sensory and emotional experience
associated with actual or potential tissue damage:

— xAcute pain: Pain due to local tissue damage, may be
nociceptive or neuropathic, generally self-limited, and
resolves with tissue healing

— *Chronic pain: Pain beyond the expected duration of
tissue healing, most commonly defined as persisting 3
or 6 months beyond the inciting event

— «xPersistent postsurgical pain: Pain beyond the expected
duration of tissue healing, clinically defined as persist-
ing 2 months after surgery [3]

e sxAddiction: Compulsive behavior, commonly substance
abuse, despite evidence of physical or psychological harm
to the user

e Allodynia: Pain due to a non-painful stimulus

* Analgesia: Absence of pain in response to painful
stimulation

* Anesthesia dolorosa: Pain in an area which is anesthe-
tized/without sensation

e xCancer pain: Pain associated with malignancy or treat-
ments for malignancy

» xCatastrophizing: A negative cognitive-affective response
to anticipated or actual events, commonly pain, resulting
in feelings of helpless and distortion of threat, associated
with poor pain-related outcomes

e Causalgia (complex regional pain syndrome, Type II): A
syndrome of sustained neuropathic pain, allodynia, and
hyperpathia after nerve injury, not confined to the nerve
distribution, often combined with vasomotor and sudo-
motor dysfunction and trophic changes
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xDeafferentation pain: Pain due to loss of sensory input to

the central nervous system

«Dependence: Physical requirement to maintain homeo-

stasis, manifested by withdrawal if the required substance

is withheld

Diffuse noxious inhibitory control: Mechanism by which

dorsal horn-wide dynamic range neurons responsive to

stimulation from one location of the body may be inhib-

ited by noxious stimuli applied to another location in the

body

Dysesthesia: An unpleasant abnormal sensation

Hyperalgesia: Increased pain from a painful stimulus

Hyperesthesia:  Increased  sensitivity to  normal

stimulation

Hyperpathia: An abnormally painful reaction to a repeti-

tive stimulus, related to temporal summation

Hypoalgesia: Diminished pain in response to a painful

stimulus

Hypoesthesia: Decreased sensitivity to stimulation

Neuralgia: Pain in the distribution of a nerve or nerves

Neuritis: Inflammation of a nerve or nerves

Neuropathic pain: Pain caused by a lesion or disease of

the somatosensory nervous system:

— Central neuropathic pain: Pain caused by a lesion or
disease of the central somatosensory nervous system

— Peripheral neuropathic pain: Pain caused by a lesion or
disease of the peripheral somatosensory nervous
system

Neuropathy: A disturbance of function in a nerve:

— Mononeuropathy: Dysfunction in one nerve

— Mononeuropathy multiplex: Dysfunction in multiple
nerves

— Polyneuropathy: Diffuse involvement, often bilateral

Nociception: The processing of noxious stimuli

Nociceptive pain: Pain that arises from actual or threat-

ened damage and is due to the activation of nociceptors

Noxious stimulus: A stimulus that is damaging or threat-

ens damage

Pain threshold: The minimum intensity of a stimulus that

is perceived as painful

Pain tolerance level: The maximum intensity of a pain-

producing stimulus that a subject is willing to accept

Paresthesia: An abnormal sensation

*Phantom pain: Pain referred to an amputated limb

x*Reflex sympathetic dystrophy (complex regional pain

syndrome, type I): A syndrome of neuropathic pain, allo-

dynia, and hyperpathia after a noxious event without

defined nerve injury, not limited to a single nerve distribu-

tion, with a distal predominance, and often combined

with vasomotor and sudomotor dysfunction and trophic

changes

x%Residual limb pain (stump pain): Pain at the site of

amputation

e Sensitization: Increased responsiveness of nociceptive
neurons to their normal input and lowered response
threshold

e Central sensitization: Increased responsiveness of noci-
ceptive neurons in the central nervous system to normal
or subthreshold stimuli

* Peripheral sensitization: Increased responsiveness and
reduced threshold of nociceptive neurons in the periphery
to stimulation

e xSomatic pain: Pain carried along sensory fibers, usually
discrete

* xTachyphylaxis: Rapid decrease in response to repeated
doses of a medication

e xTolerance: Requirement for higher doses of a substance
to achieve the same response

e xWithdrawal: Symptoms related to cessation of a sub-
stance, often manifested as the opposite effects of the sub-
stance being withheld

IASP Scheme for Coding Chronic Pain
Diagnoses

The TASP multiaxial coding schema for chronic pain is
comprehensive and well-researched; however despite best
attempts, inter-observer variability has been noted in valida-
tion studies [4]. The axes are arranged as follows, with each
assigned a digit in the final code:

1. Region affected — if more than one region is affected, then
these can be coded separately.
(a) Head, face, and mouth 000
(b) Cervical region 100
(c) Upper shoulder and upper limbs 200
(d) Thoracic region 300
(e) Abdominal region 400
(f) Lower back, lumbar spine, sacrum, and coccyx 500
(g) Lower limbs 600
(h) Pelvic region 700
(i) Anal, perineal, and genital region 800
(j) More than three major sites 900
2. System — identify the body system most likely to be
responsible for the pain.
(a) Nervous system (anatomic) 00
(b) Nervous system (psychological and social) 10
(c) Respiratory and cardiovascular systems 20
(d) Musculoskeletal system and connective tissue 30
(e) Cutaneous and subcutaneous and associated glands
(including the breast) 40
(f) Gastrointestinal system 50
(g) Genitourinary system 60
(h) Other organs or viscera (including lymphatic, hemo-
poietic) 70
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(i) More than one system 80
(j) Unknown 90
3. Temporal characteristics of pain — pattern of occurrence.
(a) Not recorded, not applicable, or not known 0
(b) Single episode, limited duration 1
(c) Continuous or nearly continuous, non-fluctuating 2
(d) Continuous or nearly continuous, fluctuating severity 3
(e) Recurring irregularly 4
(f) Recurring regularly 5
(g) Paroxysmal 6
(h) Sustained with superimposed paroxysms 7
(i) Other combinations 8
(j) None of the above 9
4. Patient’s statement of pain intensity and time since onset
of pain — combination measure of intensity and duration
of pain.
(a) Not recorded, not applicable, or not known 0.0
(b) Mild
(i) <1 month 0.1
(i) 1-6 months 0.2
(iii)) >6 months 0.3
(¢) Medium
(i) <1 month 0.4
(i) 1-6 months 0.5
(iii) >6 months 0.6
(d) Severe
(i) <1 month 0.7
(i1) 1-6 months 0.8
(>iii) >6 months 0.9
5. Etiology — inciting event.
(a) Genetic or congenital disorders 0.01
(b) Trauma, operation, burns 0.01
(c) Infective, parasitic 0.02
(d) Inflammatory, immune reactions 0.03

(e) Neoplasm 0.04

(f) Toxic, metabolic, radiation 0.05

(g) Degenerative, mechanical 0.06

(h) Dysfunctional (including psychophysiological) 0.07
(i) Unknown or other 0.08

() Psychological origin 0.09

As some syndromes yield the same five-digit code, there
is sometimes the need for addition of a lower-case letter in
the sixth place (a, b, ¢). If the code is for spinal (S), radicu-
lar (R), or combined (C) pain, then one of these uppercase
letters may appear. Codes can be referenced in the IASP
Classification of Chronic Pain, Second Edition, Revised [2].

Codes for well-defined syndromes are codified with
appropriate modifiers to be adjusted per the clinician, for
example, phantom limb pain of the leg will be listed as 603.
X7a with the X to be replaced based on axis IV, intensity, and
duration. Examples of coding for other common diagnoses
include chronic, severe, and cervical spondylosis, 133.96cS;
subacute, mild, and hip osteoarthritis, 638.26b; and chronic
and moderate fibromyalgia, 933.68a.
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Assessment and Psychology of Pain

Will Tyson and Anuj Malhotra

Pain as a Subjective, Multidimensional
Experience

Common Definition of Pain

The International Association for the Study of Pain defines
pain as “an unpleasant sensory or emotional experience asso-
ciated with actual or potential tissue damage, or described in
terms of such damage” [1]. Unlike other chronic diseases,
such as hypertension, hyperlipidemia, or diabetes mellitus,
there is no single objective measurement to best characterize
the extent of the problem or to evaluate treatment outcomes.
Measuring a patient’s pain must correlate objective data with
the patient’s subjective reporting to provide a comprehensive
outcome which represents the pain state.

Pain Versus Nociception

Measurement of pain is complicated by the fact that nocicep-
tion is often confused with the subjective experience of pain.
Nociception involves peripheral nerve signals generated by
specialized receptors (nociceptors) in response to noxious
stimuli. Pain requires a functioning central nervous system to
interpret these signals and produce a subjective experience.
There is often a wide variability in how much subjective pain
a given stimulus or injury will cause. This variability is influ-
enced by genetics, mood, beliefs, early life experiences with
pain, sex, ethnicity, and many other factors [2].

Chronic pain can be associated with a global reduction in
a patient’s quality of life, encompassing domains such as
sleep disturbance, impaired social and physical function,
depression, and anxiety. Moreover, there appears to be rela-
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tive independence between pain and these coexisting stress-
ors. Therefore, to capture the pain experience, it is necessary
to also define and characterize these related domains.

Introspection and Measures of Subjective
Experience: Basic Concepts and Self-Report

For an individual to adequately report their current level of
pain, he or she must first be able to internally evaluate it and
express it. Self-reported expression of pain is one of the best
means to directly evaluate a patient’s current pain state for
both research and clinical purposes. This expression can be
in the form of a simplified unidimensional scale, a compre-
hensive multidimensional rating scale, or via surrogate
measures.

Unidimensional Rating Scales

Unidimensional rating scales measure pain as a single qual-
ity varying only in intensity and report a single outcome
score. These methods are most effectively used in clinics and
acute settings to provide information about current pain and
need for rescue analgesics, such as postoperatively [3].

Verbal Rating Scale

The Verbal Rating Scale (VRS) utilizes a series of categori-
cal descriptors ordered in increasing intensity (i.e., none,
mild, moderate, and severe). The advantages of the VRS are
that it is easy to administer and report, particularly for elderly
patients [4]. The major disadvantages are that it has fewer
response choices (shortened scale) and the categorical
options limit statistical analysis. It has demonstrated ability
to distinguish treatment effect, test-retest reliability, and
convergent validity in cancer pain, analgesic trials, and
evoked pain studies [4, 5].
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Visual Analog Scale

The Visual Analog Scale (VAS) is typically a 10-cm line
anchored at one end by a label stating “no pain” and at the
other end by a label stating “worst pain.” The patient chooses
a point on the line to indicate their level of pain and the inter-
preting clinician measures the length of the line on a 101-
point scale [6]. The advantages of VAS are that there is good
evidence for responsiveness, validity, test-retest reliability,
and the scores can be treated as ratio data [7]. Limitations
relate to its time consuming process and elderly patients may
have difficulty with it [8].

Numerical Rating Scale

The Numerical Rating Scale (NRS) is the most used univari-
able instrument for measuring pain. It consists of a rating
scale from O to 10, with O signifying “no pain” and 10 signi-
fying “worst pain.” Patients may respond orally or by cir-
cling the appropriate number. A similar scale with 0 to 100 is
also used. The NRS minimizes patient and provider burden
during data collection and demonstrates excellent compli-
ance. In contrast to VAS, it can be administered via a phone
interview; however, scores cannot be treated as ratio data. It
demonstrates sensitivity to change, test—retest reliability, and
correlates well with other measures of pain intensity [5].

Patient Global Impression of Change (PGIC)

The Patient Global Impression of Change (PGIC) represents
an attempt to capture pain improvement more broadly using
a single item measure. The patient is asked to rate their cur-
rent status compared to a previous time point from best to
worst (i.e., very much improved, much improved, minimally
improved, same, minimally worse, much worse, or very
much worse). This scale lacks sensitivity but is applicable to
many conditions and treatments [9].

Rescue Medication Use

Need for rescue analgesic medications can be used as a sur-
rogate for pain, even though it is not a true pain outcome
scale. It is particularly useful when medication use is trig-
gered by meeting or exceeding a set pain score (i.e., medica-
tion Z to be administered for NRS >5) [3].

Multidimensional Measures

Chronic pain reporting requires a more comprehensive
global assessment than univariable measures can provide.

This assessment should evaluate several aspects of pain
(quality, intensity, location), disability, emotional affect, and
effect on quality of life. This complex approach to the pain
experience is much more likely to reflect the impact of pain.

Brief Pain Inventory

The Brief Pain Inventory (BPI) was developed by the Pain
Research Group of the World Health Organization (WHO)
Collaborating Centre for Symptom Evaluation in Cancer Care
to measure both the sensory dimension of pain (intensity) and
the reactive dimension (interference in patient’s life) [10]. The
BPI has been used mostly for cancer pain and consists of a
17-item scale that traditionally takes less than 15 minutes to
complete. It has been validated in multiple languages and dem-
onstrates good sensitivity to pharmacologic treatment effects.
The BPI interference scale, in particular, has been validated as
a measure of physical functioning in multiple domains.

McGill Pain Questionnaire

The McGill Pain Questionnaire (MPQ) was developed to
specify the qualities of pain. Pain is scaled in three dimensions
(sensory, affective, and evaluative) and the questionnaire con-
sists of 20 sets of words for each dimension with each having
from two to six descriptors that vary in intensity. Multiple
studies have supported the reliability and validity of the MPQ
for specific pain syndromes [11] and it is available in multiple
languages. It takes approximately 15 minutes to complete. The
Short-Form McGill Pain Questionnaire (SF-MPQ) was devel-
oped for research purposes and consists of 15 words from the
sensory and affective categories from the standard long form
with a four-point rating scale for each, a pain intensity VAS
score, and overall assessment of pain VRS score [12].

West Haven-Yale Multidimensional Pain
Inventory

The West Haven—Yale Multidimensional Pain Inventory
(WHYMPI) best assesses adaptation to chronic pain [13]. It
can yield clinically useful information regarding pain-coping
styles, such as adaptive copers, interpersonally depressed, or
dysfunctional copers. It is composed of 52 items with 12
subscales, including perceived interference of pain, response
from significant others, pain intensity, emotional affect, per-
ceived control, and participation in social or work activities.
Patients respond to the questions on a seven-point scale. The
WHYMPI has been validated for diverse pain syndromes
and is sensitive to treatment effects. The WHYMPI interfer-
ence scale correlates with physical functioning and is an
alternative to the BPI [14].
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Medical Outcome Study 36-ltem Short-Form
Health Survey

The 36-Item Short-Form Health Survey (SF-36) is a fre-
quently used measure of function and quality of life in a vari-
ety of patient populations [15]. It consists of eight subscales
including physical function, limitations due to physical prob-
lems, social function, pain, limitations due to emotional
problems, general mental health, vitality, and general health
perceptions. It takes approximately 10 minutes to complete,
and scores can be compared across multiple populations.
While widely used, it features only two questions related to
pain and there are concerns about insensitivity to change
when measuring an individual patient.

The Treatment Outcomes of Pain Survey
(TOPS)

The Treatment Outcomes of Pain Survey (TOPS) is an exten-
sion of the SF-36 specifically designed for patients with
chronic pain [16]. TOPS derived many of its questions from
other previously discussed measures, including the SF-36,
WHYMPI, and BPI. It consists of 120 items with a 61-item
follow-up and addresses pain symptoms, function, perceived
disability, objective disability, satisfaction with treatment,
fear avoidance, coping, life control, limitations, demograph-
ics, and substance abuse history. The scale scores are quite
comprehensive and have been found sensitive to change with
good validity; however, adherence is limited by increased
questionnaire length.

Oswestry Disability Index

The Oswestry Disability Index (also known as the Oswestry
Low Back Pain Disability Questionnaire, ODI) is an
extremely important tool that researchers and disability eval-
uators use to measure a patient’s permanent functional dis-
ability. The test is considered the ‘gold standard’ of low back
functional outcome tools. The ODI shows moderate correla-
tion with pain measures such as a VAS (n =94, r = 0.62) and
the MPQ. The ODI has been used to validate the Pain
Disability Index, the Low Back Outcome Score, Manniche,
the Aberdeen score, a new German language scale, the Curtin
Scale, and a functional capacity evaluation [17].

Emotional Measures

A relationship between pain and emotional distress exists
and there is evidence of relative independence [18, 19].
Emotional assessment instruments, either as part of a broader
multidimensional pain measure or as a specialized emotion

scale, can elucidate the interplay of emotion and pain and
help guide therapy.

Commonly, anxiety, depression, and fear are found to
coexist and can significantly affect pain and treatment out-
comes. Measurements of depression include: the Beck
Depression Inventory (BDI) [20], Zung Self-Rating
Depression Scale [21], and Hamilton Rating Scale for
Depression [22]. Anxiety and fear measures include the Pain
Anxiety Symptoms Scale [23], State-Trait Anxiety Inventory
[24], and Fear-Avoidance Beliefs Questionnaire (FABQ)
[25]. Of these, the BDI has been most extensively studied,
demonstrating internal consistency (Cronbach alpha 0.73-
0.95), test—retest reliability (Pearson’s r 0.80-0.90), and con-
vergent validity (Pearson r mean = 0.60).

Measurement of Pain in Special Populations:
Challenges and Limitations

Measurement of Pain in Children or Patients
with Significant Impairment

Measurement of pain in children or patients with significant
impairment can be significantly more difficult than measur-
ing pain in adults with normal functional ability. Children
and patients with significant impairment often are not capa-
ble of understanding common pain rating measures.
Therefore some simplified options based on traditional pain
rating scales have been developed [3]. The Colored Analog
Scale (CAS) replaces a VAS with gradually increasing red
coloring to indicate increasing intensity of pain. The Wong-
Baker FACES Pain Rating Scale replaces a VAS with vary-
ing facial expressions from crying to smiling. A major
disadvantage of these scales, however, is difficulty separat-
ing pain from other sources of sadness, anxiety, or anger.
For nonverbal adults or infants in whom self-report is not
possible, facial action, body movement, tone, cry, state/
sleep, and consolability often serve as proxies for pain [26].
These measures may be clinically beneficial, but they are
unlikely to meet the scientific standard for reporting [26, 27].

Indirect Pain Measurement: Observations

Certain physiologic variables have been suggested as surro-
gates for pain, including autonomic activity such as skin con-
ductance [28] and heart rate [29], or biomarkers of pain
intensity [30]. Caution should be used when interpreting
these peripheral measures as they can be influenced by forms
of arousal other than pain and can be modulated by non-
analgesic medications. Physical function tests, such as range
of motion and strength, have been used as proxies for pain,
including the timed “Up and Go” test for osteoarthritis [31],
loaded forward-reach test for low back pain [32], and grip
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strength for rheumatoid arthritis [33]. Physical function tests
have been shown to only modestly predict self-reported pain
scores, which suggests that other factors may heavily influ-
ence the subjective experience of pain.

Recent attempts to objectively measure pain have focused
on the central nervous system using neuroimaging. Studies
suggest that brain imaging may be used to objectively dis-
tinguish the presence of evoked painful stimuli [34] as well
as the presence of chronic low back pain [34, 35]. Despite
these promising reports, there is significant additional
research that needs to be done in order to validate the use of
neuroimaging more widely. The monetary and time cost
associated with neuroimaging dictate that it will primarily
be used to help guide further research and understanding of
brain mechanisms involved in pain as opposed to daily clini-
cal practice.

Outcome Measures in Clinical Studies
of Pain: Basic Issues and Requirements

In addition to the clinical need to provide and document
appropriate care for pain, there is clearly an impetus to pro-
vide the evidence necessary to guide and justify appropriate
treatments. The National Institutes of Health funded the
Patient-Reported Outcomes Measurement Information
System (PROMIS) with the goal of developing valid, reli-
able, and standardized questionnaires to measure patient-
reported outcomes. These assessment instruments were
developed to yield calibrated item banks measuring domains
such as pain, fatigue, physical function, depression, anxiety,
and social function. These banks can be used to produce
short forms or computerized adaptive tests for researcher and
clinician use [36].

Further efforts have involved academia, pharmaceutical
companies, and government agencies to define and standard-
ize outcome measures. The Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials
(IMMPACT) consortium, comprised of members from these
diverse backgrounds, granted most weight to the following
criteria and core domains [37].

IMMPACT Criteria
Reliability

The instrument must demonstrate test—retest reliability when
a patient’s status does not change over time. It should have
inter-rater reliability, i.e., clinicians observing the same
patient should provide similar scores. There should be inter-
nal reliability if the scale contains multiple items measuring
the same domain, meaning the scores should correlate.

Validity

The scale must measure what it is intended to measure. The
scale should display convergent validity in that it must agree
with other similar indicators and discriminate validity in that
it must be distinguishable from related conditions.

Appropriateness

The scale’s content must be in keeping with the measured out-
come and relevant to the patient population being studied. The
outcome measure must be scaled to the target patient popula-
tion so that scores do not aggregate in a restricted area of the
scale and should be at intervals to allow statistical flexibility.

Responsiveness

The scale must display the ability to detect changes over time
and to distinguish between treatments. This requisite is of
particular interest for clinical trials, wherein a treatment
effect is investigated.

Burden
The scale must be easy to administer, complete, and score.

Desire for additional data must be balanced with time con-
straints and patient adherence.

IMMPACT Core Domains

IMMPACT has defined six core outcome domains that
should be considered when designing clinical trials: pain,
physical functioning, emotional functioning, participant rat-
ings of improvement, symptoms and adverse events, and par-
ticipant disposition [38]. IMMPACT has defined specific
validated measures for each of the core outcome domains in
the follow-up IMMPACT-II including NRS, use of rescue
analgesics, WHYMPI interference scale, BPI interference
items, BDI, Profile of Mood States, PGIC, passive capture of
adverse events, participant disposition, and tailored mea-
sures specific to the study population [37].

Clinical vs Statistical Significance

Outcome measures for pain provide a metric by which treat-
ments and progression can be compared. Ideally, an inter-
vention should produce both a clinically and statistically
significant difference versus alternative treatment or placebo;
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however, as sample size increases, statistical significance
increases regardless of clinical effect. In order to interpret
the results of a clinical trial, the clinically relevant effect size
must first be determined. Studies suggest that for pain, a 30%
reduction, corresponding with a PGIC of “much improved”

or

“very much improved,” two-point reduction on NRS [39,

40], or 35-mm reduction on VAS represents a satisfactory
result for the patient [41].
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Placebo and Pain

Thomas Palaia, Christopher Curatolo, and Stelian Serban

Definition and Incidence

In Latin, placebo translates to “I shall please” and was used
in the eighth century as part of a psalm sung at funerals. The
term was initially used in medicine in the late eighteenth
century to indicate a commonplace method or medicine. By
the early nineteenth century, it was used to refer to any medi-
cine adapted more to please than to benefit the patient.
Modern usage typically refers to a drug or therapy that simu-
lates medical treatment, but has no specific action on the
condition being treated [1]. It is important to note, however,
that placebo can also refer to the response experienced by the
patient and not only the word for a seemingly inert
stimulus.

Beecher, in his landmark 1955 JAMA study entitled “The
powerful placebo,” quantified the placebo effect at 35%
based on 15 uncontrolled observational studies [2]. While
later studies have estimated this number as both higher and
lower, the Beecher placebo effect size is the most commonly
cited number.

Historic Aspects of Placebo

In 1782, a French scientific commission is credited as the
first to use placebos in a scientific study. The commission,
whose participants included Benjamin Franklin, was charged
with investigating the validity of animal magnetism. During
their study, the potential power of a placebo response was
noted when a woman fainted after she drank water that she
thought was magnetized [3].
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Also frequently cited are trials by John Haygarth in 1799
and 1801, when implanted metal rods (known as Perkins
tractors), thought to alleviate symptoms of several diseases
secondary to electromagnetic properties of the metal, were
compared to implanted wood rods. Four of five patients
treated noted relief. When the procedure was repeated with
Perkins tractors, the same four of five patients found relief
[4]. This foreshadowed the concept that certain patients may
be “placebo responders,” while others are not.

Placebo Response: Mechanisms
and Interpretation

How can a seemingly “inert” substance or intervention exert
a biological action? Several theories exist about why placebo
effects occur and they are summarized in Table 8.1.

A patient’s expectations of a given treatment play an inte-
gral role in the response to placebo. These expectations are
typically based on automatic emotional and physiological
responses to a particular stimulus. An example is a patient
who is keenly aware that a fellow is performing a supervised
interventional procedure with the attending. The patient may
have a decreased response to this treatment because she per-
ceives the fellow as less skilled than the attending. Simply,
low expectation on the part of the patient may lead to a lower
placebo response. Conversely, high expectations may lead to
a high placebo response, which may be additive to non-pla-
cebo treatments. When it comes to clinical trials, it has been
shown that patients who believe they are in the treatment arm

Table 8.1 Psychotherapeutic theories for the placebo effect
Expectation®
Conditioning®
Learning
Alteration in the emotional state of the individual/therapist/patient
interaction

“Likely most important in placebo analgesics
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of a study (regardless of whether they are) experience a
larger clinical effect than the actual treatment alone [5].

Conditioning also likely contributes significantly to the
placebo response. An example is a patient who receives an
opioid analgesic and time after time receives pain relief. If
that patient’s opioid is subsequently replaced with a placebo,
they may continue to experience pain relief [6]. There is
likely much overlap between expectation and conditioning,
with the most profound placebo responses occurring when
both conditioning and expectancy are involved.

While direct experience is a potent method of creating a
placebo trigger, social observations and/or learning can also
be a potent source of placebo. If someone learns of and
believes an analgesic treatment is beneficial, they are more
likely to experience analgesia following that treatment, even
if it is a placebo.

Provider-patient interactions resulting in an alteration in
the emotional state of the patient have also been implicated
as a theory to explain the placebo response. While anxiety,
histrionism, dependence, and other features have been sug-
gested historically, they have not borne out in further studies.
Placebo responders, however, seem to respond as a result of
altering their emotional state in response to a provider. For
example, a provider whom the patient views to be as compe-
tent, confident, and prestigious may elicit a stronger placebo
response. This helps to explain why some studies performed
by prestigious and expert practitioners with positive results
fail to be reproduced at other centers.

There is likely a highly complex neuro-psycho-physiologic
interaction responsible for the placebo effect. Patients who
expect and have experienced certain physiological responses
to medications and procedures are more likely to experience
them with a placebo. Laska et al. noted the critical role that
anticipation plays in the placebo response [7]. In one study,
patients who received postoperative opioids for 2 days and
were given placebo on their third postoperative day experi-
enced similar reductions in their respiratory rate [8]. Subjects
who habitually drink coffee and experience an increase in
heart rate following consumption may have an increase in
their heart rate following decaffeinated coffee if they think
they’re having regular, caffeinated coffee.

Naloxone, an endogenous opioid antagonist, was able to
reverse the analgesic properties of placebo [9]. Other studies
found no reversal of placebo analgesia with naloxone, which
has led to the hypothesis that placebo analgesia can be medi-
ated by both endogenous opioid and non-opioid mechanisms
[10, 11]. Additional mechanisms of the placebo effect
include the release of other endogenous neurotransmitters.
For example, placebo administration in Parkinson’s disease
patients led to increases in dopamine in the ventral and dor-
sal striatum with objective improvements in motor function
[12, 13].

Studies using PET scan found activation of similar neural
pathways when patients were subjected to placebo injection
versus remifentanil when patients were conditioned with sim-
ple verbal cues [14]. Furthermore, decreased activation was
shown on fMRI in the dorsolateral prefrontal cortex, orbito-
frontal cortex, prefrontal cortex, superior parietal cortex, and
periaqueductal gray following both opioid and placebo
administration. These are opioid receptor-rich areas of the
brain and support the hypothesis that the placebo response
may involve descending inhibitory pathways activated by
opioids [15]. PET imaging utilizing a p-opioid receptor-
selective radiotracer depicted that placebo can induce activa-
tion of the p-receptor in the dorsolateral prefrontal cortex,
pregenual rostral anterior cingulate cortex, anterior insular
cortex, and nucleus accumbens. This suggests that cognitive
factors, such as expectation of pain relief, are capable of mod-
ulating physical states through activation of p-receptors [16].

Quite thought provoking is the potential presence of a
somatotopic placebo response to topical therapies whose
effect is blocked in the presence of naloxone. This was illus-
trated in a study in which topical capsaicin cream was applied
to three out of four remote body parts and a placebo cream
was applied on the remaining site. Patients were told the
cream was a “powerful local anesthetic,” and this resulted in
pain relief in only the area of application in the majority of
patients. This effect, which was blocked if patients were pre-
treated with naloxone, indicates that placebo-activated
endogenous pathways may not act on the entire body, but
only on the part where expectancy is directed [17].

Role of Placebo in Clinical Trials

After World War II, a great debate began about the use of
placebo for clinical trials. At the suggestion of Henry Beecher
in his 1955 study, the possible effect of placebo was too large
to be ignored in clinical trials. Placebo groups were quickly
included in the current gold standard — double blinded, ran-
domized placebo controlled studies in order to determine
whether a plausible placebo component of experimental
treatments could account for a significant difference in treat-
ment modalities. The inclusion of placebo treatment in the
contemporary research paradigm has not only increased the
sensitivity in demonstrating a significant clinical difference
between two treatments but also has elucidated the impor-
tance of the patient-clinician interaction, patient expecta-
tions, and the context of treatment.

As Polston aptly notes, however, “a major problem with
the use of placebos is that negative study results can occur
not because of lack of efficacy in the studied intervention,
but because of a large placebo response” [3]. This is more
likely to occur with studies using subjective measures. It is
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possible that eliminating placebo responders from clinical
trials may improve the accuracy and validity of trials. While
many methods of identifying placebo responders have been
suggested, it has been noted that a prior placebo responder
has the same probability of placebo response in future pla-
cebo challenges. Attempts to minimize this by using enrich-
ment trials or multi-dosing strategies have been ineffective or
have increased the placebo response since the perception of
more treatment results in an augmented placebo response.

that the treatment is less effective when the treatment is given
covertly, despite no placebo being employed. Some think of
this difference in effect as the placebo response, again rein-
forcing the idea that placebo is a response and not limited to
simply a specific definition of an inert treatment. The
increased effectiveness of open treatments suggests the
importance of several notions, which include patients under-
standing the treatments they are being given as well as the
potential impact of the patient-provider relationship.

Role of Placebo in Clinical Trials: Response
Bias

Response bias, in the context of clinical trials that use pla-
cebo, refers to patient responses that aim to be socially
acceptable or please study clinicians. It includes a wide
range of cognitive biases that influence the responses of par-
ticipants away from an accurate or truthful response. These
biases are most prevalent in the types of studies and research
that involves self-reporting (e.g., surveys).

Ethics of Placebo in Clinical Trials and Clinical
Practice

The introduction of placebo into controlled studies after
World War II included calls to protect placebo recipients
from harm. Some have called for elimination of placebos
from clinical research, arguing that comparisons should
involve not placebo but the accepted standard of care.
Additionally, it has been asserted that the deception involved
in placebo violates patient autonomy and individual rights
and could jeopardize the patient-clinician relationship.
Ultimately, it should be ensured that placebo is not known to
be inferior to the proposed comparison modality. It is essen-
tial that patients express complete understanding upon enter-
ing a clinical trial that they may receive placebo in lieu of the
modality being studied.

Open-Hidden Paradigm

The open-hidden paradigm describes two methods of drug
delivery in a trial. In open administration, the patient is aware
they are receiving a drug. This allows the patient to employ
expectation and context. Hidden administration, however,
involves an unaware patient receiving a drug, blinding them
to expectation. This separates the physiological response
from the psychological response. Several studies have exam-
ined this and compared covert (or hidden) administration of
a treatment to open treatment [18, 19]. The main finding is

Placebo as Treatment Modality

Placebo treatments are effective in a significant proportion of
patients. Certain patients respond at much higher rates than
others. While certain traits and characteristics were thought
to predict “placebo responders,” this has shown harder to
elucidate in clinical studies. There are likely many psycho-
logical, cultural, and social factors that influence the context
and response to treatment.

Nocebo Effect

Nocebo refers to negative side effects expected only for
patients in the active treatment arm yet experienced by patients
receiving placebo treatments. When surreptitious administra-
tion of decaffeinated coffee to a habitual coffee drinker still
results in tachycardia, a nocebo effect has occurred. The same
is true for patients with back pain whose pain increases when
a test they feel they need (e.g., imaging) does not occur. This
effect is thought to be the result of similar cognitive and con-
ditioning mechanisms as the positive effects seen with placebo
treatments. Similar to the placebo response, it is likely not the
result of gender, race, education, or social factors.

Conclusion

In summary, placebo refers to both a seemingly inert sub-
stance used in clinical trials and a highly individual and com-
plex neuro-psycho-physiologic response experienced by
patients. It is most likely the result of expectancy and condi-
tioning on the part of the patient, but also may involve a
social learning component, as well as a positive emotional
interaction between the provider and patient. Placebo treat-
ments are effective in a significant percentage of patients.
The mechanism may be mediated via endogenous opioid
pathways, as well as opioid-independent pathways. Finally,
nocebo refers to negative side effects expected only for
patients in the active treatment arm yet experienced by
patients receiving placebo treatments.
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Epidemiology

Michael Andreae

Use of Data from Epidemiological Studies
of Pain

Epidemiology is concerned with patterns, causes, and effects
of health and disease in large populations with a goal of dis-
ease surveillance and public health interventions as opposed
to individual treatment decision, as may be seen in Table 9.1
by the outcome measures of interest [1].

Often we have to accept simplified measures focusing on
the presence and absence of disease, as opposed to continu-
ous more sophisticated constructs, for example, limiting
ourselves to investigating the presence or absence of chronic
pain after surgery [2] as opposed to employing multidimen-
sional scales like the Brief Pain Inventory [3]. The latter,
while more meaningful, are also more resource intensive.

The goal of epidemiology in pain medicine is to identify
risk factors in order to attenuate them and/or to gauge the
burden of disease in order to inform public resource alloca-
tion. Figure 9.1 [4] illustrates how risk factors for chronic
pain formation can be related to the individual (e.g., genetic
predisposition to developing persistent pain after surgery)
pain therapies received [2] and the environment (surgical
insult, stressful family situation, or spousal depression) [5].

The sources of data in epidemiology are often question-
naires, surveys, and surveillance efforts that can compromise
data integrity due to low response rates, loss to follow-up,
and questionnaire fatigue. These are often resistant to meth-
ods designed to improve response rates, like incentives and
personalized reminders, especially when physicians are sur-
veyed [6]. Another source of data increasingly used in epide-
miology are electronic medical records and registries, but
data in both are often incomplete. As data is not missing at
random (because tests are done preferentially when indi-
cated), significant bias may be present [7].
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Measurement of Disease Burden
in a Population

When we compare burden of disease across populations, it
is critical to distinguish prevalence from incidence.
Prevalence renders a snapshot picture in a defined popula-
tion at a given moment in time. It is the proportion of indi-
viduals who have the disease at a particular time point, that
is, how widespread it is. In contrast, incidence counts the
number of new cases within a specified period; hence, inci-
dence is a rate over time, indicating the risk of contracting
the disease; in other words, incidence measures how conta-
gious a condition is. For example, the annual attack rate
(incidence) in an influenza epidemic is estimated at 10%
per annum in adults, but at no point in time will 10% of the
population have influenza (prevalence), because influenza
lasts only a few days and one patient recovers before the
next patient is affected.

Observational Studies: Uses and Limitations

In an attempt to prove causality by demonstrating a statisti-
cal association between a predictor (e.g., independent vari-
able) and an outcome (e.g., dependent variable), three study
designs are employed in epidemiological pain research:
cohort, case-control, and cross-sectional. Their temporal
directionality [8] is illustrated in Fig. 9.2 [9]. Figure 9.3 dis-
plays an algorithm useful in identifying clinical study
designs. In the cohort design, one starts from the exposure
and moves forward in time to the disease. The opposite is
true for case-control studies, where one starts with the dis-
ease (the case), finds a control, and then goes backward in
time to define the exposure. In cross-sectional studies, pre-
dictor variables and outcome measures are obtained in the
same moment. Association observed in cross-sectional stud-
ies is insufficient proof for causality. Cohort and case-control
studies, by demonstrating temporality, strengthen the infer-
ences according to the Bradford Hill criteria [10], but
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Table 9.1 Overview of outcome measure, with corresponding statistical models and representation

Outcome data type Effect estimate Example Statistical model Tabular/graphical representation
Dichotomous Relative risk Persistent postoperative pain (yes/no) Chi-square Point estimate with confidence intervals
Dichotomous Odds ratio Persistent postoperative pain (yes/no) Logistic regression Table of regression coefficients

Time to event Hazard ratio Time to cancer recurrence (days) Cox regression Kaplan-Meier curves or Cox hazard ratios
Rare events Relative risk Number of infections after spinal (n)  Poisson regression  Table of regression coefficients

In this overview of epidemiological measures, we tabulate frequently used outcomes with the corresponding effect estimates, the statistical test,
and the typical tabular or graphical representation [1]. The choice of statistical modeling will be contingent on the data type of interest, e.g., a Cox
model for time to event data

Fig. 9.1 The hardwired ; i ;
genetic makeup of an Risk for chronic pain
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the development of persistent

pain after surgery [5]. yan N\
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Fig. 9.3 Assigning the
exposure to the factor of
interest can control for
unknown confounders,
especially if group allocation
is randomized, while
cross-sectional, case-control,
and cohort studies can only

Algorithm to identify clinical study designs

Researcher allocated
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attempt to control for
confounders known to the
investigator and measured
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Grimes and Schulz [9]) Experimental study

Observational study

Randomized allocation? Comparator?

Yes No Yes No
Analytical Descriptive
Randomized Controlled study study
controlled trial |
trial
Temporal
Directionality
Cohort Case-control Cross-sectional
study study study

Exposure — Outcome

consistency, coherence with animal experiments, dose
dependency, and findings in quasi-experimental designs are
also sought.

Case-control studies start with patients who have the dis-
ease and try to find suitable control cases. Case-control stud-
ies seek to ascertain the predictor (e.g., the risk factors
investigated) in the past, which can be fraught with recall
bias. For example, female physicians asked about prenatal
radiation exposure after the birth of a child with birth defects
are more likely to recall exposure during training. Matching
cases with controls is rarely perfect, giving rise to a plethora
of biases, such as sampling and selection bias [11].

Controlling for bias is challenging, in particular, when
we attempt to study healthcare disparities, which is still
rampant in pain and perioperative medicine in the USA [12,
13]. Statistical inference in observational studies is based
on the fictitious counterfactual theory of causation, consid-

Exposure « Outcome Outcome and exposure observed

concurrently

ering what the outcome would have been, had the subject
not been assigned the exposure [14]. This counterfactual
approach is compelling in randomized studies where the
assignment to the treatment or exposure is not associated
with any potential confounders, but proves to be less useful
in health disparity research [15]. We can make inferences
about bias, by observing that psychiatric case descriptions
randomly assigned a black phenotype are more often adju-
dicated by psychiatrists as paranoid schizophrenia than
identical cases randomly assigned a white phenotype [16].
In contrast, observational studies of discrimination are less
compelling. Todd showed that after controlling for known
confounders like gender or pain, black patients received
less analgesia administered in the emergency room than
their white counterparts did [17]. However, patient charac-
teristics known to the treating emergency room physician,
but unknown to the analyst, may have acted as a confounder
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and create a spurious association between race and out-
come [18]. Indeed, Kaufman argued that the counterfactual
approach to statistical inference cannot hold for innate dif-
ferences [19], because we cannot imagine of randomly
assigning race, arguably a socially constructed phenotypic
categorization devoid of scientific support [20]. Kaufman
showed how inappropriate use of logistic regression can
reinforce racial discrimination by reinforcing stereotypical
assumptions. This, in essence, may lead to erroneously
attributing healthcare disparities to individual patient
choices or immutable genetic differences [18].

Cohort Studies

Different from case-control studies, cohort studies follow
patients forward in time and register outcomes as they occur.
For example, an investigator may observe the occurrence of
drug addiction over a year in a cohort of sickle cell disease
patients treated in the pain clinic with opioids or without.
The investigator does not allocate the treatment or exposure
of interest randomly (the major shortcoming of observational
studies), in contrast to randomized designs as illustrated in
Fig. 9.3.

Allocating treatment randomly can reduce the risk of
bias by eliminating confounding by those factors not con-
sidered or unknown to the investigator [11]. Otherwise,
these unmeasured and/or unknown variables (i.e., ethnicity,
insurance status, provider treating the individual, etc.) may
confound the association between the risk factor (in our
example opioid treatment) and the outcome occurrence
(addiction), inducing a spurious association that may not
reflect causality [8].

It is imperative to critically appraise the legitimacy of evi-
dence purporting causality prior to incorporating it into our
clinical decision-making [21-23].
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Pain as a Biopsychological Experience
Definition

Biomedical characterizations of pain posit that the existence
and severity of pain can be attributed to a specific organic
pathology: identifying and correcting the latter should result
in eradication of the pain symptoms [1]. While the simplic-
ity of such cause-and-effect models can be attractive, they
fail to take into consideration the role of psychological fac-
tors in the onset, maintenance, and exacerbation of pain [2]
and may thus limit a patient’s response to treatment [3].
The International Association for the Study of Pain (IASP)
defines pain as “an unpleasant sensory and emotional experi-
ence associated with actual or potential tissue damage, or
described in terms of such damage” [4]. Biopsychological
characterizations such as this expand on biomedical models
by recognizing that the experience of pain possesses both
physiologic and psychological underpinnings. Concurrently
addressing the physical, behavioral, and psychological com-
ponents of pain has been shown to improve functioning and
decrease pain-related distress and could potentially reduce
the financial burden associated with pain treatment [3].

Measurement

As pain has both biologic and psychological dimensions,
it is important to ensure that the contributions of each are
measured as a part of the clinical evaluation. A multidisci-
plinary evaluation process is one in which clinicians from
different specialty areas (i.e., pain physician, psychologist,
etc.) assess a patient from the perspective of their specific
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disicpline. The impressions and recommendations of each
evaluator are then incoprporated into a comprehensive treat-
ment plan that addresses the direct, indirect, and interactive
impact of the assessed variables.

A pain physician evaluates all biologic aspects of a patient’s
predicament to determine the role(s) that injection therapies,
surgery, implantable devices, and/or pharmacologic treatment
may play in the treatment plan. Data gathered from physical
exam findings, imaging studies, lab results, and patient self-
report inform this medical decision making process.

A pain psychologist assimilates data from self-report assess-
ment devices and a comprehensive clinical interview to identify
the nature and extent to which psychological and behavioral
factors may be influencing a pain condition. Information about
pain perception, substance use/abuse, early life experiences, aca-
demic and vocational histories, current physical functioning, past
and present psychiatric distress, situational stressors, and coping
strategies is used to facilitate development of a treatment plan.

Limiting the evaluation to the medical evaluation alone is
consistent with a purely biomedical pathway. A biopsycho-
logical approach integrates the findings of both the physician
and the psychologist when conceptualizing the etiology and
treatment of pain conditions. As there are individual differ-
ences in the affective, cognitive, behavioral, and physiologic
responses to pain, treatment plans should be specifically
tailored to each patient and his/her environment. Once a
treatment pathway has been established, it is important to
continue to measure specific areas of functioning (i.e., emo-
tional distress, pain perception, functional activity, etc.) to
assess the efficacy of treatment. The treatment plan should
be modified as needed to maximize outcomes.

Coping Styles
Definition

Coping is broadly defined as the use of behavioral and cog-
nitive techniques to manage physical and emotional stress
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[5]. Individuals experiencing pain often use a combination
of coping strategies. Pain coping strategies can be concep-
tualized into three main groups: (1) cognitive vs. behavioral
strategies; (2) active vs. passive coping strategies; and (3)
problem-focused vs. emotion-focused strategies [5].

One conceptualization of pain coping differentiates cogni-
tive from behavioral strategies. Various types of cognitive strat-
egies can be adopted by patients to manage pain (e.g., diverting
attention, focusing on or reinterpreting pain sensations, cop-
ing self-statements, suppression of pain-related thoughts, and
praying/hoping). There also are a number of behavioral strat-
egies to manage pain (e.g., behavioral activation, time-based
pacing, relaxation exercises, use of pain behaviors) [5].

Another conceptualization of coping differentiates active
from passive pain coping strategies. Active coping refers
to strategies that patients use to control pain or to function
despite pain by using their own resources. Passive cop-
ing involves patients relinquishing control of pain to oth-
ers. Studies have linked active coping strategies to positive
effects, better psychological adjustment, and decreased
depression, while passive strategies generally are linked to
poor outcomes such as increased pain and depression [5].

Coping also can be classified into problem-focused ver-
sus emotion-focused strategies. Problem-focused approaches
involve patients’ direct attempts to deal with pain, whereas
emotion-focused approaches involve patients managing their
emotional reactions to pain. There is some evidence that sug-
gests that emotion-focused coping is associated with higher
pain intensity ratings and worse functioning in individuals
with chronic pain [5].

Patients typically use different coping strategies when
they experience differences in pain intensity, when they
adjust from acute to chronic pain, when they experience
changes in psychological well-being, and with changes in
physical functioning. For example, multiple studies have
found that ignoring strategies are associated with less pain,
whereas praying, hoping, and catastrophizing (magnification
and rumination of pain-related information) are associated
with higher pain levels [5].

Expectations, Coping, Cultural,
and Environmental Factors

Sex/Gender

Epidemiological researchers have found that pain is more
commonly reported by women than men and that the preva-
lence of some chronic pain conditions is more common in
women than in men [6, 7]. One study found that for ten differ-
ent anatomical regions, a greater percentage of women than
men reported pain in the past week and women also were
more likely to report chronic widespread pain than men [8].

It appears that coping style contributes to sex differences
in experimental as well as clinical settings. Men have been
found to more frequently use behavioral distraction and
problem-focused strategies to manage pain, whereas women
have a tendency to use a range of coping techniques (e.g.,
social support, positive self-statements, emotion-focused
techniques, cognitive reinterpretation, and attentional focus)
[6]. Research has found that women, more so than men, use
catastrophizing as a strategy to manage pain, which is asso-
ciated with higher pain intensity and pain-related disability
[6, 7]. With regard to coping styles, catastrophizing has been
found to partially mediate sex differences in pain sensitiv-
ity, but variables such as masculinity-femininity personal-
ity traits likely contribute to this finding. Women also have
been found to use more adaptive coping strategies, especially
when coping with laboratory pain, such as using attentional
focus or reinterpreting pain sensation strategies, while some
research suggests that men find distraction more efficient [9].

Race

A large body of research suggests that Blacks report higher
levels of clinical pain across a range of painful conditions
than Hispanics or Whites [5, 10]. Such differences have
implications that could explain racial/ethnic differences in
treatment response. For example, patients presenting with
higher pain intensity levels/disability also are more likely
to exit treatment with higher pain intensity levels/disability.
Patients who have perceived that their pain has been dis-
counted in previous appointments may augment symptom
reports in order to reduce the likelihood of being discounted
again. This makes it difficult to interpret the association
between race/ethnicity and self-reported pain and/or disabil-
ity in a clinical sample [11]. Evidence suggests that many
Blacks and Hispanics and other minorities lack trust in the
medical system. Relative to non-Hispanic Whites, Blacks are
almost three times and Hispanics over two times more likely
to believe racism is a significant healthcare problem [11].
Given these high levels of distrust, it is not surprising that
Blacks and Hispanics feel high levels of stereotype threat
in medical encounters and do not expect significant benefit
from treatment. These expectations may contribute to the
persistently low rates of surgery for knee and joint replace-
ment among minorities [11].

Blacks and Hispanics appear to demonstrate higher lev-
els of post-treatment disability than non-Hispanic Whites
for conditions that include chronic low back pain and other
chronic pain conditions. In addition to increased disability,
Blacks and Hispanics demonstrate more affective distress in
response to chronic pain as well as greater levels of pain-
related disability [10, 11]. Other psychological factors also
might impact pain-related disability. For example, Blacks and
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Hispanics are more likely than Whites to use passive coping
strategies such as prayer, while Whites are more likely to use
active coping-self statement and perceive themselves as hav-
ing greater pain control [5, 10]. Evidence also suggests that
Black and Hispanic individuals have a more external locus of
control orientation, have a lower overall sense of self-efficacy,
and report greater feelings of helplessness. Because passive
strategies are minimally effective for pain management, indi-
viduals who frequently use them might conclude that they
have little control over their pain. This could possibly lead
to and/or reinforce the belief of helplessness toward pain [5].
Similarly, research has suggested that Blacks are more likely
to catastrophize than other ethnic groups, and pain catastro-
phizing contributes to poorer pain adjustment and a sense of
learned helplessness [5, 11, 12]. Catastrophizing may also
function to solicit assistance or empathetic responses from
others, including family members, friends, and medical pro-
viders. This understanding of the communal model of coping
posits that catastrophizing strategies are used to secure social
or interpersonal resources, as well as to induce others to alter
their expectations, reduce performance demands, or manage
interpersonal conflict. The communal model of coping is
consistent with the collectivistic orientation that is character-
istic of many Black cultures [5].

Some may think that having more tools in one’s coping
toolbox is preferable to having fewer; however, the results
from a meta-analysis suggest that use of maladaptive cop-
ing was a more important indicator of pain adjustment than
was adaptive coping. Since Blacks use pain-coping strategies
more frequently overall, they also are more likely to engage
in maladaptive strategies more frequently, which may off-
set any gains from adaptive coping and account for their
increased pain and impairment compared to Whites [5].

Age

The literature suggests that individuals interpret their health-
related symptoms within the context of their life stage and
overall physical health. Older adults may have a number of
attitudes about health and disability that are relevant to their
perception of pain. It is important to be mindful of some of
these beliefs because some beliefs might be helpful while
others might be barriers to effective pain management [13].
Some research has suggested that older adults compare their
experiences to those of their peers, particularly those who
are more ill peers, and may conclude that they are better off
than others they know. Findings have also suggested that
many older adults perceive pain and disability as “normal” or
“expected” in aging; however, pain severe enough to impact
function is not a normal part of aging, and this is a social
expectation vs. a medical reality. This belief is highlighted
in one study where 40% of adults in the sample reported it

was “definitely true” that one is expected to have more aches
and pains with aging, but 94% of participants also stated that
it was “very” or “somewhat” important that someone with
aches and pains should talk to a doctor about treatment [14].

Generally, research has suggested an increase in the use
of “adaptive” coping strategies across domains in later life
[13]. Studies have shown that older adults often may have
fewer coping strategies, but they use them as effectively, or
more effectively, than younger adults. Older adults also have
a tendency to use the same strategies for managing stressors
across various life domains, that is, older adults find strate-
gies that work and use them in multiple settings [13]. Several
pain studies have suggested that adults use different coping
strategies across the life span. For example, older adults with
persistent pain are more likely to use emotion-focused cop-
ing strategies. One study found that younger people used
twice as many “cognitive” strategies (e.g., imagery) for man-
aging pain as did older adults. But findings are equivocal in
one community sample of 280 patients with persistent pain;
age was negatively correlated with a variety of emotion- and
problem-focused strategies [15], suggesting less frequent
use of coping strategies across the board in older adults.
There also is some preliminary evidence that older adults use
certain pain coping strategies (e.g., resting and pacing them-
selves) consistently on a daily basis, regardless of temporary
flare-ups in pain, whereas younger adults may be more likely
to use their coping strategies when their pain worsens [16].

Some barriers that can impact treating pain in older adults
are cognition, hearing, and communication impairment. The
literature suggests that older adults are more likely than
younger adults to underreport or minimize pain, particularly
if they perceive that the pain symptoms are manageable.
Older adults are also more likely to try and adapt by limiting
their physical and social activities instead of seeking treat-
ment. Older adults with stoic attitudes present with lower lev-
els of affective distress relative to their pain levels. However,
stoicism also may limit reporting of important symptoms to
family and healthcare providers, which can delay the diagno-
sis or treatment of a chronic illness. Research also suggests
that some older adults are reluctant to discuss their pain due
to fear of a diagnosis that is progressive and/or fear of los-
ing their independence. There also could be a fear of being
labeled “a hypochondriac” and wanting to be considered a
“good patient” [13].

There is recent research suggesting that children have
different coping styles. Studies have found that youths with
pain have been found to be higher catastrophizers than ado-
lescents. Adaptive responses to stress and pain have been
reported to increase as children age. It has been hypothe-
sized that as more opportunities to apply coping strategies
arise, a greater number of coping responses are learned [17].
It also is possible that pain catastrophizing may not be due
to maladaptive cognitive coping strategies, which has been
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speculated in adults, but rather, a developmentally normal
process related to limited coping resources. Thus, as children
mature into adolescents and early adults, a wider array of
cognitively complex resources may help minimize the effect
of pain catastrophizing on children’s functional outcomes
and disability. The research suggests that adolescents may
use more active and accommodative coping methods com-
pared to children, which may be due to the development of
cognitive resources and executive functions needed to enact
these strategies [17].

Education

Higher levels of education appear to protect against pain-
related disability. One possible reason for this is that the
association between higher levels of education and higher
levels of health literacy. For example, health literacy is asso-
ciated with higher levels of function in patients with rheu-
matologic diagnoses. Similarly, low back pain patients with
higher levels of education demonstrate lower levels of fear-
avoidance beliefs and pain-related disability than do patients
with lower levels of education [11].

Cultural, Environmental, and Racial
Variations in the Experience and Expression
of Pain

Stereotypes

Stereotyping is an intuitive process, of which people often
are unaware, which can bias judgments. Stereotypes rep-
resent a shorthand way to characterize a group of people
that share a given attribute, such as race or ethnicity. Such
biases are difficult to study: explicit biases are commonly
disavowed, even as implicit biases continue to operate — gen-
erally reflecting culturally derived associations that are less
amenable to conscious control [11].

Judgments about pain are influenced by features of the
patient, the situation, and the provider. This may be a func-
tion of uncertainty inherent in pain assessment which intro-
duces considerable ambiguity into provider judgments of
pain and treatment decisions. Like a projective test, provid-
ers can project onto patients their attitudes, beliefs, and opin-
ions, making clinical judgments vulnerable to the influence
of stereotyping [11]. Pain studies researching stereotypes are
important because pain is subjective, treatment guidelines
are not always well defined, and there is not always a “cor-
rect” way to treat a patient. In a few studies, subjects viewed
a series of pained facial expressions, estimated the level of
pain that patients experienced and then rated whether demo-
graphic characteristics influenced their judgments. While

respondents denied any influence of demographic character-
istics, analyses showed that demographic characteristics did
influence judgments (pain ratings and recommendations for
pain management) [18-21].

Race

There has been longstanding interest in the racial/ethnic dif-
ferences in pain sensitivity. Much of the research reveals
that Blacks and Hispanics demonstrate lower pain thresholds
and tolerance than Whites. Recent experimental research has
attempted to understand this finding. For example, there is
evidence that differences in pain perception may be mediated
by higher levels of negative affect among Blacks relative to
Whites. Alternatively, Blacks may approach pain inductions
with a higher level of vigilance, and vigilance may mediate
perceptions of pain severity, threshold, or tolerance [11, 22,
23]. Studies examining Hispanics’ pain experience have found
that they report fewer pain conditions but report higher pain
sensitivity and severity, but are more likely to work in jobs
that predispose them to pain [10]. However, only limited pain
research has been conducted on Hispanics and would benefit
from future studies examining individual (i.e., age, work satis-
faction, personal acculturation, etc.) and sociocultural reasons
(i.e., social support, collectivistic culture, familial pain models,
etc.) for these seemingly contradictory findings. Results from
a race expectation of pain questionnaire found that a sample of
participants believed that the typical White person is more sen-
sitive to pain and more willing to report pain than other minor-
ity groups which may help explain some of the variability in
assessment and treatment practices of patients [24].

Sex/Gender

Gender-specific beliefs and expectations about pain, which
are partly acquired by social learning, have been proposed
as potential factors contributing to differences in pain per-
ception in women and men. “Gender role” broadly refers
to a socially accepted set of characteristics ascribed to each
sex. With regard to pain, the feminine role is stereotypically
associated with greater willingness to report pain, whereas
the expected masculine role is more related to stoicism
[9]. Studies have found that gender role expectations prob-
ably play a significant role, explaining some of the differ-
ences in experimental pain perception in female and male
participants.

The masculinity-femininity trait (emotional vulnerability)
and perceived identification according to typical male/female
stereotypes (willingness to report pain) seems to alter pain
tolerance, pain intensity, and pain unpleasantness [9]. In a
study, both men and women believed that men are less will-
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ing to report pain, have a higher pain endurance and lower
pain sensitivity than the typical woman and such gender role
expectations may contribute to sex differences in experimen-
tal pain [25]. Pain studies have found that sex differences in
pain sensitivity may be influenced by sex-related expecta-
tions regarding performance on the pain task, suggesting that
gender-related motivation may influence pain expression [6].
Another [26] study examined self-reported pain intensity rat-
ings. Subjects were either told that (1) a typical male or female
could tolerate pain for 30 s, or (2) a typical male or female
could tolerate pain for 90 s, or (3) they received no informa-
tion about performance. The study found that when given no
information, male subjects reported having higher pain tol-
erance and lower pain intensity than females. However, this
difference in pain perception disappeared when they received
information about expected performance (30 or 90 s).

Age

Social context is important among older adults, especially
those who live with pain and disability. Changes in social
support network size and organization are among the best
documented effects in the literature, with good evidence that
older adults report fewer friends and social support than do
younger people. Older adults” well-being is more tied to hav-
ing a few close friends or family members than to having a
broad network of support. The smaller social support net-
works seen in older people may be the result of intentionally
“downsizing” on their part in which they reduce the energy
spent on maintaining contact with peripheral social partners.
This process of “downsizing” is more pronounced from early
to middle adulthood and may be especially true of older adults
with decreasing physical capacities, since they may lack the
energy and resources to maintain a large group of friends. It is
important to note that the perspective that older adults inten-
tionally reduce their networks, rather than have them reduced
by external factors, is not without controversy [13].

Results from an age expectation of pain questionnaire
showed that a sample of participants believed that the typi-
cal older adult is more sensitive to pain and more willing to
report pain than other minority groups which, similar to race,
may help explain some of the variability in assessment and
treatment practices of patients [24].

Limited English Proficiency/Communication
with Providers

High levels of patient-provider communication have been
found to increase patient engagement in self-management
and increase feedback to providers regarding treatment
effectiveness [27]. However, one factor that can negatively

impact communication involves language skills, especially
limited English proficiency (LEP). While only limited
research has examined LEP and pain care, there is abundant
evidence that LEP is in general a barrier to adequate health-
care, and is assumed to also impact adequate pain manage-
ment [11]. While language proficiency is an obvious factor
that can adversely affect communication, nonspecific factors
associated with race/ethnicity also are important. For exam-
ple, minority patients have been found to be less active in
their communications when the encounter is race-discordant,
more active with race-concordant providers, and more likely
to report more distressing pain to a race-concordant observer
[11]. Several studies of primary care physicians examined
clinically implicit race bias and its associations with pro-
vider communication and patient satisfaction. Among other
results, the data showed that high racial bias was associated
with less patient-centered dialogue toward Blacks and with
Black patient perceptions of providers as less respectful [11].

Income

Higher levels of education are associated with higher levels
of income. Income has been found to be linked with the like-
lihood of experiencing a recent pain episode. People with
incomes at 400% of the poverty level are 1.76 times more
likely to report low back pain and 1.59 times more likely to
report neck pain than people with incomes below the pov-
erty level [11]. There also is data suggesting that the effects
of race and socioeconomic status (SES) on pain adjustment
may differ over time. Workers’ compensation claimants with
low back pain exhibit patterns of adjustment that reflects
differing relative contributions of race and SES over time.
Data collected 2 years post-settlement showed that Blacks
received lower levels of care and demonstrated poorer out-
comes than non-Hispanic Whites. The contribution of race
to those differences was significantly greater than that of
SES. At 6 years post-settlement, however, the opposite result
was obtained: SES accounted for substantially greater vari-
ance in clinical adjustment than did race. The pattern reflects
a greater contribution of race during the time frame of most
active treatment studies, and greater contribution of SES
thereafter, likely reflecting differential access to resources.

Role of Family in Promoting lliness and Well
Behavior

Individuals living with pain do not exist in a vacuum; their
pain affects their life but their life can also affect their pain.
This bidirectional relationship emphasizes the need for
addressing the role of the social system in the experience of
pain and pain-related behaviors.
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Solicitous Responses

Although often well-intentioned, family members who
react to patients’ verbal and nonverbal expressions of pain
with overly protective responses may unwittingly be con-
tributing to the pain problem itself. Solicitous responses
from spouses/significant others of individuals living with
pain may include offering physical assistance, providing
medication, completing tasks for the partner, or encourag-
ing rest.

They have been associated higher levels of reported
pain, disability, and pain behaviors [28, 29] and are nega-
tively associated with pain acceptance, the latter a finding
that remained significant after adjusting for patient age,
education, pain level, and significant other support [30].
Furthermore, solicitous responses have also been linked
with medication dosing. More specifically, researchers have
found that the higher levels of solicitous behaviors are asso-
ciated with increased dosing of opioids [31]. These findings
persisted even after controlling for age, gender, ethnicity,
education level, employment status, pain duration, pain
severity, and depression.

Punitive Responses

Punitive responses to pain, characterized by verbal and/or
nonverbal expressions of negative emotion in response to
patients’ pain behaviors, are similarly associated with poorer
outcomes. This category of social reaction is related to lower
physical health-related quality of life, work-related fear-
avoidance, pain interference, and affective distress [32]. As
with solicitous responses, they are also linked with higher
levels of pain-related disability [33] and negatively associ-
ated with pain acceptance [30].

Positive Reinforcement and Confidence

Facilitative reponses to well behavior is associated with
lower levels of pain behavior [34]. Such reactions include
encouragement and reinforcement of activity and healthy
actions. Spousal confidence in a patients’ ability to man-
age health issues has also been associated with a number
of positive health outcomes, including functional improve-
ments in stroke survivors and increased compliance with
dietary and exercise regimens among diabetics [35, 36].
In the realm of pain, spousal confidence was predictive of
improvements in depression, perceived health, and lower
extremity function, and illness severity among a group of
arthritis patients [37].

Common Emotional Problems
and Psychiatric Disorders Associated
with Pain

Fear Avoidance

Patients living with pain may avoid engaging in activity
secondary to fear that it might worsen their condition. Pain-
related fear often leads to somatic hypervigilance and hyper-
sensitivity to painful stimuli, which further reinforces the
avoidant behaviors [38]. Activity avoidance can ultimately
lead to impairment in physical functioning due to guarded
movement and/or deconditioning. This self-perpetuating pro-
cess is known as the fear-avoidance cycle, and it is strongly
associated with self-reported disability [39].

Catastrophization

Catastrophization is an exaggerated perception that a situa-
tion is significantly worse than it actually is. It can manifest
through magnification of the predicament (e.g., “This pain
is so bad it will kill me!”), perseveration on the situation,
and/or a sense of helplessness regarding the ability to influ-
ence one’s outcome. The pervasive expectation of inescap-
able pain can lead to adoption of an avoidant coping strategy,
which can place a patient in a fear-avoidance cycle. Pain
catastrophizing is associated with increased pain intensity
and interference and poorer psychological functioning [40].

Perceived Injustice

Most commonly seen in patients with pain conditions secondary
to an industrial injury, perceived injustice refers to a cognitive
appraisal of an injury in terms of the severity and irreparabil-
ity of the loss, a sense of blame, and unfairness regarding the
situation. It is predictive of depression and disability, and con-
tributes to both catastrophization and pain behavior [41, 42].

Anxiety

Anxiety is characterized by pervasive worry and difficulty
shifting attention away from such stressful thoughts. Beyond
these cognitive processes, it may also have somatic manifes-
tations such as dizziness, shortness of breath, increased heart
rate, and/or shakiness.

Anxiety can trigger activation of the sympathetic nervous
system, and aspects of the subsequent physiologic arousal
can subsequently exacerbate pain, leading to a vicious cycle
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in which anxiety and pain are influencing each other. Fear
avoidance and catastrophization are both strongly associated
with anxiety.

Depression

While dysphoria may accompany pain conditions, major
depressive episodes are marked by a constellation of symp-
toms that may include pervasive feelings of sadness; anhedo-
nia; impairment in attention, concentration, and/or memorys;
loss of energy or motivation; appetite changes; weight gain/
loss; sleep disturbance; and possible suicidality. The pres-
ence of a pain condition can lead to the development of
depression [43] but some studies have found that the pres-
ence of depression may increase the likelihood of developing
chronic pain [44, 45]. Like anxiety, the presence of untreated
or undertreated depression can result in a worsening of phys-
ical pain.
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Sex and Gender Issues in Pain

Priya Pinto

Definition of Sex and Gender

Distinguishing between sex and gender involves a complex
understanding of the terms, and acceptance that there is flu-
idity to these definitions. This distinction is not universal,
and often, these terms are used interchangeably. “Sex” is
defined as a sum of the structural and functional differences,
by which male and female are distinguished, or the phenom-
ena or behavior dependent on these differences. In brief, it is
the anatomy of an individual’s reproductive system and sec-
ondary sexual characteristics. “Gender,” in contrast, is an
individual’s identity of themselves, as differentiated by
social and cultural roles and behavior. It may be masculine,
feminine, or a category outside this binary classification and
is based on personal awareness or identity. In some circum-
stances, an individual’s assigned sex and gender may not
align. They might identify as transgender, non-binary, or
gender-nonconforming [1]. There remains major gaps in the
literature looking at pain in these populations.

Epidemiology of Pain in Relation to Age
and Reproductive History

Chronic Nonmalignant Pain

Females exhibit a higher prevalence of pain among all body
sites [2-5] as well as for all individual musculoskeletal sites
[2]. The sex difference is consistent across all age categories
with the biggest difference between 45 and 54 years and the
55-64 age ranges [6]. Other epidemiological studies support
the fact that close to 50% of chronic pain issues are more
prevalent in women than men [7, 8]. In addition to a higher
prevalence, women also seem to experience stronger and
longer lasting pain than men [4, 9]. In terms of musculoskel-
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etal pain, women tend to have more widespread pain [10].
Among patients with fibromyalgia, women have signifi-
cantly more “tender points” and more symptoms of fatigue
[11]. A recent study suggests that in women, reproductive
changes over time can affect pain sensitivity. Decreased
estrogen has been known to lead to decreased headaches but
has also been found to increase the intensity of other painful
conditions such as osteoporosis and osteoarthritis [12]. On
the other side, increased estrogen levels, including in post-
menopausal females on estrogen, has been shown to increase
both the incidence, as well as the severity of pain related to
fibromyalgia and temporomandibular joint disease [13, 14].
Pain prevalence in females appears to increase with age. A
handful of studies show either increased or no difference in
pain prevalence with increasing age in men [15].

In pediatrics, chronic pain seems to be experienced more
often by girls than boys and with greater intensity [16]. Studies
also suggest that some syndromes such as migraines with or
without aura develop at a younger age in boys, but girls are
more likely to report the symptoms [17]. In many studies, girls
are more likely to report symptoms of pain such as headaches
[18], upper limb pain [19] and abdominal pain [18].

Cancer Pain

In cancer, studies have not shown any differences between
the sexes in terms of intensity or prevalence [20, 21].
However, females were more likely to have additional symp-
toms of depression and fatigue along with pain. Female
patients admitted to a cancer hospital are also more likely to
have cancer-related than non-cancer-related pain and the
pain is more likely to be severe [20].

Post-procedural Pain

Women appear to experience more severe post-procedural
pain [22, 23]. Women report more pain than men in the
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postoperative period following oral surgery [24, 25] and
orthopedic surgery [26, 27]. Women also display greater
post-colonoscopy discomfort than men [28].

Nociceptive Responses and Pain Perception

Pain perception and responses to pain have been measured
in animal and human models using a variety of stimuli (e.g.,
chemical, mechanical, thermal). These studies have looked
at the time and intensity of pain sensation, tolerance, and
other measures. Females and males have comparable thresh-
olds for cold and ischemic pain, while pressure pain thresh-
olds are lower in females than in males. In animal and
human models alike, females have been noted to experience
pain with a greater intensity and response [8, 29] and have a
lower threshold for pain as compared to males [30]. Many
studies have looked at the issues of anatomical as well as
hormonal differences as a reason of these findings [31].
Interestingly, pain responses may vary based on type of pain
stimulus [32, 33].

Pressure Pain

When stimulated with pressure (e.g., algometers or von Frey
filaments), females exhibit a lower threshold, as well as
lower tolerance for pain [33]. Similarly, when exposed to
suprathreshold mechanical stimulation, females report
greater pain sensitivity compared to men (e.g., hyperalgesia)
and an associated greater autonomic response [34]. There
appear to be differences in the pertinent neuroanatomic path-
ways. For example, during a painful rectal stimulus with
pressure, males displayed activation of the left thalamus/ven-
tral striatum, while women females were observed to experi-
ence deactivation of the midcingulate cortex [35].

Electrical Pain

Some studies employing fMRI have demonstrated a
greater activation of the primary sensory and prefrontal
cortices in females than in males with electrical stimula-
tion [36, 37], while others failed to show any differences
in pain response [38].

Ischemic Pain

While there are differences in areas of the brain stimulated
by ischemic pain, there are no noted differences in pain
thresholds or pain tolerance between sexes in response to
ischemic pain [33, 39, 40]. Several studies do support the

differences in patterns of response. Where men show activa-
tion of the parietal cortices, the contralateral secondary
somatosensory cortex, the prefrontal cortex and the insula,
women show activation in the ipsilateral perigenual and ven-
tral cingulate cortex [39].

Heat/Cold Pain

Females appear to have lower thresholds than males, as
well as lower pain tolerance when exposed to cold or hot
stimuli [31, 33].

Analgesic Response

The analgesic response (response to pain therapy) appears to
be different between the sexes. Females are prescribed more
opioids and adjuvants than males. However, it is unclear if
this is related to prescribing behaviors, noted differences in
pain tolerance or differences in how females respond to treat-
ment [41, 42]. There is some evidence that females utilize
less opioids in the postoperative period despite having simi-
lar pain scores [43]. This may be partially explained by the
fact that females exhibit a greater analgesic response to
administration of morphine [44]. Multiple mechanisms may
explain sex differences in opioid analgesia, including hor-
monal effects, pharmacokinetics and pharmacodynamics,
genetic influences, balance of analgesic/antianalgesic pro-
cesses, and psychological factors.

Multi-modal and interdisciplinary pain programs have
been found to be successful in reducing pain in both males
and females. However, while females tend to report signifi-
cantly more pain and intensity after 3 months of the treat-
ment program [45], they also have more pronounced
improvements in pain-related disability as compared with
males [46].

Biologic Contributions to Pain Response

Females have a higher average nerve fiber density in their
skin as compared to males [47]. Increased innervation could
result in nociceptive hypersensitivity as seen in some animal
models [48].

The influence of sex hormones represents a significant
source of pain-related variability that likely impacts men and
women differently. This is not surprising given the distribu-
tion of sex hormones and their receptors in areas of the
peripheral and central nervous systems associated with pain.
As noted earlier, estrogen plasma levels can impact the inci-
dence of recurrent pain in women. In addition, pain levels
can vary significantly during different phases of the menstrual
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cycle, indicating that rapid estrogen changes, as well as high
estrogen and progesterone levels, can worsen the experience
of pain [49, 50]. Clinically, this is evident because intensity
of pain varies with each stage of the menstrual cycle espe-
cially in conditions such as irritable bowel syndrome, tem-
poromandibular joint (TMJ) pain, primary headache, and
fibromyalgia [29]. In addition, during pregnancy, migraine
frequency declines and TMJ pain is reduced [50].

Psychosocial Contribution to Pain

Pain is a multidimensional sensation, with cognitive, emo-
tional and psychosocial components. Studies support that
men and women use different strategies to cope with pain
[29]. Women seek out social support and use more emotion
focused techniques to assist in self managing their pain,
while men tend to use behavioral modification and distrac-
tion [51, 52]. Women also tend to have more anxiety in
association with pain [53]. Catastrophizing is the tendency
to exaggerate the magnitude of pain, and alters the feeling
of a painful stimulus, possibly increasing its reported inten-
sity. Women seem more likely to engage in this behavior
when in pain [54-56]. Empathy is also an important phe-
nomenon in pain perception and women are known to be
more empathetic than men [57]. Society and its expected
gender roles also seem to impact the experience of pain.
Society expects that men and boys should minimize their
response to pain [58]. Family relations will also play a role,
as it appears that girls are more likely to respond to mater-
nal influences [59].

Role in Treatment Seeking, Delivery,
and Effectiveness of Treatment

Women are more likely than men to seek medical care and
report pain [31]. Because of these differences, there have
been many studies assessing factors that might affect this
gender-specific characteristic. While there are clearly differ-
ences in the way pain is treated in men vs women, it is
unclear which gender derives an advantage from this dispar-
ity [60]. Providers are more likely to provide pain manage-
ment to a patient of the same gender, and females are more
likely to be recommended opioids [61-63].

References

1. American Psychological Association. APA dictionary of psychol-
ogy. 2nd ed. Washington, DC: Author; 2015.

2. Picavet HS, Schouten JS. Musculoskeletal pain in the Netherlands:
prevalences, consequences and risk groups, the DMC3-study. Pain.
2003;102(1-2):167-78.

10.

11.

12.

13

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

. Berkley KJ. Sex differences

. Wijnhoven HA, De Vet HC, Picavet HS. Prevalence of musculo-

skeletal disorders is systematically higher in women than in men.
Clin J Pain. 2006;22(8):717-24.

. Wijnhoven HA, de Vet HC, Picavet HS. Sex differences in conse-

quences of musculoskeletal pain. Spine. 2007;32(12):1360-7.

. Chopra A, Saluja M, Patil J, Tandale HS. Pain and disability, per-

ceptions and beliefs of a rural Indian population: a WHO-ILAR
COPCORD study. WHO-International League of Associations
for Rheumatology. Community Oriented Program for Control of
Rheumatic Diseases. J Rheumatol. 2002;29(3):614-21.

. Guo HR, Chang YC, Yeh WY, Chen CW, Guo YL. Prevalence of

musculoskeletal disorder among workers in Taiwan: a nationwide
study. J Occup Health. 2004;46(1):26-36.
in pain. Behav Brain Sci.

1997;20(3):371-80.

. Mogil JS. Sex differences in pain and pain inhibition: multiple

explanations of a controversial phenomenon. Nat Rev Neurosci.
2012;13(12):859.

. Heitkemper MM, Cain KC, Jarrett ME, Burr RL, Hertig V, Bond

EF. Symptoms across the menstrual cycle in women with irritable
bowel syndrome. Am J Gastroenterol. 2003;98(2):420-30.
Leveille SG, Zhang Y, McMullen W, Kelly-Hayes M, Felson
DT. Sex differences in musculoskeletal pain in older adults. Pain.
2005;116(3):332-8.

Wolfe F, Ross K, Anderson J, Russell 1J, Hebert L. The preva-
lence and characteristics of fibromyalgia in the general population.
Arthritis Rheum. 1995;38(1):19-28.

Meriggiola MC, Nanni M, Bachiocco V, Vodo S, Aloisi
AM. Menopause affects pain depending on pain type and charac-
teristics. Menopause. 2012;19(5):517-23.

. Marcus DA. Interrelationships of neurochemicals, estrogen, and

recurring headache. Pain. 1995;62(2):129-39.

Dao TT, LeResche L. Gender differences in pain. J Orofac Pain.
2000;14(3):169.

Abdulla A, Adams N, Bone M, Elliott AM, Gaffin J, Jones D,
Knaggs R, Martin D, Sampson L, Schofield P. Guidance on the
management of pain in older people. Age Ageing. 2013;42:11-57.

. Perquin CW, Hazebroek-Kampschreur AA, Hunfeld JA, Bohnen

AM, van Suijlekom-Smit LW, Passchier J, van der Wouden
JC. Pain in children and adolescents: a common experience. Pain.
2000;87(1):51-8.

Stewart WF, Linet MS, Celentano DD, Natta MV, Ziegler D. Age-
and sex-specific incidence rates of migraine with and without visual
aura. Am J Epidemiol. 1991;134(10):1111-20.

Sundblad GM, Saartok T, Engstrom LM. Prevalence and
co-occurrence of self-rated pain and perceived health in
school-children: age and gender differences. Eur J Pain.
2007;11(2):171-80.

Zapata AL, Moraes AJ, Leone C, Doria-Filho U, Silva CA. Pain
and musculoskeletal pain syndromes in adolescents. J Adolesc
Health. 2006;38(6):769-71.

Reyes-Gibby CC, Aday LA, Anderson KO, Mendoza TR, Cleeland
CS. Pain, depression, and fatigue in community-dwelling adults
with and without a history of cancer. J Pain Symptom Manag.
2006;32(2):118-28.

Bartley EJ, Fillingim RB. Sex differences in pain: a brief
review of clinical and experimental findings. Br J Anaesth.
2013;111(1):52-8.

Fillingim RB, Maixner W. Gender differences in the responses to
noxious stimuli. Pain Forum. 1995;4(4):209-21. Elsevier.
Robinson ME, Wise EA, Riley JL III, Atchison JW. Sex differences
in clinical pain: a multisample study. J Clin Psychol Med Settings.
1998;5(4):413-24.

Averbuch M, Katzper M. Baseline pain and response to analgesic
medications in the postsurgery dental pain model. J Clin Pharmacol.
2000;40(2):133-7.



62

P. Pinto

25.

26.

217.

28.

29.

30.

3

—_

32.

33.

34.

35.

36.

37.

38.

39.

40.

4

—_

42

43

44

Coulthard P, Haywood D, Tai MA, Jackson-Leech D, Pleuvry

BJ, Macfarlane TV. Treatment of postoperative pain in

oral and maxillofacial surgery. Br J Oral Maxillofac Surg.

2000;38(6):588-92.

Taenzer AH, Clark C, Curry CS. Gender affects report of pain and

function after arthroscopic anterior cruciate ligament reconstruc-

tion. Anesthesiology. 2000;93(3):670-5.

Thomas T, Robinson C, Champion D, McKell M, Pell M. Prediction

and assessment of the severity of post-operative pain and of satis-

faction with management. Pain. 1998;75(2-3):177-85.

Froehlich F, Thorens J, Schwizer W, Preisig M, Kohler M, Hays

RD, Fried M, Gonvers JJ. Sedation and analgesia for colonos-

copy: patient tolerance, pain, and cardiorespiratory parameters.

Gastrointest Endosc. 1997;45(1):1-9.

Fillingim RB, King CD, Ribeiro-Dasilva MC, Rahim-Williams

B, Riley JL. Sex, gender, and pain: a review of recent clinical and

experimental findings. J Pain. 2009;10(5):447-85.

Craft RM, Mogil JS, Aloisi AM. Sex differences in pain and analge-

sia: the role of gonadal hormones. Eur J Pain. 2004;8(5):397—411.

. Melchior M, Poisbeau P, Gaumond I, Marchand S. Insights into

the mechanisms and the emergence of sex-differences in pain.

Neuroscience. 2016;338:63-80.

Riley JL II1, Robinson ME, Wise EA, Myers CD, Fillingim RB. Sex

differences in the perception of noxious experimental stimuli: a

meta-analysis. Pain. 1998;74(2-3):181-7.

Racine M, Tousignant-Laflamme Y, Kloda LA, Dion D, Dupuis

G, Choiniere M. A systematic literature review of 10 years of

research on sex/gender and experimental pain perception—part

1: are there really differences between women and men? Pain.

2012;153(3):602-18.

Ellermeier W, Westphal W. Gender differences in pain ratings and

pupil reactions to painful pressure stimuli. Pain. 1995;61(3):435-9.

Berman SM, Naliboff BD, Suyenobu B, Labus JS, Stains J, Bueller

JA, Ruby K, Mayer EA. Sex differences in regional brain response

to aversive pelvic visceral stimuli. Am J Phys Regul Integr Comp

Phys. 2006;291(2):R268-76.

Moulton EA, Keaser ML, Gullapalli RP, Maitra R, Greenspan

JD. Sex differences in the cerebral BOLD signal response

to painful heat stimuli. Am J Phys Regul Integr Comp Phys.

2006;291(2):R257-67.

Straube T, Schmidt S, Weiss T, Mentzel HJ, Miltner WH. Sex dif-

ferences in brain activation to anticipated and experienced pain in

the medial prefrontal cortex. Hum Brain Mapp. 2009;30(2):689-98.

Hobson AR, Furlong PL, Sarkar S, Matthews PJ, Willert RP,

Worthen SF, Unsworth BJ, Aziz Q. Neurophysiologic assess-

ment of esophageal sensory processing in noncardiac chest pain.

Gastroenterology. 2006;130(1):80-8.

Derbyshire SW, Jones AK, Creed F, Starz T, Meltzer CC, Townsend

DW, Peterson AM, Firestone L. Cerebral responses to noxious ther-

mal stimulation in chronic low back pain patients and normal con-

trols. Neurolmage. 2002;16(1):158-68.

Bragdon EE, Light KC, Costello NL, Sigurdsson A, Bunting S,

Bhalang K, Maixner W. Group differences in pain modulation:

pain-free women compared to pain-free men and to women with

TMD. Pain. 2002;96(3):227-37.

.Holdcroft A, Berkley KJ. Sex and gender differences in pain and its
relief. In: McMahon SB, Wall KM, editors. Melzack’s textbook of
pain. 2006;1181-97.

.Miaskowski C, Gear RW, Levine JD. Sex-related differences in
analgesic responses. In: Fillingim RB, editor. Sex, gender, and pain.
Seattle: IASP Press; 2000;209-30.

. Miaskowski C, Levine JD. Does opioid analgesia show a gender
preference for females? Pain Forum. 1999;8(1):34—44. Churchill
Livingstone.

. Niesters M, Dahan A, Kest B, Zacny J, Stijnen T, Aarts L, Sarton

E. Do sex differences exist in opioid analgesia? A systematic review

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

and meta-analysis of human experimental and clinical studies. Pain.
2010;151(1):61-8.

Keogh E, McCracken LM, Eccleston C. Do men and women dif-
fer in their response to interdisciplinary chronic pain management?
Pain. 2005;114(1-2):37-46.

Pieh C, Altmeppen J, Neumeier S, Loew T, Angerer M, Lahmann
C. Gender differences in outcomes of a multimodal pain manage-
ment program. Pain. 2012;153(1):197-202.

Mowlavi A, Cooney D, Febus L, Khosraviani A, Wilhelmi BJ,
Akers G. Increased cutaneous nerve fibers in female specimens.
Plast Reconstr Surg. 2005;116(5):1407-10.

Chakrabarty A, McCarson KE, Smith PG. Hypersensitivity and
hyperinnervation of the rat hind paw following carrageenan-
induced inflammation. Neurosci Lett. 2011;495(1):67-71.

Korszun AN, Young EA, Engleberg NC, Masterson LO, Dawson
EC, Spindler KA, McCLURE LA, Brown MB, Crofford
LJ. Follicular phase hypothalamic-pituitary-gonadal axis func-
tion in women with fibromyalgia and chronic fatigue syndrome. J
Rheumatol. 2000;27(6):1526-30.

Hellstrom B, Anderberg UM. Pain perception across the menstrual
cycle phases in women with chronic pain. Percept Mot Skills.
2003;96(1):201-11.

Unruh AM, Ritchie J, Merskey H. Does gender affect appraisal of
pain and pain coping strategies? Clin J Pain. 1999;15(1):31-40.
Thompson T, Keogh E, French CC, Davis R. Anxiety sensi-
tivity and pain: generalisability across noxious stimuli. Pain.
2008;134(1-2):187-96.

Ramirez-Maestre C, Esteve R. The role of sex/gender in the experi-
ence of pain: resilience, fear, and acceptance as central variables
in the adjustment of men and women with chronic pain. J Pain.
2014;15(6):608-18.

Jensen MP, Turner JA, Romano JM, Lawler BK. Relationship
of pain-specific beliefs to chronic pain adjustment. Pain.
1994;57(3):301-9.

Keefe FJ, Lefebvre JC, Egert JR, Affleck G, Sullivan MJ, Caldwell
DS. The relationship of gender to pain, pain behavior, and dis-
ability in osteoarthritis patients: the role of catastrophizing. Pain.
2000;87(3):325-34.

Edwards RR, Haythornthwaite JA, Sullivan MJ, Fillingim
RB. Catastrophizing as a mediator of sex differences in pain: dif-
ferential effects for daily pain versus laboratory-induced pain. Pain.
2004;111(3):335-41.

Eisenberg N, Shea CL, Carlo G, Knight GP. Empathy-related
responding and cognition: a ‘“chicken and the egg” dilemma.
In: Handbook of moral behavior and development, vol. 2; 2014.
p. 63-88.

Robinson ME, Riley JL, Myers CD, Papas RK, Wise EA,
Waxenberg LB, Fillingim RB. Gender role expectations of pain:
relationship to sex differences in pain. J Pain. 2001;2(5):251-7.
Chambers CT, Craig KD, Bennett SM. The impact of maternal
behavior on children's pain experiences: an experimental analysis. J
Pediatr Psychol. 2002;27(3):293-301.

LeResche L. Defining gender disparities in pain management. Clin
Orthop Relat Res. 2011;469(7):1871-7.

Alqudah AF, Hirsh AT, Stutts LA, Scipio CD, Robinson ME. Sex
and race differences in rating others’ pain, pain-related negative
mood, pain coping, and recommending medical help. J Cyber Ther
Rehabil. 2010;3(1):63.

Wandner LD, Stutts LA, Alqudah AF, Craggs JG, Scipio CD, Hirsh
AT, Robinson ME. Virtual human technology: patient demograph-
ics and healthcare training factors in pain observation and treatment
recommendations. J Pain Res. 2010;3:241.

Hirsh AT, George SZ, Robinson ME. Pain assessment and treat-
ment disparities: a virtual human technology investigation. Pain.
2009;143(1-2):106-13.



®

Check for
updates

Opioids

12

Kristoffer Padjen, Scott Maddalo, Patrick Milord,
Chaim Goldfeiz, Robert Otterbeck,

and Christopher Gharibo

Introduction

Opioids have long been a mainstay of therapy for pain. This
is particularly true for acute, often postsurgical pain, as well
as cancer pain and other palliative indications. In recent
years, the use of opioids has increased dramatically with pre-
scription rates approaching one opioid prescription per US
resident [1]. Despite being one of the oldest and most fre-
quently utilized pharmaceutical classes, opioid use continues
to be wrought with controversy. From 1999 to 2014, drug
overdose deaths in the United States have increased dramati-
cally. In 2014 alone, approximately 61% of the 47,055 drug
overdose deaths involved an opioid [1, 2]. This has brought
into question the role of opioid medications in pain man-
agement, particularly in the context of chronic nonmalignant
pain states. In 2016, the Centers for Disease Control pub-
lished a set of guidelines to assist physicians in prescribing
opioids for patients with chronic pain (Table 12.1).

Nociceptive Signaling

Molecular characterization has revealed that opioid receptors
are functionally G-protein-coupled receptors. These recep-
tors, which are located both pre- and postsynaptically, may
be activated by either endogenous ligands (e.g., endorphins,
enkephalins, and dynorphins) or opioids [4-9]. Activation
of presynaptic receptors leads to inhibition of voltage-gated
calcium channels, resulting in a decrease in neurotransmitter
release [10, 11]. Postsynaptic activation increases potassium
conductance and leads to hyperpolarization of the membrane
[12, 13]. The major subtypes of opioid receptors (e.g., mu (j),
kappa (x), and delta (38)) are found in the brain (i.e., rostral
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ventromedial medulla, periaqueductal gray, mesencephalic
reticular formation, amygdala, etc.) spinal cord (dorsal horn
(substantia gelatinosa/Rexed lamina II), dorsal root gan-
glia (DRG), as well as peripheral tissues [14—16]. Listed in
Table 12.2 are the major subtypes of opioid receptors.

Adverse Effects

Multiple adverse effects are associated with opioid use.
These include but are not limited to constipation, respiratory
depression, nausea, vomiting, pruritus, and urinary retention.
Constipation and respiratory depression are both common
and of significant concern and are expanded upon below.
It should be noted that tolerance, as manifested by physical
dependence and withdrawal, may develop quickly. Rather
than being seen as a side effect, tolerance occurs with such
frequency that it should be regarded as an expected result
of any extended opioid therapy. Tolerance is defined as an
increasing dose of a medication or substance that is required
to achieve an effect (whether desired or not). Physical depen-
dence is a state in which an individual requires continued
use of a medication/substance in order to avoid withdrawal.
Withdrawal is a syndrome of unpleasant signs and symptoms
precipitated by the acute discontinuation of a substance.
Opioid withdrawal tends to be associated with dysphoria,
diarrhea, nausea, and diaphoresis. Physical dependence
should be differentiated from addiction which is both a phys-
ical and psychological pathology. Addiction is characterized
by the continued and compulsive use of a substance despite
harm.

Patients receiving opioids very frequently complain
of constipation. Opioid-induced constipation varies from
patient to patient but is dose-dependent and significant
problems with this side effect may limit opioid use, even
in the acute setting. Unlike other opioid adverse effects
where tolerance will develop with prolonged exposure,
opioid-induced constipation frequently does not improve
with time [17]. Constipation results from the binding of
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Table 12.1 Centers for Disease Control Guideline for Prescribing Opioids for Chronic Pain [3]

Nonpharmacologic therapy and nonopioid pharmacologic therapy are preferred for chronic pain. Clinicians should consider opioid therapy
only if expected benefits for both pain and function are expected to outweigh risks to the patient. If opioids are used, they should be combined
with nonpharmacologic therapy and nonopioid pharmacologic therapy, as appropriate.

Before starting opioid therapy for chronic pain, clinicians should establish treatment goals with all patients, including realistic goals for pain
and function and should consider how opioid therapy will be discontinued if benefits do not outweigh risks. Clinicians should continue opioid
therapy only if there is clinically meaningful improvement in pain and function that outweighs risks to patient safety

Before starting and periodically during opioid therapy, clinicians should discuss with patients known risks and realistic benefits of opioid
therapy and patient and clinician responsibility for managing therapy

When starting opioid therapy for chronic pain, clinicians should prescribe immediate-release opioids instead of extended-release/long-acting
opioids

When opioids are started, clinicians should prescribe the lowest effective dosage. Clinicians should use caution when prescribing opioids at
any dosage, should carefully reassess evidence of individual benefits and risks when considering increasing dosage to >50 morphine milligram
equivalents (MME) per day, and should avoid increasing dosage to >90 MME/day or carefully justify a decision to titrate dosage to >90
MME/day

Long-term opioid use often begins with the treatment of acute pain. When opioids are used for acute pain, clinicians should prescribe the
lowest effective dose of immediate-release opioids and should prescribe no greater quantity than needed for the expected duration of pain
severe enough to require opioids. Three days or less often will be sufficient; more than 7 days will rarely be needed

Clinicians should evaluate benefits and harms with patients within 1-4 weeks of starting opioid therapy for chronic pain or of dose escalation.
Clinicians should evaluate benefits and harms of continued therapy with patients every 3 months or more frequently. If benefits do not
outweigh harms of continued opioid therapy, clinicians should optimize other therapies and work with patients to taper opioids to lower
dosages or to taper and discontinue opioids

Before starting and periodically during continuation of opioid therapy, clinicians should evaluate risk factors for opioid-related harms.
Clinicians should incorporate into the management plan strategies to mitigate risk, including considering offering naloxone when factors that
increase risk for opioid overdose, such as history of overdose, history of substance use disorder, higher opioid dosages (>50 MME/day), or
concurrent benzodiazepine use, are present

Clinicians should review the patient’s history of controlled substance prescriptions using state prescription drug monitoring program (PDMP)
data to determine whether the patient is receiving opioid dosages or dangerous combinations that put him or her at high risk for overdose.
Clinicians should review PDMP data when starting opioid therapy for chronic pain and periodically during opioid therapy for chronic pain,
ranging from every prescription to every 3 months

When prescribing opioids for chronic pain, clinicians should use urine drug testing before starting opioid therapy and consider urine drug
testing at least annually to assess for prescribed medications as well as other controlled prescription drugs and illicit drugs

Clinicians should avoid prescribing opioids pain medication and benzodiazepines concurrently whenever possible

Clinicians should offer or arrange evidence-based treatment for patients with opioid use disorder

Table 12.2 Major opioid receptor subtypes and management of opioid-induced constipation routinely

Receptor include laxatives, gastrointestinal motility stimulants, and
subtype Location Action stool bulking agents. Methylnaltrexone, a naloxone deriva-
Hi Brain, spinal Analgesia tive, has been shown to effectively reverse opioid-induced
Cor‘,i . . . . constipation without compromising the analgesic effect of
Ha Brain, spinal Analgesia, GI transit, respiratory .. . L
e R opioid pain medications [21].
cord depression, itching )
A B Analgesia, cardioprotection, Perhaps, the most important and most feared adverse effect
thermoregulation of opioids is fatal respiratory depression. Opioids decrease the
K Brain, spinal  Analgesia, feeding, diuresis, drive to breath partially by decreasing the brain’s responsive-
condl Eole T o ; ness to carbon dioxide. This can be particularly dangerous in
NOP Brain, spinal  Anxiety, depression, appetite, . . . .. .
patients in which respiration may already be compromised
cord development of tolerance

such as those with sleep apnea or those with severe asthma
[22]. Additional caution is required when treating patients at

the opioid molecule to gastrointestinal mu opioid receptors
[18]. Opioids induce or exacerbate delayed gastric empty-
ing and decrease gastrointestinal motility regardless of the
route of administration [19, 20]. Prophylactic treatment

the extremes of age and patients with pre-existing dementia
or delirium. Combination of opioids and other sedating drugs,
such as benzodiazepines or alcohol has the potential to cause
severe respiratory depression [23].
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Table 12.3 Common opioids

Name Brand name(s) Route(s) Onset Peak Metabolism Metabolites
Morphine MSIR, Roxanol, 1V, IM, PO, PO PO <60 min, 2D6,3A4 Morphine-3-glucuronide,
MS-Contin, epidural, 15-30 min; IV 20 min Morphine-6-glucuronide (active
Oramorph-SR, intrathecal, Per IV < 5 min metabolite: caution accumulation
Kadian, Embeda, Rectum in renal failure)
Duramorph
Codeine Tylenol #3 PO 30-60 min 1 hr 2D6 Morphine
Tylenol #4
Oxycodone Percocet, PO 10—-15 min 1.5-2 hr (IR), 2D6,3A4 Oxymorphone, noroxycodone
Roxicodone, OxyIR, (IR) 4-5 hr (CR)
Endocet, Roxicet,
Percodan, Endodan
Meperidine Demerol 1V, IM, PO Rapid 30-60 min 2B6,3A4, Normeperidine (caution with
2C19 MAOI inhibitors and
accumulation)
Oxymorphone  Nurmorphan, Opana IV, PO 5-10 min 30 min 3A4 Oxymorphone-3-glucorinide,
IR and ER 6-OH-oxymorphone
Hydromorphone Dilaudid IV, PO, epidural,  15-30 min 30-60 min PO, 2D6 Hydromorphone-3-glucoronide
Exalgo (ER) intrathecal PO, 5 min IV 15-30 min IV
Methadone Dolophine 1V, PO 30-60 min 1-7.5 hr 2D6, 3A4, Methadol, EDDP, EMDP
PO, 2B6
10-20 min
v
Fentanyl Sublimaze, Duragesic 1V, IM, PO, Rapid 30-60 min IV~ 3A4 Norfentanyl
Transdermal,
Transmucosal,
Intranasal
Hydrocodone Norco, Hycet, PO 10-20 min 1 hr 2D6,3A4 Hydromorphone,
Vicoprofen norhydrocodone
Tramadol Ultram 1V, IM, PO, rectal 1 hr 1.5 hr 2D6,3A4 O-desmethyltramadol
Tapentadol Nucynta PO 30 min 4-6 hr 2D6,2C9,  N-desmethyltapentadol and
2C19 hydroxyl-tapentadol
Buprenorphine  Suboxone (combined 1V, sublingual, 40 min 4-6 hr 3A4 Norbuprenorphine
with naloxone) buccal,
transdermal
Metabolism are naturally occurring opioids (previously known as

The analgesic properties and many of the side effects from
opioids are the result of their metabolites. Most opioids are
metabolized by glucuronidation or by the P450 (CYP) sys-
tem. Urine drug testing allows monitoring of patients about to
begin or continuing on opioid therapy. Table 12.3 lists common
metabolites of major opioids which may be used in the analysis
of urine drug screening. CDC guidelines advise physicians to
perform urine drug screening at the initiation of opioid therapy
and at least annually while taking opioids (see Table 12.1).

Specific Opioids

Opioids are classified as either naturally occurring,
semi-synthetic, or fully synthetic. Morphine and codeine

opiates), with all other opioids routinely utilized being
either semi-synthetic or fully synthetic (see Table 12.4).
Morphine is considered the prototypical p-opioid recep-
tor agonist against which all other opioids are compared.
To allow easier comparison of opioids, the term mor-
phine equivalent dosing (MED) was created. Table 12.5
displays equianalgesic doses of opioids commonly used
in medical practice. Safely converting dosages between
opioids is important since patients can develop toler-
ance or suffer intolerable side effects. When transition-
ing between opioids, the initial equianalgesic dose of the
new opioid should be 25-50% less than of the original
opioid due to incomplete cross-tolerance to the respira-
tory depressive effects of these medications. Table 12.3
lists the properties of commonly prescribed opioids
[24-37].
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Table 12.4 Common naturally occurring, semisynthetic, and syn-
thetic opioids

Naturally occurring Semisynthetic Synthetic

Morphine Diamorphine (Heroin) Meperidine

Codeine Hydromorphone Fentanyl

Thebaine Hydrocodone Methadone
Oxycodone Tramadol
Oxymorphone Tapentadol
Buprenorphine Levorphanol

Butorphanol
Pentazocine
Table 12.5 Opioid conversions

Drug Parenteral (mg) Oral (mg)

Morphine 10 30

Hydromorphone 1.5 7.5

Oxycodone 10 20

Hydrocodone - 3045

Oxymorphone 1 10

Meperidine 75 300

Codeine 100 200

Tramadol 100 120

Fentanyl 0.1 -

Methadone 10 20

Buprenorphine 0.3 0.4 (sublingual)
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Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs) are broadly
used for their analgesic, antipyretic, and anti-inflammatory
properties. Inflammation is an attempt by the body to recruit
cells of the immune system in order to overcome pathologic
processes, remove harmful factors, and restore normal structure
to damaged tissues [1]. NSAIDs work by inhibiting the function
of prostaglandin endoperoxide synthases. Prostaglandin endo-
peroxide H synthases (PGHS), also known as cyclooxygen-
ases, play a crucial role in the inflammatory pathway leading
to the production of prostaglandins [2]. It is by preventing the
formation of these pro-inflammatory mediators that NSAIDs
impart their medical benefits, as well as adverse effects.

Cyclooxygenase Enzymes and Prostaglandins

Prostaglandins and thromboxane (TXA2) are eicosanoids
produced from phospholipase-released arachidonic acid, a
20-carbon polyunsaturated fatty acid, by the cyclooxygenases
(COX) [1]. COX-1 and COX-2 are enzymes that contain both
cyclooxygenase and peroxidase activity with distinct func-
tions and locations in the body [3]. The difference in func-
tion, expression and production of these enzymes determine
the effect of their inhibition by nonsteroidal anti-inflammatory
medications. COX-1, is constitutively expressed throughout
the body and is involved in essential homeostatic and physi-
ologic functions including thromboxane synthesis for platelet
aggregation, vasodilation during contractile conditions, renal
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vasodilation in response to low blood flow in the kidneys, and
cytoprotection in the gastric mucosa [4, 5]. COX-2, is induced
by pathological processes, traumatic stimuli, hormones, and
growth factors playing a significant role in inflammation,
pain, immune response, and some neoplasias [4]. COX-1 and
COX-2 are involved in the production of multiple prostanoids
(prostaglandins, thromboxanes, and prostacyclins) including
prostaglandin E2, prostacyclin (PGI2), prostaglandin D2, and
prostaglandin F2alpha (Fig. 13.1). Prostaglandin E2 (PGE2), is
one of the most abundant prostaglandins involved in increased
circulation and tissue permeability, as well as pain perception in
the spinal cord and brain [6]. Prostacyclin (PGI2) is involved in
cardiovascular homeostasis, vasodilation, inhibition of platelet
aggregation, leukocyte adhesion, vascular smooth muscle cells
proliferation, and mediation of nociceptive pain during active
inflammation [1]. Prostaglandin D2 is found in mast cells and
plays a role in type I allergic reactions and atopic conditions.
PGF2 alpha is involved in multiple physiologic roles including
ovulation, initiation of parturition, renal function, brain injury
response, myocardial dysfunction, pain, and chronic inflamma-
tion [1]. One of the major thromboxanes, TxA2, is another ara-
chidonic acid metabolite mainly derived from platelet COX-1
and is involved in platelet adhesion and aggregation, smooth
muscle contraction, allergies, and neovascularization [7].

Chemical Properties of NSAIDs and COX
Selectivity

NSAIDs possess high lipophilic and weak acid qualities mim-
icking the properties of arachidonic acid [8]. Structurally,
some NSAIDs lack functional acidic groups and some pres-
ent with polar lipophilic tails, both needing to be metabo-
lized in order to become effective COX inhibitors [8].
Aspirin, acetylsalicylic acid (ASA), is a salicylate that
irreversibly inhibits COX-1 and COX-2 enzymes in a time-
dependent fashion through acetylation with more potent
modification of the COX-1 enzyme compared to COX-2 [9].
Aspirin causes more analgesia at lower doses while requiring
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Fig. 13.1 Biosynthetic pathway
of prostanoids. (Arterioscler
Thromb Vasc Biol. Author
manuscript; available in PMC
2012 May 1. Published in final
edited form as: Ricciotti and

FitzGerald [1]) Arachidonic
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higher doses to see anti-inflammatory effects secondary to
its poor lipophilic yet high acidic function [8]. Irreversible
inactivation of COX-1 in platelets by aspirin leads to lowered
thromboxane production for the entire life span of these cells
[10]. Elimination of salicylates is first order at low doses and
zero order at higher doses with renal excretion, increased by
alkalization of urine [11].

Other NSAID categories include acetic acid, fenamic
acid, enolic acid, and propionic acid derivatives as well
as the selective COX-2 inhibitors, also known as coxibs
(Table 13.1). Propionic acid derivatives include ibuprofen,
naproxen, and fenoprofen. Ibuprofen is the most commonly
used NSAID in the United States with a half-life similar to
fenoprofen of approximately 2 hours where naproxen has a
longer half-life between 12 and15 hours [12]. The more com-
monly known acetic acid derivatives include indomethacin,
diclofenac, sulindac, and ketorolac. Indomethacin, indole-
acetic acid, is comparable with aspirin in analgesic proper-
ties, popularly known for its use in the treatment of patent
ductus arteriosus, but with a more toxic profile than aspi-
rin [13]. Diclofenac has a short half-life of 1-2 hours with

high first-pass metabolism, more selectivity for COX-2 than
COX-1, and can be applied topically [12]. Sulindac is a prod-
drug related to indomethacin [14]. Ketoralac is a commonly
used for post-operative pain, as it may be administered via
the IV and IM routes.

Enolic acid derivatives include lornixacam, meloxicam,
piroxicam, and tenoxicam. They possess long half-lives and
almost a tenfold selectivity for the COX-2 enzyme [12].
Cyclooxygenase-2 selective inhibitors have reduced gas-
trointestinal adverse effects while still maintaining similar
renal risks as nonselective COX inhibitors [11]. Figure 13.2
outlines the cyclooxygenase selectivity of commonly pre-
scribed NSAIDs. The only selective COX-2 inhibitor used
in the United States is celecoxib. Celecoxib was among the
first COX-2 inhibitor used to treat inflammatory pathology in
humans. Its anti-inflammatory and analgesic effects are simi-
lar to naproxen. The sulfone group in celecoxib is responsi-
ble for selective binding to COX-2 [15]. Recent research has
also proposed the benefits of celecoxib as means of decreas-
ing the development of colorectal cancer and breast cancer
prevention [16, 17] (Table 13.2).
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Table 13.1 Classes of NSAIDs

Selective
Fenamic acid Enolic acid COX-2
Salicylates Acetic acid derivatives  derivatives derivatives Propionic acid derivatives inhibitors
Aspirin (acetylsalicylic Diclofenac (Voltaren,  Meclofenamic acid  Lornoxicam Dexketoprofen (Keral) Celecoxib
acid) Cataflam, Voltaren-XR) (Meclomen) (Xefo) Fenoprofen (Nalfon) (Celebrex)
Diflunisal (Dolobid) Etodolac (Lodine, Mefenamic acid Meloxicam Ibuprofen (Advil, Brufen,
Salsalate (Mono-Gesic,  Lodine XL) (Ponstel) (Mobic) Motrin, Nurofen, Medipren,
Salflex, Disalcid, Indomethacin (Indocin, Tolfenamic acid Piroxicam Nuprin)
Salsitab) Indocin SR, Indocin (Clotam Rapid, (Feldene) Ketoprofen (Actron, Orudis,
1v) Tufnil) Tenoxicam Oruvail, Ketoflam)
Ketorolac (Toradol, (Mobiflex) Naproxen (Aleve, Anaprox,
Sprix) Midol Extended Relief,
Sulindac (Clinoril) Naprosyn, Naprelan)
Duraprox)
Fig. 13.2 Selectivity of NSAIDs NSAID selectivity
for COX-1 and COX-2 enzymes.
CXO cyclooxygenase, CV COX-2 selective Semiselective Nonselective
cardiovascular, GI
gastrointestinal, NSAID
Nonsteroidal anti-inflammatory Meloxicam, diclofenac, etodolac,
drugs. (Perry [39]) Caleails lni:rs:;ﬂ:‘e?g&)i(clicaimy Ibuprofen, naproxen Aspirin

l

l : l
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Table 13.2 Dosing of common NSAIDs

Frequency Max daily dose
Drug Dose (mg) (hours) (mg)
Ibuprofen 200-400 4-6 2400
Naproxen 250-500 6-8 1500
Ketorolac 30-60 IM, 30 6 150 first day, 120
v after
followed by
15-30
Aspirin 500-1000 4-6 4000
Sulindac 150 12 400
Celecoxib 200-400 12-24 400
Diclofenac ~ 50-75 8 150
Meloxicam  7.5-15 12-24 15
Nabumetone 500-750 12-24 2000

Distribution, Metabolism, and Excretion
of NSAIDs

Oral absorption of NSAIDs is generally rapid. High
binding to albumin may explain potential interactions
between NSAIDs and other drugs [8]. The liver plays the
major role in the metabolism of NSAIDs through various

pathways including oxidation and conjugation to inactive
metabolites. The liver is another source of drug interac-
tion where NSAIDS can cause induction or inhibition of
hepatic drug metabolism. They are mainly excreted as
phase-II glucuronides and as sulfate conjugates by the
kidneys, with urine pH alkalization increasing the rate of
excretion [8].

Contraindications and Interactions

NSAIDs, like many other drugs, can induce hypersensitivity
reactions. It is important to remain vigilant of these reactions
as they can become life threatening [18, 19].

Exposure to NSAIDs late in pregnancy is associated
with the closure of fetal ductus arteriosus, while the risks of
exposure in early pregnancy are unclear [20]. The American
Congress of Obstetricians and Gynecologist (ACOG) recom-
mend the consideration of low-dose aspirin in women at risk
of preeclampsia a with thorough patient-to-patient medical
analysis prior to use [21]. The association between Reye’s
syndrome, a rapidly progressive encephalopathy and liver
failure, and aspirin has been long-standing. Consequently, it
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is recommended that individuals younger than 19 should not
receive aspirin during fever-causing or viral illnesses [22].
The use of aspirin in children younger than 3 years old is also
contraindicated.

NSAIDs may play a significant role in the incidence of
myocardial infarction and other serious vascular events.
Different drugs in this class appear to have distinct risk pro-
files [23]. Caution should be used when prescribing NSAIDs
to patients with liver disease. They should also be avoided in
patients with pre-existing renal disease and congestive heart
failure [24].

Significant adverse effects including GI bleeds have been
reported with concomitant use of NSAIDs and warfarin [25].
Administration of NSAIDS with other anti-coagulants and
anti-platelet medications is also not recommended. NSAIDs
have also been implicated in causing kidney injury when
taken with cyclosporine, thus care and monitoring should
be taken when combining these drugs [26]. Serum levels of
lithium and methotrexate may be are elevated during concur-
rent consumption with NSAIDs [27].

Side Effects

Side effects are most frequently observed in the gastrointes-
tinal system and include gastritis, bleeding, and exacerbation
of inflammatory bowel diseases. Endoscopic studies have
shown that gastric duodenal ulcers due to NSAIDs use have
a prevalence rate among users of 14-25% [28, 29]. COX-1
enzymes are present in the gastric mucosal lining and serve
to produce prostaglandins, which play a role in maintaining
an effective mucus barrier [28]. To mitigate these effects,
proton pump inhibitors or histamine channel blockers (H2)
are often co-prescribed. COX-2 inhibitors may also be con-
sidered, as their selectivity appears to result in a lower prob-
ability of GI injury [30].

NSAIDs are also known to produce adverse side effects
to the renal system. Unlike frequently observed GI side
effects, renal side effects tend to be more rare and transient
in nature [31]. Most notably, NSAIDs have shown to cause
renal impairment and acute renal injury that results from
inhibition of vasodilatory renal prostaglandins, which leads
to a decrease in renal blood flow. Renal injury is normally
associated with patients with renal insufficiency and diabetes
mellitus, as well as with individuals who suffer from intra-
vascular volume depletion of any etiology, as these patients
depend on renal blood flow controlled by vasodilator prosta-
glandins. It should also be noted that the elderly population
are at higher risk of renal impairment given the prolonged
half-lives of the drug in these patients [32]. Additionally, via
inhibition of prostaglandin synthesis, NSAIDS may cause
increased sodium and potassium retention, resulting in the
elevation of blood pressure, which may also contribute to

the cardiovascular risk profile. NSAIDs should be avoided or
used cautiously for patients taking diuretics, as this combina-
tion may potentiate renal injury [33].

NSAIDS have also been observed to cause liver injury.
The severity of NSAIDS on the hepatic system can range
from asymptomatic transient transaminasemia to as severe as
fulminant hepatic failure. Studies have shown that approxi-
mately 10% of total drug-induced hepatotoxicity is due
to NSAID ingestion [34]. Hepatic injury is most common
among patients with previous hepatic injury and known dys-
function. Patients who are also taking known hepatic toxic
agents are among the highest-risk individuals for NSAID-
induced liver injury [35]. While the exact mechanism behind
hepatic injury is not completely understood, some studies
suggest the involvement of oxidative stress from accumu-
lated metabolites.

NSAIDs play a significant effect on the cardiovascular
system and they must be considered carefully when admin-
istering to patients with cardiovascular risk factors. COX-2
inhibition is believed to shift the prothrombotic balance
favoring the formation of clots increasing the risks of acute
myocardial infarcts [36]. Some COX-2 selective inhibitors
were withdrawn from the market after studies revealed an
increased incidence of acute myocardial infarction. Large
cohort studies revealed that all NSAIDs are associated with
increased risks of infarcts and ischemia particularly with
higher doses [37]. The FDA has intensified warnings against
liberal use of NSAIDs in all patient populations as they
increase the changes of heart attack or stroke. These risks are
seen in patients without cardiovascular risks, but more so in
patients with known history of cardiovascular disease [38].

Conclusion

NSAIDs remain a mainstay of analgesic therapy for a variety
of indications. As their use can produce a variety of deleteri-
ous effects on multiple organ systems, careful patient selec-
tion and a thorough discussion of the risks and benefits is
essential when utilizing this class of medications.
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Antidepressants
Tricyclic Antidepressants (TCA)

TCA: Introduction

Tricyclic antidepressants (TCAs), named for their chemical
structure, have been used for the treatment of depression
since the early 1950s. Discovery of their effectiveness as
analgesics dates back to the late 1980s. These drugs are sub-
divided into several groups based on the number of substitu-
tions of the side chain amine. The major groups are the
tertiary (e.g., amitriptyline, imipramine, trimipramine, dox-
epin, and clomipramine) and secondary amines (desipra-
mine, protriptyline, nortriptyline) [1]. Chemical structures of
TCAs are depicted in Fig. 14.1.

TCA: Pharmacodynamics
All tricyclics work at nerve synapses to block the reuptake of
norepinephrine, serotonin, or both. How TCAs affect pain
isn’t entirely clear, but the consensus thought is that their
role in pain modulation results from augmentation of
descending serotonergic and noradrenergic inhibitory path-
ways in the dorsal horn of the spinal cord. It appears that
analgesic effects may be independent of their antidepressant
benefits. As such, their role may be in the restoration of nor-
mal nerve transmission pathways and less so in the frank
inhibition of pain [2].

In addition to affecting noradrenergic (NE) and serotoner-
gic (SHT-3) receptors, TCAs exhibit activity at other recep-
tor types, such as N-methyl-D-aspartate (NMDA), opioid,

The original version of this chapter was revised. The correction to this
chapter can be found at https://doi.org/10.1007/978-3-030-18005-8_49

C. Okafor
Forbes Hospital, Pittsburgh, Pennsylvania, USA

M. Aquino (><)
Montefiore Medical Center, Albert Einstein College of Medicine,

Bronx, NY, USA
e-mail: maquino @montefiore.org

© Springer Nature Switzerland AG 2019, corrected publication 2021

adenosine, calcium, sodium, muscarinic, cholinergic, hista-
minergic, and nicotinic (Fig. 14.2). This receptor cross-
reactivity is more pronounced with tertiary than with
secondary amines, making tertiary TCAs more effective
analgesics; however, undesirable side effects, such as seda-
tion, orthostatic hypotension, and urinary retention, among
others, are also more frequent and severe with the use of this
class of medications.

TCA: Pharmacokinetics

Most TCAs are absorbed well orally and have long half-
lives. They are typically administered at night in order to
avoid daytime sedation, as well as to capitalize on their sopo-
rific effects (usually greater with tertiary amines), which are
beneficial for patients with nighttime pain and resulting
insomnia. TCAs undergo hepatic metabolism by the
CYP2D6 system, so care must be taken when co-
administering with inducers and inhibitors of this system.
Patient variables such as ethnicity and genetic polymor-
phisms also affect TCA metabolism. It is important to note
that renal clearance of active TCA metabolites (more of an
issue with tertiary amines) is decreased with aging, which
results in a high risk of side effects in the elderly.

TCA: Indications

There are a variety of pain syndromes for which TCAs have
found to be beneficial, including headache, radicular pain,
neuropathic pain, fibromyalgia, and phantom limb pain.
Their most widespread and accepted use has been for neuro-
pathic pain syndromes (i.e., postherpetic neuralgia, diabetic
neuropathy, etc.). It is important to note that as with many
medications, most of the analgesic indications for TCAs are
considered off-label.

TCA: Adverse Effects

Common side effects include sedation, fatigue, orthostatic
hypotension, and anticholinergic effects (i.e., dry mouth,
constipation, etc.). Sympathomimetic effects including agi-
tation, tachycardia, sweating can also be seen with their
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Fig. 14.1 Chemical

structures of tricyclic
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Table 14.1 Pharmacologic properties of SNRIs

Properties of SNRis Venlafaxine Desvenlafaxine
Therapeutic dose range ~ 75-375 md/day 50 mg/day
Biotransformation CYP2D6 CYP3A4

Half-life 4h 9-10h

Elimination route Renal Renal

NE/SHT affinity ratio 15:7 13:8

SHT/NE selectivity 30 3 x higher (NE binding)
Efficacy SKRI action Better efficacy at low

doses

Hepatic side effects Elevated liver  —

enzymes

Cardiac side effects + QTc interval prolongation

Sexual dysfunction Loss of libido, Delayed ejaculation
anorgasmia

Shelton [4]
NE norepineprine, SHT serotonin

administration. Tertiary amines are more likely to produce
these side effects mainly because of their antagonism at
histaminergic, cholinergic, and muscarinic receptors.
Nortriptyline, a second-generation TCA, has been found to
be as efficacious as tertiary TCAs, but better tolerated in the
elderly population with fewer adverse effects. Initiation of
therapy and dose titration must be monitored and handled
with extreme care in patients with a history of cardiovascu-
lar disease. An array of cardiac conduction abnormalities
have been known to accompany TCA therapy. Before start-
ing a TCA, a baseline ECG should be considered to screen
for any underlying cardiac conduction abnormalities.

TCA: Medication Interactions

TCAs may interact with other medications that cause an
increase in serotonin, which may result in serotonin syn-
drome. Typically, serotonin syndrome presents as a triad of
altered mental status, autonomic dysfunction, and neuromus-
cular excitation. Common medications responsible for this
interaction with TCAs include selective serotonin reuptake
inhibitors (SSRIs), serotonin and norepinephrine reuptake
inhibitors (SNRI), tramadol, and other medications which
alter the metabolism of TCAs.

Serotonin and Norepinephrine Reuptake
Inhibitors (SNRIs)

SNRI: Introduction

Although a number of neurotransmitters likely modulate the
ascending and descending pain pathways, serotonin (5-HT)
and norepinephrine (NE) are likely the major mediators in
descending inhibitory pathways. Inhibition of serotonin and
norepinephrine reuptake in descending inhibitory pathways
potentiates their activity and results in attenuation of ascend-
ing nociceptive input. The drugs in this class most commonly

Duloxetine Milnacipran Mirtazapine

60—120 mg/day 25-200 mg/ day 1545 mg/ day

CYP2D6, CYP1A2 CYP2D6, CYP2C9  CYP2D6,CYP3A4,
CYP1A2

12.5h 12 h 20-40 h

Renal, urine (72%), Renal Renal, urine (75%),

feces (19%) feces (15%)

9:3 2:1 -

10 1 300

May require higher Better efficacy at Dose-dependent

than approved doses higher doses

Complicated by Elevated liver Hepatic insufficiency

alcohol consumption enzymes

Loss of libido,
anorgasmia

Decrease in sexual
desire and ability

Not cause significant
sexual dysfunction

used to treat pain include duloxetine, venlafaxine, milnacip-
ran, and desvenlafaxine.

SNRI: Pharmacodynamics

The various SNRIs are differentiated based on their relative
abilities to inhibit the reuptake of serotonin and norepineph-
rine. Pharmacologic properties of SNRIs are listed in
Table 14.1. The onset of clinically significant reuptake inhi-
bition in serotonin before that of norepinephrine may play a
role in the delayed onset of pain suppression seen with this
class of medications. Interestingly, milnacipran lacks the
sequential order of inhibition that is seen in the older genera-
tion of SNRI’s [3].

SNRI: Pharmacokinetics

SNRIs have relatively short half-lives compared to most anti-
depressants. They are metabolized in the liver although their
metabolism is not specific to one particular enzyme
(Table 14.1) [4]. The only SNRI with an active metabolite is
venlafaxine, with its metabolite being desvenlafaxine.

SNRI: Indications

SNRIs have been found to be efficacious in the treatment of
fibromyalgia, diabetic neuropathy, as well as pain related to
osteoarthritis. Duloxetine is currently the only antidepres-
sant FDA approved for musculoskeletal pain. In addition, it
is approved for the management of diabetic peripheral neu-
ropathic pain and fibromyalgia. Venlafaxine has been shown
to be better for chronic postsurgical pain in mastectomy than
gabapentinoids [5]. Milnacipran is FDA approved for the
treatment of fibromyalgia [6].

Adverse Effects

In general, SNRIs appear to be better tolerated than TCAs.
Despite this, nausea, somnolence, and dizziness were repeat-
edly reported in patients taking duloxetine. Like most drugs
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Table 14.2 Common side effects of SNRIs

Venlafaxine Duloxetine Milnacipran Desvenlafaxine

Nausea Nausea Anxiety Nausea

Sweating Increased Excessive Hyperhidrosis
sweating sweating

Somnolence ~ Somnolence  Vertigo Somnolence

Anorexia Decreased Hot flush Decreased appetite
appetite

Tremor Constipation  Dysuria Constipation

Nervousness  Fatigue Anxiety

Dry mouth Dry mouth Insomnia

Dizziness Dizziness

Abnormal Specific male sexual

dreams function disorders

Abnormal

Ejaculation

Shelton [4]

Adverse reactions as defined as occurring in >5% of SNRI-treated
patients and at least twice the rate for placebo for venlafxine, dulox-
etine, and desvenlafaxine; as defined by the European Medicines
Agency for milnacipran

SNRI serotonin-norepinephrine reuptake inhibitor

that inhibit 5-HT reuptake, SNRIs can produce sexual dys-
function ranging from difficulty becoming aroused, disinterest
in sex, genital anesthesia, and anorgasmia [7]. The cardiovas-
cular adverse effects are less common with SNRIs compared
to TCAs although venlafaxine has been shown to increase
blood pressure and heart rate with higher doses. Interestingly,
a case of Takotsubo cardiomyopathy as a result of duloxetine
administration has been reported in the literature [8].
Table 14.2 summarizes common side effects of SNRIs.

Anticonvulsants
Introduction

Anticonvulsants, also referred to as antiepileptic drugs
(AEDs), have been in use for almost a century. This nomen-
clature is nonspecific as there is no uniform structure or
mechanism of action within this group. The drugs that are
used to cease or prevent seizures have a wide array of struc-
tures, mechanisms, and sites of action. Accepted use of
AED:s in the realm of pain management goes back the 1960s,
but reports of these medications used in trigeminal neuralgia
date back to the 1940s. Their efficacy has mostly been seen
in chronic neuropathic pain states in which pain is described
as burning, lancinating, and electric shock-like in quality [9].
The primary means by which this class is thought to relieve
pain is by decreasing aberrant neuronal signals [10]. AEDs
impart their effects in the peripheral nervous system (PNS),
as is the case with carbamazepine, central nervous system
(CNS) (i.e., clonazepam, valproic acid, etc.), or dual action
on both CNS and PNS as seen with gabapentinoids.

Pharmacokinetics

In general, AED absorption through the gastrointestinal sys-
tem is rapid with peak plasma concentrations being seen
after 1-4 hours. Oxcarbazepine must be converted to an
active metabolite, 10-OH-carbamazepine. AEDs are mostly
considered to have a low volume of distribution, with few
drugs being heavily protein bound throughout the body.
Gabapentin is considered to have close to no protein bind-
ing. It is important to note that, the CNS concentration does
not necessarily correlate with the concentration of the
unbound drug in the plasma [11].

Pharmacodynamics

As mentioned earlier, AEDs encompass a broad range of
medications. When considering the structures of these drugs
and how/where they act, the group may be subdivided even
further.

Gabapentin and pregabalin are both GABA analogs with
similarities in structure and mechanism of action. It is impor-
tant to note that these medications do not act on the GABA
receptor. Instead, gabapentinoids block the alpha-2 subunit
of voltage-dependent calcium channels on the neuronal cells
of the spinal cord [12]. The main difference between the two
is that pregabalin has a higher affinity for the binding site and
better systemic absorption.

Older AEDs such as phenytoin and carbamazepine
exert a blockade on sodium channels to reduce the neuro-
nal excitability and discharge that has been proposed to
cause neuropathic pain. Lamotrigine is another drug that
has its effect at sodium channels and also suppresses the
neuronal release of glutamate, an excitatory neurotrans-
mitter (NT). Valproic acid works to elevate the level of
GABA (an inhibitory neurotrasmitter) in the CNS and
therefore treats pain that related to the pathological over-
excitation of the nervous system [13].

Indications

Although some drugs in this class are FDA approved for the
treatment of neuropathic pain syndromes, many are used off-
label. Carbamazepine, gabapentin, and pregabalin are cur-
rently the only three AEDs approved by the FDA and
European Medicines Agency for the treatment of neuropathic
pain. Some of the pain syndromes treated with AEDs include
painful diabetic neuropathy, postherpetic neuralgia, and
HIV-related neuropathic pain. Carbamazepine is well estab-
lished as first-line treatment for trigeminal neuralgia, with
treatment response rates as high as 70% [13].
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Adverse Effects

Side effects such as sedation, ataxia, vertigo and even diplo-
pia have been associated with the use of carbamazepine,
phenytoin, and gabapentin. Phenytoin’s other unique side
effects are gingival hyperplasia, as well as peripheral neu-
ropathy both seen in the setting of long-term use [14].
Although uncommon, carbamazepine has been found to
cause chronic diarrhea as well as syndrome of inappropriate
antidiuretic hormone secretion (STADH). Serious skin reac-
tions, including Stevens Johnson syndrome are possible
with carbamazepine and oxcarbazepine, especially in Asian
populations. Other rare reactions to these medications
include aplastic anemia and agranulocytosis; therefore,
monitoring of blood counts is recommended. Valproic acid
carries the risk of nausea, vomiting, and tremor [14].
Gabapentin and pregabalin can cause peripheral edema.
Many anticonvulsants have a warning of possible psycho-
logical effects including changes in mood and suicidal ide-
ation [15].

Drug Interactions

Drug interactions are very common as many of these medi-
cations inhibit or induce liver enzymes involved in the
metabolism of many other medications. Carbamazepine is
considered one of the most active AEDs in regards to drug
interactions. One of its most significant interactions is its
ability to cause a significant reduction in the anticoagulant
effect of warfarin. Oxcarbazepine, a structural derivative of
carbamazepine, is a reasonable substitute in a poly AED
user. In one study, after patients were switched from carbam-
azepine to oxcarbazepine, the mean increase in serum con-
centration of associated drugs was 25% for phenytoin and
20-30% for valproic acid [11].

Gabapentin neither induces nor inhibits microsomal liver
enzymes. Contributing to its favorable profile is the fact most
drugs play no role in its pharmacokinetics or pharmacody-
namics. One exception is its moderate decrease in absorption
when co-administered with antacids [11].

Summary

Antidepressants and anticonvulsants are useful as both pri-
mary and adjuvant analgesics. It is critical to review the spe-
cific side effect profiles of these medications, carefully select
appropriate patients, and closely monitor for adverse reac-
tions — especially for the medications known to (rarely) pro-
duce life-threatening complications.
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Miscellaneous Analgesic Agents

Shawn Amin, Christy Anthony, Vincent Reformato,

15

and Andrew G. Kaufman

Introduction

Classic adjuvant pain medications such as tricyclic antide-
pressants (TCA), Serotonin Norepinephrine Reuptake
Inhibitors (SNRI), and Antiepileptic Drugs (AED) are dis-
cussed in a separate chapter. This chapter will focus on addi-
tional agents that may be used in analgesic regimens.
Although most of these medications are not FDA approved
for the treatment of specific pain disorders, off-label use is com-
monly accepted [1]. Table 15.1 lists medications covered in this
chapter. Their frequency of use in clinical practice varies dra-
matically. For example, muscle relaxants, steroids, local anes-
thetics, and NMDA antagonists enjoy widespread use, while
neuroleptics, analeptics, and monoamine oxidase inhibitors
(MAQIs) are seldomly employed in contemporary practice.

Neuroleptic Agents
Typical

e Chlorpromazine (Thorazine), Chlorprothixene (Taractan),
Levomepromazine (Nozinan), and Thioridazine (Mellaril)

e Mechanism of Action — Dopamine D, receptor antagonist,
central H, receptor antagonism, M, antagonism, and o
adrenergic antagonism.

e Indications — Psychotic disorders, anxiety disorders,
Tourette’s disease, Huntington disease, and autism.
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Table 15.1 Miscellaneous analgesic medications

Class of drug Subclasses Examples of Agents
Neuroleptic agents Typical Chlorpromazine,
thioridazine
Atypical olanzapine, risperidone,
quetiapine
Antihistamines First-generation ~ Diphenhydramine,

H, antagonists carbinoxamine

Second- Cetirizine, loratadine
generation H;
antagonists
H, receptor Ranitidine, famotidine
antagonists
Analeptic drugs doxapram, prethcamide,
pentylenetetrazole,
nikethamide
Corticosteroids Prednisone, betamethasone,
hydrocortisone
Muscle relaxants/ Baclofen, cyclobenzaprine,
antispasticity methocarbamol,
carisoprodol,
tizanidine, chlorzoxazone
NMDA Ketamine, methadone,
antagonists memantine,
dextromethorphan
Local anesthetics  Amides Bupivacaine, lidocaine,
mepivacaine
Esters Procaine, benzocaine,
chloroprocaine
Sympatholytic Clonidine,
drugs alpha-methyldopa
Monoamine Nonselective Isocarboxazid

oxidase inhibitors
Selective MAO-A Moclobemide
Selective MAO-B  Selegiline

Others Orphenadrine

*  Metabolism — Pharmacokinetics — Variable T1/2 depend-
ing on the route of administration and form of drug;
highly lipophilic drugs remain in the system for long after
dosing is discontinued. Phase I and II liver metabolism
and renal and bile excretion

e Adverse Effects— Weight gain, orthostatic hypotension,
neuroleptic malignant syndrome (NMS), extrapyramidal
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side effects (Parkinson’s-like symptoms), akathisia, tar-
dive dyskinesia, hyperprolactinemia, and QTc prolonga-
tion leading to ventricular arrhythmias/sudden cardiac
death.

e Drug Interactions — Avoid with other D, receptor
antagonists.

Atypical

e Olanzapine (Zyprexa), Clozapine (Clozaril), Risperidone
(Risperdal), Quetiapine (Seroquel), and Aripiprazole
(Abilify)

*  Mechanism of Action: Potent 5SHT, antagonism and
weaker D, antagonism (less EPS)

e Indications: Bipolar disorder, schizophrenia, and major
depressive disorder

* Metabolism: Excreted in the urine

* Adverse Effects: Weight gain, extrapyramidal symptoms
(EPS), and NMS

Antihistamines
First-Generation H, Receptor Antagonists

e Diphenhydramine (Benadryl), Carbinoxamine (Palgic),
and Clemastine (Tavist)

* Mechanism of Action — competitive inhibition of hista-
mine receptor, inhibition of muscarinic anticholinergic
receptors

e Indication — allergic reaction, motion sickness, vertigo,
and sedation

o Metabolism — Pharmacokinetics — T1/2 ~ 4-8 hrs, liver
metabolism, renal excretion

e Adverse Effects — sedation, impaired motor skills, dizzi-
ness, tinnitus, blurred vision, diplopia, loss of appetite, nau-
sea, vomiting, epigastric distress, constipation, or diarrhea

e Drug Interactions — any CYP450 induction or inhibition

Second-Generation H, Receptor Antagonists

e Cetirizine (Zyrtec), Loratadine (Claritin), Terfenadine
(Seldane), and Quifenadine (Phencarol)

*  Mechanism of Action — reversible inhibition of H, recep-
tors, decreased CNS penetrance

e [Indication — allergic reaction, motion sickness, vertigo,
sedation

o Metabolism — Pharmacokinetics — T1/2 ~ 4-8 hrs, liver
metabolism, renal excretion

e Adverse Effects — decreased sedation and CNS effects
(less pronounced CNS effects, such as sedation
e Drug Interactions — any CYP450 induction or inhibition

H, Receptor Antagonists

e Ranitidine (Zantac) and Famotidine (Pepcid)

*  Mechanism of Action — reversible inhibition of H, recep-
tors on the basolateral membrane of parietal cells in the
stomach.

e [Indication — GERD, PUD.

*  Metabolism — thirty percent excreted unchanged, caution
in patients with renal failure.

e Adverse Effects — diarrhea, headache, drowsiness, fatigue,
muscular pain, constipation, confusion, delirium, and
slurred speech.

e Drug Interactions — absorption may be enhanced by food
or decreased by antacids.

Analeptic Drugs [2]

Doxapram (Dopram), Prethcamide (Micoren),
Pentylenetetrazole (Cardiazol), and Nikethamide (Coramine)

Doxapram

e Mechanism of Action — K* channel inhibitor of carotid
chemoreceptors —respiratory stimulation

* Indication — opioid-induced respiratory depression and
COPD

e Metabolism — Pharmacokinetics — onset of action
20-30 seconds, peak effect 1-2 minutes, and duration
5-12 min. Rapidly metabolized to ketodoxapram (active
metabolite)

* Adverse Effects — anxiety, panic attacks, sympatho-
excitation, sweating, and convulsions. Not to be used in
neonates (preparation with benzyl alcohol)

* Drug Interactions — MAOQOIs, sympathomimetics, and the-
ophylline (increased sympathomimesis)

Prethcamide [3]

*  Mechanism of Action — Central and peripheral respiratory
stimulant that acts on central receptors in the brainstem
and peripheral chemoreceptors; it is a mixture of equal
parts of crotethamide and cropropamide. It may also
increase catecholamine release.
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Indication — Respiratory depression.

Metabolism — Hepatic metabolism (N-demethylation)
with urinary excretion.

Adverse Effects — Dyspnea in severe asthmatics, muscu-
lar, GI, CNS (should be avoided in patients with epilepsy
or other convulsive disorders, recent strokes, and increased
ICP), and CV (patients with uncontrolled HTN, ischemic
heart disease, pheochromocytoma).

Drug Interactions — Can cause cardiac arrhythmias when
used with anesthetics, synergistic pressor effects when
used with sympathomimetics or MAOIs, and may mask
residual effects of NMBDs.

Corticosteroids

Glucocorticoids: Prednisone (Deltasone), Betamethasone

(Celestone),
Methylprednisolone

Hydrocortisone
(Solu-Medrol,

(Solu-Cortef),
Depomedrol), and

Dexamethasone (Decadron, Dexasone)

Mechanism of Action

Anti-inflammatory, mediated cellularly via alteration of
gene expression and enzymatic inhibition

Phospholipase inhibition — prevents the formation of ara-
chidonic acid —inflammatory mediators LTB-4, LTC-4,
LTD-4, and LTE-4

Diminished function and availability of lymphocytes
(altered chemotactic/chemoattractant mechanism)
Inhibition of IL-1 and TNF

Stabilizes membrane permeability — decreases fluid
movement

Prevents lysosomal enzyme release

Indication — injected locally (i.e., epidural, intra-articular,
etc.), systemic (IV or PO)
Metabolism — liver, metabolized by conjugation with a
sulfate or glucuronic acid, and are secreted in the urine
Adverse Effects
— Local reactions: tendon rupture, cartilage damage,
crystal-induced arthritis, and pericapsular calcification
— Systemic reactions: fluid and electrolyte imbalances
(edema/congestive heart failure), bone demineral-
ization (osteoporosis/fractures), gastrointestinal
(GI) disease (nausea/vomiting/diarrhea/peptic ulcer
disease), impaired glucose metabolism, mood
swings, nervousness, appetite stimulation, psycho-
sis, and adrenal-cortical insufficiency (chronic use)
Drug Interactions — recommend that the practitioner look
up each individual medication to research drug/drug
interaction

Muscle Relaxants/Antispasticity Drugs

Baclofen (Kemstro, Gablofen, Lioresal) [4]

— Mechanism of action: In the CNS (along the spinal
cord) by activating GABAg receptors [5].

— Indications: Muscle spasm, amyotrophic lateral scle-
rosis (ALS), cerebral palsy, multiple sclerosis, and tri-
geminal neuralgia [6].

— Metabolism: Oral half-life is 2—4 hours. Minimal bio-
transformation and so baclofen is predominantly
excreted renal unchanged.

— Adbverse Effects: Sedation, urinary retention, hypoten-
sion, constipation [5], and withdrawal symptoms simi-
lar to benzodiazepine withdrawal [7].

— Drug Interactions: Baclofen has an additive effect
with imipramine and may cause short-term memory
loss with antidepressants.

Cyclobenzaprine (Amrix, Fexmid, Flexeril)

— Mechanism of Action: Structurally related to TCAs
and acts centrally to reduce tonic somatic motor
activity.

— Indications: Acute pain from muscle spasm, TMJ, and
fibromyalgia (off-label) [5]

— Metabolism: Hepatically metabolized to inactive
metabolites, which are excreted renally. Also the drug
undergoes enterohepatic recycling and excreted in
feces via bile.

— Adverse Effects: Drowsiness, dry mouth, dizziness,
urinary retention, constipation, and withdrawal with
chronic use [5].

— Drug Interactions: May cause seizure when co-
administered with tramadol and serotonin syndrome
when given with MAOI, SSRI, tramadol, and other
serotonergic agents.

Tizanidine (Zanaflex) [8]

— Mechanism of Action: Spinal and supraspinal alpha-2-
agonist, which causes inhibition to excitatory spinal
interneuron that regulates motor neurons.

— Indications: Muscle spasticity, MS, and spinal cord
injury.

— Metabolism: Approximately 95% of an adminis-
tered dose is metabolized. The primary cytochrome
P450 isoenzyme involved in tizanidine metabolism
is CYP1AZ2. Tizanidine metabolites are not known
to be active; their half-lives range from 20 to
40 hours.

— Adverse Effects: Sedation, drowsiness, hypotension,
dry mouth, and transaminitis.

— Drug Interactions: Increased effect with oral contra-
ceptives. CYP1A2 inhibitors lead to increased levels
of tizanidine.


https://en.wikipedia.org/wiki/Urine

S.Amin et al.

Methocarbamol (Robaxin)

— Mechanism of Action: unknown, depresses CNS activ-
ity (central muscle relaxant), onset is 30 minutes with
PO administration.

— Indications: muscle spasms.

— Metabolism: phase I and phase II hepatic metabolism,
urine excretion, half-life 1-2 hours.

— Adverse Effects: sedation, ataxia, nausea/vomiting,
flushing, blurred vision, tachycardia, bradycardia,
mood changes, fever, and hypersensitivity.

— Drug Interactions: decreases seizure threshold.

Chlorzoxazone (Lorzone, Parafon) [9]

— Mechanism of Action: exact mechanism unknown,
inhibits polysynaptic spinal reflexes— increased mus-
cle mobility and reduces spasticity. Take up to 1 hour
for effects to manifest and usually last for up to
6 hours

— Indications: muscle spasm

— Metabolism: hepatic metabolism via glucuronidation,
with renal excretion; half-life 1 hour

— Adverse Effects: sedation, malaise, dyspepsia, anaphy-
laxis, hepatotoxicity, and GI bleeding

— Drug Interactions: weak CYP3 A4 inhibitor, but acts as
a substrate for CYP2E1

Carisoprodol (Soma) [13, 14]

— Mechanism of Action: exact mechanism unknown,
central muscle relaxant that is believed to interrupt
neuronal communication, resulting in the alteration of
pain perception. It should only be used for short peri-
ods (<1 month), as there is no evidence of effective-
ness with prolonged use.

— Indications: muscle spasm.

— Metabolism: hepatic, via CYP2C19 into active metab-
olite: meprobamate. Half-life of meprobamate is
10 hours. Rapid onset, with a 4-6 hour duration.
Urinary excretion of active metabolite.

— Adverse Effects: sedation, headache, anaphylaxis,
angioedema, orthostatic hypotension, seizures, ery-
thema multiforme, and abuse/addiction.

— Drug Interactions: acts as a substrate for CYP2C19.

Metaxalone (Skelaxin)

— Mechanism of Action: exact mechanism unknown,
depresses CNS activity

— Indications: muscle spasm

— Metabolism: CYP450 hepatic metabolism, and urine
excretion

— Adverse Effects: sedation, malaise, nausea/vomiting,
jaundice, anxiety, anaphylaxis, hemolytic anemia, and
leukopenia

— Drug Interactions: acts a substrate for the following
enzymes: CYP1A2, CYP2C19, CYP2C8, CYP2C9,
CYP2D6, CYP2EL, and CYP3A4

NMDA Antagonists

¢ Ketamine (Ketalar)

— Mechanism of Action: NMDA antagonist, mu and
kappa agonist, norepinephrine-serotonin-dopamine,
and alpha-2-agonist. Provides dissociative anesthesia
by acting on the limbic system and cortex.

— Indications: Chronic opioid use, high tolerance/addic-
tion, and anesthesia.

— Metabolism: Hepatic, norketamine is an active
metabolite.

— Adverse Effects: Salivation, respiratory depression(at
high doses), dysphoria, hallucinations, and sympa-
thetic activation.

— Drug Interactions: Ketamine is a CYP3A enzyme sub-
strate. Mixing with diazepam or barbiturates may
cause precipitation of drug.

e Methadone (Dolophine, Methadose) [15, 16]

— Mechanism of Action: Levomethadone (R enantiomer)
mu-opioid-receptor agonist, dextromethadone (S enan-
tiomer) NMDA receptor antagonist.

— Indications: Chronic opioid use — maintenance ther-
apy, opioid detoxification in high tolerance/addiction.

— Metabolism: Hepatic CYP3A4 and CYP2D6.

— Adverse Effects: Sedation, dizziness, diarrhea or consti-
pation, flushing, perspiration, dry mouth, hypotension,
hallucinations, urinary retention, seizures, and QT pro-
longation potentially leading to Torsades de pointes.

— Drug Interactions: Ketamine is a CYP3A enzyme sub-
strate. Mixing with diazepam or barbiturates may
cause precipitation of drug.

Local Anesthetics and Membrane-Stabilizing
Drugs

* Amides: Bupivacaine (Marcaine), lidocaine (Xylocaine),
mepivacaine (Carbocaine), prilocaine (Citanest), and rop-
ivacaine (Naropin)

e Esters: Procaine (Novocaine), benzocaine (Topex, Orajel,
Cepacol), and chloroprocaine (Nesacaine)

*  Mechanism of Action: Block intracellular voltage-gated
sodium channels decreasing nerve conduction

e [Indications: Peripheral nerve block, sympathetic block,
neuraxial, topical application, and IV infusion

*  Metabolism: Amides — hepatic metabolism. Esters —
plasma cholinesterase

* Adverse Effects: Seizures, tinnitus, cardiovascular col-
lapse, apnea, and methemoglobinemia

e Drug Interactions: (Dapsone, quinine) may cause methe-
moglobinemia for benzocaine, prilocaine, and lidocaine
in susceptible patients
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Sympatholytic Drugs

e Clonidine (Catapres) and Alpha-Methyldopa (Dopamet,

Aldomet)

— Mechanism of Action: Alpha-2-agonist.

— Indications: Alcohol and opiate withdrawal, ADHD,
and hypertension.

— Metabolism:. Metabolized hepatically and excreted in
the urine and feces. Clonidine onset is 2—4 hours and
lasts 6-10 hours.

— Adverse Effects: Drowsiness, orthostatic hypotension,
dry mouth, and rebound hypertension upon abrupt
discontinuation.

— Drug Interactions: May increase serum concentrations
of cyclosporine, TCAs antagonize the cardiovascular
effects of clonidine. Clonidine can prolong the block-
ade of local anesthetics.

Monoamine Oxidase Inhibitors

* Nonselective: Isocarboxazid (Marplan)

¢ Selective MAO-A inhibitors: Moclobemide (Aurorix)

e Selective MAO-B inhibitors: Selegiline (Zelapar,
Deprenyl)

e Mechanism of Action — Inhibit catabolism of serotonin
and norepinephrine and irreversibly bind both MAO-A
and MAO-B (some selective and reversible agents exist,
though not FDA approved).

e Indication — Major depression, Parkinson’s disease
(MAO-B selective selegiline).

*  Metabolism — Pharmacokinetics — Metabolized by acety-
lation, some slow acetylators show increased plasma con-
centrations. Takes up to 2 weeks for MAO activity to
recover due to irreversible binding; thus new MAO must
be synthesized.

* Adverse Effects — Hypertensive crisis with overabundance
of tyramine leading to adrenergic tone in the periphery.

* Drug Interactions — As above; serotonin syndrome with
SSRIs, SNRIs, TCAs, bupropion, opioid agonists, alco-
hol, and anesthetic agents.

Other

e Orphenadrine (Norflex) [17]

*  Mechanism of Action — considered and anticholinergic
central muscle relaxant (nonselective mACHR antago-
nist), also inhibits histamine H; and NMDA receptors.

e Indication — muscle spasms/myalgias, and Parkinson’s
disease.

Metabolism — orphenadrine is a derivative of diphenhydr-
amine, available in various formulations mixed with aspi-
rin, ibuprofen, acetaminophen, or codeine. It undergoes
hepatic metabolism, primarily urine excretion, and some
fecal excretion. Half-life 14 hours.

* Adverse Effects — palpitations, urinary hesitancy/reten-

tion, nausea/vomiting, constipation, sedation, and
hallucinations.

Drug Interactions — anticholinergic effects and CNS
depression.
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Psychological Treatments

Isaac Cohen

Cognitive and Behavioral Strategies:
Application to Specific Pain Syndromes

The International Association for the Study of Pain (IASP)
defines pain as “An unpleasant sensory and emotional expe-
rience associated with actual or potential damage, or
described in terms of such damage” [1]. This definition of
pain acknowledges that pain is a multidimensional sensory-
perceptual phenomenon. The traditional Western biomedical
model posits that pain is due to clearly identifiable tissue
injury and presents a dichotomy of pain being either physical
or psychological. In practice, this dichotomy is rarely abso-
lute. The biopsychosocial model of illness is more consistent
with the TASP definition, incorporating psychological and
social elements to understand pain from a broader perspec-
tive. The implication is that optimal patient care will be
delivered by physicians aware of and skilled in the assess-
ment and management of psychosocial components of
illness.

The rationale for psychological treatment is to address
cognitive, emotional, and social elements to mitigate suffer-
ing and improve function. The main objectives for psycho-
logical treatment are to diminish stress, reduce medication
intake, decrease healthcare utilization, and increase
physical activity and resumption of life responsibilities such
as functioning at home and return to work.

Reactions to pain are mediated by cognitive processes
that enable people to perceive and interpret reality. Thoughts
can influence and elicit mood and behavioral responses.
Errors in cognition or unhelpful cognitions produce negative
interpretations of the pain experience that persist even in
spite of evidence to the contrary. A large body of literature
demonstrates associations between pain beliefs and adher-
ence to treatment, function and treatment outcomes [2-7].
Several studies have demonstrated that disability is more
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strongly associated with psychosocial variables than bio-
medical factors [8]. Studies show that those with high fear-
avoidance beliefs may have higher levels of distress, greater
utilization of healthcare resources, functional impairment,
and increased opioid usage [9, 10]. Collectively, these stud-
ies underscore the importance of cognitions and emotions in
the pain experience. During history taking, the clinician
should look for pain fears and beliefs in the patient’s narra-
tive, such as pain indicates physical harm or that one is dis-
abled because of the pain. The Fear-Avoidance Beliefs
Questionnaire (FABQ) [11] and Tampa Scale of
Kinesiophobia (TSK) [12] are examples of standardized
assessment tools used in practice and research to quantify
pain-related fears and beliefs. Cognitive therapy (e.g., cogni-
tive restructuring) teaches patients to identify their thoughts
and beliefs about pain and evaluate whether these cognitions
are accurate or helpful and how to challenge and replace
inaccurate or unhelpful beliefs with ones that are more accu-
rate and balanced.

For example, “I cannot function when I am in pain” can
be changed to “T am going to continue to live my life in spite
of my pain.” There is variability in the nature, mode, and
context of cognitive interventions, and debate exists as to the
efficacy of different approaches.

The goal of behavioral therapy is to restore functioning by
modifying overt pain behaviors that can interfere with recov-
ery. Behavioral therapy is most appropriate when pain
behaviors are judged to be in excess of what would be
expected by findings on physical examination and imaging.
Pain behaviors are the outward expressions of pain and suf-
fering, reflecting attitudes and beliefs of an individual toward
nociceptive input. Pain behaviors are influenced by anxiety,
family, cultural, and environmental elements. Simple pain
behaviors may include verbal expressions or non-verbal
expressions such as grimacing, posturing, and limping. More
complex behaviors include functional limitations, changes in
social interaction, or seeking health care. The perpetuation of
pain behaviors contributes to suffering and disability by lim-
iting one’s activity and functioning. According to the operant
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Table 16.1 Behavioral coping strategies

Technique Description

Relaxation Deep breathing, positive self-statements, guided
imagery

Guided imagery  Using imagination to create pleasant experiences
and promote sense of well-being

Meditation Focusing on one thing at a time, mindfulness of
thoughts

Self-help Providing sense of not being alone, decreasing

organizations social isolation

conditioning model, these behaviors might initially be
responses to nociceptive biological stimuli, but subsequently
may come under the control of environmental consequences
(contingencies). Behaviors that are positively reinforced
tend to increase in frequency and be maintained over time,
whereas behaviors that are not reinforced or punished (nega-
tive reinforcement) are likely to decrease in frequency or be
extinguished.

The basic assumption of the operant model is that change
in pain behaviors can occur via manipulation of contingen-
cies. The patient should be questioned about the impact of
pain on activities and how significant others respond to these
pain behaviors. Positive reinforcement for pain behaviors is
often provided by family, friends, co-workers, and healthcare
providers. Positive reinforcement may include responses
such as a spouse expressing concern, injured worker receiv-
ing financial benefits, or physician prescribing desired pain
medication. Healthcare providers and family members
should ignore pain behaviors to decrease their frequency and
provide positive reinforcement for engaging in well behav-
iors. In addition to extinction of pain behaviors, patients can
be provided with helpful behavioral coping strategies
(Table 16.1).

Specific Conditions

Low Back Pain/Neck Pain

Individuals with chronic low back and neck pain often har-
bor strong pain beliefs, fear of activities and believe that
exercise may increase pain or cause further injury. Many
healthcare providers may have similar concerns: they do not
perceive persons with spinal pain as having the potential to
perform normal or strenuous activities, and are cautious
about recommending exercises that may be stressful or elicit
pain [13]. For successful rehabilitation of the chronic neck or
back pain, patient must focus on lessening pain behaviors
and encouraging self-management and a wellness lifestyle.
The cognitive-behavioral approach requires that the treat-
ment team have firm beliefs that the potential for normal
function exists in spite of pain and consistently express this
to patients. Team members must understand pain-related ill-

ness behaviors and the impact of psychosocial factors on
reported pain and disability. All members of the healthcare
team need to present a united front in the belief that function-
ing is not necessarily dictated by pain levels and that patients
can function in the presence of pain. Patients are reassured
that pain intensity does not indicate disease severity and that
it is “safe” for individuals with neck and low back pain to
exercise. Pain behaviors are ignored to decrease their fre-
quency, and wellness behaviors (i.e., increasing activities in
spite of pain, completion of exercises, etc.) are positively
reinforced with praise and encouragement.

Goals for physical therapy should be stated at the outset
as concrete, objective, measurable, and functional.
Aggressive, quota-based, non-pain contingent physical ther-
apy addresses impairments in strength, flexibility, and endur-
ance while enabling a graded exposure to fearful activities.
Improving exercise performance is fed back to the patient to
improve self-efficacy and reinforce that wellness can be
acquired despite ongoing symptoms. Studies support that
significant reductions of pain and improved function are pos-
sible with the above approach [14—16].

Fibromyalgia

Fibromyalgia (FM) is a relatively common syndrome of
chronic idiopathic widespread pain, accompanied by other
clinical manifestations such as sleep disturbance, fatigue,
irritable bowel syndrome, headaches, cognitive dysfunction,
and mood disorders [17]. Currently, there are no curative
treatments for patients with fibromyalgia. The multifaceted
nature of this condition suggests that a multimodal treatment
program may be necessary to achieve optimal outcomes. It
has been shown that the inclusion of cognitive-behavioral
therapy as part of the treatment regimen for patients with FM
improves physical functioning [18]. Stress management,
pacing oneself with activities, and coping strategies are strat-
egies that are commonly employed. A systematic review and
meta-analysis of randomized controlled trials of cognitive-
behavioral therapy for fibromyalgia concluded that cognitive-
behavioral therapy improves coping with pain and reduces
depressed mood and health-seeking behavior [19].
Furthermore, a Cochrane review of CBT therapy in FM
showed a small incremental benefit over control interven-
tions in reducing pain, negative mood, and disability at the
end of treatment and 6-month follow-up [20].

Postoperative Pain

An integral component of clinical pathways for various sur-
geries, preoperative patient education provides patients with
appropriate information to assist in postoperative recovery.
The patient gains a better understanding of their physical
condition and self-care using the experience and guidance of
the multidisciplinary team. Preoperative patient education
typically consists of group classes covering a host of topics
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encompassing the surgical procedure and its benefits, symp-
tom management, operative risks, and discharge planning.
There are potential benefits in terms of shortened length of
stays and less patient dissatisfaction from unmet expecta-
tions [21]. Although numerous studies have suggested the
preoperative patient education as being effective in reducing
length of stay of orthopedic patients [22], the literature
remains divided on the effect of preoperative education on
pain level and functional ability. One review found that
knowledge, anxiety, pain, length of stay, performance of
exercise and mobilization, self-efficacy, patient compliance,
adherence, and empowerment were all improved as a result
of patient education. In contrast, a more recent review was
unable to determine if pre-op education offers benefits over
usual care in terms of anxiety, pain, function, and adverse
events, but acknowledged that education can a useful adjunct
with low risk of adverse effects, particularly in those with
depression, anxiety, or unrealistic expectations [23].

Burn Pain

Non-pharmacologic treatments have been reported to be
effective in reducing burn pain in both children and adults
and may serve as useful adjuncts to pharmacologic analge-
sia. Research suggests that attention to pain plays a role in
pain perception. Cognitive techniques for diverting attention
away from pain include hypnotherapy and distraction [24—
27]. Examples of distraction techniques include deep breath-
ing, videos, listening to music, or playing video games. The
success of these treatments has led to the innovative use of
virtual reality (VR) as a distraction technique. VR diverts
attention away from pain by immersing patients in pleasant,
rich and engaging computer generated environments. In
recent studies, the use of VR has been found to be effective
in reducing pain and distress in burn patients undergoing
joint range of motion exercises in physical/occupational
therapy or burn care [25-31].

Temporomandibular Joint Pain (TMJ)

TMJ is characterized by pain in the face, jaw, head, or ear
that originates from the temporomandibular joint. In many
cases, the anatomic etiology of pain cannot be identified, and
pain is thought to be caused by stress or habits that result in
increased muscle tension and jaw clenching. Patients should
be counseled on behavior modification techniques such as
stress reduction, sleep hygiene, elimination of habits (i.e.,
teeth clenching, pencil chewing, etc.), and avoidance of
extreme mandibular movement (i.e., excessive jaw opening
during yawning, brushing teeth or flossing, etc.). Increased
levels of Electromyography (EMG) activity over muscles
have been decreased using biofeedback in patients who are
jaw clenchers or exhibit bruxism (teeth grinding). A Cochrane
review supports the use of cognitive-behavior therapy and
biofeedback in both short-term and long-term pain manage-

ment in patients with symptomatic TMJ when compared to
usual management [32].

Integration of Approaches
Cognitive-Behavioral Treatments

Cognitive-behavioral therapy (CBT) acknowledges the
importance of both cognitions and behaviors in the acquisi-
tion and maintenance of pain behaviors. Cognitive-behavioral
treatment focuses on cognitions, affective factors, and cop-
ing mechanisms. There is increasing literature correlating
changes in patients’ pain beliefs with changes in functioning
[4, 33]. These studies provide empirical support for the
hypothesis that cognitions play a key role in adjustment to
chronic pain, and that behaviors can impact cognition. CBT
employs a wide range of cognitive and behaviorally focused
interventions addressing beliefs about pain that interfere
with functioning and provides effective strategies for manag-
ing stress and pain. CBT techniques are most often employed
in conjunction with other treatment modalities in an interdis-
ciplinary approach to pain management. Patients with mini-
mal pain beliefs may respond well to focused CBT provided
by the clinician in the office, whereas patients strongly
entrenched in their beliefs may benefit from a more struc-
tured cognitive-behavioral treatment program or working
with other healthcare providers such as physical therapists or
psychologists familiar in employing this approach.

Combined Behavioral and Drug Treatments

Combined behavioral and drug treatments should be consid-
ered in the setting of comorbid psychiatric disorders.
Chronic pain and psychiatric disorders frequently coexist,
and individuals with chronic pain are more likely to have
depression or anxiety than the general population [34]. The
association between depression and chronic pain has
received much research attention. Relative to depression,
anxiety disorders have received less attention in the chronic
pain literature, likely reflecting the greater prevalence of
depression than anxiety in this population. The prevalence
of depression in chronic pain patients ranges from 12% to
72% of patients in specialist pain settings, depending on
case definitions and populations studied [35-38]. The preva-
lence of anxiety in pain disorders ranges from 16.5% to
35%, with estimates again varying with case definitions and
populations studied [38—40]. Patients with chronic pain may
have a preexisting psychiatric disorder or report the onset of
depression or anxiety after experiencing pain [41-43]. The
coexistence of depression has been shown to incur additive
adverse effects on patient outcomes, including poor func-
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tioning and reduced response to treatment [44—48]. The
presence of anxiety has been shown to lead to more frequent
reports of pain [49]. If depression and anxiety modify the
relationship between chronic pain and outcomes, this sug-
gests that improved detection and treatment of these under-
lying conditions may reduce the burden of chronic pain on
both the individual and society. Psychiatric disorders should
thus be sought after and addressed to maximize health and
functioning of patients. Selective integration of anxiolytic
or antidepressant medications may potentially augment
CBT. Oftentimes, medications can serve dual purposes by
treating the underlying psychiatric disorder and pain condi-
tion. For example, antidepressants may address both depres-
sion and neuropathic pain [50].

Economic Benefits of Integrating Treatment

There is great interest in determining the cost-effectiveness
of CBT given its clinical effectiveness. The cumulative evi-
dence to date suggests, but not definitive for, the cost-
effectiveness of CBT for various pain conditions across
different settings. For low back pain, numerous European
studies from the employer, societal, and national healthcare
perspectives have found cost-effectiveness in various cir-
cumstances [51-54]. In fibromyalgia patients, a 6-month
multicenter Spanish RCT revealed significantly lower costs
per patient in the CBT group than those receiving drug ther-
apy or treatment as usual [55]. In patients with temporoman-
dibular disorders, an RCT examining the cost-effectiveness
of biopsychosocial intervention (cognitive-behavioral skills
and biofeedback) in patients at high risk of progressing from
acute to chronic TMJ-related pain demonstrated reduced
jaw-related healthcare expenditures in the experimental
group relative to treatment as usual [56].

Stages of Behavior Changes and Their Effect
on Readiness to Adopt Self-Management
Strategies for Chronic Pain

Successful cognitive-behavioral treatment for chronic pain
requires active participation from the patient and personal
motivation to establish and follow through with behavioral
changes. The transtheoretical model [57, 58] is an integrative
psychosocial model that conceptualizes the process of inten-
tional behavior change into five stages. As opposed to the
traditional view of behavior change as a discrete event (i.e.,
quitting smoking, etc.), the transtheoretical model proposes
that people move through a series of stages over time when
modifying behavior. The stages are precontemplation, con-
templation,  preparation, action, and maintenance
(Table 16.2). Each stage is accompanied by specific chal-

Table 16.2 Transtheoretical model: stages of behavior change

Stage of behavior
change Description Clinical approach
Precontemplation  Individual has not yet Increase patient
considered change; awareness of
often resistant to change problems/risks with
when suggested by current behaviors
others
Contemplation Recognition of a Elicit from the patient
problem or need to reasons for change
change and downsides of not
changing
Preparation Commitment to change; Assist patient in
initial steps toward determining most
behavioral changes appropriate course of
action
Action Engaging in behaviors ~ Assistance by
directed toward desired  clinician
change
Maintenance Continuing with any Reviewing progress

changes made in action
stage

made; solidifying
motivation and

commitment as
needed

lenges that must be overcome before moving onto the next
stage. Although the ultimate responsibility lies with the
patient, the clinician can facilitate behavior change by appro-
priately timing interventions to enhance patient motivation.

Integral to the success of motivational interviewing is
assessing the patient’s readiness to change the behavior
according to the relative progress through the stages.

The interviewer determines the stage that the patient is in,
and tailors the approach accordingly. A poorly timed or mis-
matched intervention would likely be futile or met with
resistance. Key principles in motivational interviewing are
empathy, pointing out discrepancies between current behav-
iors and goals, avoiding argumentation, and supporting self-
efficacy (the belief in the ability to perform a specific task or
behavior). If an individual is not able to sustain these changes
over time, they can relapse and re-enter the stages at any
point. Relapses are dealt with by addressing obstacles that
might have led to the relapse, and minimizing discourage-
ment by reassurance that behavioral change often requires
multiple attempts.

Cognitive-Behavioral and Management
Interventions: Common Process Factors

The doctor-patient relationship is an important factor in
cognitive-behavioral intervention, and communication is
paramount to establish rapport. Pain and disability can give
rise to numerous and complex emotional reactions, such as
anxiety of the unknown, sadness, depression about losses or
potential losses, and anger regarding the impact of illness.
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The manner in which the physician responds to these emo-
tions will largely determine the overall quality of the doctor-
patient relationship. Empathic listening and reassurance are
the cornerstones of developing rapport. The need to be vali-
dated by the medical community that the pain is real is one
of the most important needs. Conveying to the patient “It’s
all in your head” can be alienating and trigger defensiveness.
Refraining from classifying the problem as exclusively either
physical or psychological and tactfully explaining that pain
is a mind-body problem can be validating constructive and
facilitate communication and education. A helpful starting
point is explaining how their response to pain plays a role in
maintaining their predicament. According to the fear-
avoidance model, a vicious cycle can become established
when activity is avoided in response to pain, causing decon-
ditioning and fears to set in, leading to further activity avoid-
ance, with the end result being increasing pain and functional
decline over time [59, 60]. This paradigm helps explain the
downward spiral of how patients become chronic pain
patients and presents a scenario that many patients can iden-
tify with.

Aligning the patient’s expectations with the physician’s
expectations is important for patient satisfaction with treat-
ment. Often, the source of the patient’s pain is not well
understood, or cannot be abolished. In those instances, it is
helpful to explain that medical science has not been able to
find a complete answer to their condition. The expectations
for treatment should be prefixed with a discussion of the con-
cepts of “cure” versus “control.” Pain often can be controlled
to some extent, but not cured, similar to other medical condi-
tions like hypertension or diabetes. Refocusing on symptom
management and coping can direct treatment efforts toward
more appropriate goals, such as a shift in focus from pain to
non-pain aspects of life. A number of studies have shown
that greater acceptance of chronic pain is associated with
better emotional, physical, and social functioning [61].

Multiple factors can contribute to patients’ beliefs about
their pain, including past experiences, the Internet, friends
and family. Nevertheless, healthcare providers have the
strongest influence on patients’ beliefs, and studies have
shown that people regard their clinicians as the primary
source of information and advice, despite the growth of the
Internet [62—64]. Ominous terms such as “disc degenera-
tion” can conjure images of progressive pain and dysfunc-
tion. Positive expectations can be engendered in patients by
reframing anatomic changes in a more positive manner, such
as commenting that imaging reveals no evidence of serious
or surgical pathology or reveals age-appropriate changes. A
healthcare provider’s advice to patients concerning appropri-
ate levels of activities may have substantial impact, both
positive and negative, on clinical outcomes. For example,
advice that is safe to resume normal activities in spite of pain
has been demonstrated to decrease disability in randomized

controlled trials of acute and subacute low back pain [65,
66]. In subjects with chronic low back pain, effective reha-
bilitation has been demonstrated using advice that exercise
and activity are safe in the presence of chronic back pain
[67-69].
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Psychiatric and Psychologic Morbidities
of Chronic Pain

The literature reflects significant overlap between mental
health symptoms and patients who have chronic pain. This
overlap has been demonstrated across studies in multiple
countries, including Hong Kong [1], Singapore [2], Canada
[3], New Zealand [4], Finland [5], and the United States [6].
Studies have typically noted associations among depression,
anxiety, substance use, and somatoform disorders [1, 2, 5].
Psychiatric conditions may also vary across specific pain con-
ditions: for example, migraines are associated with alcohol
use disorders, generalized anxiety disorder, and major depres-
sive disorder (MDD); back pain is associated with MDD; and
arthritis is associated with MDD and alcohol use disorder [2].

Depression and anxiety have generally shown the highest
rates of comorbidity among individuals with chronic pain,
with study results for concurrent rates of MDD and chronic
back pain ranging from 19.8% [3] to 66.3% [6] and con-
current rates of anxiety disorders and chronic pain ranging
from 18% [1] to 62.5% [7]. Concurrent rates of substance
abuse have been reported at 12% [5] to 18% [1], and somato-
form disorders have been reported in the 30% range [1, 7].
Personality disorders have also reflected higher rates of
comorbidity [7, 8]. In addition, lifetime rates of psychiatric
conditions in patients who have chronic pain were found to

R. Prasad (><)

Division of Pain Medicine, Stanford University,
Redwood City, CA, USA

e-mail: rprasad @stanford.edu

A. Ramezani
Physical Medicine & Rehabilitation, University of California,
Davis, Sacramento, CA, USA

R. McCarron
Department of Psychiatry and Human Behavior, University of
California, Irvine School of Medicine, Orange, CA, USA

S. Malcore
Department of Psychiatry and Behavorial Medicine, Spectrum
Health, Grand Rapids, MI, USA

© Springer Nature Switzerland AG 2019

be higher [5, 9]. There are a number of possible underlying
factors for the differing reported rates of psychiatric condi-
tions in individuals who have chronic pain, including the lack
of reliable structured criteria in studies [1]. In addition, there
are a number of potential methodological differences, such
as diagnoses/symptom criteria used and sample differences
[7]. Methodological issues have continued to persist in more
recent studies and will likely continue considering recent
changes to the DSM-5 [10]. The DSM-5 reflects a reconcep-
tualization of the mind-body relationship for somatic symp-
toms and related disorders, and there are significant changes
in symptom criteria between DSM-IV and DSM-5 which
impact current estimates of comorbidity. It is relevant to note
that not all psychiatric conditions have been found to have
consistently higher rates in patients who have chronic pain;
for example, bipolar disorder shows little association [1].

The cause and effect relationship between psychiatric con-
ditions and chronic pain is not fully understood. Some evidence
suggests that the majority of patients with mood disorders had
the onset of the disorder affer the onset of pain (63%), whereas
77% of patients with an anxiety disorder had the diagnosis
prior to the onset of pain [5]. This may speak to underlying
etiology and risk factors for developing chronic pain, as well as
adjustment. It is well established that patients who have chronic
pain have higher rates of trauma histories [11] and PTSD has
been associated with report of somatic symptoms [12]. Abuse
history has been associated with mental health symptoms and
reported pain [11, 13]. While the relationship between trauma
and pain is not fully understood, a centrally mediated process
has been proposed [13]. Data from twin studies has also dem-
onstrated that functional somatic syndromes share underlying
etiology with anxiety and depression [14].

Psychiatric and Psychological Factors that
Impact Treatment Adherence

Psychiatric factors are relevant when considering the man-
agement of patients who have chronic pain. Individuals
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with chronic pain have been shown to be higher utilizers
of healthcare [15], and this has also been shown in patients
with psychiatric factors such as depression [16]. The poten-
tial underlying factors associated with increased healthcare
utilizers may be useful to understand when working with
patients who have chronic pain and psychiatric conditions.
There appears to be a relationship between catastroph-
izing and multiple factors associated with pain, including
reported pain levels, illness behaviors, and disability [17].
Psychiatric factors also demonstrate impact on individuals’
coping and functioning with chronic pain. There is an asso-
ciation with decreased functioning, decreased quality of life,
and increased pain levels in individuals who have comorbid
chronic pain with anxiety and depression [18]. Concurrent
depression is also related to number of pain complaints and
pain severity [6]. Improvements in pain, as well as depres-
sion and functional status, have been associated with adher-
ence to self-management methods for chronic pain [19].
Furthermore, while medication is a commonly used method
for pain management, this needs to be balanced with potential
risks [20]. The risk of opioid misuse has been associated with
psychiatric factors in multiple studies [21]. There is a clear
need for high-quality research with the goal of better balanc-
ing risk versus benefit of prescription medications by having
reliable definitions of abuse, misuse, and addiction [22].

Pharmacotherapy for Treatment
of Comorbid Conditions

Psychopharmacological treatments are highly effective in
treating comorbid psychiatric conditions that commonly
present in individuals suffering from chronic pain. Broadly,
psychopharmacological treatments include antidepressants,
mood stabilizers, anxiolytics, and antipsychotic medica-
tions. Antidepressant agents mainly aim to increase effects
of serotonin, norepinephrine, and dopamine [23]. Selective
serotonin reuptake inhibitors (SSRI) and selective norepi-
nephrine reuptake inhibitors (SNRI) have been shown to
decrease the severity and duration of depression, anxiety,
and, in some cases, physical pain [24]. Tricyclic antidepres-
sants mainly block the reuptake of serotonin and norepineph-
rine [23]. Antidepressant medications indirectly modulate
opioid systems through serotonin and noradrenergic systems
[24], therefore providing analgesia. Table 17.1 provides a list
of selected antidepressant medications.

Bipolar disorder often presents with discrete depressive
episodes as well, but also includes hypomanic or manic
symptoms. Manic or hypomanic episodes also modulate pain
sensitivity [25]; therefore, treatment of bipolar disorders can
greatly stabilize the treatment of chronic pain. Once a patient
has a hypomanic or manic episode, all future mood dysregula-

Table 17.1 Selected Antidepressant Medications

SSRI Tricyclics SNRI

Celexa Anafranil Effexor (venlafaxine)

(citalopram) (clomipramine)

Luvox Elavil (amitriptyline) Pristiq

(fluvoxamine) (desvenlafaxine)

Paxil (paroxetine) Norpramin Cymbalta
(desipramine) (duloxetine)

Prozac (fluoxetine)
Zoloft (sertraline)

Pamelor (nortriptyline)
Aventyl Sinequan
(doxepin)

Surmontil
(trimipramine)
Tofranil (imipramine)

Savella (milnacipran)

Table 17.2 Commonly Used Mood Stabilizers
Antipsychotics

and Atypical

Atypical antipsychotics (selected
medications for primary psychotic
disorders)

Olanzapine (Zyprexa)

Mood stabilizers (for acute
manic symptoms)
Carbamazepine (Tegretol,
Carbatrol, Epitol)

Valproic acid (Depakote)
Lithium

Risperidone (Risperdal)
Quetiapine (Seroquel)
Aripiprazole (Abilify)
Lurasidone (Latuda)
Ziprasidone (Geodon)

tion may be treated with a mood stabilizer and/or an atypical
antipsychotic medication, either with or without an antide-
pressant medication (see Table 17.2). Generally, patients who
have an established bipolar spectrum disorder should not be
treated solely with antidepressant medications. This practice
may lack treatment efficacy and possible increase irritabil-
ity and depression or lead to a mixed manic and depressive
episode. One should use caution when prescribing atypical
antipsychotic or mood stabilizer medications, as many can
quickly result in metabolic derangements, including diabe-
tes, insulin resistance, weight gain, or dyslipidemia. Tardive
dyskinesia is a common side effect of some antipsychotic
medications. Commonly used mood stabilizers and atypical
antipsychotic medications are listed in Table 17.2.

If a patient exhibits psychotic symptoms such as hal-
lucinations or delusions, a referral should be placed to
psychiatrist for assessment and possible psychopharma-
cological intervention. The clinician should be mindful
of secondary, general medical causes and nonpsychotic
conditions that present with psychotic symptoms (see
Table 17.3). Pain medicine providers may consider defer-
ring treatment of psychotic disorders to psychiatrists. Note
that the effectiveness of psychopharmacological treat-
ments of pain, depression, mania, and psychotic disorders
is optimized when they are combined with psychotherapy
interventions [23].
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Table 17.3 Common causes of psychotic symptoms

Schizophrenia

Schizoaftective disorder

Bipolar disorder

Severe and untreated depression

Intoxication with an illicit substance

Increase in dose of high potency opioid medications

Delirium (secondary to infection, toxic metabolic dysregulation,
etc.)

Major cognitive disorders (e.g., dementia due to Lewy body or
late-stage Alzheimer’s disease)

Psychotherapy for Depressive Disorders

Psychotherapy interventions have also been shown to
improve depression in patients who are experiencing chronic
pain. These include cognitive and behavioral therapy (CBT),
group therapy, family therapy, and couples therapy. CBT is an
evidence-based psychotherapy system that has been empiri-
cally shown to improve the symptoms of clinical depression
[26, 27] and chronic pain [28]. CBT is widely applied to
manage psychiatric symptoms in individuals who are living
with chronic conditions. There are a variety of CBT inter-
ventions. The following are a few examples of how thera-
pists use CBT interventions when working with individuals
who live with chronic pain and clinical depression: identify
the effects of unhelpful thinking (e.g., identify catastrophic
or all-or-none thinking) on depression and pain sensation;
transition unhelpful thinking to goal-oriented thinking (e.g.,
patient may be invited to complete a thought experiment to
see how he or she would feel physically and emotionally if
he or she had goal-oriented thinking); help patient fill out
dysfunctional thought records and increase functional daily
activities via behavioral activation strategies; modify pain
behaviors and patient’s sick role that reinforce depression,
inactivity, and disability; and increase medication manage-
ment and medication adherence training.

Given that depression and pain can be an isolating expe-
rience, group therapies have also been shown to enhance
the management of depression and pain [29]. Mindfulness-
based group therapies, similar to group CBT, also have effi-
cacious result when managing depression and chronic pain.
Mindfulness is defined as the act of bringing awareness to
“moment-to-moment” experience in a nonjudgmental and
accepting manner [30]. Mindfulness practices are often con-
ducted in a group format. Mindfulness practices that integrate
acceptance-based psychotherapy (e.g., acceptance and com-
mitment therapy) and cognitive therapy (e.g., mindfulness-
based cognitive therapy) are evidence-based treatments that
have been shown to reduce depression, prevent depression
relapse, reduce disability/increase function, and reduce pain
intensity [31-34].

Patients’ functional deficits from depression and chronic
pain have devastating effect on their family and partner.
Adopting a systems approach to care can greatly enhance the
patient’s quality of life [35]. The research literature on fam-
ily therapy has shown positive effects on depression and pain
management outcomes. For example, a randomized con-
trolled trial of 68 individuals living with rheumatoid arthritis
completed internal family systems therapy. When compared
to a control group, individuals who received internal family
systems therapy had less pain intensity, better physical func-
tioning, increased compassion for self and others, and less
depression [36]. Expanding the system of care to include the
partner also improves the patient’s quality of life. Regarding
couples, review papers and meta-analytic data of couples-
oriented interventions with individuals living with chronic
conditions showed that couples therapy can help improve
soliciting pain roles, enhance health behaviors, reduce high
illness-related conflict between partners, increase partner
support, and improve marital quality [37]. The same study
also showed that couples therapy improved depression and
functional abilities as compared to individualized treatments
and the treatment as usual groups [37].

Differential Diagnosis of Anxiety Disorders

Patients with chronic pain commonly present with comorbid
anxiety disorders [38]. Identification and treatment of anxi-
ety is a critical piece of pain management care, as untreated
or undertreated psychiatric distress can exacerbate the under-
lying pain condition. One of the most tangible mechanisms
for this link involves the stress response within the body; as
the brain detects the presence of anxiety, it causes activation
of the sympathetic nervous system. Aspects of this sympa-
thetic arousal (e.g., increased muscle tension, constriction of
blood vessels, changes in respiration, increased heart rate,
etc.) concurrently fuel both anxiety and pain.

While attending to anxiety issues is an essential part of pain
management treatment, it is also necessary to ensure that a dif-
ferent condition is not erroneously being labeled as anxiety. The
diagnostic criteria for anxiety disorders specifically address
the importance of ruling out alternative explanations that can
account for a patient’s clinical presentation [10]. Differential
diagnoses should identify if the manifested symptoms can bet-
ter be attributed to the effects of a substance, a general medical
condition, or a concurrent psychiatric disorder.

Effects of a Substance

When assessing whether symptoms are due to the effects
of a substance, it is important to appreciate that such an
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evaluation should encompass all substances that can impact
physiologic functioning, not just drugs of abuse. A thorough
history should be obtained from the patient regarding use of
illicit drugs, prescribed and over-the-counter medications,
and other substances (e.g., caffeine, nicotine, alcohol, etc.).
This information should be corroborated with data from
objective assessments (e.g., blood work, urine drug screen,
etc.) and/or feedback from the patient’s social support net-
work to facilitate identifying whether the presenting symp-
toms are signs of substance withdrawal or intoxication. Once
such a determination is made, the relationship between the
substance and symptoms should be established. The latter
includes ascertaining whether the substance is the primary
cause of the symptoms, if the substance use is secondary to a
primary psychiatric condition, or if the effects of a substance
and a psychiatric disorder are concurrently present but inde-
pendent from one another [39].

Effects of a General Medical Condition

Information from an exhaustive review of medical records,
diagnostic testing results (e.g., imaging studies, blood work,
etc.), physical exam findings, and clinical interview data
from patients and their social support networks should all
be synthesized to formulate a patient’s medical diagnosis.
As there can be significant overlap in the clinical presenta-
tions for medical and psychiatric conditions (e.g., asthma
and panic, endocrine dysfunction, depression, etc.), the
thoroughness of the medical work-up is a critical factor in
determining diagnostic accuracy. If the findings from such
an evaluation identify the presence of both a medical and
psychiatric condition, the relationship between the two con-
ditions should be established. The latter includes identifying
whether the medical condition and/or its treatment causes
the psychiatric symptoms, the psychiatric condition moder-
ates or mediates the effects of the medical condition, or the
two conditions are independent of one another [39].

Effects of a Concurrent Psychiatric Disorder

Symptoms of anxiety may also mirror other psychiatric con-
ditions. For example, the rumination that is commonly seen
in depression may mistakenly be attributed to the persevera-
tion associated with anxiety. It is important to maintain some
familiarity with other psychiatric conditions that may have
presentations similar to anxiety (e.g., depression, mania,
delirium, neurocognitive disorders, etc.) and understand the
differences among them. Integrating this baseline knowledge
with information from a detailed history of symptoms and
the context in which they occur can help minimize the likeli-
hood of misdiagnosing psychiatric condition(s).

A factitious disorder is a psychiatric disorder character-
ized by intentionally feigning or exaggerating symptoms
in the absence of clear external reinforcement. It has some
similarities to, but is distinctly different from, malingering,
where a person intentionally exhibits symptoms for the pur-
pose of secondary gain. In both situations, an individual may
present with symptoms of anxiety that are consistent with
the associated diagnostic criteria. Examination of contextual
factors through the clinical interview can help elucidate the
factors that are motivating behavior and can subsequently aid
diagnosis.

The DSM-5 identifies nine psychiatric disorders that are
characterized by fear and worry and exhibit behavioral or
physical manifestations: separation anxiety disorder, selec-
tive mutism, specific phobia, social anxiety disorder, panic
disorder, agoraphobia, generalized anxiety disorder, sub-
stance/medication-induced anxiety disorder, and anxiety
disorder due to another medical condition [10]. When diag-
nosing anxiety, a clinician should be aware of the discrete
diagnoses that are encompassed in this larger category and
identify which of these best accounts for the symptoms with
which the patient presents.

Anger in Chronic Pain Patients and Relation
to Perceived Pain

Researchers have extensively examined the role of anger and
pain, which helps to shed light on the contributing factors of
chronic pain as well as helps to highlight the role of psycho-
logical treatment in managing chronic pain. Studies indicate
that high anger levels or perceived injustice are associated
with higher pain, depression, and disability levels [40—42].
Higher levels of anger also impact spousal relationships [43].
It is worth noting that anger independently contributes to
pain sensitivity and intensity above and beyond the contribu-
tion of anxiety and depression [41, 42].

Additional researchers have zeroed in on what is spe-
cifically helpful for individuals who are experiencing anger
and chronic pain. Although initial models of pain and
anger would suggest that increased anger expression would
contribute to less pain or, vice versa, that anger inhibition
would lead to greater pain intensity, at this time the current
literature is not conclusive. Furthermore, there is mixed
evidence for the notion that chronic pain patients inhibit
their anger more than non-chronic pain patients [44]. Some
evidence suggests that the lack of appropriate expression of
state-related anger may be a key component in the devel-
opment of chronic pain [44]. Therefore, pain interventions
that focus on the practice of healthy and socially appropri-
ate expressions of anger during periods of being provoked
in real time could directly improve anger in chronic pain
patients.
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Opioids in Chronic Non-cancer Pain

Careful consideration needs to be undertaken when using
opioid therapy. The clinician may wish to consider the risks
and benefits of starting chronic opioid therapy while at the
same time consider the lack of evidence for its long-term
use for chronic pain and consider the option of starting
non-opioid medications in combination with nonpharmaco-
logical modalities (spinal cord stimulation, injections, pain
psychology treatments options such as biofeedback, CBT,
mindfulness-based psychotherapy, etc.). Appropriate docu-
mentation and utilization of best practices, and assessment of
psychiatric and substance use disorders is essential [45-47].
Table 17.4 lists many of the opioid medications commonly
used to treat chronic pain.

Identifying substance use disorder will also assist in making
a decision about starting opioid use. In pseudoaddiction, the
individual appears as if he or she is overusing or seeking opi-
oids, yet this is driven by an undertreatment of his or her pain
condition. Care must be taken in assuming this diagnosis, and
consideration must be given to a more likely opioid use disor-
der, wherein opioids are overused or taken for longer periods
of time than the patient or provider intended despite efforts to
cut down. This often will follow with a great deal of time spent
gaining or recovering from opioids. Cravings, urges to use, and
physical tolerance/withdrawal are also present [10].

Reviewing the five “A’s” will also help to assess inap-
propriate opioid use: (1) Analgesia: Is the patient receiving
adequate pain relief; (2) Activity: Is there a change in the
patient’s activities of daily living and psychosocial function-
ing (e.g., increase in walking); (3) Adverse effects: Does
the patient tolerate the side effects that are related to opioid
medications such as constipation, cognitive blunting, seda-
tion, nausea, etc.; (4) Aberrant behaviors: Does the patient
increase dosage without notification or consultation with the
prescribing provider; does the patient use opioid medications
for reasons other than pain relief and functional benefits
(e.g., use for anxiety and depression management); does the
patient divert or sell medications; (5) Affect: does the opioid
medication improve the way the patient emotionally feels in
life overall [48, 49].

Table 17.4 Opioid medications

Oxycodone (OxyContin, Oxecta, Roxicodone)
Oxycodone/acetaminophen (Percocet, Endocet, Roxicet)
Oxycodone and naloxone (Targiniq ER)

Meperidine (Demerol)

Methadone (Methadose, Dolophine)

Hydrocodone (Hysingla ER, Zohydro ER)

Hydrocodone/acetaminophen (Norco, Vicodin, Lorcet, Lortab)

Hydromorphone (Dilaudid, Exalgo)

Fentanyl (Duragesic, Fentora, Actiq)

Codeine

Somatic Complaints in Chronic Pain

Individuals experiencing chronic pain may experience an
overlap of somatic symptom disorders and related con-
ditions (e.g., somatization involving a conversion condi-
tion, etc.). Somatization symptoms may mimic medical
conditions and, at times, psychological conditions. As a
result, clinicians may be in a diagnostic dilemma given
the complexity of the symptoms presentation [50-54].
Patients may present with disproportionate functional
decline in the absence of biological pathology. For exam-
ple, a patient with pain in the mid-central tip of her nose
remains in bed for weeks as a result of her nose pain.
Another example includes a patient who continues to
experience ongoing pain-related functional decline even
after pain has been treated or managed effectively. For
instance, a patient with a successful spinal cord stimula-
tion implant with low-level pain continues to remain at
home and not engage in daily activities or return to work.
Finally, a patient may present without the emotional dis-
tress expected following functional disability. For exam-
ple, a patient with a recent lower limb amputation as a
result of diabetic neuropathy not exhibiting normal levels
of sadness and grieving due to the loss of his or her func-
tion and body part.

Assessing somatic complaints requires a review of psy-
chiatric systems, evaluation of specific somatic symptom dis-
orders and related conditions, and familiarity with medical
conditions that present with psychiatric symptoms. A review
of psychiatric symptoms can include assessing for anxiety,
OCD, trauma, depression, bipolar disorder, substance use
disorders, and psychotic disorders [55]. In assessing somatic
symptoms, the first consideration is whether symptoms
are intentionally produced for secondary gain (e.g., malin-
gering) or intentionally produced for attention (e.g., facti-
tious). Once these conditions have been ruled out, reviewing
somatic symptom and related conditions can further clarify
the presence of a somatization process. The following figure
helps to review the key symptoms present in somatic symp-
tom disorders (see Fig. 17.1). This figure also helps clini-
cians to make a decision about which somatic symptom the
patient may be experiencing.

Providers may wish to use the CARE MD acronym
to assist with treatment [56]. CARE MD stands for the
following:

1. Consultation/CBT: brief, time-limited CBT treatment.

2. Assess: start by ruling out potential medical causes and
treat psychiatric comorbidity.

3. Regular visits: short and frequent visits that focus on
stress and health behaviors with the agreement of the
patient to avoid excessive medications or inappropriate
use of emergency services.
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Fig.17.1 This figure also helps
clinicians to make a decision
about which somatic symptom
the patient may be experiencing.
(Figure adapted from [10, 55])

Somatic symptom and
related disorders

Presence of one or more
somatic symptom(s)?

No
(or mildly present)

Presence of medical
condition?

‘ No

Persistent thoughts of
seriousness, or excessive
anxiety or time and
energy spent related to

Non-delusional
preoccupation, anxiety,
and actions related to
having or getting a health

Medically unexplained
motor or sensory
symptom

Psychological or
behavioral factors impact
course, risk, treatment of

medical condition

symptoms

illness

Somatic symptom
disorder

lliness anxiety

Psychological factors
affecting medical
condition

Functional neurological
symptom disorder

4. Empathy (E): understand the clinical situation and its
accompanying emotions from the perspective of the
patient.

5. Med-psych (M) interface: help to make mind-body
connection.

6. Do no harm (D): Avoid excessive diagnostic medical
work-up or interventions.

Note that clarifying diagnostic procedures such as psy-
chological and neuropsychological testing is an exception
as these tools can help clarify psychosomatic symptoms and
provide objective evidence of current functional, psycho-
logical, psychomotor, malingering, or cognitive status. At
the same time, clinicians need to exercise their clinical judg-
ment on a case-by-case basis. For example, a patient who has
clear somatization with unexplained medical etiology who is
requesting another neuropsychological test would likely not
benefit from any additional testing.

Role of Family

There is a long history of working with family/partners of
patients who have chronic pain [57], highlighting the role of
potential reinforcers of pain behavior and working with iden-
tified family to address target behaviors and develop alterna-
tive behaviors (e.g., not being responsive to pain behavior
and reinforcement of adaptive behaviors) [58]. Treatments
targeting spouses (e.g., [59]) and parents of individuals with
chronic pain (e.g., [60]) have been promising.

Social support has been cited as an important factor in the
adjustment of individuals with pain (e.g., [61, 62]). Marital

status has been found to be associated with response to spinal
cord stimulation [63]. However, it may be that merely being
married is not in itself protective, rather being in a nondis-
tressed marriage [64]. Therefore, the status of the marriage
and perceived social support factors may be important when
assessing a patient who has chronic pain.

Solicitous behaviors by spouses have been associated
with pain behaviors of individuals with chronic pain [65].
Furthermore, solicitous reactions by spouses to pain in their
partners are associated with increased disability, whereas
distraction by spouses leads to decreased disability [66]. The
impact of solicitous behaviors may be mediated by other
factors, such as spouse’s confidence in their partner’s man-
agement of their condition [67]. Therefore, it may not only
be helpful to observe potential interactions between patients
and social supports but also obtain information from family
members regarding their impressions of the person who has
chronic pain.

Pain can have an impact both on patients and their fami-
lies, such as responsibilities other family members may take
on for the patient and the patient not being able to engage
in activities with family [68]. However, patients with pain
may perceive their pain having a greater impact on family
than family members report [69]. Partners of individuals
with chronic pain may also have beliefs similar to those with
chronic pain, including degree of helpfulness of treatments
or need for a cure in order to return to work [70]. Parent(s) of
a child being treated for chronic pain often describe knowl-
edge of the child’s pain condition as important to them (e.g.,
treatment options, etiology) [71]. These findings underscore
the value of including family members during interventions
of patients who have chronic pain [70].
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Role of Patient Beliefs and Expectations

Cognitive-behavioral models expand on stimulus-response
theories by positing that thought processes mediate the rela-
tionship between these two variables. Applied in the realm of
pain, cognitive interpretations play a significant role in shap-
ing an individual’s emotional, behavioral, and physiologic
responses to painful stimuli (see Fig. 17.2).

Consistent with the model described above, evaluating
patients’ beliefs about their pain can help shape their response
to treatment. Patients whose cognitive appraisal of their pain
is rooted in fearful thoughts may adopt a coping strategy
in which they actively avoid activities and movements that
may aggravate their condition [55]. This process can directly
influence compliance with treatment recommendations that
involve rehabilitation of the part(s) of the body affected by
pain. Development of such a fear-avoidance cycle has been
associated with somatic hypervigilance, hypersensitivity to
painful stimuli, and disability [72, 73].

Treatment expectations can impact clinical outcomes [74]
and are also influenced by patients’ belief structures. For
example, a patient suffering from fibromyalgia who views
the condition as an acute process that can be eliminated with
pharmacologic therapy may thus perceive any treatment that
does not result in complete resolution of pain symptoms as
a failure. The patient may subsequently be unreceptive to
treatments that focus on interdisciplinary approaches to pain
management as this is not in line with his/her expectations.
To avoid such circumstances, pain clinicians should take the
time to provide education on the nature and course of pain
early in the treatment process and continuously revisit the
topic as patients progress through their care plans.

Pain acceptance, a process that involves both cognitive
and emotional components, refers to learning how to live
with a pain condition rather than fighting its presence [75].

Fig.17.2 The role of
cognitions

@-

Cognitively, it entails recognition of the chronicity of a pain
condition and the positive role(s) that self-management
strategies can play in improving functioning and quality of
life. Low pain acceptance has been associated with higher
levels of psychological distress, pain disability, and opioid
use [76]. Pain education can help patients formulate more
accurate beliefs and expectations regarding their conditions,
which in turn can influence the process of achieving pain
acceptance.

Sleep Disorders in Chronic Pain

Sleep and chronic pain are intrinsically linked to one another;
however, there is not a uniform directionality that has been
ascribed to the association. Although there have been some
studies that have shown evidence of sleep disturbances
increasing the risk of developing a pain disorder, many
contemporary perspectives posit a reciprocal relationship
between these variables [77]. For this reason, assessment of
sleep disturbances should be included in the evaluation of
patients presenting with pain and a referral to a sleep special-
ist should be considered if indicated. The current section will
discuss sleep apnea and insomnia, two specific sleep distur-
bances that are commonly seen in pain populations.
Disruption in respiration while asleep is the defining char-
acteristic of sleep apnea. Obstructive sleep apnea (OSA) is
usually the result of an airway blockage, whereas central
sleep apnea (CSA) is caused by the brain’s failure to regulate
the breathing process. Individuals with either type of apnea
often feel fatigued during the day secondary to the vari-
ous forms of sleep interference associated with the altered
breathing patterns. Polysomnograms assist with diagnosing
sleep apnea, and appropriate treatment may be comprised of
surgery, lifestyle changes, use of a dental device, or use of a
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positive airway pressure machine (CPAP or BiPAP). Sleep
apnea is particularly important to assess in individuals using
opioid medication for pain, as this category of medications
by itself is known to cause sleep-disordered breathing and
can increase the potential for CSA [78].

Insomnia is characterized by persistent difficulty initiating,
maintaining, or returning to sleep [10]. When assessing for
this sleep disorder, it is important to identify whether it is a
primary disturbance or occurring secondary to another comor-
bid condition (e.g., depression, etc.) as that will help inform
treatment. Insomnia has a bi-directional relationship with
pain and has been associated with increased pain sensitivity
[79]. This increased sensitivity can contribute to difficulty
with sleep onset, thereby triggering the reciprocating relation-
ship. Medications, lifestyle changes, and cognitive behavioral
therapy for insomnia (CBTi) are all interventions that can be
used to treat insomnia. Participation in CBTi has been shown
to result in significant, sustained improvement in sleep main-
tenance insomnia [80]. Hybrid programs that provide concur-
rent cognitive behavioral therapy for insomnia and pain have
shown improvements in sleep, pain-related disability, mood,
and fatigue [81] and may be an efficient approach to address-
ing these frequently co-occurring disorders.

Work History and Education in Evaluation
of Chronic Pain: Frequency of Personality
Disorders

Work history and education are major factors that can help
identify and assess the patient’s premorbid level of func-
tional and the degree to which pain interferes with cur-
rent functioning [82]. For example, a patient whose work
involves repetitive motion, heavy lifting, and rapid posture
movements as a result of his/her daily work tasks will have
devastating functional decline at work as a result of the onset
of hand and back pain. However, the patient whose work
does not involve any physical activity and a low cognitive
load may have little functional decline at work as a result
of pain interference. Assessment of work history and edu-
cation may include assessing the number of year of formal
education; physical activities and emotional factors associ-
ated with work tasks; number of sick days taken as a result
of chronic pain; presence of sick-role behaviors at work;
work-related psychosocial stressors (e.g., negative relation-
ships with supervisor); general like or dislike of work-related
tasks, people, and environment; and self-identification of
meaningful values and needs fulfilled at work. Evaluation of
functional status through the assessment of work history and
education is complementary to identification of psychiatric
comorbidity, somatic symptom disorders, family dynamics,
beliefs/expectations, and sleep-related changes as a result of
chronic pain.

Assessment of normal and abnormal personality traits in
individuals experiencing chronic pain helps determine appro-
priate treatment modalities. It has been estimated that 37% of
individuals with chronic pain may be experiencing comorbid
personality disorders, mainly clusters B (dramatic traits) and C
(anxious traits) [83, 84]. Regarding cluster B personality dis-
orders, one study found that borderline traits were associated
with increased pain severity, pain-related activity interference,
and pain-related affective interference [85]. The emotional
dysregulation of personality disorders is thought to impact
sensory interpretation and magnification of pain [86]. Certain
normal personality traits have also been linked to chronic
pain. These include perfectionism and neuroticism [87, 88],
particularly in patients experiencing headache disorders. It
has been further noted that individuals with such personality
traits are more likely to experience pain catastrophizing, fear
of movement, and pain-related vigilance [88]. It is worth not-
ing that the personality trait is not necessarily the core issue
impacting pain management. It appears that certain personal-
ity traits, such as neuroticism, place individuals at risk to cope
ineffectively with pain [88]. Therefore, coping skills training
can greatly help individual with such personality traits. Also,
managing the emotion dysregulation through psychological
treatments (e.g., dialectical behavioral therapy) can assist with
the management of pain and personality disorder [85].
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Introduction to Electrodiagnosis

Electrodiagnosis (EDX) is a method of evaluating the neu-
romuscular system by using electrophysiology. Specifically,
EDX is used to evaluate the integrity and function of the
peripheral nervous system (most cranial nerves, spinal roots,
plexi, and nerves), neuromuscular junction, muscles, and
the central nervous system (brain and spinal cord) [1]. EDX
includes nerve conduction (NCS) and evoked potential (EP)
studies, as well as needle electromyography (EMG). NCS
and EMG are commonly used to evaluate the peripheral ner-
vous system, whereas EP studies are used for evaluating cen-
tral nervous system pathology or intraoperative monitoring.

Electromyography

Electromyography (EMG) can be defined as a signal that
records the electrical activities generated by depolarization
of muscles cells [2]. Needle EMG assesses the size, mor-
phology, and firing characteristics of the electrical signal
within the skeletal muscle at rest and during contraction.
While muscle is at rest, the muscle cell membrane is
silent except at the neuromuscular junction (NMJ). At the
NMLJ, acetylcholine vesicles in the nerve ending are released
spontaneously and cause endplate potentials. When a needle
is inserted into a muscle, mechanical irritation of the muscle
membrane causes a brief burst of electrical discharge, which
is known as insertional activity. Insertional activity should
last only slightly longer than the needle movement. Increased
insertional activity may occur in early stages of either neuro-
pathic or myopathic disorders. Decreased insertional activity
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is usually seen in chronic end-stage myopathies, when elec-
trically active muscle fibers are replaced by fat or connective
tissue [3].

The most common types of abnormal spontaneous activity
are fibrillation and positive sharp waves. Abnormal spontane-
ous activity occurs when the muscle cell membranes become
unstable. These small electrical depolarizations which are not
enough to create action potentials may be seen in any condi-
tion causing denervation, including nerve disease, inflamma-
tory myopathies, and direct muscle trauma [5]. Such findings
may be seen after 1 week and may last up to 12 months after
an inciting event. Therefore, if the test is done too early, it
may be falsely negative and if performed long after the injury,
re-innervation may have already occurred.

When a muscle is minimally contracted voluntarily, mus-
cle fiber action potentials (MFAPS) belonging to a single
motor unit can be recorded with a needle electrode. As the
strength of contraction is slowly increased, motor units are
recruited in orderly sequence. Their summated electrical is a
motor unit potential (MUP).

The recorded MUP is derived from only muscle fibers that
are within the recording radius of the tip of needle electrode
(1-3 mm); therefore, it does not reflect the entire muscle and
may cause sampling error. Multiple factors influence MUP
characteristics, including distance of the recording needle
from the fibers, size of the individual muscle fibers, asyn-
chronous firing of fibers within the motor unit, temperature,
the degree of effort of muscle contraction, and the type of
needle used. The amplitude of the MUP is dependent on the
density of the muscle fibers attached to that one motor neu-
ron. Typically, the amplitude is between 200 and 2000 pV for
most clinically tested muscles with 1 or 2 upward peaks. As
the force of contraction in the muscle increases, an orderly
addition of motor units increase which is referred to as
recruitment. Recruitment is an important parameter to assess.

In neurogenic disease MUPs have typically high ampli-
tude, long duration, and a greater number of phases-reflecting
the remodeling of surviving motor units following loss of
a proportion of motor axons [6]. Myopathies are generally
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characterized by low-amplitude, short-duration motor unit
potentials, reflecting muscle fiber splitting and necrosis [6].

Nerve Conduction Study (NCS)

NCS is performed to evaluate the large myelinated nerve
fibers, such as sensory and motor nerves. NCS provides data
on the speed of conduction and amplitude. Thin myelinated
and unmyelinated fibers are not assessed in NCS. This test
is performed by giving electrical stimulation proximally and
record electrical activities distally. By doing so, it can eval-
uate any event between the proximal stimulator point and
distal recording point. This test is helpful in patients with
suspected diseases of the peripheral nervous system and are
the mainstay detecting areas of focal nerve damage to myelin
sheaths such as entrapment syndromes.

Sensory Conduction Studies

The sensory nerve action potential (SNAP) is obtained by
supramaximal electrical stimulation of sensory fibers and
recording the nerve action potential certain distance at a
point further along the same nerve (Fig. 18.1a). Recording
the SNAP orthodromically refers to distal nerve stimula-
tion and recording more proximally (the direction in which
physiological sensory conduction occurs). Antidromic test-
ing is the reverse [7]. For each site that is stimulated, the
onset latency, peak latency, duration, and amplitude are
measured. Sensory nerve conduction velocity (SNCV) can

a b
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Fig. 18.1 Nerve conduction studies. (a) Sensory, (b) motor

be calculated with one stimulation alone by taking the mea-
sured distance between the stimulator and the active record-
ing electrode and dividing it by the onset latency.

Motor Conduction Studies

Motor conduction studies are performed to assess the func-
tional status in motor fibers of the peripheral nerves by apply-
ing the electrical stimulation along the course of a motor nerve
while recording the electrical response from its targeted muscle
(Fig. 18.1b). The main difference between sensory nerve con-
duction and motor nerve conduction study is where the record-
ing electrodes are placed. In sensory nerve conduction studies,
the recording electrode is placed over the distal nerve itself,
whereas the electrode is placed over the innervated muscle in
motor nerve conduction studies. The stimulating electrodes
are applied over a motor nerve and the recording electrodes
over the muscle. Therefore, the motor response is composed
of muscle fiber action potentials, and for this reason it is called
the compound muscle action potential (CMAP). CMAP repre-
sents a summation of motor unit responses beneath the record-
ing electrode and its amplitude proportional to the number of
motor axons stimulated. Recording the motor NCV are ortho-
dromically recorded. Measurements taken from the motor
responses include the latency, amplitude, duration, and area of
the CMAP are measured.

The latency is the time from the stimulus to the initial CMAP
deflection from baseline. Latency represents three separate
processes: (1) the nerve conduction time from the stimulus site
to the neuromuscular junction (NMJ), (2) the time delay across
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the NMJ, and (3) the depolarization time across the muscle [7].
There are normal values established for terminal latencies for
defined lengths for each of the main motor nerves. Prolonged
terminal latencies help detect distal entrapment neuropathies or
NMIJ disorders. A motor nerve conduction velocity (MNCV)
can be calculated by dividing the distance between two sites
that have been stimulated (one distal and one proximal) by the
difference between terminal latencies.

Understanding Late Potentials

Late potentials are the nerve conduction studies that assess
nerve conduction in the more proximal nerve segments
such the plexus or the roots. The late responses occur after
a CMAP is generated and usually appears more than 10 to
20 milliseconds after stimulation of motor nerves. The two
types of late responses are the F-waves and H-reflexes. These
two studies provide information when evaluating for cervical
or lumbosacral radiculopathies, polyneuropathies, plexopa-
thies, and proximal mononeuropathies.

stimulating the tibial nerve, recording from the gastrocnemius
and soleus muscles. Less frequently, H-reflex of the flexor
carpi radialis may be assessed to identify cervical radiculopa-
thies or brachial plexopathies [9]. The response obtained uses
the same neural pathway as the ankle-jerk reflex except that
it bypasses the muscle spindle. With submaximal stimulation
elicited, it measures the latency over the monosynaptic reflex
arc through the afferent Ia muscle spindle fibers and efferent
o-motor spindle fibers of the S1 root through the dorsal root
ganglion and is transmitted across the central synapse to the
anterior horn cell which fires it down along the alpha motor
axon to the muscle [10]. H-reflex takes relatively a long time
in travel designating the term late potential. The clinical sig-
nificance of this test is that it evaluates the integrity of the
reflex arc from the tibial nerve through the spinal cord and
back to the gastrocnemius and soleus muscle. Any damage
along the tract of the reflex arc including the sciatic nerve or
the S1 sensory or motor nerve root can result in loss or slowing
of the reflex response. H reflex is delayed or absent in poly-
neuropathy, tibial neuropathy, sciatic neuropathy, lumbosacral
plexopathy, or S1 radiculopathy [11]. (Fig. 18.2)

The H-Reflex

H reflex is a valuable tool is assessing monosynaptic reflex
arc activity that directly activates the anterior horn cells in the
spinal cord [9]. The H-reflex commonly tested by electrically

The F-Response

F-response is the second type of late potential that occurs
with impulse first propagating antidromically along the
motor nerve axon to the cell body of the anterior horn cells,
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causing activation of a small variable percentage of anterior
horn cells [4]. This results in an orthodromic electrical signal
being conducted from the spinal cord to the muscles inner-
vated by the nerve. Several small additional muscle depolar-
izations occur from motor neurons reactivated known as the
F-response. If F-response is prolonged, this indicates some
slowing of conduction of the motor axon at the proximal por-
tion of the peripheral nerve, the plexus, or the motor root.
Therefore F-response abnormalities can be a sensitive indica-
tor of peripheral nerve pathology such as root pathology seen
in plexopathy, radiculopathies, spinal processes, Guillain-
Barre syndrome, chronic inflammatory demyelinating poly-
radiculopathy, and demyelinative peripheral neuropathies [7].

Somatosensory Evoked Potentials

Somatosensory evoked potentials (SEPs) are one type of EP,
which is produced by the activation of the large peripheral
nerve fibers by mechanical or electrical stimuli. Following
either mixed nerve or sensory nerve stimulation, SEPs can
be recorded over more proximal portions of the peripheral
and central nervous system including peripheral nerves, spi-
nal cord, and/or brain [8]. SEPs are helpful in identifying
impaired conduction caused by axonal loss (which may result
in a reduced amplitude or absent response) and/or demyelin-
ation (which may produce prolonged or absent waveforms)
[8]. SSEPs are used predominately in intraoperative moni-
toring during spinal surgery and instrumentation.

Limitations of Electrodiagnosis

Unfortunately, there are limited electrodiagnostic findings that
are distinctly specific for any single diagnosis. For example,
fibrillations and PSWs are seen in polyneuropathies, motor
neuron disease, inflammatory myopathies, radiculopathies, and
entrapment neuropathies [5]. Moreover, negative EMG study
does not exclude the pathology of peripheral nervous system.
Failing to assess the appropriate nerves and muscles for a given
clinical problem may result in a false-negative EMG study. The
time course over which a disease process progresses and the
time at which electrodiagnostic testing is conducted both play
major roles in determining whether the electrodiagnostic test-
ing can provide a reasonably certain diagnosis [5]. Therefore,
subsequent examinations are useful if a diagnosis has not been
established or to document ongoing recovery.

Final Word on EMG/NCS

Electrodiagnosis is often described as an extension of the
clinical history and examination as it can yield physiologic
information of nerve dysfunction. It plays a critical role in

the assessment of patients with symptoms of and signs of
nerve root injury, peripheral nerve disease, and neuropa-
thy. Nerve conduction studies can be exceedingly valuable
in localizing lesions and determining the pathological course
responsible. It is a valuable tool for confirming diagnosis and
helpful in differentiating objective neurological injury from
musculoskeletal pain syndromes.

Other Electrodiagnostic Studies

As mentioned before, EDX evaluation is an extension of the
physical exam. Whereas nerve conduction studies and elec-
tromyography are common diagnostic studies, the next set of
tests is used for very specialized assessment of nerve func-
tion and pain pathology, and is not commonly done in clini-
cal office settings.

Laser-Evoked Potentials

Laser-evoked potentials (LEPs) are cortical response mea-
surements produced when lasers are used to stimulate ther-
monociceptors in the skin [12]. Pain pathways are part of the
somatosensory system, but the pathways of pain signal pro-
cessing are via different modalities, at peripheral and central
levels [13]. Typically visual and auditory pathways represent
one modality only and can thus be easily tested using visual
and auditory evoked potentials [14]. Pain pathways, are bet-
ter studied using LEPs. LEPs currently have two uses, for
clinical testing and for research into the pathophysiology of
pain pathways. LEP recordings are considered to be the most
reliable and widely accepted laboratory tool for assessing
nociceptive-pathway function [13].

Specialized infrared lasers are aimed at the patient’s skin
with the goal of stimulating the heat and pain receptors in
order to elicit a cortical response. Two different types are
available: CO, lasers (wavelength 10.6 pm) and solid-state
lasers with shorter wavelengths (1-2 pm). The latter pen-
etrate deeper into the skin, which help reduce superficial
burns; however their accuracy is affected by varying skin
pigmentations [13]. Patients typically feel pricking (equiva-
lent to getting one hair follicle out) and burning sensations
which are a direct result of the laser activation of the Ad and
C fibers respectively. LEP testing is less uncomfortable than
NCS and EMG testing and does not require repetitive stimu-
lation with increased signal intensity.

Four electrodes are used to record the cortical potentials
with the mean latencies being dependent on the type of laser
used. These values are affected by the distance of stimulation
from the recording site because there is a higher density of
epidermal free nerve endings in proximal vs distal body sites
[13]. They are also affected by age (the older the patient,
the smaller the LEP amplitude) and patient attention (focus-
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ing the patient’s attention on a specific task increases the
response repetition). LEPs can document lesions of the spi-
nothalamic tract, the lateral aspects of the brainstem, and the
thalamocortical projections carrying heat-nociceptive sig-
nals. In studying the peripheral nerves, LEPs can distinguish
between axonal and demyelinating lesions and large- and
small-fiber neuropathies [12]. LEPs are limited in that they
can only reliably show decreased transmission of signals and
in that they cannot pinpoint the exact location of the lesion.

Quantitative Sensory Testing: Uses
and Limitations

Quantitative sensory testing (QST) is a formalized, standard-
ized clinical sensitivity test using calibrated stimuli. The test
allows the detection of sensory plus and minus signs such as
hypoesthesia or hyperalgesia [15]. The main limitations of
traditional physical examination are a result of its qualita-
tive nature and the lack of control and standardization of the
stimulus intensity [12]. QST complements the physical exam
and decreases its subjective nature to provide reproducible,
standardized measurement of the patient’s deficits and local-
ize their source.

A historically accepted and standardized method of test-
ing tactile sensation is known as the two-point discrimina-
tion test. QST incorporates this and multiple other testing
methods. It consists of specially calibrated thermal and
mechanical stimuli to test a patient’s sensory system, and
it is performed in conjunction with a thorough neurological
exam. The currently accepted worldwide standard includes
a battery of sensory tests that was developed as part of the
German Research Network on Neuropathic Pain (DFNS)
[15]. The test typically takes 1 hour to complete and sub-
jects patients to hot, cold, vibration, pinprick, and pressure
stimuli.

Every patient reacts differently to the same stimuli.
Therefore, in order to minimize reporting bias and stan-
dardize the results as much as possible, two different algo-
rithms have been used to record and analyze the QST results:
method of limits and method of levels. During method of
limits testing, the intensity of the stimulus applied to the skin
is increased until the subject receives a stimulus or feels it as
painful and stops the stimulus by pressing a button. Because
it involves reaction time, method of limits is affected by the
patient’s motor abilities and concentration. In the method of
levels, a series of set stimuli are applied to the skin, and the
patient has to report (yes or no) whether it is painful or not
[12]. This method is not influenced by the patient’s reaction
time; however it can take a long time.

Although QST is meant to be an objective study, there
is still some element of dependence on patient cooperation.
QST has great utility for conducting clinical trials but is not
very commonly used in the clinical settings. There are, how-

ever, conditions when QST is useful, particularly in evalu-
ating neuropathic pain in polyneuropathy and small-fiber
neuropathy. In those conditions nerve conduction studies are
not suitable as they only test large-fiber function and will be
normal, missing the diagnosis [15]. A notable limitation of
QST is that it can tell whether or not a lesion exists along the
somatosensory pathway, but it cannot localize it [12].

Skin Punch Biopsy: Assessment
of Innervation Density

As discussed in previous chapters, small-fiber neuropathy is
associated with many specific conditions, and can present as
pain or burning in the feet. Traditional sensory nerve conduc-
tion studies, which evaluate only the large myelinated fibers,
are typically normal in small-fiber neuropathy [12].

Historically, sural nerve biopsy has long been used for the
histopathologic diagnosis of most peripheral neuropathies,
but it is an invasive procedure performed in the operating
room and carries the risks of pain and permanent sensory
loss distal to the biopsy site [12]. On top of that, the actual
assessment of the nerve fibers is tedious and can only be per-
formed twice, as the entire nerve section has to be obtained
for analysis.

Skin biopsy is a safe and inexpensive technique for evalu-
ating small nerve fibers [12]. Decreased nerve-fiber density
is typically found in peripheral neuropathies. Innervation
density in the biopsy sample can easily be evaluated by mea-
suring the intraepidermal nerve-fiber density under bright-
field microscopy. It has been proven as a useful method in
quantifying disease severity in small-fiber neuropathy, which
may not be detected by traditional physical, neurophysio-
logic, and neuropathologic tests [16]. In addition, serial skin
punch biopsies have also been useful for monitoring disease
progression.

It can easily be performed in the office under local anes-
thetic. A 3 mm sample of the skin is taken from any body
site using sterile technique. The sample is specially prepared
and immunohistochemically stained. The site of the biopsy
easily heals within a week and can be performed multiple
times [12].

MRI, fMRI, and MR Spectroscopy: Uses

The human brain processes pain signals and creates an inter-
pretation of what people feel as pain. Different imaging
modalities permit observation of these pain process in vari-
ous areas of the brain, allowing clinicians and researchers to
get a better understanding of signaling pathways.

Magnetic Resonance Imaging (MRI) operates on the prin-
ciples of nuclear magnetic resonance, whereby in the pres-
ence of a magnetic field, different nuclei absorb and give off
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characteristic electromagnetic radiation, allowing visualiza-
tion and identification of different structures. It can be used
to identify areas of structural damage that can be causing
pain. Functional magnetic resonance imaging (fMRI) uses
similar principles; however it exploits the fact that there is
an increase in blood flow to localized vasculature associated
with neural activity in the brain [18]. The increased blood
flow is associated with local reduction in deoxyhemoglobin
(deoxyhemoglobin is paramagnetic, it alters the T2-weighted
MRI signal) which functions as an endogenous contrast-
enhancing agent and serves as the source of the signal for
fMRI. fMRI can be used to obtain information about active
signal processing occurring in real time and has permitted
the discovery of various pain pathways and CNS pain signal-
ing [12]. In clinical setting fMRI has been used to monitor
disease progression and also to map the brain language cen-
ters in order to provide surgical planning for tumor resection.

Magnetic Resonance Spectroscopy (MRS) provides a
measure of brain chemistry and can be used to monitor serial
biochemical changes in patients with tumors, stroke, epi-
lepsy, metabolic disorders, infections, and neurodegenera-
tive diseases [12].

PET Scan: Uses

Positron Emission Tomography (PET) is a nuclear medicine
imaging technique that produces a 3-dimensional image of
functional processes in the body [12]. The patient is injected
with a radioisotope tracer while performing a particular task.
Brain areas participating in functional activation demand
a higher level of oxygen and glucose energy, resulting in
increased blood perfusion and subsequent tracer concentra-
tion, which is picked up by scanners. Computer analysis then
uses complicated software algorithms for signal processing
and analysis.

PET scan has a lower resolution and is considered to be
more hazardous than fMRI due to involvement of radioac-
tive tracers. However, it has utility in evaluating oncological
involvement and spread in the body. Its use in pain manage-
ment has been mainly limited to research and study of sig-
naling pathways.

EEG and MEG: Uses

Electroencephalography (EEG) and Magnetoencephalography
(MEG) are noninvasive techniques used to detect and measure
electric potentials (EEG) and magnetic fields (MEG) gener-
ated by the neurons in the brain. EEG is recorded from the
scalp by electrodes directly in contact with the skin. In con-
trast, MEG can be recorded directly from the array of SQUIDs
(super quantum induction devices) placed above the head [17].

EEG characteristically shows alpha, beta, delta, and theta
waves in varying frequencies and intensities. Varying levels
of consciousness, seizures, and pain states show characteristic
changes in these waves. MEG has the advantage of easy appli-
cation without the lengthy preparation as in EEG and direct
recording of current flow without interference from the differ-
ent currents in the brain [17]. However, unlike EEG, it is not
very sensitive to deep brain currents.

Clinically, EEG and MEG are used to detect and local-
ize epileptiform spiking activity in patients with epilepsy.
They are also used to localize brain areas important for
speech, which should be avoided by the surgeon in plan-
ning for removal of brain tumors [12]. In chronic pain
states, EEG and MEG have shown that chronic pain
patients have characteristic signal patterns. Studies are
being done to see whether EEG can be used to diagnose
chronic pain states.
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Introduction

Peripheral nerve blocks are used to treat a variety of chronic
pain conditions in the outpatient setting. In the perioperative
setting, they have been shown to decrease hospital length of
stay, provide better pain control, and have fewer side effects
when compared to epidural anesthesia or patient-controlled
opioid therapy [1]. The number of hospitals providing acute
pain services is increasing, and peripheral nerve blocks are
an important aspect of these services [2]. Blocks can be used
as the sole modality for analgesia for a procedure or be used
as an adjunct to general anesthesia or moderate/deep seda-
tion to allow for improved pain control in the acute setting.
Some contraindications to peripheral nerve blocks include
infection of the skin over the area of needle insertion, neu-
ropathy of the nerves to be blocked, and the presence of a
coagulopathy. Risks of the procedure include, but are not
limited to infection, nerve damage, bleeding, possible falls if
the block is performed on a lower extremity and pneumotho-
rax for brachial plexus and chest wall/thoracic spine proce-
dures [3].

Peripheral nerve blocks are generally performed under
ultrasound guidance to allow the practitioner to directly visu-
alize the nerve and other relevant structures (i.e., blood ves-
sels, pleura, etc.) in relation to the needle, as well as spread
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of local anesthesia around the nerve. A nerve stimulator may
also be used to locate the nerve, but has been shown to be
less cost effective for hospitals and inferior to ultrasound
techniques [3]. Nerves being viewed in a transverse plane
appear as a honeycomb, while nerves visualized in a longitu-
dinal plane appear as long, slender structures that consist of
a mixture of hypoechoic and hyperechoic parallel lines [4].
The use of ultrasound has made it easier to perform distal
nerve blocks in the upper extremity, which is beneficial in
the event that a brachial plexus block provides incomplete
analgesia [5].

Paresthesias are uncomfortable, shock-like sensations
that can occur during the administration of a peripheral nerve
block. The needle used in a block should be positioned close
to the nerve, and if contact is made with the nerve, a pares-
thesia may be elicited. While this discomfort can help to
indicate that the needle is in close proximity to the nerve,
suggesting increased probability of a successful nerve block,
anesthetic should not be injected if a paresthesia is persis-
tent, as it could increase the chance of intraneural injection
and potential nerve damage.

The use of peripheral nerve blocks for perioperative pain
management has allowed for earlier mobilization and reha-
bilitation, leading to shorter hospital stays and improved sat-
isfaction among patients [3]. Nerve blocks can either be
single injection or continuous infusion with catheter place-
ment [6]. Catheter-based pain management techniques allow
for uninterrupted analgesia but are at increased risk for cath-
eter displacement and infection [7].

Anatomical Considerations and Clinical
Indications

Brachial Plexus Blocks: Upper Extremity
The brachial plexus innervates the upper extremity and is

formed by the ventral rami of cervical nerve roots 5, 6, 7,
and 8 and thoracic nerve root 1. Brachial plexus nerve roots

m
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exit the spinal cord via the intervertebral foramina where
they traverse between the anterior and middle scalene mus-
cles and become trunks. The trunks then course between
the first rib and clavicle where each of the trunks divides
into an anterior and posterior division [9]. The divisions
continue under the clavicle and then converge to form three
cords. The lateral, posterior, and medial cords are named
based on their relation to the axillary artery [8]. The cords
divide again at the lateral border of the pectoralis minor
muscle into the terminal nerves [10]. The lateral cord splits
into the musculocutaneous nerve (with contributions from
C5, 6, and 7) and into the median nerve (with contributions
from C5, 6, 7, 8, and T1). The posterior cord divides into
the axillary nerve (made up of C5, 6) and the radial nerve
(with contributions from C5, 6, 7, 8, T1). The medial cord
branches into the medial portion of the median nerve (with

Fig. 19.1 Brachial plexus
anatomy (https://www.nysora.
com/interscalene-brachial-
plexus-block)

N. to subclavius
Upper trunk

contributions from all the nerve roots of the brachial plexus,
C5, 6, 7, 8, and T1) and the ulnar nerve (also made up of
portions from C5, 6, 7, 8, and T1) [8]. Figure 19.1 depicts
brachial plexus anatomy.

Commonly performed brachial plexus blocks include
interscalene, supraclavicular, infraclavicular, and axillary.
An interscalene block provides anesthesia for the shoulder
and most of the upper extremity by targeting the trunks
and roots of the brachial plexus, with the possibility of the
inferior trunk, C8 and T1, being spared. This could lead to
preservation of sensation on the ulnar side of the forearm
and hand. Supraclavicular blocks block the trunks/divi-
sions of the brachial plexus providing anesthesia from the
shoulder to the hand. Colloquially known as “the spinal of
the arm,” this block tends to be the workhorse of upper
extremity anesthesia. Infraclavicular block is performed at
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Fig. 19.2 Upper extremity blocks [10]

the level of the cords and provides coverage from the
elbow down to the hand. Axillary block also provides
anesthesia of the hand from the elbow down, but is per-
formed at the level of the branches [10]. Deep and superfi-
cial cervical plexus blocks can be employed for carotid
endarterectomy and superficial neck surgery such as exci-
sion of cervical lymph nodes. Figure 19.2 depicts the vari-
ous types of brachial plexus blocks — including the areas
expected to be anesthetized, as well as the cutaneous dis-
tribution of upper extremity nerves.

Truncal Blocks

Selective truncal blocks, best performed with the use of
ultrasound, include the iliohypogastric nerve block, ilioin-
guinal nerve block, genitofemoral nerve block, penile nerve
block, transversus abdominal plane block, lateral femoral
cutaneous nerve block, and rectus sheath block. The iliohy-
pogastric nerve, which is often blocked for hernia surgery,
anatomically may have a small contribution from T12, but
it primarily originates from L1. The genitofemoral nerve
block, utilized as a treatment for chronic pain of the pelvis,
the perineal area, and the upper thigh, can be combined
with ilioinguinal/iliohypogastric nerve blocks for surgical
procedures involving the groin area. The genitofemoral
nerve originates from the L1 and L2 ventral rami and is
formed within the psoas major. The nerve, primarily sen-
sory in function, contains a small motor component and
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descends obliquely, advancing through the psoas muscle to
emerge at its abdominal surface near the medial border.
There, the genitofemoral nerve divides into femoral and
genital branches at varying distances from the inguinal lig-
ament. The penile block has been widely used for circumci-
sions and other penile surgeries and is derived from the
pudendal nerve (S2—S4). The penile nerve usually divides
into the right and left dorsal nerves of the penis and courses
under the pubis symphysis. It then travels under Buck’s fas-
cia to supply sensory innervations to the penis. The trans-
versus abdominis plane (TAP) block is a local anesthetic
injection into the fascial plane superficial to the transversus
abdominis muscle and deep to the internal oblique muscle,
which contains nerves responsible for the innervation of the
anterior abdominal wall (arising from T6 to L1 levels) and
is useful for providing analgesia for abdominal procedures
(Fig. 19.3). Bilateral TAP blocks must be performed to pro-
vide analgesia to the entire abdominal wall. The rectus
sheath block may be used to provide analgesia of the ante-
rior abdominal wall. The lateral femoral cutaneous nerve,
which is a pure sensory nerve, may be injected to treat
meralgia paresthetica (lateral femoral cutaneous neuropa-
thy). It arises from the dorsal divisions of L2-L3 and
emerges from the lateral border of the psoas major
muscle.

TAP and rectus sheath blocks can provide significant
postoperative analgesia; however, it is important to note that
they do not treat the visceral component of pain following
intra-abdominal procedures.
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Fig. 19.3 Transversus abdominis plane (TAP) block, ultrasound
guided. Shaded blue represents the area of desired local anesthetic
spread. EOM, external oblique muscle; IOM, internal oblique muscle,

TAM, transverse abdominal muscle

truncal-and-cutaneous-blocks)

(https://www.nysora.com/

Lower Extremity Blocks

Common nerve blocks of the lower extremity include the
femoral, saphenous, sciatic, and popliteal. The ankle block,
which is achieved by anesthetizing the five peripheral nerves
that supply the foot, is also a commonly employed technique.
The femoral nerve innervates the anterior aspect of the thigh
and is formed from L2 to L3 to L4. It passes lateral to the
femoral artery and vein below the inguinal ligament and is
within the fascia iliaca of the iliopsoas muscle. This block is
often used for total knee arthroplasty. The femoral nerve
continues and gives off its terminal sensory branch, the
saphenous nerve [9]. The saphenous nerve can be blocked
just after it splits off the femoral nerve, located anterior to the
femoral artery at mid-thigh level, beneath the sartorius mus-
cle in the adductor canal [3]. The saphenous nerve provides
sensation to the medial aspect of the lower leg, including the
knee. The sciatic nerve is made up of nerves from the sacral
plexus: L4, L5, S1, 2, and 3. This nerve can be located as it
emerges deep to the piriformis muscle. It can be blocked to
provide coverage for hip and knee surgery. A popliteal block
targets the sciatic nerve in the popliteal fossa, just distal to
where the nerve splits into the common peroneal and the
tibial nerves. This block provides anesthesia for the foot and
ankle and is often used in combination with a femoral or
saphenous block. Figure 19.4 shows the innervation of the
lower limb, as well as cutaneous coverage achieved with
various types of blocks. An ankle block consists of blocking
five separate nerves as they enter the foot [6]. These nerves
are the posterior tibial, sural, saphenous, deep peroneal, and
superficial peroneal.

Femoral and, more recently, saphenous blocks are used to
provide analgesia after total knee arthroplasty. Popliteal
blocks combined with saphenous blocks are typically
employed to provide anesthesia/analgesia for surgery involv-
ing the leg and foot. Ankle blocks are commonly performed
for procedures involving the foot.

Pharmacology of the Drugs Used During
Interventional Pain Procedures

Corticosteroids

Neuraxial steroid injections came into practice in the early
1950s, when their epidural administration was shown to be
effective in the treatment of sciatica and low back pain.
Despite the fact that the exact mechanism of action was yet
to be discovered, the effectiveness of initial attempts
prompted utilization of the same approach for a variety of
neuraxial, myofascial, and articular injections in the man-
agement of a multitude of chronic pain disorders. CS acts at
ubiquitous cellular receptors and alters gene expression to
modify cellular responses [11]. The direct effects include
blockade of phospholipase A2, inhibition of pro-inflammatory
mediators and cytokine expression, membrane stabilization,
and suppression of both neuronal discharge and dorsal horn
sensitization [12, 13]. A variety of corticosteroid drugs (i.e.,
triamcinolone, betamethasone, dexamethasone, etc.) have
been developed, each with different biologic and chemical
properties. Formulations prepared using particulates are
anticipated to have a longer therapeutic effect, although evi-
dence for this is mixed. When used for neuraxial injections,
such as an epidural, depending on the type of agent, steroids
impart both short (less than 6 weeks) and long (over 6 weeks)
pain relief. CS knee injections for rheumatoid arthritis pro-
vided pain relief for 14-66 days after triamcinolone [14] and
8-56 days after administration of methylprednisolone [15].

Local Anesthetics

The use of local anesthetics (LA) as a sole therapeutic treat-
ment in chronic pain is infrequent; however it is increasingly
evident that these medications can provide analgesia that lasts
far beyond their typical duration of anesthetic action. They
are universally utilized for local anesthesia prior to proce-
dures and are also commonly used as a part of multimodal
interventional approaches and administered centrally or
peripherally, in combination with corticosteroids or other
agents. Traditionally, local anesthetics were known to physi-
cally block sodium (Na) voltage-gated channels; however, it
has been recently suggested that local anesthetics exert their
action through generating electrostatic forces that prevent
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Na+ ions from binding and activating Na channels as opposed
to direct occlusion [16]. Other potential mechanisms, includ-
ing their action through non-Na+ ion channels and G-protein
receptors, have also been described. Interruption of neuronal
membrane depolarization leads to sustained dampening of
C-fiber activity — decreasing nociceptive signal input. In addi-
tion, local anesthetics have anti-inflammatory properties.

Pka, protein binding, lipid solubility, thickness of peri-
neurium, and vascularity of the specific anatomic location all
determine the potency and duration of action of a particular
LA drug.

Neurolytic Drugs

Neurolysis is the chemical/physical destruction of nerve
fibers. Chemical neurolysis was a popular approach for man-
agement of pain in the past; however with the development
of safer and more reliable techniques, the use of neurolytic
agents has diminished. Nevertheless, neurolysis is a power-
ful tool in the arsenal of pain physician and has its place as a
part of multimodal therapy in carefully selected patients,
specifically in those with chronic intractable pain resistant to
other modalities. There are several chemical preparations
that are approved for injections including alcohol, phenol,
and hypertonic saline. Physical neurolysis is typically

achieved with radiofrequency (RF) lesioning or
cryoablation.
Alcohol

Alcohol neurolysis is commonly utilized for destruction of
the celiac plexus/splanchnic nerves [17]. Other uses such as
intrathecal neurolysis (alcohol is hypobaric relative to the
CSF) and hypophysectomy are increasingly rare. Alcohol is
typically diluted with local anesthetics to a concentration of
approximately 50% in order to attenuate the burning pain it
creates after injection. Injection may be complicated by
vasospasm. Full effect of neurolysis, mediated by lipid
extraction and protein precipitation, may take several days to
develop.

Phenol

While available as a sterile preparation at a concentration of
6.7%, glycerol and a contrast agent are often added to the
mixture to lower the concentration. Addition of glycerol
makes the solution more hyperbaric compared to
CSF. Although the indications for phenol use are similar to
those with alcohol, phenol appears to be a less effective neu-
rolytic agent. Injection may precipitate arrhythmias, cardio-
vascular collapse, and seizures. In contrast to alcohol, there
is no pain on injection of phenol. Full effect of neurolysis
develops faster than with alcohol, within 24 hours, and is
related to protein coagulation and necrosis.

Hypertonic Saline

The use of hypertonic saline was initially limited to intrathe-
cal injection to treat intractable pain and was first described
by Hitchcock in 1967. A 10% sodium chloride/water solu-
tion is available as a commercial preparation. Its effect is
thought to be produced by C-fiber destruction while sparing
sensory and motor function. The exact mechanism of its neu-
rolytic action is not well elaborated; however it is hypothe-
sized to be related to osmolality change with associated shift
of free water. Similar to alcohol, it causes pain on injection,
and thus pretreatment with local anesthetic is warranted.
Side effects of intrathecal administration include an increase
in intracranial pressure, hypertension, tachypnea, and tem-
porary neurologic deficits. Gabor Racz pioneered the use of
hypertonic saline in the management of spinal adhesions or
scar tissue, known worldwide as the Racz procedure. The
technique, well-described for over two decades, involves
fluoroscopic placement of an epidural catheter with targeted
instillation of hypertonic saline.

Botox

OnabotulinumtoxinA (Botox, BTX) injections are primarily
used to treat disorders related to involuntary muscle contrac-
tion as found in focal dystonia and spasticity. Botox has also
been effective in the treatment of chronic migraines and is
FDA-approved for this indication. There are only two prepa-
rations that are FDA-approved for use: BTX-A and BTX-
B. BTX-A has been successfully used in treatment of chronic
low back pain, myofascial pain syndromes, and neuropathic
pain. One mechanism of action is the blockade of acetylcho-
line release from synapses in the neuromuscular junction
while sparing the sensory aspect of nerve conduction, which
may produce analgesia via enhanced local blood flow, mus-
cle relaxation, and subsequent release of muscular compres-
sion of nerve fibers. Other mechanisms of analgesia have
also been proposed. For example, it appears that Botox is
taken up in sensory afferents and transported to more central
structures in the nervous system, cleaving certain proteins
involved in nociception. It has been recently demonstrated
that botulinum toxin interferes with the release of several
neurotransmitters including glutamate and substance P [18].

Nerve Blocks and Neurolytic Techniques:
Diagnostic and Treatment Purposes; Clinical
Indications, Risks, and Associated
Complications

Interscalene Block
The interscalene block is a brachial plexus block indicated

for surgeries of the shoulder, humerus, and upper arm.
Brachial plexus roots C5—C7 are anesthetized, but C8-T1
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are spared. Risks include intravascular injection, hema-
toma, nerve injury, and pneumothorax. Ipsilateral Horner’s
syndrome is expected. Consideration is needed for patients
with severe pulmonary disease as the ensuing blockade of
the phrenic nerve (100% of the time) leads to paralysis of
the hemidiaphragm, which may compromise respiratory
effort. Bilateral blocks should be avoided for this reason,
as well as the potential of pneumothorax. Caution should
also be exercised if the patient has preexisting unilateral
vocal cord paralysis, as recurrent laryngeal nerve blockade
on the contralateral side could lead to complete airway
obstruction. Vascular injury may result in pseudo-aneu-
rysm formation [10, 19].

Supraclavicular Block

The block aims to anesthetize the trunks and divisions of the
brachial plexus. The intercostobrachial nerve (T2) is not
anesthetized; thus the skin of the inner arm is spared. There
is a risk of pneumothorax, phrenic nerve paralysis (50% of
the time), and recurrent laryngeal nerve paralysis. Similar to
interscalene blocks, complications include intravascular
injection, pneumothorax, phrenic nerve injury, and laryngeal
nerve injury [10, 19, 20].

Infraclavicular Block

Infraclavicular block is another brachial plexus block indi-
cated for procedures distal to the axilla. This approach is not
indicated for procedures of the shoulder. The block targets
the lateral, posterior, and medial cords of the brachial plexus
from an infraclavicular approach. The block is ideal for con-
tinuous catheter placement as the pectoralis muscle holds the
catheter in place. There is a risk of vascular puncture and
pneumothorax although lower than the supraclavicular
approach. Complications include hematoma formation and
respiratory distress from the previously mentioned risks.
Pacemakers or vascular access devices on the chest may
obstruct needle placement [20, 21].

Axillary Block

The axillary block is the most distal brachial plexus block
and is indicated for procedures distal to the elbow. The
block targets the terminal branches of the brachial plexus;
however the axillary, musculocutaneous, and medial bra-
chial cutaneous nerves split proximally and are spared.
There is no risk of pneumothorax or phrenic nerve paraly-
sis. Hematoma is more likely with the trans-arterial
approach [20-22].

Lumbar Plexus Block (Psoas Compartment
Block)

Lumbar plexus blocks are indicated for procedures of the
hip, anterior thigh, and knee. The lumbar plexus is made up
of the ventral rami of L1-L4, which form the obturator, lat-
eral femoral cutaneous, ilioinguinal, iliohypogastric, and
genitofemoral nerves. Procedure-specific complications
include peritoneal puncture, renal subcapsular hematoma,
and psoas hematoma [23].

Femoral Nerve

Femoral nerve block is indicated for knee procedures.
Additional blockade may be required as the posterior sensa-
tion provided by the sciatic nerve is unaffected. The femoral
nerve innervates the hip flexors, knee extensors, and sensory
fibers for the anterior thigh and hip. This block can anesthe-
tize the femoral, lateral femoral cutaneous, and obturator
nerves if there is spread of the local anesthetic. Risk of lower
extremity weakness due to quadriceps motor blockade is
possible. Complications include postoperative falls due to
quadriceps weakness and hematoma formation from vascu-
lar injury [24, 25].

Obturator Nerve Block

Obturator nerve block is indicated for knee procedures or
procedures involving the distal 2/3 of the thigh, but alone
will not provide complete anesthesia for knee surgery. Full
coverage requires combination with a sciatic nerve block.
Obturator nerve block can also be used in urologic surgery to
suppress the obturator reflex during transurethral resection
of the bladder wall. The obturator nerve contributes sensory
innervation to the medial thigh and medial aspect of the knee
as well as motor control of the adductor compartment mus-
cles. Lower extremity weakness due to adductor muscle
block can result in falls, yet is unlikely due to sparing of
much of the musculature in the thigh. If the needle is
advanced too deep, the pelvic cavity can be punctured and
the bladder, rectum, or spermatic cord can be damaged. The
obturator vessels can be damaged by the needle as well [26].

Sciatic Nerve Block

Sciatic nerve block is useful for surgery involving the hip,
thigh, knee, lower leg, and foot. However anesthesia is lim-
ited to the posterior portion of the thigh and knee. Sciatic
nerve block is useful for knee arthroplasty in conjunction
with femoral nerve block and lower leg surgery in
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conjunction with saphenous nerve block. The sciatic nerve
originates from nerve roots L4-L5 and L5-S1. Anesthesia
to the sciatic nerve blocks sensation to the posterior thigh,
posterior knee, and most of the lower leg except the sensory
domain of the saphenous nerve on the medial leg. Risks
include vascular puncture with the anterior approach and
direct nerve injection. Complications include falls due to
hamstring weakness and foot drop, vascular injury, and neu-
ropathy [27-29].

Popliteal Block

Popliteal fossa block is a distal sciatic nerve block indicated
for procedures involving the knee, lower leg, and foot.
Anesthesia excludes the anterior aspect of the knee as well as
the medial aspect of the lower leg and ankle joint capsule.
Addition of saphenous nerve block is required for complete
anesthesia of the lower leg. Sciatic nerve block is performed
at or slightly above the popliteal fossa, thus avoiding ham-
string muscle weakness. Risks include vascular puncture and
nerve injury. Complications include hematoma formation
and falls due to foot drop [29, 30].

Adductor Canal Block

Adductor canal block is primarily indicated for knee surgery
and procedures involving the thigh; however the posterior
aspect of knee and thigh will be spared. Adductor canal block
aims to anesthetize the saphenous nerve, obturator sensory
branch, and nerve to the vastus medialis. The block provides
anesthesia to the anterior portion of the knee and thigh. There
is less involvement of the quadriceps muscles, thus less
lower extremity weakness compared to other blocks. Risks
include vascular puncture, local infection at the site, and
minor quadriceps muscle weakness. Complications include
bleeding and hematoma from vascular puncture and infec-
tion. Postoperative falls are possible; however they have
been found to be significantly less common compared to
femoral nerve blocks [24, 25, 31].

Ankle Block

Ankle block is indicated for surgeries of the ankle and foot;
however a calf tourniquet will be proximal to the block,
resulting in some degree of tourniquet-related pain. The
block involves local anesthetic injection of the distal saphe-
nous nerve, deep peroneal, superficial peroneal, posterior
tibial, and sural nerves. Risks include vascular puncture,
intravascular injection, infection, and nerve injury.
Complications are very rare but include neuropathy, hema-

toma formation (most commonly with disruption of the
saphenous vein medially), and local anesthetic toxicity [32].

Side Effects: Recognition and Treatment

As with all medical procedures, there are risks associated
with the use of peripheral nerve blocks and lesioning. With
all procedures involving the insertion of a needle or catheter,
there is risk of bruising, bleeding, infection, and damage to
surrounding structures. Bleeding disorders and pharmaco-
logical anti-coagulation increase the risk of hematoma for-
mation. Vascular puncture during peripheral nerve catheter
placement has an incidence of 5.7-6.6% [33]; however seri-
ous complications secondary to the puncture are rare. An
understanding of the American Society of Regional
Anesthesia’s anticoagulation recommendations will help the
physician with determination of bleeding risk. Infection at
the site of injection is a contraindication [19]. While the ben-
efits of peripheral nerve catheters are evident, the risk of
infection is clearly greater than with single shot blocks [33].
The use of transparent dressing helps for early recognition of
superficial infection, and strict aseptic technique can help
reduce the incidence of infection, as well [34]. Bruising and
soreness at the site of injection can occur with any injection,
most being self-limited and managed conservatively. Up to
13% of patients receiving spinal anesthetics can develop a
backache, thought to be secondary to local inflammatory
response along with a degree of muscle spasm [35].
Intraneural injection, nerve laceration, vascular injury, or
pneumothorax are also possible. With integration of ultra-
sound guidance into regional anesthesia practice, incidence
of vascular injury, local anesthetic systemic toxicity, pneu-
mothorax, and phrenic nerve block has decreased; however it
is unclear if there has been a similar decline in the incidence
of nerve injury [33]. Nerve injury can occur with peripheral
blocks, and while rare, patients with underlying peripheral
neuropathy or previous nerve injury can be at increased risk
for these complications [19]. Studies suggest an incidence of
0.5-1.0%, with most cases presenting with transient mild
mononeuropathies [33]. While post-peripheral nerve block
neurologic deficits are rare and often transient, recognition
and neurological follow-up until resolution and/or stabiliza-
tion is necessary [33].

Local anesthetic toxicity (LAST) via accidental intravas-
cular injection or systemic absorption can occur. LAST can
be recognized early in the awake patient because of its initial
CNS symptoms, including tinnitus, perioral numbness, diz-
ziness, and tremors [8]. These CNS symptoms can progress
to seizure. Treatment includes stopping administration of
local anesthetic with signs of mild CNS symptoms, and in
the case of seizures, small intravenous doses of a benzodiaz-
epine often terminate the convulsions. LAST resulting in
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cardiotoxicity, while less common, and typically requiring
higher doses of local anesthetic than needed to elicit CNS
symptoms, can be fatal. It is important to note that the phar-
macologic treatment of cardiac arrest secondary to LAST is
different from other cardiac arrest scenarios — for example,
epinephrine boluses should be limited to less than or equal to
1 mcg/kg, the nearest cardiopulmonary bypass team should
be alerted, and intralipid (20% lipid emulsion) should be
administered. The American Society of Regional Anesthesia
(ASRA) has released a checklist that should be used in cases
of LAST.

Surgical Pain Management
Introduction

Many surgical procedures have been attempted to treat
intractable pain. These surgical interventions can be directed
to target the peripheral nervous system, spinal cord, or the
brain [36]. It is important to note that all the nonsurgical
approaches of pain management should be exhausted before
any surgical intervention is discussed [37]. The common sur-
gical techniques used are ablative, augmentative, and decom-
pressive approaches.

Ablative Procedures

Ablative techniques are not common in clinical practice and
have been replaced by augmentative techniques such as the
implantation of stimulating electrodes or chronic analgesic
infusion pumps, among others [36]. Ablative methods are
characterized by the destruction of the neural tissues in an
attempt to modulate or modify the pain pathway or to pre-
vent transmission of pain signals from an injured nerve to the
central nervous system. However, ablation causes irrevers-
ible damage and may lead to the loss of function. In addition,
some procedures like neurectomy and ganglionectomy are
generally known for achieving only short-term benefits [38].
On the other hand, ablative procedures remain useful thera-
peutic options for appropriately selected cases. A definitive
ablative procedure may be appropriate in patients with a ter-
minal illness, such as a malignancy, because of a limited life
span [36].

Ablative procedures are divided into three major
categories:

1. Peripheral ablative procedures: Peripheral neurectomy,
dorsal rhizotomy, ganglionectomy, and trigeminal nerve
or glossopharyngeal nerve ablation. Trigeminal neuralgia
is one of the most prevalent diseases successfully treated
with ablation. Dorsal rhizotomy or sectioning of the dor-

sal root is generally effective. However, it is highly asso-
ciated with sensory loss.

2. Spinal cord ablative procedures: Dorsal root entry zone
lesioning, interrupting the ascending lateral spinotha-
lamic tract by percutaneous or open anterolateral cordot-
omy, and commissural myelotomy.

3. Central ablative procedures: Postcentral gyrectomy, cin-
gulotomy, and thalamotomy.

Augmentative Procedures

Augmentative procedures involve a variety of different tech-
niques, ranging from implantation of electrical stimulating
systems to the implantation of infusion pumps to provide
spinal analgesia [39]. Choice of system depends on the type
of pain being treated and the desired goal of therapy.

Electrical stimulating systems can be used for peripheral
nerve, spinal cord, deep brain, and motor cortex stimulation
[39]. The implantable infusion systems are intrathecal or epi-
dural infusion catheters that allow infusion of opioids, local
anesthetics, and other compounds. These technologist are
discussed in greater detail in other chapters of this
publication.

Decompressive Procedures

Decompressive surgical approaches are non-ablative proce-
dures that may relieve pain caused by compression of nerves
by adjacent connective tissue [38]. Commonly used decom-
pressive procedures include laminectomy, trigeminal micro-
vascular decompression, and decompression of median or
ulnar entrapments [39].

Importance of General Health Status
in Preoperative Evaluation

Surgical treatment is associated with variable degrees of
risk of intraoperative and postoperative complications,
and these generally increase with age and comorbidities.
Thus, all patients should undergo a general preoperative
assessment and evaluation to weigh the desirable benefits
and outcomes against any potential risk and complica-
tions [40].

It is crucial to understand the general health issues that
are relevant to successful surgery, particularly before con-
sidering any surgical procedure for pain management [41].
It is also important to exclude and treat any medical condi-
tion that might be the causative pathology of the pain
before electing to proceed with an invasive management
approach [36].



120

A.D.Kaye et al.

Distinguishing and differentiating the pathological cause of
the pain, assessing the general health status, and life expec-
tancy are important factors in the preoperative evaluation [41].
Decisions for selection of a specific technique may be based
on the disease prognosis and life expectancy [42]. For patients
with good prognosis, augmentative techniques or simple abla-
tive techniques are used more frequently. Whereas patients
with severe pain, poor prognosis and short life span are more
appropriate candidates for destructive procedures [42].

In addition to physical health, psychological status is vital
in the preoperative evaluation. Identification and assessment
of psychological and environmental factors influencing pain
behavior is important. Pre-surgical psychological assess-
ment can improve patient selection, promote preparation for
surgical interventions, and facilitate treatment of psychologi-
cal and social issues related to pain [37].

Surgical Lesioning of the Brain, Brain Stem,
Spinal Cord, Peripheral Nerves: Indications,
Risks, and Associated Complications

Neurosurgical approaches to pain can be achieved at the level
of brain, brainstem, spinal cord, or peripheral nerves. Although
surgical approaches to achieving pain control have become
less frequently used with advances in other forms of chronic
pain treatment, it is still a viable option in certain situations.

Medial Thalamotomy

Nuclear targets for neuroablative medial thalamotomy are
(1) centralis lateralis, (2) centrum medianum, and (3) para-
fascicularis. This procedure has been used to treat pain
related to a variety of conditions including cancer pain, deaf-
ferentation pain (both central and peripheral), arthritis, and
pain associated with Parkinson’s disease [43].

Stereotactic Cingulotomy

A rarely used procedure, this surgery involves ablation of
anterior cingulate gyrus and is used to alter emotional
response to pain stimulation. Suitable indications for this pro-
cedure are for terminally ill patients with metastatic disease.

Spinal Neuroablation

These procedures were more common several decades ago
and were most often used for nociceptive pain relief in

patients with cancer pain. However, due to the risk involved
with open spinal cord surgery as well as complications
involved with the procedures in high-risk patients, this tech-
nique is used as last resort.

Anterolateral Cordotomy

This procedure consists of disruption of the lateral spinotha-
lamic tract, located in the anterolateral quadrant of the spinal
cord. This tract transmits pain and temperature from one side
of the body, beginning approximately two to five segments
below that level. Complications involved with the surgery
are secondary to local disruption of other pathways in the
area. The autonomic pathways for genitourinary as well ipsi-
lateral automatic respiration are also in the anterolateral
quadrant of the spinal cord and can lead to complications if
transected. Other procedural complications include hypoten-
sion, dysesthesia, ataxia, and incontinence. In general, this
procedure should be reserved for cancer patients with pain
below the cervical levels [44].

Dorsal Root Entry Zone (DREZ) Ablation

The dorsal root entry zone is an area of nociceptive pain sig-
naling found in the spinal cord. Indications for DREZ abla-
tion include a variety of neuropathic pain syndromes of the
peripheral nerves, but nerve root avulsion is considered the
best indication. Main complications of the procedure include
corticospinal tract injury and dorsal column injury due to
close location to the DREZ [45].

Peripheral Neurectomy

Neurectomies ablate connection between peripheral noci-
ceptors and the central nervous system.

Procedures aiming to destroy this connection are most
used in disorders of peripheral joints or in treatment of
peripheral nerve injuries, including post-traumatic neuro-
mas. A significant complication of this procedure is creation
neuromas, as well as issues related to the loss of motor func-
tion [46].

Radiofrequency Treatment

Radiofrequency ablation (RFA) is usually indicated in patients
who are refractory to conservative pain management. RFA
employs high-frequency current which runs through an insu-
lated needle generating a localized electric field around the
needle tip [47]. This results in generation of thermal energy
which causes destruction of tissues (e.g., nerve) adjacent to the
active electrode tip. The effect of pain relief is accomplished
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due to interruption of nociceptive signal propagation through
lesioned nerve fibers and lasts until the nerve regenerates. The
size of the lesion is determined by the length of the cannula
tip, the diameter of the cannula tip, the lesion temperature, and
duration of lesioning, as well as other factors such as the pres-
ence of heat sinks, such a nearby blood vessels [48]. The elec-
trode tip should be placed alongside the target tissue (parallel).
Figure 19.5 shows the factors influencing RF lesion size, and
Fig. 19.6 displays the specific effects of increasing tempera-
ture and time on lesion size. Currently, the most common indi-
cation for the use of CRF is in the treatment of facet mediated
pain. Unintended lesioning of surrounding structures is the
most serious complication. Many patients may also experi-
ence a post-procedural neuralgia, which is typically self-lim-
ited, but may require treatments with analgesics.

Pulsed RF (PRF), a nondestructive technique, was later
developed in an attempt to minimize unwanted destruc-
tion of neighboring structures. It is important to note that
this is a completely different modality than CRF. In con-
trast to CRF, PRF utilizes radiofrequency current in short
bursts (typically 20 ms) followed by a “silent” period
which usually lasts 480 ms. This allows for extra heat to
dissipate, keeping the target tissue at or below 42 °C. The
mechanism by which PRF controls pain is unclear. The
electric field density is greatest at the tip of the electrode;
therefore it should be positioned perpendicular to the tar-
get (Fig. 19.7). The relative effectiveness of CRF vs PRF
is likely dependent on the specific indication, as well