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Acute Pain Management

This textbook is written as a comprehensive overview of acute
pain management. It is designed to guide clinicians through the
impressive array of different options available to them and to
patients. Since the late 1990s, there has been a flurry of interest in
the extent to which acute pain can become chronic pain and how
we might reduce the incidence of such chronicity. This overview
covers topics related to a wide range of treatments for pain man-
agement, including the anatomy of pain pathways, the pathophy-
siology of severe pain, pain assessment, therapeutic guidelines,
analgesic options, organization of pain services, and the role of
anesthesiologists, surgeons, pharmacists, and nurses in provid-
ing optimal care. It also discusses the use of patient-controlled
analgesia and how this may or may not be effective and useful.

Dr. Raymond S. Sinatra currently serves as Professor of Anes-
thesiology at Yale University School of Medicine. He received
his MD as well as a PhD in neuroscience at SUNY Downstate
School of Medicine and completed his anesthesiology residency
at the Brigham & Women’s Hospital, Harvard Medical School.
Dr. Sinatra joined the faculty at Yale in 1985 and organized one of
the first anesthesiology-based pain management services in the
United States. In addition to directing the service, he has served
as principal investigator for dozens of clinical protocols evaluat-
ing novel analgesics and analgesic delivery systems. Dr. Sinatra
has authored more than 130 scientific papers, review articles, and
textbook chapters on pain management and obstetrical anaes-
thesiology and was senior editor of an earlier textbook titled
Acute Pain: Mechanisms and Management. Dr. Sinatra annually
presents papers and lectures at both national and international
meetings and serves as a reviewer for several anaesthesiology and
pain management journals.

Dr. Oscar A. de Leon-Casasola is Professor of Anesthesiology and
Chief of Pain Medicine in the Department of Anesthesiology of
the Roswell Park Cancer Institute. His research interests include
advances in analgesic therapy, physiology and pharmacology of
epidural opioids, perioperative surgical outcomes, thoracic and
cardiac anesthesia, acute pain control, and chronic cancer pain.
He is a member of the American Society of Regional Anesthesia,
American Society of Anesthesiologists, New York State Society
of Anesthesiologists, American Pain Society, and Eastern Pain

Association. Dr. de Leon-Casasola has authored or coauthored
115journal articles, abstracts, and book chapters. He serves as an
associate editor for the Latin American Journal of Pain, the Argen-
tinian Journal of Anesthesiology, the Journal of the Spanish Society
of Pain, and the Clinical Journal of Pain. He also is editor-in-chief
of Techniques in Regional Anesthesia and Pain Management and
was listed as an exceptional practitioner by Good Housekeeping
magazine in 2003.

Dr. Brian Ginsberg is Professor of Anesthesiology and Medical
Director of the Division of Acute Pain Therapy in the Depart-
ment of Anesthesiology of Duke University School of Medicine.

Dr. Eugene R. Viscusi is Director of Acute Pain Management
and Regional Anesthesia in the Department of Anesthesiology at
Thomas Jefferson University in Philadelphia, Pennsylvania, and
Associate Professor of Anesthesiology. After receiving a medical
degree from Jefferson Medical College, Dr. Viscusi completed a
residency in anesthesiology at the University of Pennsylvania in
Philadelphia. His research interests include the development of
new pain management techniques, outcome studies with pain
management, and the development of novel agents and delivery
systems for pain management. He developed a novel “nurse-
driven” model for delivering acute pain management with spe-
cially trained nurses that has served as a model for other institu-
tions. Dr. Viscusi also has been a primary investigator for many
emerging technologies in the perioperative arena.

Dr. Viscusi is a member of numerous professional associa-
tions, including the American Society of Anesthesiologists, the
American Society of Regional Anesthesiology, and the Inter-
national Anesthesia Research Society and serves on numerous
society committees. Dr. Viscusi has lectured extensively both
nationally and internationally, has authored more than 100 book
chapters and abstracts, and has authored more than 50 peer-
reviewed articles in journals including Journal of the American
Medical Association, Anesthesiology, Anesthesia ¢ Analgesia, and
Regional Anesthesia and Pain Medicine. Dr. Viscusi currently
serves on the editorial board of the Clinical Journal of Pain and
regularly reviews for many journals. He also has appeared in arti-
cles in major media including, Newsweek, the Wall Street Journal,
USA Today, and has appeared nationally on televised interviews.
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Foreword: Historical Perspective,

Unmet Needs, and Incidence

Henry McQuay

It is a delight and an honor to be asked to write the foreword for
this text on acute pain management. We have an impressive array
of different options for acute pain management (Figure E1),
and not all of them were available in the late 1970s.

As a simple example of the improvement in knowledge, com-
pare the analgesic efficacy work of Moertel and colleagues' with
that available to us now (Figure F.2). We can use these league
tables of relative efficacy to say with some authority how well
on average the different analgesics compare. This leaves us, of
course, with the real-world issues of, for example, how the indi-
vidual patient will react, prior experience, and drug-drug inter-
actions.

Yet, we have the continued embarrassment of surveys that
show that a substantial number of patients still endure severe
pain after their surgery or trauma. This “unmet need” is a mix-
ture of our failure to implement effective analgesic strategies and
the inadequacy of those strategies. Acute pain teams date back to
the early 1980s, and their policies and education of both patients
and caregivers have made a difference. There is little excuse now
for the failure to provide adequate analgesia for straightforward
cases, but we need to acknowledge that there are also difficult
cases. Many of the patients whose care causes problems for the
teams seem, locally for us at least, to be the patients with chronic
pain problems who are already on substantial analgesic ther-
apy (e.g., chronic gastrointestinal disease) or substance abusers.
Things the teams can do well include the education and patient
advocacy roles within the institution. Things they may struggle
with include changing behavior and provision of seamless care
across nights and weekends.

Since the late 1990s there has been a flurry of interest in the
extent to which acute pain can become chronic pain and how
we might reduce the incidence of such chronicity.

Perhaps the most important thing this foreword points out
is the sheer scale of the problem. From the chronic pain per-
spective, it appears now that surgery may be the most common
cause of nerve damage pain and should perhaps be something
that patients are warned about as a possibility in the consenting
process. Mechanistically, one can ask what happens to cause

this surgical pain to become chronic. I have always been skep-
tical that there is some psychological factor, pejoratively some
weakness, that causes some patients to have the problem and
others not. As an example, take a patient who had an inguinal
herniorrhaphy 3 years ago: the procedure was performed per-
fectly and result was perfect. This year he had the other side done,
and the same procedure was performed by the same surgeon.
The patient described very severe postoperative pain, qualita-
tively and quantitatively quite different from the first operation,
and this severe pain persisted. Something happened to cause
the pain, and one cannot invoke a psychological explanation
because of the perfect result the first time. What can we do
about this? We still have no strong evidence that analgesia deliv-
ered before the pain does anything radically different from the
same analgesia given after the pain, let alone that it preempts
the development of this type of chronicity. It may be that unex-
pected severe pain is a red flag, but that is not easy to spot given
the huge variations in pain intensity experienced after a given
procedure. But it might be something we could pursue. Teasing
apart precisely what happens during surgery would be another
approach.

The measurement of the analgesic efficacy of preemptive
strategies is another of the outstanding methodological issues
in acute pain management. Our current methods allow us to
measure the relative change in pain intensity. If the patient has no
pain initially, then the method is invalid. This is the conundrum
in measurement of the analgesic efficacy of preemptive strategies,
because we have no idea whether the patient would have had no
pain without the intervention. We claim that the patient had no
pain because of the intervention, but they may not have had any
pain without it.

A second cause of methodological angst is the use of patient-
controlled analgesia (PCA) as an outcome measure. Many of the
current crop of studies — for instance, those studying prophylac-
tic antiepileptic drugs — use PCA in this way and report reduced
PCA opioid consumption compared with controls. Unfortu-
nately, this difference in consumption is not reported at valid
equivalence in pain scores in the two groups. The control groups
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Figure F.1: The different options for acute pain management.

commonly fail to use the PCA to lower their pain scores to the
same level as is seen in the “active” group. Unless the pain scores
are equivalent, it is very difficult to interpret the difference in
PCA consumption. We need urgently to establish the validity of
PCA as an outcome measure.

The editors and the authors of this book are to be congrat-
ulated on keeping academic and practical attention focused on
acute pain, because there is room to both improve our current
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Figure F.2: Relative analgesic efficacy of analgesics in postoperative
pain: number-needed-to-treat (NNT) for at least 50% pain relief over
6 hours compared with placebo in single-dose trials of acute pain.

practice by learning from the best and try to answer some of the
important outstanding issues.

Henry McQuay

Nuffield Professor of Clinical Anaesthetics

University of Oxford
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Pain Pathways and Acute Pain Processing

Nalini Vadivelu, Christian ]J. Whitney, and
Raymond S. Sinatra

Understanding the anatomical pathways and neurochemical
mediators involved in noxious transmission and pain percep-
tion is key to optimizing the management of acute and chronic
pain. The International Association for the Study of Pain defines
pain as “an unpleasant sensory and emotional experience associ-
ated with actual or potential tissue damage, or described in terms
of such damage.” Although acute pain and associated responses
can be unpleasant and often debilitating, they serve important
adaptive purposes. They identify and localize noxious stimuli,
initiate withdrawal responses that limit tissue injury, inhibit
mobility thereby enhancing wound healing, and initiate motiva-
tional and affective responses that modify future behavior. Nev-
ertheless, intense and prolonged pain transmission,' as well as
analgesic undermedication, can increase postsurgical/traumatic
morbidity, delay recovery, and lead to development of chronic
pain (see also Chapter 11, Transitions from acute to persistent
pain). This chapter focuses on the anatomy and neurophysiology
of pain transmission and pain processing. Particular emphasis
is directed to mediators and receptors responsible for noxious
facilitation, as well as to factors underlying the transition from
acute to persistent pain.

CLASSIFICATION OF PAIN

Pain can be categorized according to several variables, includ-
ing its duration (acute, convalescent, chronic), its pathophysio-
logic mechanisms (physiologic, nociceptive, neuropathic),” and
its clinical context (eg, postsurgical, malignancy related, neu-
ropathic, degenerative). Acute pain® follows traumatic tissue
injuries, is generally limited in duration, and is associated with
temporal reductions in intensity. Chronic pain may be defined
as discomfort persisting 3—6 months beyond the expected period
of healing. In some chronic pain conditions, symptomatol-
ogy, underlying disease states, and other factors may be of
greater clinical importance than definitions based on duration of
discomfort.®> Clinical differentiation between acute and chronic
pain is outlined in Table 1.1.

With regard to a more recent classification, pain states may
be characterized as physiologic, inflammatory (nociceptive), or
neuropathic. Physiologic pain defines rapidly perceived nontrau-
matic discomfort of very short duration. Physiologic pain alerts
the individual to the presence of a potentially injurious environ-
mental stimulus, such as a hot object, and initiates withdrawal
reflexes that prevent or minimize tissue injury.

Nociceptive pain is defined as noxious perception result-
ing from cellular damage following surgical, traumatic, or
disease-related injuries. Nociceptive pain has also been termed
inflammatory ® because peripheral inflammation and inflamma-
tory mediators play major roles in its initiation and development.
In general, the intensity of nociceptive pain is proportional to
the magnitude of tissue damage and release of inflammatory
mediators.

Somatic nociceptive pain is well localized and generally fol-
lows a dermatomal pattern. It is usually described as sharp,
crushing, or tearing in character. Visceral nociceptive pain
defines discomfort associated with peritoneal irritation as well
as dilation of smooth muscle surrounding viscus or tubular
passages.” It is generally poorly localized and nondermatomal
and is described as cramping or colicky. Moderate to severe
visceral pain is observed in patients presenting with bowel or
ureteral obstructions, as well as peritonitis and appendicitis. Vis-
ceral pain radiating in a somatic dermatomal pattern is described
asreferred pain. Referred pain® may be explained by convergence
of noxious input from visceral afferents activating second-order
cells that are normally responsive to somatic sensation. Because
of convergence, pain emanating from deep visceral structures
may be perceived as well-delineated somatic discomfort at sites
either adjacent to or distant from internal sites of irritation or
injury.

The process of neural sensitization and the clinical term
hyperalgesia’ describe an exacerbation of acute nociceptive pain,
as well as discomfort in response to sensations that normally
would not be perceived as painful. These changes, termed hyper-
pathia'® and allodynia,'! although common following severe
or extensive injuries, are most pronounced in patients devel-
oping persistent and neuropathic pain. Hyperalgesia can be
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Table 1.1: Clinical Differentiations between Acute and
Chronic Pain

Acute Pain Chronic Pain

1. Usually obvious tissue damage 1. Multiple causes (malignancy,

benign)

2. Distinct onset 2. Gradual or distinct onset.

3. Short, well characterized 3. Persists after 3—-6 mo of

duration healing

4. Resolves with healing 4. Can be a symptom or
diagnosis.

5. Serves a protective function 5. Serves no adaptive purpose

6. Effective therapy is available 6. May be refractory to treatment

classified into primary and secondary forms (Table 1.2). Pri-
mary hyperalgesia!? reflects sensitization of peripheral nocicep-
tors and is characterized by exaggerated responses to thermal
stimulation at or in regions immediately adjacent to the site
of injury. Secondary hyperalgesia'® involves sensitization within
the spinal cord and central nervous system (CNS) and includes
increased reactivity to mechanical stimulation and spread of the
hyperalgesic area.'> Enhanced pain sensitivity extends to unin-
jured regions several dermatomes above and below the initial
site of injury. The stimulus response associated with primary
and secondary hyperalgesia is outlined in Figure 1.1.

Neuropathic pain is defined by the International Associa-
tion for the Study of Pain as “pain initiated or caused by a
pathologic lesion or dysfunction” in peripheral nerves and CNS.
Some authorities have suggested that any chronic pain state
associated with structural remodeling or “plasticity” changes
should be characterized as neuropathic.! Disease states associ-
ated with classic neuropathic sysmptoms include infection (eg,
herpes zoster), metabolic derangements (eg, diabetic neuropa-
thy), toxicity (eg, chemotherapy), and Wallerian degeneration
secondary to trauma or nerve compression. Neuropathic pain
is usually constant and described as burning, electrical, lanci-
nating, and shooting. Differences between the pathophysiologic
aspects of physiologic, nociceptive, and neuropathic pain are
outlined in Table 1.3.

A common characteristic of neuropathic pain is the paradox-
ical coexistence of sensory deficits in the setting of increased nox-
ious sensation.!* By convention, symptoms related to periph-
eral lesions are termed neuropathic, whereas symptoms related
to spinal cord injuries are termed myelopathic.'> Causalgia or

Worst Pain
. - Normal
Hyperalgesia
Response
No Pain Allodynia
Increasing Stimulus Intensity |:">

Figure 1.1: Stimulus response alteration observed with hyperalgesia.

Table 1.2: Characteristics of Hyperalgesia

Hyperalgesia

Defines a state of increased pain sensitivity and enhanced
perception following acute injury that may persist chronically.

The hyperalgesic region may extend to dermatomes above and below
the area of injury and is associated with ipsilateral (and occasionally
contralateral) muscular spasm/immobility.

(Hyperalgesia is may be observed following incision, crush,
amputation, and blunt trauma.)

Primary hyperalgesia

Increased pain sensitivity at the injury site

Related to peripheral release of intracellular or humoral noxious
mediators

Secondary hyperalgesia

Increased pain sensitivity at adjacent, uninjured sites

Related to changes in excitability of spinal and supraspinal neurons

Abnormal sensations associated with hyperalgesia

Hyperpathia (increased or exaggerated pain intensity with minor
stimulation)

Allodynia (nonnoxious sensory stimulation is perceived as painful)
Dysesthesia (unpleasant sensation at rest or movement)

Paresthesia [unpleasant often shock-like or electrical sensation
precipitated by touch or pressure (CRPS-II causalgia)]

chronic regional pain syndrome I1'° describes pain following
injury to sensory nerves, whereas discomfort associated with
injury or abnormal activity of sympathetic fibers is termed reflex
sympathetic dystrophy or chronic regional pain syndrome LY
Finally, it is well recognized that certain acute traumatic
and chronic pain conditions are associated with a mixture of
nociceptive and neuropathic pain. Symptoms are proportional
to the extent of neural versus nonneural tissue injuries. Clinical
appreciation of the qualitative factors of the pain complaint helps
guide the caregiver in differentiating between pain categories

(Table 1.4).

PAIN PERCEPTION

A number of theories have been formulated to explain nox-
ious perception.!® One of the earliest ideas, termed the speci-
ficity theory, was proposed by Descartes.!® The theory suggested
that specific pain fibers carry specific coding that discriminates
between different forms of noxious and nonnoxious sensation.
The intensity theory, proposed by Sydenham,?’ suggested that
the intensity of the peripheral stimulus determines which sen-
sation is perceived. More recently, Melzack and Wall*! proposed
the gate control theory and suggested that sensory fibers of dif-
fering specificity stimulate second-order spinal neurons (dorsal
horn transmission cell or wide dynamic range [WDR] neuron)
that, depending on their degree of facilitation or inhibition, fire
at varying intensity. Both large- and small-diameter afferents
can activate “transmission” cells in dorsal horn; however, large
sensory fibers also activate inhibitory substantia gelatinosa (SG)
cells.?? Indeed, it is the neurons and circuitry within the sub-
stantia gelatinosa that determine whether the “gate” is opened
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Table 1.3: Pathophysiologic Representation of Pain

Category Cause

Symptom Examples

Brief exposure to a noxious
stimulus

Physiologic

Somatic or visceral tissue injury
with mediators having an
impact on intact nervous tissue

Nociceptive/inflammatory

Neuropathic Damage or dysfunction of
peripheral nerves or CNS
Mixed Combined somatic and nervous

tissue injury

Rapid yet brief pain perception Touching a pin or hot object

Surgical pain, traumatic pain,
sickle cell crisis

Moderate to severe pain,
described as crushing or stabbing

Neuropathy, CRPS. Postherpetic
Neuralgia

Severe lancinating, burning or
electrical shock like pain

Combinations of symptoms; soft ~ Low back pain, back surgery pain

tissue plus radicular pain

Table 1.4: Qualitative Aspects of Pain Perception

1. Temporal: onset (when was it first noticed?) and duration (eg,
acute, subacute, chronic)

2. Variability: constant, effort dependent (incident pain), waxing and
waning, episodic “flare”

3. Intensity: average pain, worst pain, least pain, pain with activity of
living

4. Topography: focal, dermatomal, diffuse, referred, superficial, deep

5. Character: sharp, aching, cramping, stabbing, burning, shooting

6. Exacerbating/Relieving: worse at rest, with movement or no
difference; incident pain is worse with movement (stretching and
tearing of injured tissue); intensity changes with touch, pressure,
temperature

7. Quality of life: interfere with movement, coughing, ambulation,
daily life tasks, work, etc.

or closed.” Substantia gelatinosa cells close the gate by directly
suppressing transmission cells. In contrast, increased activity
in small-diameter fibers decreases the suppressive effect of SG
cells and opens the gate. Peripheral nerve injuries also open
the gate by increasing small fiber activity and reducing large
fiber inhibition.** Finally, descending inhibition from higher
CNS centers and other inhibitory interneurons can also sup-
press transmission cells and close the gate. Some aspects of
the gate control theory have fallen out of favor; nevertheless,
pain processing in dorsal horn and, ultimately, pain perception
are dependent on the degree of noxious stimulation, local and
descending inhibition, and responses of second-order transmis-
sion cells. A schematic representation of the gate control system
is presented in Figure 1.2.

Woolf and coworkers have proposed a new theory to explain
pain processing.”’ They suggest that primary and secondary
hyperalgesia as well as qualitative differences among physio-
logic, inflammatory, and neuropathic pain reflect sensitization
of both peripheral nociceptors and spinal neurons (Figure 1.3).
Noxious perception is the result of several distinct processes
that begin in the periphery, extend up the neuraxis, and ter-
minate at supraspinal regions responsible for interpretation
and reaction. The process includes nociceptor activation, neu-
ral conduction, spinal transmission, noxious modulation, lim-
bic and frontal-cortical perception, and spinal and supraspinal
responses. The process of central sensitization, particularly

within the SG, appears to be the key that unlocks the dorsal horn
gate, thereby facilitating pain transmission. Identifying media-
tors that increase or diminish spinal sensitization and help close
the gate will be important targets for treating pain in the near
future.” The anatomic pathways mediating pain perception are
outlined in Figure 1.4.

TRANSDUCTION

Transduction?’ defines responses of peripheral nociceptors to
traumatic or potentially damaging chemical, thermal, or me-
chanical stimulation. Noxious stimuli are converted into a cal-
cium ion— (Ca?*) mediated electrical depolarization within the
distal fingerlike nociceptor endings. Peripheral noxious media-
tors are either released from cells damaged during injury or as
a result of humoral and neural responses to the injury. Cellular
damage in skin, fascia, muscle, bone, and ligaments is associated
with the release of intracellular hydrogen (H") and potassium
(K*) ions, as well as arachadonic acid (AA) from lysed cell
membranes. Accumulations of AA stimulate and upregulate the
cyclooxygenase 2 enzyme isoform (COX-2) that converts AA
into biologically active metabolites, including prostaglandin E,
(PGE,), prostaglandin G, (PGG,), and, later, prostaglandin H,
(PGH,). Prostaglandins®® and intracellular H* and K™ ions play
key roles as primary activators of peripheral nociceptors. They
also initiate inflammatory responses and peripheral sensitization
that increase tissue swelling and pain at the site of injury.

Central Descending
Control > Modulation
Large
fibers | \ &
N 4
2 > \ Ascending Action
Input —r>
p @_<@ System
_I 2 /+
Small
fibers Dorsal Horn “Gate”

Figure 1.2: The gate control theory of pain processing. T = Second-
order transmission cell; SG = substantia gelatinosa cell. (Modified
from Melzack R and Wall PD, Science. 1965;150(699):971-979.).2!
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Figure 1.3: (a) The sensitization theory of pain perception suggests that brief high-intensity noxious stimulation in the absence of tissue injury
activates the nociceptive endings of unmyelinated or thinly myelinated (high-threshold) fibers, resulting in physiologic pain perception of
short duration. Other low-threshold sensory modalities (pressure, vibration, touch) are carried by larger-caliber (low-threshold) fibers. Large
and small fibers make contact with second-order neurons in the dorsal horn. (b) Following tissue injuries and release of noxious mediators,
peripheral nociceptors become sensitized and fire repeatedly. Peripheral sensitization occurs in the presence of inflammatory mediators, which
in turn increases the sensitivity of high-threshold nociceptors as well as the peripheral terminals of other sensory neurons. This increase in
nociceptor sensitivity, lowering of the pain threshold, and exaggerated response to painful and nonpainful stimuli is termed primary hyperalgesia.
The ongoing barrage of noxious impulses sensitizes second-order transmission neurons in dorsal horn via a process termed wind-up. Central
sensitization results in secondary hyperalgesia and spread of the hyperalgesic area to nearby uninjured tissues. Inhibitory interneurons and
descending inhibitory fibers modulate and suppress spinal sensitization, whereas analgesic under medication and poorly controlled pain favors
sensitization. In certain settings central sensitization may then lead to neurochemical/neuroanatomical changes (plasticity), prolonged neuronal
discharge and sensitivity (long-term potentiation), and the development of chronic pain. (Modified from Woolf CJ, Salter MW. Neuronal
plasticity: increasing the gain in pain. Science. 2000;288(5472):1765-1769.)!
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Figure 1.4: An anatomical overview of pain pathways. Noxious
information is conveyed from peripheral nociceptors to the dorsal
horn via unmeylinated and myelinated noxious fibers. Second-order
spinal neurons send impulses rostrally via two distinct pathways, the
neospinothalamic and paleospinothalamic tracts. These cells also acti-
vate motor and sympathetic efferents within the spinal cord. Ascend-
ing tracts make contacts in the brainstem and midbrain, central gray,
and thalamus. Projections are then made with the frontal and lim-
bic cortex. Descending fibers emanating from cortex, hypothalamus,
and brainstem project to the spinal cord to modulate pain trans-
mission.

In addition to PGEs, leukotrienes,?® 5-hydroxytryptamine
(5-HT),* bradykinin (BK),*! and histamine?? released following
tissue injury are powerful primary and secondary noxious sensi-
tizers. 5-hydroxytryptamine released after thermal injury sensi-
tizes primary afferent neurons and produces mechanical allody-
nia and thermal hyperalgesia via peripheral 5-HT2a receptors.*
Bradykinin’s role in peripheral sensitization is mediated by G-
protein-coupled receptors,! Bl and B2, that are expressed by
the primary nociceptors. When activated by BK and kallidin,
the receptor-G-protein complex strengthens inward Na* flux,
whereas it weakens outward KT currents, thereby increasing
nociceptor excitability. These locally released substances increase
vascular permeability, initiate neurogenic edema, increase noci-
ceptor irritability, and activate adjacent nociceptor endings. The
resulting state of peripheral sensitization is termed primary
hyperalgesia.

In addition to locally released and humoral noxious medi-
ators, neural responses play an important role in maintain-
ing both peripheral sensitization and primary hyperalgesia.
Bradykinin, 5-HT, and other primary mediators stimulate ortho-
dromic transmission in sensitized nerve endings and stimulate
the release of peptides and neurokinins, including calcitonin
gene-related protein (CGRP),* substance P (sP),>* and cholo-
cystokinin (CCK),*® in and around the site of injury. Substance
P, via a feedback loop mechanism, enhances peripheral sensi-
tization by facilitating further release of bradykinin, histamine
from mast cells, and 5-HT. Calcitonin gene-related protein is a
37-amino-acid peptide found in the peripheral and central ter-
minals of more than 50% of C fibers and 35% of AS fibers.”
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Figure 1.5: Pain is detected by unmyelinated nerve endings, termed nociceptors, that innervate skin, bone,
muscle, and visceral tissues. Nociceptor activation initiates a depolarizing Ca’>" current or generator
potential. Generator potentials depolarize the distal axonal segment and initiate an inward Na™ current
and self-propagating action potential. Following tissue injury, cellular mediators (potassium, hydrogen
ions, and prostaglandin released from damaged cells, as well as bradykinin [BK] released from damaged
vessels) activate the terminal endings (nociceptors) of sensory afferent fibers. Prostaglandin (PGE), syn-
thesized by cyclooxygenase 2, is responsible for nociceptor sensitization and plays a key role in peripheral
inflammation. Orthodromic transmission in sensitized afferents leads to the release of peptides (sub-
stance P (sP), cholycystokinin (CCK), and calcitonin gene-related peptide (CGRP) in and around the site
of injury. Substance P is responsible for further release of BK and also stimulates release of histamine from
mast cells and 5HT from platelets, which further increases vascular permeability (neurogenic edema) and
nociceptor irritability. The release of these mediators and others, such as serotonin (5HT) and cytokines,
creates a “noxious soup” that exacerbates the inflammatory response, recruits adjacent nociceptors, and
results in primary hyperalgesia. Reflex sympathetic efferent responses may further sensitize nociceptors
by releasing noradrenaline and, indirectly, by stimulating further release of BK and sP and leading to

peripheral vasoconstriction and trophic changes.

Like sP, CGRP* is produced in the cell bodies of primary
nociceptorslocated in the dorsal root ganglion. Following axonal
transport to peripheral and central terminals, these substances
initiate mechanical and thermal hyperalgesia. When released
at peripheral endings, CGRP enhances PGE* and histamine-
induced vasodilation and inflammatory extravasation. It also
prolongs the effect of sP by inhibiting its peripheral metabolic
breakdown.* Finally, reflex-sympathetic efferent responses also
sensitize nociceptors by releasing norepinephrine, which pro-
duces peripheral vasoconstriction at the site of injury. Nore-
pinephrine also stimulates release of BK and sP and leads to
atrophic changes in bone and muscle.

Peripheral sensitization is also associated with release of
nerve growth factor, which alters intracellular signaling path-
ways and initiated posttranslational regulatory changes, includ-
ing phosphorylation of tyrosine kinase and G proteins. These
alterations markedly increase the sensitivity and excitability of
distal nociceptor terminals.*! For example, nociceptors are acti-
vated at lower temperatures (< 40°C) and in response to lower
concentrations of PGE,; and other primary mediators.

Acute tissue injury results in an increased synthesis and
extravasation of humoral proinflammatory cytokines, such as
interleukin- (IL) 13 and IL-6. These cytokines play an impor-
tant role in exacerbating edematous and irritative components
of inflammatory pain.*? Studies have shown that elevated levels

of IL-1f3 result in allodynia and the development of persistent
pain,*?whereas effective postoperative analgesia decreases proin-
flammatory cytokines levels.***** According to Bessler et al,*?
genetic polymorphisms influence production of proinflamma-
tory cytokines and may contribute to observed interindividual
differences in postoperative pain intensity scores and variations
in morphine consumption.

The inflammatory mediators and proinflammatory cyto-
kines described above activate transducer molecules such as the
transient receptor potential (TRP) ion channel.! At least 8 differ-
ent TRP ion channels have been identified and respond differen-
tially to thermal, traumatic, and chemical 14 evoked mediators
within the microenvironment. The TRP-VI/capsaicin ion chan-
nel has been well described. This 4-unit receptor contains a
central ion channel that permits inward Ca*" and Na* currents
following stimulation by H" ions, heat, and direct application
of capsaicin,* the active chemical compound found in hot pep-
per. The inward flux of Ca*" via TRP ion channels is respon-
sible for the generator potential.>! Generator potentials sum-
mate and depolarize the distal axonal segment and the resulting
action potential is then conducted centrally to terminals in the
dorsal horn. The “noxious soup” of local humoral and neu-
ral mediators released following acute tissue injury as well as
the nociceptor response to peripheral injury are summarized in
Figure 1.5.
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Table 1.5: Classification of Primary Afferent Nerve Fibers

Characteristic AB
Diameter size Largest
Degree of myelination ~ Myelinated
Conduction velocity Very Fast
30-50 m/s
Threshold level Low
Activated by Light touch movement

and vibration

Ad C fibers

Small Very small
Thinly myelinated Unmyelinated
Fast Slow
5-25m/s <2m/s

High High

Brief noxious stimulation;  Intense and prolonged
also intense and noxious stimuli
prolonged noxious stimuli

Located in Skin, joints Skin and superficial Skin and superficial
tissues; deep somatic and tissues; deep somatic and
visceral structures visceral structures

CONDUCTION TRANSMISSION

Conduction refers to the propagation of action potentials from
peripheral nociceptive endings via myelinated and unmyelinated
nerve fibers. Central terminals of these fibers make synaptic con-
tact with second-order cells in the spinal cord. Nociceptive and
nonnoxious nerve fibers are classified according to their degree
of myelination, diameter, and conduction velocity (Table 1.5).
The largest-diameter sensory fibers, termed Af fibers, are gen-
erally nonnoxious special sensory axons that innervate somatic
structures of the skin and joints. Two classes of nociceptive fibers
include the thin myelinated A and unmyelinated C fibers that
innervate skin and a wide variety of other tissues. The Ad fibers
transmit the “first pain,” a rapid-onset (<1 s) well-localized,
sharp or stinging sensation of short duration. This perception of
“first pain” alerts the person to actual or potential injury, local-
izes the site of injury, and initiates reflex withdrawal responses.
The unmyelinated C fibers, also termed high threshold poly-
modal nociceptive fibers, respond to mechanical, chemical, and
thermal injuries. They are responsible for the perception of
“second pain,” which has a delayed latency (seconds to min-
utes) and is described as a diffuse burning, stabbing sensation
that is often prolonged and may become progressively more
uncomfortable.*’ Ton channels found in nociceptive axons as
well as their terminal endings appear to have selective roles in
noxious conduction. Axonal Na™ ion channels have been classi-
fied as being either sensitive or resistant (TTX-r) to the puffer fish
biotoxin tetrodotoxin. The TTX-r isoform is upregulated in sen-
sitized nerve fibers. Currently available local anesthetics block
both forms; however, development of specific TTX-r channel
blockers may provide more selective therapy for neuropathic
and chronic inflammatory pain. Axonal conduction in nocicep-
tive fibers culminates in the release of excitatory amino acids
(EAAs) and peptidergic transmitters from presynaptic terminal
endings in the dorsal horn. Neuronal-type (N-type) calcium
channels are concentrated in these terminal endings and open
in response to action potential induced depolarization. Follow-
ing depolarization, these 4-subunit voltage-gated channels allow
a rapid influx of Ca*" ions that facilitates release of EAAs. N-
type calcium channels may be blocked by conotoxins such as
ziconotide. Specific ion channels that facilitate or suppress pain
transmission are presented in Table 1.6.

Transmission refers to the transfer of noxious impulses from pri-
mary nociceptors to cells in the spinal cord dorsal horn. Ad and
C fibers are the axons of unipolar neurons that have distal pro-
jections known as nociceptive endings. Their proximal terminals
enter the dorsal horn of the spinal cord, branch within Lissauer’s
tract, and synapse with second-order cells located predominantly
in Rexed’s laminae II (substantia gelatinosa) and V (nucleus
proprius). The second-order dorsal horn neurons are of two
main types. The first type, termed nociceptive-specific neurons
(NS), are located in lamina I and respond exclusively to noxious
impulses from C fibers. The second type, known as WDR, are
primarily localized in lamina V and respond to both noxious and
innocuous stimuli. Wide dynamic range neurons have variable
response characteristics such that low-frequency C fiber stimula-
tion results in nonpainful sensory transmission, whereas higher
frequency stimulation leads to gradual increases in WDR neu-
ronal discharge and transmission of painful impulses.*” WDR
neurons can also be suppressed by local inhibitory cells and
descending synaptic contacts. The inhibitory actions of SG cells,
as well as the ability of WDR neurons to function as “trans-
mission cells” that differentially process noxious and innocuous
stimuli, provide the physiologic foundation of the gate control
theory. Synaptic connections made within the spinal cord are
presented in Figure 1.6.

Excitatory amino acids such as glutamate (Glu) and aspar-
tate are responsible for fast synaptic transmission and rapid neu-
ronal depolarization. Excitatory amino acids activate ionotropic
amino-3-hydroxyl-5-methyl-4-propionic acid (AMPA) and kai-
nite (KAR) receptors that regulate Nat and K* ion influx and
intraneuronal voltage. AMPA and KAR are relatively imperme-
able to Ca*" and other cations.

Each AMPA receptor contains 4 subunits with integral gluta-
mate binding sites that surround a central cation channel. Ago-
nist binding at two or more sites activates the receptor, opening
the channel and allowing passage of Na* ions into the cell.*
This brief increase in Na* ion flux depolarizes second-order
spinal neurons, allowing noxious signals to be rapidly trans-
mitted to supraspinal sites of perception. Kainate receptors are
also involved in postsynaptic excitation. The KAR cation chan-
nel regulates both Na* and K* flux; however, unlike AMPA,
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Table 1.6: Receptors Associated with Noxious Transmission in the Dorsal Horn

Voltage
Receptor Type Ligand Gated Action Function Onset
AMPA Ionotropic Glu No Excitatory Nat flux Rapid
NMDA Tonotropic Glu Yes Excitatory Ca? flux Delayed
KAR Ionotropic Glu No Excitatory Nat, K flux Rapid
NK-1 Metabotropic sP No Excitatory Activates 2nd Delayed
messengers
Glycine Tonotropic Gly No Inhibitory Cl- Flux Rapid
GABA Iontropic GABA No Inhibitory Inhibits Kt flux Rapid
ENK Metabotropic ENK No Inhibitory Inhibits K* flux and Rapid

2nd messengers

Abbreviations: Glu = glutamate; sP = substance P; Gly = glycine; GABA = y-aminobutyric acid; ENK =

enkephalin.

these receptors appear to play a minor role in synaptic signal-
ing following brief noxious stimulation. Once activated, KARs
may improve synaptic efficacy by increasing the likelihood of
second-order neuronal discharge in settings of ongoing stimu-
lation.

In the setting of continued high-frequency noxious stim-
ulation, activated AMPA and KAR receptors initiate volt-
age mediated priming of N-methyl-D-aspartic acid (NMDA)
receptors.*”>3 The NMDA receptor is a 4-subunit (2 NR1 sub-
units and 1 NR2A and 1 NR2B subunit) membrane protein that
regulates inflow of Na™ and Ca*" and cellular outflow of K* via
an intrinsic ion channel. The extracellular portion of NR2 sub-
unit contains a Glu binding site, whereas a glycine (Gly) binding
site is located on the NR1 subunit. Each subunit has an exten-
sive cytoplasmic portion that can be modified by protein kinases
and an external allosteric portion that may be altered by zinc
ions. NMDA receptors are both ligand dependent and voltage
gated. Activation requires AMPA-induced membrane depolar-
ization and a positive change in intracellular voltage, as well as
binding of glutamate or aspartate to the receptor (Figure 1.7).

Ascending spinomesencephalic
and spinothalamic axons &

Dorsal Root

Ganglion . C Fiber

A delta Fiber

Second Order
Sensory Cell

Lateral horn cell
and sympathetic axon
Anterior
Lateral
Spinal
Thalamic
Tract

Ventral horn motor
neuron

Figure 1.6: Synaptic contacts and pain transmission between primary
afferent fibers and second-order cells in the dorsal horn. Projections
from second-order cells contact efferent motor and sympathetic cell
bodies in the spinal cord and also ascend to supraspinal sites.

Activated AMPA receptors initiate slow excitatory postsynaptic
potentials (EPSPs) lasting several hundred milliseconds.> These
<5-Hz potentials accumulate and produce a summated depo-
larization that in turn dislodges a magnesium ion “plug” that
normally blocks the NMDA ion channel. Following dislodge-
ment of Mg®", a rapid influx of Ca®* ions is initiated. Activated
NMDA receptors (NMDARs) are further sensitized by direct
effects of glutamate at the glutamate binding site.>
Accumulation of intracellular Ca®* initiates a series of neu-
rochemical and neurophysiologic changes that influence acute
pain processing. Second-order spinal neurons become highly
sensitized and fire rapidly and independently of further sensory
stimulation. This process, termed wind-up, refers specifically to
transcription-independent excitation of dorsal horn neurons.
(Refer to section on transition from acute to chronic pain.)

Mg++ Allosteric site (Zinc)

Glutamate binding site “Plug”

Glycine Binding

: O‘/ Site
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I

Figure 1.7: The NMDA receptor is a 4-subunit, voltage-gated ligand
specific ion channel. The 4 subunits include 2 NR2 units, which
contain glutamate binding sites, and 2 NR1 units, which contain
glycine binding sites and an allosteric site that is sensitive to zinc
ions. Glutamate is the primary agonist of NMDA, whereas glycine
functions as a modulator. The central ion channel is normally blocked
by a magnesium ion. Once dislodged, Ca** ions can pass through the
channel and induce neuronal excitability.
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NMDA Receptor: Requires voltage
dependent priming for activation -

Pain Processing in Spinal Cord
Inhibitory
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Figure 1.8: Targets of excitatory noxious mediators on second-order cells. Glutamate is the primary excitatory
agonist for noxious transmission. Glutamate activates specific binding sites located on AMPA, kainate, and
NMDA receptors. lon channels on activated AMPA and kainate receptors allow Na* to enter and depolarize the
cell. Changes in intracellular voltage rapidly prime the NMDA receptor and allows an Mg** plug to be dislodged.
Following dislodgement, an inward flux of Ca*" is initiated. Glutamate binding to NMDARs maintains the
inward Ca?* flux. Substance P binds and activates NK-1 receptors. This receptor upregulates second messengers,
including cAMP and PKA, which slowly prime and maintain excitability of NMDARs. Activation of second
messengers in turn upregulates inducible enzymes, initiates transcription of mRNA, and mediates synthesis of
acute reaction proteins. These changes increase neuronal excitability and underlie subsequent plasticity.

Woolf and others have shown that NMDA activation, wind-
up, and central sensitization are responsible for clinical hyper-
algesia and can occur following nerve injury as well as trauma
and inflammation,[1] Central sensitization is also observed in
supraspinal regions of the CNS, including rostroventral medulla,
amygdala, and anterior cingulate gyrus.>®

Intracellular Ca?* ions also activate inducible enzymes,
including nitric oxide synthase (NOS) and COX-2. Peptides such
as sP and CGRP are responsible for delayed and long-lasting
depolarization of second-order dorsal horn neurons. Substance
P binding at metabotrophic neurokinin 1 (NK-1) receptors syn-
ergistically activates NMDARs and appears necessary for the
development of long-term potentiation (LTP).>* Following acti-
vation of NK-1, second messengers cyclic adenosine monophos-
phate (cAMP) and phosphokinase A (PKA) are synthesized and
mediate a number of cellular changes, including slow priming
of NMDARs, second-messenger cascades, and genome activa-
tion. Synthesis of acute phase proteins together with increased
intracellular and extracellular PGE and NO are responsible
for transcription-dependent central sensitization and associated
neural plasticity changes and responses that facilitate pain trans-
mission. The process of NMDA activation and its consequences
are presented in Figure 1.8.

MODULATION

The concept of modulation refers to pain-suppressive mech-
anisms within the spinal cord dorsal horn and at higher lev-
els of the brainstem and midbrain. In the spinal cord, this
intrinsic “breaking mechanism” inhibits pain transmission at
the first synapse between the primary noxious afferent and
second-order WDR and NS cells, thereby reducing spinotha-
lamic relay of noxious impulses. Spinal modulation is medi-
ated by the inhibitory actions of endogenous analgesic com-
pounds released from spinal interneurons and terminal endings
of inhibitory axons that descend from central gray locus ceruleus
and other supraspinal sites. Endogenous analgesics, including
enkephalin (ENK), norepinephrine (NE), and 'y-aminobutyric
acid (GABA), activate opioid, alpha adrenergic, and other recep-
tors that either inhibit release of Glu from primary nociceptive
afferents or diminish postsynaptic responses of second-order NS
or WDR neurons (Figure 1.9). The balance between excitatory
mediators and the inhibitory effects of endogenous analgesics
adjusts K* ion flux and the firing frequency of dorssal horn
cells.®

Endogenous opioids, including the ENKs and endorphins,
modulate pain transmission by activating pre- and postsynaptic
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Sites of Enkephalin Binding in Spinal Cord
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Figure 1.9: Enkephalinergic modulation of noxious transmission. Both local interneurons and descending axons
suppress synaptic transmission between the primary nociceptor and second-order sensory cells. Enkephalins
activate both pre- and postsynaptic opioid receptors. Opioid receptors inhibit either release of noxious trans-

mitters such as glutamate or second-order responses.

p-, k-, and d-receptor subtypes. These subtypes belong to
a large superfamily of transmembrane-spanning G-protein-
coupled receptors.®® p-opioid receptors are primarily respon-
sible for mediating spinal and supraspinal analgesia, eupho-
ria, and respiratory depression. Kappa subtypes mediate spinal
analgesia, as well as sedative/hypnotic effects of opioids. Delta
receptors appear to potentiate mu-mediated analgesia, whereas
activation of ¢ receptors may be responsible for dysphoria.>’
Opioid binding at p receptors activates coupled G proteins
(Gi/o), which in turn inhibit the neuronal cAMP pathway.
Adenylate cyclase is suppressed, and production of cAMP PKA
are markedly reduced. Reductions in cAMP and inhibition
of potassium (K*) influx decrease neuronal excitability (Fig-
ure 1.10). The structure of p-opioid receptors (p-opioid recep-
tor peptide or MOP) is coded by the MOP gene, which is part of
the opioid receptor 1 1 (OPRM1I) gene. The OPRMI gene has
4 exons that determine the amino acid constituents and tertiary
configuration of the external and internal portions of the MOP.?
At least 10 single nucleotide polymorphisms (SNP) in the cod-
ing or open reading frames and more than 100 polymorphisms
in the noncoding frames of the human OPRM1I gene have been
identified.”® Polymorphic variations influence transcriptional
regulation, expression, and functionality of the mu receptor.”
With regard to expression, polymorphisms of OPRMI neither
influence the conformation of the external binding site nor affect
the binding affinity of opioid ligands. They do, however, alter

the internal segment and c-terminus of MOP and may influence
secondary proteins, such as G proteins and adenylate cyclase,
that modulate receptor efficacy.®’ In clinical settings, these poly-
morphisms may explain interindividual differences in opioid

Opioid Binding Decreases K+ Conductance and Neuronal Excitability
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Figure 1.10: Opioid receptors activate specific G proteins that decrease
neuronal excitability either by inhibiting K* ion conductance or
decreasing intracellular cAMP.
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sensitivity, incomplete cross tolerance, and improved efficacy
associated with opioid rotation.

The modulatory effects of NE are mediated by activation of
postsynaptic x-adrenergic receptors. The ability of x-adrenergic
receptors to suppress noxious transmission in the spinal cord is
nearly equivalent to that observed following binding and activa-
tion of opioid receptors binding and forms the basis of tricyclic
antidepressant and neuraxial clonidine mediated analgesia.®!

ASCENDING PAIN PATHWAYS

Axons from NS and WDR dorsal horn cells may either synapse
with sympathetic anterolateral horn cells, anterior horn motor
neurons, or project to the brainstem, midbrain, and thalamus
(Figure 1.6). These cells also make important connections within
the spinal cord. Synapses made with ventral horn motor neu-
rons are responsible for reflexive musculoskeletal withdrawal
responses observed with physiologic pain and important for
minimizing tissue damage during traumatic injury. Increased
excitability of motor neurons is also responsible for segmen-
tal ipsilateral and contralateral increases in skeletal muscle tone
termed hyperreflexia or splinting. Telologically, muscle splint-
ing and hyperreflexia have evolved to inhibit movement and
encourage wound healing; however, these same responses can
also impair pulmonary function and rehabilitation following
surgical and traumatic injuries. In addition, severe muscle spasm
and accumulation of lactic acid may further worsen some aspects
of acute pain. Synapses with anterolateral cells are responsible
for noxious segmental sympathetic responses, including vaso-
constriction, vasodilation, and effects on gastrointestinal and
cardiac function. These important “fight or flight” responses
increase perfusion to heart, brain, and skeletal musculature,
whereas reducing blood flow and hemorrhage at the site of
injury. (Please see Chapter 2, Pathophysiology of Acute Pain).

Several ascending tracts are responsible for transmitting
nociceptive impulses from the dorsal horn to supraspinal tar-
gets. These include the spinomesencephalic, spinoreticular, and
spinothalamic tracts. However, the spinothalamic tract (STT) is
considered the primary perception pathway. The STT is divided
into two distinct projections; the lateral neospinothalamic tract
(nSTT) and the more medial paleospinothalamic tract (pSTT).
The nSTT projects directly to the neothalamus, whereas the
pSTT is a slow multisynaptic pathway that projects to the reticu-
lar activating system and periaqueductal gray (PAG) and ascends
to the medial thalamus.

CORTICAL PERCEPTION AND RESPONSES

Projections of the nSTT ascend directly and terminate within the
ventroposterior lateral and ventroposterior medial (VPL, VPM)
regions of the neothalamus. The laterally placed neothalamus is
a highly somatotopically organized region. Axons from dorsal
horn cell synapse with thalamic cells, which in turn transmit
nociceptive impulses directly to the somatosensory cortex. This
3-neuron pathway is responsible for rapid perception, localiza-
tion, and prompt withdrawal from the noxious stimulus. Thala-
mocortical connections made with other sites are discriminative
in terms of intensity and account for sensory qualities, such as
throbbing or burning.®?

Distal projections of the pSTT contact neurons in medial tha-
lamus. In contrast to the VPL connections made in the medial
thalamus are not somatotopically organized. Medial thalamic
cells in turn project to the various regions in the limbic sys-
tem, including the amygdala, cingulate gyrus, and frontal cor-
tex. Connections made within the limbic system are responsible
for the suffering aspects of acute and persistent pain and the
diffuse, unpleasant emotions that develop and persist long after
an injury has occurred. Projections from the limbic cortex also
activate motor cortex, hypothalamus, and pituitary gland. Con-
nections to these areas mediate persistent supraspinal, hypotha-
lamic, and pituitary effective responses that affect muscle tone,
circulatory, respiratory, and endocrine function. Activation of
p-opioid receptors in the medial thalamus modulates thalam-
ocortical pain transmission and reduces cognitive and affective
components of pain.®

Brain functional MRI (fMRI) and positive emission tomog-
raphy (PET) have helped clinicians better understand central
sites of pain processing by revealing, in real time, discrete cor-
tical and thalamic regions that are activated by noxious input.
As discussed above, cortical pain processing may be divided
into sensory-discriminative and affective-motivational compo-
nents. The neocortical sensory discriminative domain localizes
the stimulus and determines its intensity. This domain can be
assessed using visual analog scales or numerical rating scales. The
limbic affective-motivational domain determines the unpleas-
antness and other qualities of pain. Connections made with
cells in frontal cortex and amygdala also underlie emotional
and behavioral responses such as fear, anxiety, helplessness,
and learned avoidance. Affective-motivational or unpleasant-
ness domains can be assessed using multidimensional and qual-
itative pain scales such as the McGill pain questionnaire. (Please
see Chapter 11, Qualitative and Quantitative Measurement of
Pain.)

Cortical sensory, behavioral, cognitive, and motor responses
to peripheral noxious stimuli can be studied by brain imag-
ing. Brain imaging studies, including fMRI and PET scanning
and brain spectroscopy, offer a bridge between basic research
and understanding mechanisms underlying clinical pain states.
These techniques have provided evidence that experimental pain
is processed at interconnected cortical regions, with each hav-
ing distributed functions. Functional imaging (PET scan and
fMRI) techniques allow clinicians to visualize neuronal targets
associated with pain modulation and perception in real time.
Considering the multidimensional subjective experience of pain,
functional imaging studies have revealed those CNS regions that
are primarily involved in controlling the sensory discriminative,
attentional cognitive aspects, behavioral/affective reactions, and
motor responses to pain. Positron emission scan images can be
used to visualize changes in regional cerebral blood flow (rCBF)
induced by localizing and subjective aspects of noxious percep-
tion, whereas fMRI has higher spatial and temporal resolution
and can measure both the change in rCBF as well as the change
in neuronal activity in response to pain perception. Considering
that the PET scan is the gold standard for rCBF measurement,
regions identified or linked to pain perception have demon-
strated fairly consistent noxious-induced alterations across sev-
eral studies. In these trials, a standardized nociceptive stimu-
lus consistently activated several well-connected regions in the
CNS, including the contralateral insula, secondary somatosen-
sory cortex (S2), and the anterior cingulate cortex (ACC)
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Functional measures

A. Brain areas functionally related to pain processing.
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B. Example of functional MRI response to painful stimulation.

Figure 1.11: Cortical regions related to pain processing as determined by function magnetic resonance imaging
(fMRI). The highlighted areas have been found to be particularly active ACC = anterior cingulate cortex, S1 =
primary somatosensory cortex (Primarily involved in pain localization), S2 = secondary somatosensory cortex,
OFC = orbitofrontal cortex, DLPFC = dorsolateral prefrontal cortex, Pre-Mot = premotor cortex, Med.PFC =
medial prefrontal cortex, PIns = posterior insula, A.Ins = anterior insula, Hip = hippocampus, Ento =

entorhinal cortex. From: Borsook, et al. Molecular Pain 2007; 3:25. See color plates.

Figure 1.11.% Primary somatosensory cortex (S1), is primarily

responsible for acute noxious localization, whereas the insular
cortex plays a role in pain anticipation. Thalamus, brain stem,
cerebellum (CBLM), supplementary motor area (SMA), and the
primary motor cortex are some of the other regions that become
activated, although not as consistently as the insula, S1,and ACC.

In human studies of experimental electrical pain using
fMRL® regional blood flow in the anterior cingulate gyrus,
parietoinsula cortex, and somatosensory cortex was markedly
increased. Increased blood flow in the parietoinsular cortex cor-

responded to the physical sensation of pain and its intensity (pain
thresholds). Activity in the cingulate cortex, specifically the dor-
sal anterior cingulate gyrus, was related to the unpleasantness of
pain and emotional affective responses to severe discomfort.®®
The posterior aspect of the anterior cingulate gyrus (PAACG) is
located in the medial frontal cortex and processes pain thresholds
and affective components of pain such as its unpleasantness.®”>%
Using fMRI to study experimental electrical pain, Davis and co-
workers® noted that the PAACG responds to variations in pain
intensity; however, significant activity was detected only after
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exposure to moderately intense or intense pain. Several other
sites, including the amygdala and striatum, are activated at the
same time the PAACG is activated.”® Brain imaging techniques
have also been employed to characterize cortical sites of pain
modulation.

p-opioid receptors are involved in regulating the experience
of pain in specific thalamic and cortical regions. Zubieta and
coworkers’! utilized PET scanning with the selective w-receptor
agonist carfentanil to evaluate sites of opioid uptake. They also
studied whether opioid suppression of masseter muscle pain
reduced metabolic activation in specific regions of the brain.
They found that carfentanil binding at p receptors uniquely
reduced metabolic activity in cortical regions responsible for
sensory and affective dimensions of pain. Affective regions with
diminished metabolic activation included bilateral dorsal ante-
rior cingulate cortex and lateral prefrontal cortex as well as
the contralateral insular cortex. Sensory regions demonstrating
opioid-induced metabolic suppression included the ipsilateral
thalamus and amygdala; however, opioid binding and metabolic
alterations were not observed in the primary sensory cortex.

Metabolic changes have been studied with brain chemistry
studies in pain states. Grachev et al’? studied the brain chem-
istry changes in patients with chronic back pain in vivo single-
voxel proton magnetic resonance spectroscopy (H-MRS). The
concentration of several substances, including N-acetyl aspar-
tate, creatine, choline, Glut, glutamine, GABA, inositol, glucose,
and lactate, was studied. They found direct abnormal brain
chemistry in chronic back pain as compared to volunteers that
could be useful in the diagnosis and development of effective
drugs for the treatment of pain

Understanding the variability of the p-opioid-receptor-
mediated antinociceptive responses and stress responses with
functional neuroimaging may offer an important tool to help
us understand why individuals respond differently to similar
painful stimuli.

DESCENDING PATHWAYS

Descending modulatory neural pathways function to reduce
pain perception and efferent responses by inhibiting pain trans-
mission in the dorsal horn, PAG, brainstem (rostroventrome-
dial medulla, RVM), and other regions of the CNS. The cerebral
cortex, hypothalamus, thalamus, PAG, nucleus raphe magnus
(NRM), and locus coeruleus (LC) all send descending axons
that synapse with, and modulate pain transmission in, nox-
ious cells located in the brainstem and spinal cord dorsal horn.
Components of the descending system that play critical roles in
modulating pain transmission include the previously mentioned
endogenous opioid system, the descending noradrenergic sys-
tem, and serotonergic neurons.

The PAG is an enkephalinergic brainstem nucleus respon-
sible for both morphine- and stimulation-produced analgesia.
Descending axons from the PAG project to nuclei in the reticular
formation of the medulla, including NRM, and then descend to
the dorsal horn, where they synapse with and inhibit WDR and
NS neurons. Axon terminals from NRM project to the dorsal
horn, where they release serotonin and NE. Stimulation of the
RVM activates the serotonergic system descending to the spinal
dorsal horn, resulting in analgesia. Although serotonin plays an
important role in pain, the multiple subtypes of these recep-
tors have confounded development of analgesics acting via these
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Figure 1.12: An overview of pain perception and response. (1) Periph-
eral noxious mediators activate nociceptor endings via a process
termed transduction. (2) Noxious impulses are delivered to the spinal
cord dorsal horn via the process of conduction in afferent fibers. (3)
The process of transmission describes synaptic transfer of noxious
impulses from primary afferents to second-order cells in the dorsal
horn. (4) Modulation describes inhibitory and facilitory effects of
spinal interneurons on noxious transmission. (5) Descending inhibi-
tion refers to descending brainstem, midbrain, and cortical inhibitor
nerve endings that supress pain transmission. (6) Cortical percep-
tion includes neocortical sites of pain localization and limbic cen-
ters responsible for emotional and suffering components of pain. (7)
Supraspinal responses include sympathetic, neuromuscular, and neu-
roendocrine responses to pain.

receptors.”> Axons descending from LC modulate nociceptive
transmission in dorsal horn primarily via release of NE and acti-
vation of postsynaptic o, -adrenergic receptors. The role of NE in
this pathway explains the analgesic effects of tricyclic antidepres-
sants and clonidine. GABAergic and enkephalinergic interneu-
rons in the dorsal horn also provide local suppression of pain
transmission. Descending inhibition is enhanced during peri-
ods of inflammation because of an overall increased descending
inhibitory flow and increased sensitivity of neurons to descend-
ing noradrenergic and opioid mediated inhibition.”* Unlike the
other senses, pain has important subjective and emotional com-
ponents. Outflow of descending inhibitory impulses from the
frontal cortex, cingulate gyrus, and hypothalamus are influenced
by the patient’s psychological and emotional state. Anxiety, psy-
chological stressors, and depression can reduce descending inhi-
bition, thereby lowering the threshold for central sensitization
and increasing pain intensity scores.”> Conversely psychologi-
cal support, including imagery, biofeedback, and music therapy,
can reduce pain intensity by either facilitating descending path-
ways or inhibiting cortical perception.”” This may explain the
beneficial role of cognitive therapies, which marshal descending
inhibitory mechanisms to reduce long-term synaptic strength
in acute and persistent pain states. The processes of pain trans-
mission, perception, and associated responses are presented in
Figure 1.12.

TRANSITIONS FROM ACUTE
TO PERSISTENT PAIN

The concept of neural plasticity, “that being the capacity of neu-
rons to change their function, chemical profile, or structure,”
provides the basis for learning and memory and is also respon-
sible for alterations in noxious perception.! Research performed
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since the mid-1990s has focused on nociception-induced patho-
physiologic and plasticity changes that underlie peripheral and
central sensitization. Peripheral sensitization is mediated in large
part by locally released and humorally derived inflammatory
mediators that increase nociceptor excitability either directly by
activating ion channels or indirectly through second-messenger
signaling. This facilitation of nociceptor discharge leads to spon-
taneous firing both in damaged and transected peripheral end-
ings as well as second-order receiving cells in the dorsal horn.*!

Activation of spinal and supraspinal NMDA receptors and
increased intraneuronal Ca*" ion influx are major requisites
for the development of central sensitization and LTP.”® More-
over, sensitization of CNS neurons underlies the transition from
acute to persistent pain. Central sensitization can be divided
into transcription-dependent and transcription-independent
processes.”’ Transcription-independent sensitization reflects
neurochemical and electrical alterations that follow acute trau-
matic and experimentally induced pain. It includes stimulus-
dependent neuronal depolarization and stimulus-independent
long-term potentiation.

Brief mild to moderately painful noxious impulses conveyed
by high-threshold afferents are generally too weak to sustain
action potentials in second-order NS or WDR neurons.’ How-
ever, following an intense noxious conditioning stimulus, the
synaptic efficacy and firing rate of dorsal horn cells are increased.
This phenomenon, termed EPSP, has been related to upregula-
tion of AMPA receptors.”” Synaptic efficiency at contacts made
with low-threshold nonnoxious A3 fibers is also enhanced. The
resulting increase in noxious perception, and development of
tactile allodynia can outlast the conditioning stimulus for sev-
eral hours.”® A clinical example of this form of sensitization is
observed following sunburn or paper cuts.

Wind-up and LTP represent a second form of transcription-
independent central sensitization that is rapid in onset and
reversible. In experimental settings, patients exposed to nox-
ious heat or mechanical stimuli of constant intensity report
increasing pain intensity with each repetitive stimulation.” In
animal models, repetitive stimulation of high-threshold noci-
ceptive fibers leads to progressive increases in action potential
firing frequency (“wind up”)®® and stimulus-independent dis-
charges in second-order dorsal horn neurons. Of importance
were findings that the increased excitability of spinal cells far out-
lasted the stimulus duration and that local anesthetics applied
to the site of nerve injury could not terminate the response.
These observations suggested that wind-up and neuronal poten-
tiation reflected altered receptor functionality and persistent
excitatory ion flux rather than the effects of continued nox-
ious stimulation.?*3! Receptor-associated alterations mediating
wind-up include upregulation and phosphorylation of AMPA
receptors,®? as well as subtle conformational changes in AMPA
GluR2 subunits and cation channels that facilitate Na* flux.
Several modulating proteins, including extracellular signal reg-
ulated kinase®® and calmodulin-dependent protein kinase,* are
responsible for activating tyrosine and threonine kinases that
phosphorylate AMPA and NMDA and receptors.

Transcription-dependent sensitization describes delayed-
onset, long-lasting, noxious facilitation that follows genomic
activation, transcription of mRNA, and subsequent translational
modifications. Activation of NMDA and metabotrophic NK-
1 receptors and continued influx of Ca?* leads to enhanced
production of cAMP, protein kinases, and phosphokinases.
Phosphokinases and other nuclear activators initiate transcrip-

tional processes over a period of several hours to several
days. Following transcription of mRNA, inducible enzymes and
reactive proteins are synthesized that mediate neuroanatomi-
cal and neuropathologic plasticity. It is now recognized that
transcription-dependent sensitization is mediated by inflam-
mation and inflammatory alterations in dorsal root ganglion
and the dorsal horn, as well as potentially irreversible structural
modifications within the CNS.” For example, cellular apopto-
sis, including glial and interneuronal cell death, diminish pain-
suppressive mechanisms. In contrast, axonal sprouting and new
afferent connections facilitate homosynaptic and heterosynaptic
noxious transmission and potentiate discharge of second-order
neurons in the dorsal horn.

Excitotoxicity defines the pathological alterations observed
in nerve cells stimulated by overactivation of NMDA.%> Impor-
tant aspects of transcription-dependent central sensitization
correlate with excitotoxic alterations within sensitized neurons,
interneurons, and reactive microglial cells. Excitotoxicity is also
mediated by Ca?*-induced upregulation of COX-2, NOS, and
superoxide desmutase (SOD) and enhanced synthesis of PGE,
NO, and superoxides (SO). Elevated concentrations of intra-
cellular Ca?T also activate phospholipases, proteases, kinases,
and other lytic enzymes that can damage cellular and nuclear
membranes. Calcium also effects mitochondrial permeability,
resulting in swelling loss of ATP production and subsequent
neuronal apoptosis.®® Glutamate in high concentrations func-
tions as a direct excitotoxin. High concentrations of glutamate
activate cAMP,¥” cAMP response element binding protein and
brain-derived neurotrophic factor (BDNF), which alter genomic
function and also initiate chromatolysis, or Nissil body disrup-
tion, and neuronal apoptosis.5®

Engblom et al®® were among the first to propose that some
aspects of central sensitization observed following peripheral
inflammation were dependant on increased production of PGE
within the CNS. In animal models, intrathecal application of
PGE, facilitated noxious excitation of dorsal horn cells and
also caused profound hyperalgesia and allodynia.>® Prostanoid
synthesis® within the CNS is controlled by both neural and
humoral signals. Within sensitized spinal neurons a specific
transcription factor known as nuclear factor-kB (NFkB), upreg-
ulates COX-2 expression.’® The major humoral inducer of cen-
tral COX-2 is IL-1f3. In this regard, inhibitors of IL-1{3 prevent
upregulation of COX-2 in CNS and limit the development of
central sensitization to peripheral inflammatory pain. Locally
synthesized and humorally delivered PGE mediate a number
of presynaptic and postsynaptic plasticity changes that facilitate
noxious perception. Prostanoids increase release of Gly and acti-
vate a specific glycine receptor subtype GlyRoa3.”! Glycine bind-
ing at the NR2 subunit functions as a coagonist that facilitates
opening of the NMDA ion channel.”? Extracellular release of
PGE also incites reactive changes in microglial cells. The inflam-
matory and destructive actions of reactive microglial cells resem-
ble the activity of peripheral macrophages. Microglia synthesize
and release additional PGE, NO, and SO and are responsible
for removal of inhibitory synaptic contacts and dedifferentia-
tion and death of inhibitory interneurons. Reactive microglia
also induce sprouting of noxious terminal endings and facili-
tate new contacts with second-order cells. They also stimulate
and guide nonnoxious afferents to make new synaptic contacts
with sensitized spinal cells.>*”>¢! Plasticity changes associated
with NMDA activation and central sensitization are presented in
Figure 1.13.
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Figure 1.13: Mediators responsible for central sensitization and associated plasticity changes. Inflow of Ca®"
ions initiates upregulation of COX-2, NOS, and second messengers that initiate transcriptional and translational
changes. Second-order neurons dedifferentiate and increase their excitability. Plasticity changes mediated by
PGE and NO include axonal sprouting and new afferent connections. Extracellular release of PGE leads to
inflammatory changes in the neuropil. These changes include activation of microglial cells synaptic retraction

and interneuron apoptosis.

Inhibition of spinal cord PGE provides measurable antinoci-
ception. Samad et al found that in animals exposed to periph-
eral inflammatory lesions, intrathecal administration ofa COX-2
inhibitor reduced spinal cord synthesis of PGE, and some aspects
of central sensitization.”?=** Koppert et al studied the effects of
two intravenous COX-2 inhibitors, parecoxib and paracetamol,
and provided evidence for their central antihyperalgesic effect.’
Nitric oxide also plays an important role in central sensitiza-
tion and secondary hyperalgesia. Preclinical studies have found
that intrathecal application of NO initiates and maintains both
neuropathic and inflammatory pain.®® Nitric oxide is produced
by three isoforms of the enzyme NOS. The isoforms that are
constitutively present within endothelial NOS (eNOS) and neu-
ronal NOS (nNOS) cells. Inducible NOS (iNOS) is generated by
immunologic and inflammatory mechanisms and is found in
macrophages, immunological cells, and microglia.”® Ding and
Weinberg®” found that NK1 receptors in lamina I were the major
target for NO. Following nerve injury, upregulation of iNOS
and synthesis of NO in dorsal horn induces hyperalgesia and
allodynia.”® Furthermore, selective inhibition of iNOS produced
antinociception.*®

Superoxide has also been identified as a novel mediator of
central sensitization. SOD is an intracellular antioxidant enzyme
that controls the biological reactivity of SO.” In the inflam-
matory process, superoxide is produced at such a rapid rate
that SOD is unable to remove it. Superoxide-mediated injury
includes endothelial cell damage, increased microvascular per-
meability, release of cytokines, recruitment of reactive cells, and
apoptosis.'® Wang and coworkers'® found that the synthetic

compound (M40403) that mimics SOD prevents the develop-
ment of inflammation and hyperalgesia after injection of noxious
mediators. The results suggest SO is a vital component in the
nociceptive-signaling cascade.!”’ Furthermore, Muscoli et al'%!
showed that SO may contribute to various forms of pain events
that are driven by NMDA receptor activation.

NEUROPATHIC PAIN

Chronic neuropathic pain is not adaptive and appears to serve
no purpose. Some have hypothesized that the anatomical and
physiologic abnormalities associated with neuropathic pain as
well as clinical symptoms may be related to misprogramed neu-
ral regenerative efforts of irritated or damaged neurons and
reactive glial cells. Several mechanisms play roles in the devel-
opment of neuropathic pain, including spontaneously gener-
ated action potentials, sympathetic stimulation, glial reaction,
neuroimmune modulation, and disinhibition. The endogenous
opioid modulatory system!%? also appears to be altered. The
role of the immune system in the development of neuropathic
pain has been proposed ! because half of all cases are associated
with clinical infection or inflammation of peripheral nerves. The
major immune cells involved are neutrophils and macrophages;
however, reactive microglial cells have also been implicated.
The activation of the complement cascade causes disruption
of the blood-nerve barrier, immune cell recruitment, and the
formation of membrane attack complexes that causes nerve
lesions.
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Research on neuropathic pain has focused on the activa-
tion of microglia and the release of BDNF. Brain-derived neu-
rotrophic factor! appears to switch off GABA-inhibitory mech-
anisms on second-order neurons in spinal lamina I. GABA and
glycine hyperpolarize spinal neurons by increasing intracellular
chloride and inhibiting pain transmission. BDNF is a crucial
signaling molecule for microglia and neurons. It activates post-
synaptic tyrosine kinase b (TrkB) receptors, resulting in chloride
outflow, neuronal depolarization, and enhanced pain transmis-
sion. In animal models, intrathecally administered BDNF pro-
duced neuronal depolarization and allodynia,'% whereas block-
ing the action of BDNF on the TrkB receptor reversed symptoms
of neuropathic pain.!%>-1%

Neuropathic pain states are also associated with impaired
suppression of noxious transmission. In addition to reduc-
tions in endogenous opioid and nonopioid modulators, par-
tial to complete resistance to opioid-mediated analgesia may be
observed.!%” Injury to peripheral axons is associated with down-
regulation of p-opiate receptors and activation of NMDA recep-
tors that indirectly reduce opioid sensitivity.!%-1% In addition,
CCK, a peptide with known antiopioid activity, is dramatically
upregulated following nerve injury and may explain why opioids
are less effective in the treatment of neuropathic pain.!!?

At the level of the spinal cord, dynorphin functions as
a noxious facilitator and maintains experimental neuro-
pathic pain.”®"!!! Following peripheral nerve injuries, increased
amounts of dynorphin are released by spinal modulatory
cells and also by descending nerve fibers. The importance of
prostanoids in peripheral inflammatory-induced central sen-
sitization has been demonstrated®’; however, their role in the
elaboration of neuropathic pain remains unproven, and ther-
apeutic benefits of nonsteroidal anti-inflammatory drugs or
treatment with coxibs are limited.!'? In summary, persistent
neurochemical and structural modifications that underlie tran-
sitions to chronic pain and the development of neuropathic pain
are difficult, if not impossible, to reverse. In general, chronic
and neuropathic pain are not maintained by the continued
release of acute mediators and clinical symptoms are not easily
controlled with opioid analgesics. Both forms of neuropathic
pain result from transcription-dependent synthesis of neu-
ronal sensitizers, including PGE and NO, as well as degrada-
tion of endogenous pain-suppressive mechanisms. As a result
a new generation of analgesics, including ion channel block-
ing agents,''?, &, 5-membrane stabilizers,'* selective serotonin
reuptake inhibitors,!’> and COX-2 inhibitors!'!® offer patients
more effective pain relief, although complete elimination of nox-
ious perception is unlikely to occur.

CONCLUSION

Advances in our understanding of noxious transmission and
pain processing'!” have uncovered key mechanisms and molec-
ular mediators responsible for specific syndromes, as well as
improved treatment options for acute, persistent, and neuro-
pathic pain. Mediators that trigger peripheral and central sen-
sitization are responsible for opening the dorsal horn gate,*!-!!8
thereby facilitating pain transmission and subsequent percep-
tion. Peripheral TRPs and central NMDARSs, as well as influx
of intracellular Ca’*, are among the key targets and transduc-
ing ions responsible for peripheral and central sensitization.

Because all chronic pain begins as an acute inflammatory or
neuropathic event, aggressive multimodal acute pain manage-
ment!'?? is essential to minimize development of central sen-
sitization, and the potentially irreversible neurochemical and
neuropathologic changes that may follow. The development of
diagnostic tools, including neuroimaging, allows direct visual-
ization of pain processing that correlates with clinical changes in
noxious perception. Future treatment options, including selec-
tive TRP, NMDAR, MAP-Kinase, and ion flux antagonists, and
receptor polymorphism screening to optimize drug develop-
ment, will enable physicians to develop rational analgesic treat-
ment guidelines that will supercede the traditional trial-and-
error approaches currently employed.!%
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In addition to the ethical and humanitarian reasons for mini-
mizing pain and suffering is the recognition that both physio-
logic and pathophysiologic responses to poorly controlled pain
may have deleterious effects on postsurgical outcomes. Conse-
quences may be particularly serious in elderly and critically ill
populations. In these individuals, pathophysiologic responses
to large incisions, extensive dissection, or visceral manipulation
negatively affect cardiovascular and pulmonary, and incite mal-
adaptive behaviors (Table 2.1).17*

Commonly observed pathophysiologic changes include, but
are not limited to, the following: (1) Neurohumoral alterations
termed peripheral sensitization occurring at the site and in
regions immediately adjacent to injury, (2) alterations in synap-
tic function and nociceptive processing occurring within spinal
cord and limbic cortex, (3) sympathoadrenal activation resulting
in an elevation of heart rate and blood pressure and a diminu-
tion in regional blood flow, and (4) neuroendocrine responses
mediating hyperglycemia and a negative nitrogen balance.

HYPERALGESIA

Acute surgical or traumatic injury is followed by a series of neu-
rohumoral reactions originally described by Lewis® and termed
the inflammatory triple response. The classical response is charac-
terized by increased blood flow (flare), tissue edema (wheal), and
sensitization of peripheral nociceptors (hyperalgesia). Hyperal-
gesia defines an altered state of sensibility in which the inten-
sity of discomfort associated with repetitive noxious stimula-
tion is markedly increased.®~® Allodynia refers to a condition in
which ordinarily nonnoxious stimulation such as pressure and
light touch is perceived as being exquisitely painful. Hyperalgesia
accompanies most inflammatory processes, abrasions, incisions,
and burn injuries. Two forms of hyperalgesia, primary and sec-
ondary, have been defined and are described in Chapter 1 (Pain
Pathways and Acute Pain Processing).

Primary hyperalgesia reflects enhanced noxious sensitivity,
which becomes evident within minutes of the injury and is
characterized by increased responsiveness to light touch, heat,
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and mechanical stimuli.~® The development of primary hyper-
algesia correlates with a diminution in pain threshold and
enhanced sensitivity of C and A mechanoheat nociceptors.

At the site of injury, peripheral nociceptor endings are
stimulated by release of intracelluar H* and K" ions and
synthesis of prostaglandins. Nociceptors are further sensi-
tized by locally released mediators such as bradykinin, sero-
tonin, and histamine.®*1%-12 Humoral factors and proinflam-
matory cytokines, including interleukin-1 Beta (IL-1B) and IL-6,
increase peripheral edema and allodynia.*!1%~!2 Genetic poly-
morphisms that influence production of these proinflammatory
cytokines may be responsible for interindividual differences in
postoperative pain intensity scores and development of per-
sistent pain.®!"*’ Several antidromically delivered sensitizers,
including substance P and norepinephrine, are released from
activated sensory and sympathetic nerve endings and further
enhance pain sensitivity*1%12 Mediators responsible for noci-
ceptor activation and inflammation are depicted in Figure 2.1.

Secondary hyperalgesia refers to delayed alterations in nox-
ious sensitivity observed in nontraumatized regions surround-
ing the injury site.”*~!° It is now recognized that secondary
hyperalgesia is mediated by neuronal sensitization and adaptive
facilitatory changes in the spinal cord, brainstem, and limbic
cortex. Central facilitation is initiated by the action of neu-
ropeptides and excitatory amino acids (EAA), such as aspar-
tate and glutamate on N-methyl-D-aspartate (NMDA) and «-
amino-3-hydroxy-5-methyl-4-isoxazole propionic acid (AMPA)
receptors.!4~17 Activation of NMDA receptors (NMDARs) in-
crease the responsiveness of dorsal horn wide dynamic range
(WDR) neurons to noxious input.'®!” The initial phase, termed
wind-up, is characterized by an immediate increase in WDR
firing rate and associated behavioral responses lasting about
5 minutes.!*1%17 This is followed 15 to 20 minutes later by
a second phase, termed long-term potentiation, in which WDR
neurons exhibit enhanced sensitivity for prolonged periods.'*~!7
This second phase of excitability outlasts the initial barrage of
sensory input, does not require further noxious stimulation to
be maintained, and is not antagonized by inhalational anesthet-
ics or moderate doses of parenteral opioids.!6~18:1? Secondary
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Table 2.1: The Acute Injury Response: Potential Benefits after Traumatic Injury versus

Disadvantages in Controlled Postsurgical Settings

Beneficial Effects after Traumatic Injury

Adbverse Effects in Patients Recovering from Surgery

1. Maintenance of intravascular volume 1. Hypertension, hypervolemia, increased risk of hemorrhage,
and mean arterial pressure stroke
2. Maintenance of cardiac output and 2. Tachycardia, arrhythmias, myocardial ischemia, congestive

cerebral perfusion

heart failure

3. Enhanced hemostasis 3. Hypercoagulable state, increased risk of arterial and deep

4. Immobilization, minimizing further
tissue injury

5. Learned avoidance

venous thrombosis, substrate mobilization, enhanced
energy production.

4. Hyperglycemia, negative nitrogen balance

5. Reduction in respiratory volume and flow rates, hypoxia,
pneumonia

6. Anxiety, fear, demoralization, prolonged convalescence

hyperalgesia provides the neurochemical basis for splinting and
other adaptive behaviors. These include elaboration of ipsilateral
and contralateral flexion reflexes and alterations in regional sym-
pathetic tone.!>* 141718 Pain is perceived at dermatomes above

Nociceptor Activation and Sensitization

Histamine

Primary
Sensory Blood
Vessel

Figure 2.1: Peripheral responses to acute injury. (1) Following tis-
sue injury, potassium (K"), hydrogen ions (H'), and arachidonic
acid (AA) released from damaged cells and bradykinin (BK) released
from damaged vessels activate the terminal endings of sensory affer-
ent fibers (nociceptors). Cyclooxygenase 2 (COX-2) is upregulated
and is responsible for the conversion of AA into prostaglandin (PGE).
Prostaglandin has been implicated in nociceptor sensitization and fur-
ther increases in vascular permeability and primary hyperalgesia. (2)
Orthodromic transmission in sensitized afferents leads to the release
of substance P (sP) in and around the site of injury. Substance P
is responsible for further release of BK. (3) Substance P also stim-
ulates histamine release from mast cells and serotonin (5-HT) from
platelets. These substances plus humoral factors TNF-« and IL-6f3
form a “noxious soup,” which activates additional nociceptors and
further exacerbates the inflammatory response. (4) Reflexes mediated
by sympathetic efferents sensitize nociceptors directly via secretion of
norepinephrine (NE), indirectly via further release of BK and PGE,
and mediate peripheral vasoconstriction. (Modified from Sinatra RS,
Bigham M: The anatomy and pathophysiology of acute pain. In: Grass
JA, ed. Problems in Anesthesiology. Philadelphia, PA: Lippincott-Raven,
1997:10:8-22.%)

and below the site of injury and is worsened by ambulation or
movement. The impact of primary and secondary analgesia on
acute pain intensity and the development of persistent pain is
depicted in Figure 2.2.

SYMPATHOADRENAL RESPONSES

The stress response to surgical or accidental trauma has been
described as a general adaptation syndrome focused on tissue
repair and improved survival. The sympathoadrenal response to
traumatic injury evolves in three stages. The initial alarm stage
or “fight-flight reaction” allows rapid withdrawal from the trau-
matic event and is followed by a “resistance stage,” which main-
tains blood flow to critical organs, and later by an “exhaustion
stage,” which limits mobility and improves tissue repair.!~420-21
Following extensive tissue injury, nociceptive impulses stimu-
late sympathetic cells in the hypothalamus and preganglionic
neurons in the anterior lateral horn. Once stimulated, cate-
cholamines released by these cells initiate cardiac inotropic and

POORLY CONTROLLED
ACUTE PAIN

v

Peripheral »| Primary )
Sensitization Hyperalgesia

Central Secondary
Sensitization > Hyperalgesia

\

Neural and Glial =
Remodeling

Increased wound
> sensitivity, Prolonged
discomfort

Increased incident
—> pain, Splinting,
Prolonged disability

Long Term
Plasticity >

Chronic
Pain

Figure 2.2: Following tissue injury, primary and secondary hyperal-
gesia increases the intensity of acute pain and may lead to the devel-
opment of persistent pain.
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chronotropic responses, increase peripheral vascular resistance,
and redistribute blood flow away from peripheral tissues and vis-
cera to the heart and brain.!»220:2! These initially advantageous
effects can become deleterious in time, particularly in at-risk
or debilitated patients where myocardial activity and work of
breathing may exceed the oxygen and metabolic supplies.*2!-23

Surgical trauma is promptly followed by increases in plasma
concentrations of epinephrine and norepinephrine.?%-2! The
magnitude and duration of catecholamine release is directly
related to patient related factors such as the type of surgery,
inherent sympathetic response, patient age, and genetic (inflam-
matory) polymorphisms. In general, highest elevations in
plasma catecholamines are observed following extensive pro-
cedures and in younger individuals.?>-*! The earliest aspects of
the catecholamine response reflect pronounced, but transient,
increases in adrenal medullary secretion, whereas latter aspects
reflect continued release of norepinephrine from sympathetic
nerve endings.?!"?? Pathophysiological changes associated with
increased sympathetic tone and altered regional perfusion
include the following: (1) an increased incidence of postsurgical
hypertension that ranges from 5% following minor, uncompli-
cated procedures to approximately 50% in patients recovering
from more extensive vascular surgery.?! (2) Increased peripheral
vascular resistance is associated with increases in contractility
and myocardial oxygen consumption as the organism attempts
to maintain or augment cardiac output.!-?2!

Increases in oxygen consumption may precipitate myocar-
dial ischemia in patients with coronary artery disease. Enhanced
sympathetic tone may be especially deleterious in patients
recovering from peripheral vascular surgery, because eleva-
tions in arterial pressure may risk rupture of vascular anasto-
moses, whereas intense vasospasm may compromise distal graft
patency,l2:21:22

(3) As perfusion is directed to high-priority organs, micro-
circulatory blood flow in injured tissues, adjacent musculature,
and in the viscera may be significantly diminished.**!~2* Reduc-
tions in circulation have been associated with impaired wound
healing, enhanced sensitization of nociceptors, increased muscle
spasm, visceral/somatic ischemia, and acidosis.?!

(4) Renal hypoperfusion results in activation of the renin-
angiotensin-aldosterone axis. Angiotensin is a potent vasocon-
strictor that, although capable of increasing renal perfusion, may
further accentuate catecholamine-induced changes in regional
blood flow and hypoperfusion of lower priority organs (injury
site, skin, viscera, etc.).!=321:22

(5) Catecholamines, angiotensin, and other factors associ-
ated with surgical stress may increase platelet activation and
accelerate coagulation.???* Increased platelet-fibrinogen activa-
tion may be especially deleterious in patients with atheroscle-
rotic vascular disease, because increased plasma viscosity, platelet
aggregation, and platelet release of vasoconstrictive factors may
significantly reduce blood flow in critically stenosed vessels.?! =2

NEUROENDOCRINE RESPONSES

Following tissue injury, neurogenic stimuli affecting the
hypothalamus, secretory target organs, or both, incite alter-
ations in neuroendocrine response.?’~2* These well-described
changes, termed the stress response to injury, are characterized by
an increased secretion of catabolic hormones, including cortisol,
glucagon, growth hormone, and catecholamines, and an inhibi-

tion of anabolic mediators, such as insulin and testosterone.20-2°

These mediators increase substrate mobilization, resulting in
hyperglycemia and a negative nitrogen balance.!>29-24 Associ-
ated metabolic changes, including gluconeogenesis, glycogenol-
ysis, proteolysis, and breakdown of lipid stores, provide the
injured organism with short-term benefits of enhanced energy
production and availability; however, when amplified or pro-
longed, catabolic aspects of the stress response may adversely
affect postsurgical outcome in the following ways: (1) excessive
protein loss may lead to muscle wasting, fatigue, and prolonged
convalescence and (2) impaired immunocompetence secondary
to diminished immunoglobulin synthesis and impaired phago-
cytosis may decrease resistance to infection.?-2-%

Hume and Egdahl®® were among the first to propose that
nociceptive impulses (traveling up the spinal cord via the mid-
brain reticular formation) and conscious stimuli from the cere-
bral cortex were both capable of activating hypothalamic centers
and initiating the neuroendocrine stress response. Activated cells
in the preoptic region secrete pro-opiomelanocortin, which in
turn facilitates release of adrenocorticotropic hormone (ACTH),
B-endorphin, and other anterior pituitary hormones.?*2426:27
Sustained secretion of ACTH underlies the adrenocortical
response to injury, which then heightens and continuously
releases corticosteroids and mineral corticoids. In addition,
trauma related release of IL-6 and IL-1f3 can also increase ACTH
and cortisol secretion.?2:2%:26:30 The relationship between plasma
IL-6 and cortisol levels is linear in postsurgical patients.2>>2

Significant hyperglycemia and a rise in plasma cortisol are
commonly observed in the postsurgical period. Bromage and
colleagues®! noted in patients recovering from extensive abdom-
inal procedures or thoracotomy that increases in blood sugar and
cortisol reached a peak of 65% above control values and were
maintained for more than 24 hours following surgery. Although
the stress response in patients recovering from 1-day surgical
procedures has not been evaluated, the same alterations may be
expected to occur, but be less pronounced.

The negative nitrogen balance observed after surgical trauma
has been related to the effects of starvation, release of cat-
echolamines, and an altered insulin/glucagon ratio.?*~31:32:33
Prolonged negative nitrogen balance and sustained secretion
of glucocorticoids are associated with impaired wound heal-
ing and immunocompetence.?>-27-32:33 Increased protein break-
down and diminutions in protein synthesis may inhibit cell
division, production of collagen, and acute phase/leukocytic
responses. Such inhibition results in stress-induced lymphope-
nia, granulocytosis, decreased natural killer and T-cell activ-
ity, and impaired synthesis/release of macrophage-derived pep-
tides and immunoglobulins.?*2>:? In animal models, and initial
clinical trials, invasive surgery and poorly controlled pain are
associated with profound immunosuppression and increased
risk of tumor metastasis.’**> In surgical settings, immuno-
logic suppression may have minimal consequences in subjects
with normal immune function; however, diminished cellular
and humoral immunity may predispose debilitated individuals
and those with preexisting immune disorders to postoperative
infections.?-**

Levels of {3-endorphin increase 3-fold following surgi-
cal incision and remain elevated well into the postoperative
period.?+2%:27:28 3_Endorphin mediates a number of systemic
effects, including immunosuppression, complement release,
decreased peripheral vascular resistance, and initiation of
shock.?325:27:28 Finally, plasma levels of the posterior pituitary
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Figure 2.3: An outline of pathophysiological responses associated with surgical trauma and their effect on key

target organs.

derived octapeptide, arginine vasopressin (AVP), rise dramati-
cally and remain elevated for up to 5 days following extensive
surgical trauma.* %2432 Increased secretion of AVP is responsi-
ble for postsurgical fluid retention, plasma hyposmolarity, and
oliguria.?® Figure 2.3 provides an overview of pathophysiologic
responses to acute traumatic injuries.

EFFECTS ON KEY TARGET ORGANS

Pathophysiologic consequences related to poorly controlled pain
include reduced functional capacity, increased sleep disturbance,
and delayed wound healing; these consequences result in social
burdens, such as decreased quality of life and increased cost
of care.?2337 Of even greater importance is the fact that in
high-risk patients significant cardiovascular and pulmonary dys-
function may significantly increase postoperative morbidity and
mortality risks

Heart

Despite considerable improvements in anesthetic technique
and maintenance of intraoperative hemodynamic stability, car-
diac dysfunction secondary to myocardial infarction, cardiac
failure and arrhythmia continue to account for a significant
percentage of postoperative deaths.*2!-24:38:39 In high-risk pop-
ulations, perioperative ischemia is most likely to occur follow-
ing surgery, most commonly between postoperative days 1-3.%
Although a variety of factors may contribute to the development
of postoperative myocardial ischemia, including hypothermia,
anemia, anxiety, and tracheal intubation/suctioning, responses
to poorly controlled pain play a prominent role.*2!-3%-41.42
Catecholamine-induced tachycardia, enhanced myocardial con-
tractility, increased afterload, and hypervolemia, secondary to
enhanced release of AVP and aldosterone, are well-characterized
factors responsible for increased oxygen demand. Increased
oxygen demand, together with hypervolemia, may precipi-
tate ischemia and acute cardiac failure, especially in patients

with poorly compensated coronary artery and/or valvular heart
disease 21:23:39,41

Despite increased myocardial oxygen requirements, oxygen
supply may be diminished because of alterations in pulmonary
function (refer to the following section). Pulmonary alter-
ations include atelectasis secondary to pain-induced hypoven-
tilation and pulmonary edema resulting from stress-induced
hypervolemia.!>21:2* A second cause of reduced oxygen supply
includes coronary artery occlusion. Coronary artery blockage
may result from (1) high circulatory levels of catecholamines
and increased coronary sympathetic tone, (2) stress-induced
increases in plasma viscosity and platelet-induced thrombosis,
and (3) coronary vasospasm secondary to platelet aggregation
and release of serotonin.*21-24-40-42

Lungs

Thoracic and upper abdominal injuries are associated with a
high incidence of morbidity and mortality.?!-**?* The causes
of acute thoracic injury include blunt trauma, for example,
deceleration injuries and penetrating etiologies, such as surgical
scalpels, retractors, and other foreign bodies. Thoracic surgery
and trauma are associated with a spectrum of injuries, includ-
ing pneumothorax, hemothorax, myocardial, and pulmonary
contusions and rib, scapular, and clavicular fractures.?!-22-43-4>
Thoracic and upper abdominal injuries and associated
pain evoke significant pathophysiologic responses, which can
adversely influence hospital course. In general, symptomatology
is influenced by the extent of the injury and the physical status of
the patient.*>** Depending on the mechanism of injury, patients
may present with life-threatening alterations in pulmonary or
cardiovascular mechanics and are troubled by severe skeletal, vis-
ceral, or neuralgic-type pain. Pain following division of the upper
abdominal and thoracic musculature is effort dependent, reflect-
ing rib, pleuritic, and diaphragmatic injury.**=* In contrast to
resting pain, the intensity of effort dependent on dynamic pain
markedly increases with inspiration and cough. The pain stim-
ulus is also hyperalgesic in that severe discomfort and reflexive
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muscle splinting may be noted at many dermatomes above and
below the site of injury. Chest wall and upper abdominal hyper-
algesia are responsible for several pathohysiological alterations,
including musculoskeletal and diaphragmatic dysfunction and
impaired gas exchange, 214344

Pulmonary function is dramatically altered by surgically
induced pain. Beecher?” was first to describe the classical pul-
monary response to upper abdominal surgery, which included
an increased respiratory rate and decreased tidal volume (TV),
vital capacity (VC), forced expiratory volume (FEV}), and func-
tional residual capacity (FRC). These pathophysiologic alter-
ations reflect acute restrictive pulmonary dysfunction and, as
such, may be associated with clinically significant hypoxia
and hypocarbia.?"43-447 Atelectasis, pneumonia, and arterial
hypoxemia are common postoperative complications whose
incidence approaches 70% in patients recovering from upper
abdominal surgery.*”>*® Such complications have been related to
the above-mentioned reductions in VC and a reduced ability to
cough and clear secretions.**~%°

Vital capacity is the first pulmonary parameter to change in
the postoperative period. Significant reductions in VC are evi-
dent within the first 3 hours, and declines to 40%-60% of preop-
erative values have been reported. Following upper abdominal
surgery, reductions in RV, FRC, and FEV/, are greatest at 24 hours;
thereafter, values gradually return to near normal levels by post-
operative day 7.8 In a classic study, Ali and coworkers*® noted
that postsurgical VC was most depressed from day 0 through
day 7 following upper abdominal surgery, less depressed after
lower abdominal surgery, and least affected in patients recover-
ing from superficial procedures, including inguinal herniorrha-
phy. Other factors that influence the magnitude of VC reduction
include open vs laparoscopic procedures, duration of anesthesia,
diaphragmatic injury, and patient history of chronic obstructive
pulmonary disease.**~%°

Reduction in FRC represents the most detrimental alteration
in postsurgical lung volume.*~%¢ As FRC declines, resting lung
volume approaches closing volume. With further reduction, air-
way closure occurs resulting in atelectasis, ventilation/perfusion
mismatch, and hypoxemia. In patients recovering from open
cholecystectomy, a delay of 16 hours was noted until maximum
reduction in FRC.*® In these individuals, reductions in FRC were
associated with progressive arterial hypoxemia, whereas a grad-
ual improvement toward normal FRC was followed by a decrease
in physiological shunt.

Following thoracotomy, alterations in chest wall motion
reduce lung compliance and require an increased work of breath-
ing if effectual respiration is to be achieved.**~*¢ Splinting sec-
ondary to poorly controlled pain exaggerates this process by
further decreasing respiratory effort. Perfusion is maintained in
unventilated portions of the lung resulting in a shunt and ventila-
tion/perfusion mismatch. Inhibition of diaphragmatic function
represents an additional factor responsible for respiratory dys-
function and morbidity. Noxious impulses from the diaphragm,
chest wall, and upper abdominal viscera result in reflex inhi-
bition of phrenic nerve motor drive, which further compro-
mises pulmonary function by increasing atelectasis, airway
closure, alveolar ventilation (V) and pulmonary perfusion (Q)
mismatch, and hypoxemia. If pneumonia or acute respiratory
distress syndrome occurs, the risk of prolonged hospitalization
and mortality increases.*>** Surgical induced alterations in VC,
peak flow rate and alveolar—arterial (A-a) gradientare depicted in
Figure 2.4.

Vascular System

As blood flow is directed to high-priority organs, perfusion in
injured tissues, adjacent musculature, and in the viscera may be
diminished. Reductions in circulation have been associated with
impaired wound healing, increased muscle spasm, and visceral-
somatic ischemia and acidosis.”""*>** Inadequately controlled
pain can predispose patients to postsurgical deep venous throm-
boses (DVT) and pulmonary embolism. As previously discussed,
catecholamines and angiotensin released in response to surgical
stress may result in platelet-fibrinogen activation and the devel-
opment of a hypercoagulable state.”!>*? Severe pain is commonly
associated with an impaired ability to ambulate and decreased
venous flow.!">21:2* Surgical manipulation in and around the
pelvis may damage venous conduits that return blood from the
lower extremity. These factors make up Virchow’s triad of hyper-
coagulability, venous stasis, and endothelial injury that underlie
the development of DVT.!2

In addition to concerns of local tissue swelling and venous
stasis, is the worry that thromboembolism may lead to a more
serious complication, pulmonary embolism. As thrombotic
fragments travel to the heart and lungs, occlusions within pul-
monary arteries result in varying degrees of ventilation per-
fusion mismatch and hypoxia. Because the initial thrombus
incites vigorous local release of vasoactive and inflammatory
cytokines, symptoms associated with pulmonary embolism gen-
erally worsen within a short period of time. If not recognized
and promptly treated, this complication is associated with a
20%-30% mortality.

Finally it is well recognized that high plasma levels of nore-
pinephrine levels lead to vascular constriction and platelet adhe-
sion, which are factors that diminish peripheral limb perfusion
and require reoperation for graft occlusion following vascular
surgery.!21

Injury Site

As discussed under Heart, humoral and neurochemical alter-
ations in and around the site of injury play important roles in the
development of persistent postsurgical pain and, in some cases,
chronic pain. Continued sensitization of peripheral nocicep-
tors and second-order spinal cells is responsible for prolonged
hyperalgesia as well as qualitative differences among physiolog-
ical, nociceptive, and neuropathic pain. Elevated levels of IL-13
and other cytokines exacerbate edematous and irritative com-
ponents of inflammatory pain.*® Cytokines, including IL-1f3,
IL-6, and tumor necrosis factor (TNF-a), also play a role in
initiating allodynia and development of persistent pain.*® These
cytokines, initially released from neutrophils, macrophages, and
other mediators, such as nerve growth factor (NGF) and nitric
oxide (NO) that are also released at later stages from activated
Schwann cells, further incite inflammatory neural injury and
worsen neuropathic pain.>!'=>* Lymphocytes, including T and
NK cells, infiltrate into and further irritate injured nerves; they
also play a role in the development of persistent neuropathic
symptoms.

Chronic pain following surgical trauma is often related to
poorly controlled acute pain, neuropathic pain secondary to
neuromas, or myofascial pain syndromes created by procedural
trauma.>®~>%% Heightened reflex activity in sympathetic effer-
ent fibers is responsible for vasoconstriction and nociceptor
sensitization. Continued alteration in regional blood flow and
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Figure 2.4: A schematic overview of pulmonary function abnormalities observed following upper
abdominal surgery. Solid lines reflect reductions in pulmonary volume (VC), expiratory flow rate, A-a
gradient, and percentage shunt noted in uncomplicated recovery, whereas the dashed lines represent
alterations observed in patients experiencing complications, such as atelectasis and pneumonia.
Vital capacity and peak flow rates may decrease 60% and 85%, respectively, following thoracic
and upper abdominal surgeries. The percentage reduction may be lessened with thoracic epidural
analgesia. During recovery lung volume and A-a gradient returns to baseline sooner than expiratory
flow. Adapted from data reported in references: Brown DL, Carpenter RL. Perioperative analgesia:
a review of risks and benefits. | Cardiothorac Anesth. 1990;4:368—383. Beecher HK: The measured
effect of laparotomy on the respiration. J Clin Invest. 1933;12:639-650. Ali ], Weisel RD, Layug AB.
Consequences of postoperative alterations in respiratory mechanics. Am J Surg. 1974;128:376-382.

development of nociceptive reflex arcs eventually result in sym-
pathetic dystrophy or sympathetically maintained pain.?!-33-36

Central Nervous System

Nociceptive input affects all levels of the central nervous system
and results in neurochemical and neuroanatomical alterations.
One of the more disturbing findings associated with analgesic
undermedication and severe acute pain is the development of
central sensitization. Central sensitization is not only respon-
sible for secondary hyperalgesia, described under Sympathoad-
renal Responses, but also sets in motion plasticity changes and
prolonged enhancement in noxious sensitivity that may be dif-
ficult to reverse.”>~>® Many of these changes are mediated by
activation of NMDARs and increased Ca®" influx.!® Subse-
quent neurochemical alterations include upregulation of COX-2
and NO synthetase and increased synthesis of prostaglandin
(PGE) and NO within sensitized neurons and glial cells.>"->¢7
Synthesis of these and other inflammatory mediators induce
neuroanatomical changes that, for reasons that remain unclear,
appear designed to facilitate noxious transmission and pain
processing.>*>~57 These changes include pathophysiologic acti-
vation of microglia and neuronal apoptosis. Cells that are most
vulnerable to atrophy and death include modulatory enkephalin-
ergicand adrenergic interneurons that normally function to sup-
press noxious transmission.’® Other neuroanatomical changes
include nociceptor axonal sprouting and new connections with

dorsal horn cells and redirection of nonnoxious afferent fibers
to sensitized second-order cells. These forms of plasticity are
responsible for many of the allodynic and hyperpathic aspects
of persistent somatic and neuropathic pain and also limit the
effectiveness of pharmacological management.>*->%-%7 Figure 2.5

| Transitions from Acute to Chronic Pain |
Acute Injury

| Nociceptor Activation |
Transduction, Peripheral Sensitization

Seconds

| Central Sensitization |
NMDA Activation and “wind-up”

|Neuronal Modification and Long Term Potentiation| Hours to
Days
Altered gene Altered Cell death
regulation connectivity

Month Year
Persistent Pain

Figure 2.5: Mediators and temporal changes involved during the tran-
sition from acute to chronic pain. (Adapted from Woolf and Salter,
Science. 2000;288:1765.)
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Table 2.2: Incidences of Chronic Postoperative Pain and
Disability»?

Estimated  Estimated Incidence ~ Number of
Incidence of  of Chronic Severe Surgeries
Chronic Pain  (Disabling) Pain® in the
Procedure (%) (%) United States”
Amputation 30-50 5-10 159 000
Coronary artery 30-50 5-10 598 000
bypass surgery
Thoracotomy 30-40 10 Unknown
Breast surgery 20-30 5-10 479 000
(lumpectomy or
mastectomy
Cesarean section 10 4 220 000
Inguinal hernia 10 2-4 609 000

repair

% National Center for Health Statistics, United States of America, 1996.
¥ >5 of 10 pain scores.
Source: Kehlet H, et al. Lancet. 2006;367:1618—-1625.>

provides a temporal outline describing the transition from acute
to chronic pain. Other figures describing the neurochemical
alterations and spinal plasticity changes responsible for this tran-
sition are presented in Chapter 1.

When one considers it, all chronic pain begins as acute
pain. Kehlet and coworkers®***® found that a high percentage
of patients recovering from commonly performed procedures
were troubled by persistent somatic and neuropathic pain a year
following surgery (Table 2.2). The highest incidence of persistent
pain was noted in procedures where nerve injury is commonly
observed, including thoracotomy, mastectomy, and inguinal her-
nia repair. Pluijms and coworkers®® noted that patients most
likely to develop persistent pain following thoracotomy were
those who suffered the highest acute pain intensity during the
first postoperative week. Sixty-seven percent of patients who
developed chronic pain reported moderate to severe VAS pain
scores, whereas 40% reported mild to moderate pain. Patients
likely to develop chronic pain also reported a greater total
amount of time spent having pain (P = .02).

Other risk factors linked to the development of persistent
pain include patients with ongoing or preceding pain at the
site of surgery, trauma occurring in younger individuals, and
patients presenting with either psychosocial abnormalities or
specific genetic susceptibilities (Figure 2.6).>3:°%% These fac-
tors appear to have strong causality, because only a fraction
of patients experiencing severe pain following traumatic neural
injuries progress to a chronic pain state.!%->® Effective pain man-
agementand close patient observation during recovery and reha-
bilitation may be the key to reducing long-term pain disability.**
Those individuals experiencing extraordinary discomfort fol-
lowing routine procedures should be followed closely and may
require a chronic pain consultation and treatment with anti-
neuropathic agents (see also Chapter 9, Transitions from Acute to
Chronic Pain).

Responses mediated via higher cortical centers and the lim-
bic system can either modulate the intensity of noxious per-
ception or exacerbate emotional distress, pain complaint, and

patient eln)(ie:‘cy.21’27"“’66 Intense anxiety, fear, and loss of con-
trol that accompany traumatic injuries may have a profound
effect on the hypothalamic-pituitary axis, further altering neu-
roendocrine response. Poorly controlled pain promotes sleep
deprivation, reduced morale, and learned helplessness by affect-
ing the limbic and cingulate cortices.

Patients suffering acute pain are commonly troubled by sleep
disturbances that increase lethargy and negatively affect morale,
mood, and motivation to participate in rehabilitation. Many
patients require anxiolytics and sedatives to experience limited
intervals of sleep and generally awake experiencing increased
pain. In a study of 102 patients recovering from orthope-
dic surgery, increasingly severe postoperative pain resulted in
greater interference with sleep.® Sleep quality and duration was
most affected when pain scores were greater than 5 on a scale
from 0 to 10. In settings of severe acute pain, sleep deprivation
and behavioral alterations may diminish patient morale and
their willingness to utilize incentive spirometry or participate
in ambulation and physical therapy. In the setting of persistent
pain, limbic cortical responses negatively affect quality of life
and also mediate anxiety, depression, and other chronic pain
behaviors.

ATTENUATION OF PAIN-INDUCED
PATHOPHYSIOLOGY

Innovations in technology, such as neuraxial analgesia and con-
tinuous infusion of local anesthetics, have revolutionized post-
operative pain management. Evidence-based practice suggests
that epidural anesthesia, specially thoracic epidural anesthesia,
improves postop myocardial infarction, deep venous throm-
bosis, pulmonary embolism, transfusion requirements, pneu-
monia, respiratory depression, and morbidity following major
operative procedures.®”’ "

Operative Procedures
Surgeries associated
with a risk of
nerve damage,
Repeat surgery

Psychological Vulnerability
Anxiety
Depression
Catastrophies

Preceding Pain
Pain >1 month prior to surgery
Severity correlates with post
surgery pain levels

Severe Postoperative Pain
Intensity of acute pain correlates with
development of chronic pain

Genetic Predisposition
Susceptibility to the generation and
experience of pain, Variable
responses to analgesics

Gender
Women report higher levels of
postoperative pain

Increased Age
Older patient shown to have reduced
risk of chronic postherniorrhaphy pain

Figure2.6: Risk factors for the development of persistent pain follow-
ing routine surgery. Based on studies performed by Hanley MA, et al.
Disabil Rehabil. 2004;26:882—893; Katz ], et al. Pain. 2005;119:16-25;
Perkins FM, Kehlet H. Anesthesiology. 2000;93:1123-1133; Reuben
SS, Buvanendran A. J Bone Joint Surg Am. 2007;89:1343—1358.
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Vascular Surgery

Epidural infusions of local anesthetic combined with gen-
eral anesthesia provide a significant cardioprotective effect
for patients undergoing abdominal aortic aneurysm repair.
Improvements in outcome are related to maintenance of hemo-
dynamic stability and reduced arrhythmias following release of
the aortic cross clamp.”! Postsurgical hypertension found in up
to 50% patients has been related to sympathetic nervous system
hyperactivity and not adrenal epinephrine or pituitary secre-
tion of arginine vasopressin is responsible for the development
of hypertension following aortic and lower extremity vascu-
lar surgery.*>7972 The beneficial effect of epidural analgesia
on sympathetic hypertensive response is mediated by block-
ade of noxious input as well as the sympatholytic effect of
dilute local anesthetics.”'~7> Epidural morphine has no local
anesthetic properties but may suppress sympathetic responses
by providing effective pain control. Sympathetic hyperactiv-
ity and efferent outflow are more reliably blocked when local
anesthetic is added to an epidural morphine infusion.**”? o,
stimulation also inhibits sympathetic responses and release
of catecholamine. Clonidine is an &, agonist that indirectly
inhibits synaptic «-adrenergic receptors by decreasing central
catecholamine ouflow. In a recent study, clonidine appeared to
have a direct effect in modifying the sympathoadrenal response
to surgical pain.”

Catecholamines released in response to surgical stress and
poorly controlled pain incite vasospastic, vasoconstrictive, and
thrombotic occlusive complications.”!*®7* Vasospasm as a result
of high plasma concentrations of epinephrine and locally
released norepinephrine may compromise distal graft potency
in patients recovering from vascular surgery and increase risk
of deep venous thromboses in other forms of lower extremity
procedures.*0-67-68:70 Compared with general anesthesia, epidu-
ral anesthesia followed by continuous epidural analgesia main-
tains fibrinolysis, reduces the risk of arterial thrombosis, and is
associated with a lower incidence of reoperation for inadequate
tissue perfusion.”*~7® Although local anesthetics directly inhibit
platelet aggregation and have antithrombotic effects it remains
unclear whether local anesthetics absorbed from peripheral or
epidural sites of administration have clinically significant effects
at the site of vascular surgery.”®7””

Cardiac Surgery

Thoracic epidural analgesia allows specific blockade of
nociceptive reflex arcs and may reduce or eliminate stress-
induced alterations of organ dysfunction.” Untoward sympa-
thetic effects on atherosclerotic vessels are suppressed and blood
flow to at risk areas of myocardium is improved.”® Under-
standing the pathophysiology of pain and providing optimal
management has become important in cardiac surgery. The
use of thoracic epidural anesthesia following coronary artery
bypass graft surgery, although controversial from a safety point
of view, has been shown to improve hemodynamic stability,
reduces the release of troponin and the incidence of supraven-
tricular arrhythmia and allows earlier extubation.”®-8 Epidural
analgesia with local anesthetics plus opioids, but not opioids
alone, blocks noxious impulses to and from the sympathetic gan-
glia and attenuates activation of the sympathoadrenal axis.”-3!
Such suppression helps to explain why a recent analysis of
thoracic epidural analgesia continued for more than 24 hours
was found to reduce mortality and postoperative myocardial
infarction.3

Thoracic and Upper Abdominal Surgery

Clinically significant hypoxia and hypocarbia are commonly
observed in patients recovering from chest wall trauma, tho-
racotomy, and upper abdominal surgery. Dynamic pain and
associated restrictions in VC are difficult to control with either
parenteral opioids or intravenous patient-controlled analgesia
(IV PCA).** Cough-provoked dynamic pain is a more sen-
sitive outcome measure for post upper abdominal and tho-
racotomy analgesia.?!"32:33 Several studies employing thoracic
epidural infusions of opioid plus local anesthetic have docu-
mented improvement in pulmonary volume, flows, and cough-
provoked dynamic pain as well as reductions in stress-induced
hormonal, metabolic, and physiologic responses.®! =% Improve-
ments in pulmonary function observed with thoracic epidural
anesthesia are related to several factors, including reduction in
opioid exposure, superior relief of dynamic pain, and prevention
of secondary hyperalgesia.!-?!

Risk of Thromboembolism

Continuous infusions of epidural local anesthetics and con-
tinuous lower extremity neural blockade may be advantageous
in patients at high risk for venous thromboembolism, particu-
larly when DVT prophylaxis is inappropriate because of patient
or surgical concerns.”>”® A recent meta-analysis of all random-
ized studies,? including 141 trials in a total of 9559 patients,
concluded that central neuraxial blockade reduces the risk of
deep venous thrombosis by 44%, pulmonary embolism by 55%,
transfusion requirements by 50%, pneumonia by 39%, respi-
ratory depression by 59%, and myocardial infarction by 30%.
Overall mortality was reduced by 30%. These positive findings
were obtained predominantly after major orthopedic proce-
dures, whereas no significant effects were found in other proce-
dures (urological, abdominal, and thoracic).

Cytokine Response

Systemic opioids and IV PCA provide useful pain relief;
however, they offer minimal to no suppressive effect on sym-
pathetic and humoral responses to traumatic injury.®® In
contrast, continuous epidural or regional anesthesia/analgesia
suppress sympathoadrenal responses and provide modest sup-
pression of humoral-mediated responses and neuroendocrine
reactivity.”>®’ Clonidine and other «,-adrenergic receptor ago-
nists offer an alternative pharmacologic approach that provides
clinically effective pain relief while suppressing the sympathoa-
drenal responses to injury and intubation.”*8¢

Humoral mediators, including cytokines and IL-1f3, and
peripheral sensitizers, such as PGE, exacerbate peripheral in-
flammatory responses and inflammatory mediated pain. Inter-
leukin 13, IL-6, C-reactive protein, and TNF-« are increased in
patients undergoing extensive and prolonged surgeries.’%->%>*
In a recent study, patients receiving epidural clonidine reported
lower pain scores while coughing, required less intravenous mor-
phine, and benefited from a more rapid return of bowel func-
tion throughout the 72-hour postoperative period.® Levels of
the proinflammatory cytokines interleukin 1 receptor antago-
nist (IL-1ra), IL-6, and IL-8 were significantly reduced in the
clonidine group at 12 and 24 hours after surgery. In a similarly
designed study, patients treated with epidural PCA with opioids
plus local anesthetics also experienced significant reductions in
postsurgical cytokine response.®’”

Proinflammatory cytokines and PGE also have analgesic
effects in the central nervous system.'''8® In addition to their
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Figure 2.7: The peripheral and central roles of prostaglandin (PGE) in pain perception,
hyperalgesia, and the development of chronic pain. In addition to their peripheral role in
noxious stimulation and inflammation, PGEs incite central sensitization and plasticity
changes by a variety of mechanisms, including (1) indirect effects following vascular
delivery from the site of trauma to the CNS, (2) indirect effects mediated by cytokine-
induced upregulation of COX-2 and PGE synthesis in the vascular endothelium, and (3)
direct effects of COX-2 upregulation in microglial and sensitized neurons.

peripheral sites of activity, circulating cytokines are known to
bind IL-1 receptors on the inner surface of cerebral endothelial
cells.3 Once activated these cells upregulate COX-2 and release
PGE into brain tissue, resulting in irritation and heightened
pain sensitivity.?> Multimodal analgesics, including nonsteroidal
anti-inflammatory drugs (NSAIDs) and COX-2 inhibitors, pro-
vide useful augmentation of epidural and regional analgesia and
specifically reduce PGE synthesis as well as peripheral and cen-
tral inflammatory responses. Peripheral and central effects of
PGE in the development of primary and secondary hyperalgesia
are presented in Figure 2.7.

Tissue Breakdown and Infection Risk

Parenteral and oral nutrition may compensate for catabolic
hormonal stress responses and improve convalescence after
major surgery.”® Kehlet and Dahl** demonstrated that imme-
diate postoperative administration of (3-blockers, amino acids,
insulin, and glucose improved nitrogen balance following major
abdominal surgery. Further improvements in nitrogen balance
may be gained by utilizing continuous epidural blockade.?!»*!

Impaired host defense mechanisms and immunosuppres-
sion caused by surgical trauma and hormonal stress responses
may be reduced with epidural analgesia.”? Postoperative epidu-
ral analgesia preserved lymphocyte reactivity to a significantly
greater extent than IV opioids.2"4192 This improvement in
immune status may improve postoperative resistance to infec-
tious disease.

Sleep Disturbances and Return to Functionality

Epidural and continuous regional analgesia are associated
with improved sleep quality and a more rapid return to func-
tionality. Quality-of-life benefits provided by epidural opioid

analgesia were evaluated in 100 patients recovering from major
surgery.”® Patients receiving epidural analgesia versus those
receiving sham control plus parenteral opioids as required ben-
efited from fewer sleep disturbances, a shorter hospital stay, and
more rapid return to work (22 vs 30 days; P < .05). In a sec-
ond study by Ilfeld et al,”* postoperative pain management and
sleep quality were assessed in patients receiving IV and oral
opioids supplemented with either regional analgesia or saline
control. Patients experiencing effective pain control benefited
with significantly improved sleep pattern (P < .05). Pain relief
was inferior and sleep disturbances 10-fold higher in the saline
control group.

Epidural analgesia has also been shown to improve function-
ality following colon surgery.”> While in the hospital, patients
treated with epidural opioids plus local anesthetics experienced
significant reductions in effort-related pain intensity scores than
others using IV PCA morphine. These improvements continued
following hospital discharge, as patients in the epidural group
benefited from greater reductions in 6-minute walk test dis-
tance at 3 and 6 weeks postsurgery (P < .01). Capdevila and
coworkers®® found similar evidence that regional blockade and
epidural analgesia were superior to IV PCA in reducing effort-
dependent pain and improving knee flexion 24 and 48 hours
following total knee replacement surgery. Of importance was
the finding that these initial improvements continued 2 weeks
and 3 months following hospital discharge.

Persistent Pain

In an effort to limit development of persistent pain, sur-
gical and analgesic techniques that reduce the risk of neu-
ral and somatic injuries as well as the severity of acute pain
and associated stress response have been advocated.*%-33-58:97 Ag
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discussed previously surgical and individual specific factors may
increase patient susceptibility to developing chronic pain. Mod-
ification of surgical technique may reduce the development and
severity of symptoms.>®>357-61 [n patients at higher risk for
developing persistent pain, the use of minimally invasive tho-
racoscopic, arthroscopic, and laproscopic procedures should be
considered to minimize tissue injury, surgical stress, and risk of
nerve damage. When performing mastectomy with axillary node
dissection, care should be made to avoid damaging the inter-
costobrachial nerve that can result in upper arm neuropathy.’’
Anesthetic and analgesic management should employ a pre-
emptive and multimodal approach that has been demonstrated
to reduce pain intensity and opioid dose requirement®®-8-100
(see also Chapters 22 to 24, Perioperative Ketamine for Better
Postoperative Pain Outcome, Clinical Application of Glucocorti-
coids, Antineuropathics and Other Analgesic Adjuvants for Acute
Pain Management (Anticonvulsants and o, Agonists), and Non-
pharmacological Approaches for Acute Pain Management), which
describe several multimodal approaches for acute pain manage-
ment). Preemptive and multimodal administration of coxibs,
NSAIDs, anticonvulsant analgesics, and ketamine,!% as well as
presurgical initiation of neural blockade, not only reduce acute
pain intensity but also may diminish wound hypersensitivity and
residual pain intensity many months following surgery.*¢-190-102

CONCLUSION

Pathophysiologic responses and adaptive changes to extensive
tissue injuries function to maintain hemodynamics, minimize
tissue injury, and promote healing. However, the very same
neural and hormonal catecholamine responses that promote
recovery in healthy young adults worsen pain intensity, pro-
mote cardiovascular instability and pulmonary dysfunction and
increase infection risk in American Society of Anesthesia high-
risk patients. Anesthesiologists have traditionally been the physi-
cian specialists most familiar with pain physiology and patho-
physiology and play the key role in initiating highly effective
neuraxial, regional, and multimodal analgesia. Findings from
randomized controlled trials and meta-analyses suggest that
continuous epidural analgesia and regional analgesia can signifi-
cantly reduce pain intensity scores, sympathoadrenal responses,
and pulmonary complications. Although these techniques are
more expensive, time-consuming, technically difficult to initiate
and require continuous follow-up, their application in high-risk
patients has been shown to reduce postsurgical morbidity, mor-
tality, and time to hospital discharge.
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Patient Variables Influencing

Acute Pain Management

Joshua Wellington and Yuan-Yi Chia

Acute pain management is influenced by a number of patient
variables that have been shown to affect the intensity, dura-
tion, and interpretation of pain, as well as the safety and
efficacy of analgesic therapy. To develop an appropriate plan
for acute pain management, factors such as patient age, race,
sex, pharmacogenomics, and surgical or medical comorbidites
must be considered. In general, traditional as-needed (PRN)
dosing regimens have difficulty accounting for variabilities in
analgesic response and interindividual differences in pain, per-
ception, and coping skills. Patient variables also influence the
safety and effectiveness of more modern and sophisticated forms
of analgesic administration, such as patient-controlled analge-
sia (PCA), neuraxial opioids, and peripheral neural blockade
(Figure 3.1).

The sections that follow identify and discuss patient-related
factors known to influence analgesic dose requirement and anal-
gesic response.

AGE

Age is among the most important patient variables influencing
analgesic response.! ™ Advancing age can alter analgesic dose
response in several ways.>>~7 A decrease in hepatic enzymes,
particularly cytochrome P450 (CYP450) microsomes and glu-
coronidases, as well as diminished hepatic blood flow, can
reduce opioid and local anesthetic metabolism and delay drug
elimination.® With regard to opioids, age-related reductions in
plasma albumin may increase the fraction of unbound or active
drug, whereas diminished pain transmission and central ner-
vous system (CNS) activity may significantly reduce perception
and subsequent processing of pain. Because of these factors, a
negative correlation between age and postoperative opioid con-
sumption is commonly observed. Age-related reduction in intra-
venous (IV) PCA opioid dose requirements have been observed
in several clinical evaluations (Table 3.1).>~>7"!Similar age-
related reductions have been reported with epidural morphine
(Figure 3.2).
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Gagliese et al” observed that on the first postoperative day,
young patients consumed an average of 66.6 mg of PCA with
morphine, whereas older patients consumed an average of only
39.1 mg. Based on these findings, the authors suggested the fol-
lowing formula for determining the average morphine require-
ment based on patient age: Average postoperative 24-hour mor-
phine use (mg) = 100 — age (years).

In subsequent studies, Gagliese et al>” also observed that
age differences in postoperative pain were scale dependent, with
older patients exhibiting significantly lower scores compared
with younger patients on the McGill pain questionnaire (MPQ)
and present pain intensity (PPI), but not on the visual analog
scale (VAS). The authors reported that VAS has insufficient sen-
sitivity for detecting age differences in postoperative pain. Verbal
descriptions of pain qualities were more sensitive in detecting
these variables compared with nonverbal measures. Their studies
also revealed that the decrease in opioid intake between postop-
erative day 1 and day 2 was greater among young patients than
older patients.

It has been reported that young and elderly patients may
be subjected to the same protocol for postoperative intravenous
morphine titration with no significant increase in morphine-
related adverse effects.! Moreover, it has been reported that
elderly patients without cognitive deficits can attain similar lev-
els of analgesia and were equally satisfied with pain control man-
agement as younger patients.7

Intact cognition is essential for optimal use of IV and epidu-
ral PCA. Several studies revealed that advancing age is associ-
ated with decreased self-administration of opioids,?”>1? possibly
because elderly patients perceive less postoperative pain and are
less willing or less able to use the PCA device. Inadequate analge-
sia was also previously found to be more frequent among elderly
patients, findings that again may have been related to baseline
cognitive deficits or acute postoperative confusional states.!!~4

Pediatric analgesia in the acute pain setting may safely and
effectively employ the use of PCA in children as young as 4 years
old. This has been demonstrated in children who are experienc-
ing acute postoperative pain as well as children with pain related
to cancer and cancer treatments.!>~!” Anecdotally, if a young

18,9
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Patient Variables That May Influence Pain
Intensity and Analgesic Response

Patient Gender

"
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Figure 3.1: An overview of patient variables that influence pain perception, analgesic

response, and analgesic safety.

child is able to play and understand the concept of video games,
he or she will be able to successfully manage a PCA. PCA by proxy
(ie, nurse or family member) may also be used in children with
careful patient selection and education of proxy users. Serious
adverse events or death may occur, especially if family members
are not appropriately educated and inadvertently cause overdose
by continuously administering demand doses.'®

CULTURE OR RACE

Reaction to pain is a conditioned behavior that reflects the values
of a given culture. Patients usually react in a manner related
to how significant they consider the pain and how they have
been taught to respond to it. Although it is impossible to make
generalizations about the pain response of a specific patient
group, appreciating such cultural conditioning can help health
care providers assess and understand the pain experienced by a
given person.'~% Cultural responses to pain may be classified
into two major categories: the stoic, wherein patients minimize
verbal expression of their discomfort, and the emotive, wherein
patients are vocal in their response to pain.

Table 3.1: Intravenous Morphine Titration in Elderly
Patients

Young Patients Elderly Patients
Parameter (n=875) (n=175)
Age 45 76
Initial VAS (mm) 76 74
Dose IV morphine (mg) 10.8 9.5"
Morphine dose mg/kg 0.15 0.14"
Adverse events (%) 13 15

7 Significant reduction in dose, P < .05; Auburn et al. Anesthesiology,
96:2002.

Stoic patients, which include members of mainstream Amer-
ican culture, often behave in such a manner because of their
desire to be thought of as “perfect patients” and thereby gain a
sense of self-worth and self-esteem. Emotive patients, however,
often verbalize their discomfort and continually ask for relief.
The reasons for this behavior include fear, desire for attention,
grief, and learned behavior.

With regard to the influence of cultural variables on opioid
dosing, it has been noted that Asian American patients recover-
ing from cholecystectomy required significantly less meperidine
than native Hawaiians and whites.!® In a PCA evaluation involv-
ing patients recovering from total abdominal hysterectomy,
Parker et al*” reported that African American women consumed
significantly less morphine compared with age- and Ameri-
can Society of Anesthesiologists physical status-matched white
counterparts.
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Figure 3.2: Age-related reductions in IV PCA morphine
requirements in patients recovering from surgery. From:
Burns JW, Hodsman NB, McLintock TT, et. al. The influ-
ence of patient characteristics on the requirements for
postoperative analgesia. A reassessment using patient-
controlled analgesia. Anaesthesia. 1989;44:2—-6.4
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Ng et al*! observed that the patient’s ethnicity has a greater
impact on the amount of narcotics prescribed by the physician
than on the amount of narcotics self-administered by the
patient. They suggested that ethnicity itself influenced the way
the physician perceived and treated pain. This disparity appears
greatest in conditions wherein there are few objective findings,
such as back pain, long bone fracture, and migraine.ﬂ’22

The effect of ethnicity on IV PCA prescribing and ther-
apeutic response remain controversial. Some studies reported
that African American and Hispanic patients are more likely
to experience inadequate analgesia,”>*** whereas other studies
found no difference in opioid analgesic prescribing for African
American and Hispanic children and for non-Hispanic white
patients.?>~%’

SEX

The impact of sex on postoperative opioid requirements has
yet to be clarified. Early investigations demonstrated gender-
related differences in pain perception, morphine consumption,
and effectiveness of morphine analgesia after surgery. In a study
involving 4317 patients, Aubrun et al® concluded that women
experienced more severe postoperative pain and required a
greater dose (+11%) of morphine than men in the immediate
postoperative period.? This was supported by a study by Cepeda
and Carr,?? which revealed that women require 30% more mor-
phine to achieve a similar degree of analgesia to that of men.

Studies using models of experimental pain in mixed patient
populations have presented conflicting results.*® Olofsen et al*!
revealed that neither sex nor subject expectation (ie, placebo)
contributes to the large variability in intersubject analgesic
response to alfentanil. Fillingim et al*® also found no sex-related
differences in analgesic response to pentazocine. In a recent
review, however, Pleym et al*? revealed that males require 30%
to 40% higher doses of opioid analgesics than females to achieve
similar pain relief. In a survey of 2298 Chinese patients, Chia
et al* also identified sex difference as the major predictor of
PCA morphine consumption, with males requiring 23% to 43%
more morphine than females (Table 3.2).

PSYCHOLOGICAL FACTORS

As previously stated, the response to pain is closely linked with
cultural values, personality traits, and coping skills. Despite dif-
ficulties, the practitioner must resist the temptation to project
his or her own cultural values and personality ideals onto others.

Early evaluations of psychological factors and their influence
on acute pain revealed that highly anxious patients reported
higher pain scores and required greater amounts of intramuscu-
larly (IM) administered analgesics. Highly aggressive and angry
patients also tended to consume more medication than patients
whose coping styles are more passive.*~’

A study evaluating the importance of self-control expectancy
in postoperative pain (n = 126) revealed that the expected emo-
tional coping response is crucially related to the whole pain expe-
rience (intensity, latency, and duration). Self-control expectancy
is associated with mastery behaviors in previous painful situa-
tions, vicarious experiences, and personality traits.>* With regard
to personality, a positive correlation between neuroticism and
the ability to tolerate postoperative pain has been observed.*
In a multivariate analysis model, preoperative neuroticism,

Table 3.2: Postoperative Measurements for Female and Male
Patients

Female Male Total

n (day 1) 1,444 854 2,298
VASM 49+ 1.6 52+1.3 52+ 1.7
VASR 23+1.3 23+ 1.4 23+1.5
Dose (mg) 15.3 + 8.8 18.9 £ 8.9¢ 16.6 9.0
n (day 2) 1,444 854 2,298
VASM 39+1.4 4.7 +1.3° 434+2.0
VASR 1.2+ 1.1 1.6 +1.2 1.5+ 1.3
Dose (mg) 23.2+£15.0 319+ 12.4¢ 26.3+13.6
n (day 3) 1,246 718 1,964
VASM 34+1.1 434+ 1.0 3.7+ 1.6
VASR 0.94+0.9 1.1+ 1.1 0.9+0.8
Dose (mg) 28.94+17.3 41.4 £ 15.3 324+ 16.7

Note: Data were presented with mean £ SD or number; n = case
number.

@ P < .05 compared with female group.

b P < .01 compared with female group.

From Chia et al. Can ] Anaesth, 49 (2002), 249-255.%

sensitivity to cold pressure-induced pain, and age were iden-
tified as independent risk factors for early postoperative pain.*

Locus of control testing may be used to reveal adaptive
responses to postoperative pain. The sense of control cited
as a benefit for IV PCA and the overall effectiveness of self-
administration dosing paradigms may be influenced by the
patient’s locus of control. Locus of control may be predomi-
nantly internal (within the person’s control) or external (beyond
the person’s control).>>=3%3 Patients demonstrating an “inter-
nal” locus of control tend to be highly motivated and believe
that an adverse situation can be ameliorated by active partici-
pation. In general, they do well with patient-controlled therapy
that tends to restore some level of control in settings where most
other aspects of care have been taken away from them. Individu-
als having an “external” locus of control tend to be poorly moti-
vated and highly dependent on caregivers.?®3° External localiz-
ers include individuals who believe in “powerful others,” or that
events are controlled by someone else, and those who believe in
“chance,” or that they have no ability to control events.**>*® These
patients may not appreciate nor achieve success with analgesic
self-administration.*>-38-%

Higher levels of internal control appear to negatively corre-
late with reported pain intensity scores. Thus if a patient with a
predominantly internal locus of control is placed on PCA, his or
her need for increased control is met, and, therefore, less anxiety
and pain should be reported. For example, one study involving
76 women who underwent gynecologic surgery found that those
who had an external locus of control had higher levels of pain
and greater dissatisfaction with PCA. An internallocus of control
was predictive of lower pain scores and increased satisfaction.*®

A patient’s ability to cope with an adverse surgical outcome
also appears to influence pain scores and analgesic require-
ments. Patients recovering from exploratory laparotomy in
which benign disease was found tended to self-administer less
PCA opioids, while reporting higher satisfaction with pain ther-
apy than age-matched individuals in which malignancy has been
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discovered.?® In this setting, patients may request discontinua-
tion of PCA in favor of IM sedation or analgesia.

SITE AND EXTENT OF SURGERY

The operative site, degree of surgical manipulation, and duration
of surgery, as well as the intensity and duration of postopera-
tive pain, may influence analgesic requirements. Surgical proce-
dures in community hospitals are generally performed faster and
with less surgical trauma than similar operations performed at
training institutions. For this reason, postoperative pain scores,
opioid requirements, and adverse events tend to be lower.*

Thoracotomies and nephrectomies are generally acknowl-
edged as extremely painful procedures. Spinal fusion, upper
abdominal surgery, and amputation also lead to severe postop-
erative pain.*~*! Open procedures in orthopedic and urologic
surgery result in moderate to severe pain. In contrast, patients
receiving more superficial procedures such as herniorrhaphy
and mastectomy generally report moderate pain and require
lower doses of analgesics. It is generally assumed that endo-
scopic surgery minimizes tissue injury and is associated with
lower postsurgical pain intensity scores than open procedures.
The issue of whether an endoscopic surgery is less painful and
requires lower doses of analgesics has been investigated. In one
study, Soler Company et al*’ observed that open procedures
are significantly more painful in orthopedic and urologic cases,
whereas endoscopic procedures elicit more pain in benign gyne-
cologic cases. The correlation of pain with the duration of the
procedure is strongest for urologic surgery,*>*! wherein severe
pain rarely lasts more than 72 hours. However, consistently high
pain scores were noted for more than 72 hours following thoracic
surgery.!

A wide range of PCA opioid dose requirements has been
reported in patients undergoing different orthopedic proce-
dures.*>*! Hip surgery patients were noted to require sig-
nificantly less analgesics compared with patients who under-
went total knee arthroplasty other open orthopedic procedures.
The less invasive nature of hip surgery and the generally
older age of patients undergoing this procedure are possible
explanations.’®4!

ANESTHETIC TECHNIQUE

Preemptive analgesia is a new concept suggesting that postopera-
tive pain may be attenuated if pain transmission is blocked before
the occurrence of noxious stimuli. Deafferentation by regional
anesthesia prior to surgery, with or without general anesthe-
sia, has been widely used to improve postoperative pain.**~4>
Numerous studies since the late 1990s have demonstrated a sig-
nificant impact of preoperative epidural anesthesia or periph-
eral nerve blockade on decreasing postoperative pain. However,
most of these studies failed to show a difference between general
anesthesia and preemptive analgesia by regional blockade. This
dilemma can be attributed to the definition of preemptive anes-
thesia as a form of treatment conducted prior to surgery, pre-
venting the establishment of central sensitization caused by inci-
sion injury (covering only the period of surgery) and preventing
the establishment of central sensitization caused by incision and
inflammatory injuries (covering the period of surgery and the
initial postoperative period). The result may be not significant

if regional anesthesia is not continued during the postoperative
period or if the effect of neural blockade is verified.*2~*

In addition to other regional anesthesia techniques, the use
of bupivacaine pain pumps may have unique utility in decreas-
ing postoperative opioid requirements while maintaining appro-
priate analgesia. Cottam and colleagues*® recently described the
use of the ON-Q bupivacaine pain pump in patients under-
going laparoscopic Roux-en-Y gastric bypass. Forty patients
were prospectively randomized into two groups. The first group
received the ON-Q bupivacaine pain pump with catheters placed
subxiphoid and radiating caudally beneath the lowest rib bilat-
erally. The second group did not receive the ON-Q bupivacaine
pain pump. Each group was treated with meperidine PCA in
the immediate postoperative period through the next morning
(6 AM). The mean meperidine use by PCA was 129 mg in the
ON-Q group versus 217 mg in the second group (40.5% reduc-
tion in opioid use, P = .008). Similar results have also been seen
in patients undergoing thoracotomy,* inguinal hernia repair,*®
and mastectomy.®’

PATIENT SIZE AND OPIOID
PHARMACOKINETICS

Opioid analgesics are frequently administered on a milligram-
per-kilogram basis; however, controversy exists regarding clin-
ical correlations between body weight and individual dose
requirement.?*+50-34 Of all patient variables, body weight and
body surface area appear to have the least impact on opioid dose
requirement and patient response.’*? In an early study, Tamsen
and colleagues? found that total IV PCA was not influenced by
weight or the rate of opioid elimination in age-matched patients
recovering from similar surgical procedures. More recent studies
have shown otherwise. Glasson et al' demonstrated that body
weight and body surface area are significant predictors of post-
operative opioid requirement. This was supported by the study
of Macintyre and Jarvis,>* which established that weight was a
predictor of postoperative PCA morphine requirement. Never-
theless, both of these studies concluded that weight is a poor
predictor of PCA morphine dose, and its influence is much
less than that of age. Despite the lack of consistency in the
above-mentioned studies, when administering opioids to obese
patients, it would make sense to administer hydrophilic agents
such as morphine according to their calculated lean body mass,
whereas lipophilic opioids that distribute into adipose tissue may
be dosed according to the patients’ actual weight.

The relationship between opioid concentration and post-
operative analgesia is best explained by two terms: maxi-
mum plasma concentration (MCP) associated with severe pain
and minimum effective analgesic concentration (MEAC).*>>~>8
With PCA, patients at MCP can gradually increase plasma opi-
oid concentrations and achieve MEAC. It must be recognized
that the slope of the line between MCP and MEAC is quite
steep. For example, a slight rise in plasma meperidine concen-
tration by 0.05 pg/mL is all that separates effective from ineffec-
tive analgesia.>* Self-administered opioid requirements neces-
sary to maintain morphine and meperidine MEACs were 2.7 +
1.1 mg/h and 26 £ 10 mg/h, respectively.> Patients utiliz-
ing PCA tend to establish and maintain MEAC, which oscil-
lates around a mean steady-state serum concentration (Cs)
for each person.*>*>”-% Normally, the steady-state concentra-
tion reflects the ratio between drug dose and plasma clearance;
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however, Tamsen et al>*® reported that plasma clearance and
elimination rate constants were unrelated to individual hourly
dose requirements among patients utilizing PCA for postoper-
ative pain. They concluded that interindividual differences in
opioid consumption could not always be explained by altered
pharmacokinetics, but may reflect interindividual differences in
pharmacodynamics.>®

With regard to pharmacodynamic variability, relationships
between CSF concentrations of endogenous opioids and the
amount of exogenous analgesic required to maintain effective
pain relief have been observed. Dahlstrom and coworkers®’
found that patients presenting with low CSF levels of (3-
endorphin required significantly greater amounts of PCA
meperidine. These investigators observed a linear relationship
between preoperative CSF concentrations of endogenous opi-
oids and postoperative PCA demand doses and total opioid
delivered.

GENE POLYMORPHISMS

As mentioned above, acute pain management is often compli-
cated by interindividual variabilities and undesired effects of
analgesics. Genetic polymorphisms are thought to play a larger
role than previously realized in the interindividual variability of
response to analgesics. A small, but growing, number of clinical
trials have focused on the genes responsible for modulating the
analgesic response to many commonly used medications.

A recent study revealed that women respond better to nal-
buphine (a k-opioid agonist) than to morphine (a p-opioid
agonist), whereas men respond better to morphine in the post-
operative period,®® suggesting the presence of sex-related dif-
ferences in the opioid receptor system. Another study showed
that the several single nucleotide polymorphisms (SNPs) iden-
tified in the human p-opioid receptor gene, with the 118A>G
mutation being the most common, might be associated with the
clinical effects of opioid analgesics.>*-®!

In vitro, the binding of endorphin to the receptor of a
homozygous G allele has been shown to be tighter by 3-fold com-
pared with its binding to a homozygous A allele.®> Moreover, a
recent report suggested that cancer patients who were homozy-
gous for the G118 variant required higher doses of oral morphine
for long-term treatment of pain.®® Romberg et al®*-% studied
the pharmacokinetics and pharmacodynamics of morphine-
6-glucuronide (M6G), a p-opioid agonist, and observed that
A118G mutation of the human p-opioid receptor gene also
reduced analgesic responses to M6G. This genetic variation of the
p-opioid receptor was also associated with the different response
of surgical pain to intravenous PCA morphine therapy. It might
be warranted to extend these results to other ethnic groups.®>%
In an recent review on the evidence for genetic modulation of
analgesic response, Lotsch and Geisslinger®” described that the
118A > G mutation of the p-opioid receptor affected up to
17% of subjects in their response to alfentanil,®® morphine,*
M6G,%*%* and levomethadone.”®

The polymorphism of the human catechol-O-methyl-
transferase (COMT) gene has been found to influence the
morphine requirements in cancer pain patients.”! Dopamine,
epinephrine, and norepinephrine are inactivated in the ner-
vous system by COMT. Enzyme activity of COMT may vary
3- to 4-fold because of a common functional polymorphism
(Val158Met). Patients with the Val/Val genotype needed more

morphine in comparison to the Val/Met genotype and Met/Met
genotype groups. Mogil and coworkers’? found that polymor-
phism of the melanocortin-1-receptor (MCIR) may also affect
morphine requirements in a small subset of patients. MCIR
mutations may also affect pentazocine analgesic efficacy in
women only.”> Morphine requirements may also be affected
by an SNP of 3435C>T in the ABCBI (P-glycoprotein) gene.”

The cytochrome P450 2D6 (CYP2D6) is known to metab-
olize many drugs. The activity of CYP2D6 ranges from com-
plete deficiency to ultrafast metabolism, depending on at least
16 different known alleles.”> This may account for variation
in metabolism for dextromethorphan, tramadol, and codeine,
among other medications.

PATIENTS WITH HISTORIES OF SUBSTANCE
ABUSE OR OPIOID DEPENDENCIES

Patients abusing heroin or diverted opioid analgesics experience
the same intensity of acute postsurgical pain as nondependent
individuals. Nevertheless caregivers tend to limit opioid admin-
istration in these patients. PCA is often withheld from these indi-
viduals, and neural blockade or epidural analgesic techniques are
substituted because self-administered IV boluses may reinforce
drug-seeking behavior.*® More recent practice guidelines permit
well-supervised PCA therapy for use by patients having a his-
tory of alcohol, cocaine, and heroin abuse. Opioid-dependent
patients with a history of chronic pain and tolerance develop-
ment also require increased amounts of opioids to compensate
for both baseline requirements as well as that needed to control
pain following surgery (see also Chapter 34, Acute Pain Manage-
ment in Patients with Opioid Dependence and Substance Abuse.)

PATIENTS WITH ORGAN IMPAIRMENT
OR FAILURE

Declines in cardiac, hepatic, and renal function are often asso-
ciated with alterations in the volume of distribution, clearance,
and excretion of most analgesic agents. For analgesics having
high hepatic uptake and clearance, reductions in hepatic blood
flow are accompanied by proportional decrements in the overall
extraction rate and prolonged pharmacological effects.”6~%
The patient with organ compromise or failure may present
with unique considerations, depending on the analgesic to
be administered. These patients may include those who have
renal or hepatic impairment or failure or others recovering
from nephrectomy and hepatic lobectomy. Analgesic efficacy
may be altered not only by impaired clearance of the med-
ication but also through the production and potential accu-
mulation of metabolites which may be toxic. A classic exam-
ple is accumulation of meperidine’s renally cleared metabolite,
normeperidine, which can precipitate CNS toxicity. A recent
review of the impact of concurrent renal or hepatic disease
on the pharmacology of the patient requiring acute pain man-
agement found specific differences in safety of the pharmaco-
logical profile among pain medications.”®’” These differences
are presented in Table 3.3. According to this table, there are a
number of safer medications that can be used in patients with
renal impairment as these drugs typically do not have a signifi-
cantly prolonged clearance or deliver a high active metabolite
load. Other medications may be used with caution wherein



38 Joshua Wellington and Yuan-Yi Chia

Table 3.3: Pharmacological Safety Profile with Renal or
Hepatic Impairment

Require Precaution

Safest (ie, dose reduction) Avoid
Renal impairment/failure
Acetaminophen Amitriptyline Aspirin
Alfentanil Bupivacaine Dextropropoxyphene
Buprenorphine Clonidine Meperidine
Fentanyl Gabapentin NSAIDs
Ketamine Hydromorphone
Remifentanil Levobupivacaine
Sufentanil Lidocaine
Methadone
Mexilitine
Morphine
Oxycodone
Tramadol
Hepatic impairment/failure
Remifentanil Other opioids Amitriptyline
Carbamazepine
Dextropropoxyphene
Meperidine
Valproate

dose reduction is usually necessitated. Some drugs should not
be used because of the high risk of toxicity. Although mor-
phine remains primarily unaffected by renal failure, accumula-
tion of morphine-6-glucuronide (an active metabolite that may
induce CNS irritability) and morphine-3-glucuronide (inactive
metabolite) have been reported.”® Buprenorphine may provide
analgesic efficacy in patients with renal failure requiring inter-
mittent hemodialysis. Filitz and coworkers’ recently found that
buprenorphine and its metabolite norbuprenorphine were not
elevated in plasma levels in chronic pain patients with end-
stage renal disease. Additionally, hemodialysis did not affect
buprenorphine plasma levels, allowing for stable analgesia.

When using pain medications in the patient with hepatic
impairment, consideration must be given to the impaired clear-
ance and increased oral bioavailability caused by a reduced
first-pass metabolism. The primary metabolic pathway for most
opioids is oxidation, which may be decreased in patients with
hepatic cirrhosis. Morphine and buprenorphine are exceptions
that primarily undergo glucuronidation. Although glucuronida-
tion is thought to be less affected in hepatic cirrhosis, morphine
clearance is still decreased and oral bioavailability increased.®
Remifentanil is least subject to alteration because of its clearance
by ester hydrolysis; however, its practicality in the acute pain set-
ting may be limited. As fentanyl is more often used in the acute
pain setting, consideration must be given for its metabolism by
the P450 enzyme CYP3A4.%! In patients with hepatic impair-
ment or failure, elevated plasma fentanyl levels will occur. The
analgesic activity of codeine is dependent on the P450 enzyme
CYP2D6 to transform into the active metabolite of morphine.
The analgesic efficacy of codeine will be decreased accordingly
in patients with hepatic impairment.

The use of other opioids, such as hydromorphone and oxy-
morphone, may be considered with close patient monitoring.

As methadone has a very long half-life, it is contraindicated in
patients with severe liver disease. Dextropropoxyphene has also
been implicated in several cases of hepatotoxicity.??

To prevent cumulative increases in levels of analgesics,82 but
maintain therapeutic plasma concentrations, it is essential that
the dose of drugs that undergo hepatic biotransformation or
are eliminated by the kidneys be reduced. This can be accom-
plished by either decreasing the amount of each dose while main-
taining the normal dosing schedule or by increasing the inter-
val between doses while administering the standard size dose.
Dosage adjustment is of critical importance if renal function is
less than 50% of normal and the agent to be administered is to a
great degree (>50%) excreted unchanged or has active metabo-
lites that are primarily eliminated by the kidney.?*>>”’=7° Patients
suffering congestive heart failure experience greater reductions
in hepatic and renal perfusion than blood flow directed to the
heart, lungs, and central nervous system. As would be expected
both hepatic clearance/biotransformation and renal elimination
of drug will be compromised, whereas delivery of free drug to
the nervous system and heart may be increased.

CONCLUSION

Patient variables clearly influence analgesic dose requirements
and analgesic response. Factors associated with the greatest
reduction in analgesic requirement as well as potential toxic-
ity include increasing patient age and hepatorenal dysfunction.
Variables responsible for increased analgesic requirement and
less effective pain control include opioid tolerance, more exten-
sive surgery, and cultural influences. Cognitive deficits lead to
reductions in both analgesic requirement as well as ineffective
pain control. It seems likely that understanding and utilizing
genetic polymorphisms that mediate receptor efficacy and drug
metabolism will have clinical usefulness by either increasing
analgesic sensitivity or diminishing toxicity. In the near future,
oral and intravenous analgesic dosing and selection of opti-
mal compounds may be facilitated by presurgical analysis of
genetic markers. At present, elderly patients and those present-
ing with multiorgan failure have the most to gain from advances
in neuraxial analgesic therapy and continuous neural block-
ade. Such therapy provides highly effective pain control and
reduction in stress responses to pain, whereas at the same time
reducing opioid burden and the deleterious effects of opioids on
the CNS.
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Acute Pain: A Psychosocial Perspective

Francis ]. Keefe

Our understanding of the psychosocial aspects of pain has
advanced considerably since the early 1980s. Much has been
learned about psychosocial factors that influence pain and
psychosocial interventions that can enhance pain control.!*?
Recently, there has been growing interest in applying the psy-
chosocial perspective to enhance our understanding and ability
to treat acute pain.

This chapter focuses specifically on psychosocial aspects of
acute pain. The chapter is divided into four sections. The first sec-
tion provides a conceptual background on psychosocial aspects
of acute pain. The second section highlights research on the role
of psychosocial factors in acute pain. The third summarizes the
results of recent studies testing the efficacy of psychosocial inter-
ventions for acute pain. The chapter concludes with a discussion
of future directions for work in this important area.

CONCEPTUAL BACKGROUND

Traditionally, acute pain has been understood using a biomedical
model.? According to this model, acute pain is a warning signal
that results from nociceptive input as a result of tissue damage
or injury. In the biomedical approach, careful assessments are
conducted to identify sources of tissue damage or injury that are
causing pain. Medical and/or surgical interventions designed to
correct or ameliorate underlying tissue damage or injury are
then carried out to eliminate or reduce pain.? In the biomedical
model, psychosocial factors play a secondary role in that they
are viewed simply as responses to pain itself.

Although the biomedical model has been very influential
in understanding and treating acute pain, its limitations have
become increasingly clear since the late 1950s.2 One problem
with this model is that acute pain is not always proportional to
the amount of tissue damage or injury. A classic study conducted
by Beecher” at the Anzio beachhead found that 66% of wounded
soldiers reported feeling no pain. Beecher reasoned that a psy-
chological factor (e, the expectation that the wound would result
in removal from the battlefield to a safe setting) tempered the
experience of pain. Pain-free injuries have been noted not only
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in battlefield situations but also in civilian situations. In a study
of 138 alert and oriented patients seen in an emergency room
setting, Melzack et al* found that 37% reported feeling no pain
at the time of injury. Delays in the onset of pain ranged from 1
to 9 hours. Taken together, the results of these studies suggest
that the relationship between injury and pain is not as simple
and straightforward as assumed by the traditional biomedical
model.

Other limitations of the biomedical model include its failure
to account for observations such as pain that returns and persists
following neurosurgical lesions to pain pathways, variations in
pain, or pain relief following the same treatments that occur
in patients with very similar degrees of tissue pathology.> The
biomedical model also fails to address the effects that psychoso-
cial factors can have on the pain experience.

Growing recognition of the limitations of the traditional
medical model, has spurred interest in alternative theories of
pain. One of the most influential of these theories is Melzack
and Wall’s gate control theory.® The basic tenet of this theory is
that there is a gating mechanism in the dorsal horn of the spinal
cord that influences the transmission of noxious input from the
periphery to the brain. Important from a psychosocial perspec-
tive is the notion that the action of the spinal gating mechanism
is influenced, not only by peripheral input (ie, relative balance
of large diameter and small diameter fiber input), but also by
descending input from higher brain centers. The gate control
theory proposes that, under certain circumstances (eg, exposure
to danger, use of adaptive coping skills, or high levels of social
support), neural processes in the brain can be activated in a way
that closes the gate in the spinal cord and inhibits transmission
of noxious signals to the brain. Under other circumstances (eg,
when preoccupied with pain, depressed, or exposed to ongoing
interpersonal stress), neural processes in the brain can be acti-
vated in a way that opens the gate and facilitates transmission of
noxious signals to the brain. The gate control theory thus under-
scores that, through its influence on spinal gating mechanisms,
the brain plays a crucial role in pain inhibition and facilitation.

The gate control theory was important because it provided a
way of integrating psychosocial variables into our understanding
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and treatment of pain. In contrast to the traditional biomedical
model, the gate control theory did not view psychosocial factors
as simply responses to pain but rather as an integral component
of pain processing.” The gate control theory not only stimulated
laboratory and clinical research on the psychology of pain, it also
led to heightened interest in the role that psychological interven-
tions might play in managing acute and persistent clinical pain.!

More recently, Melzack®>’ has proposed the neuromatrix
theory of pain, a theory that builds on and extends concepts
introduced in the gate control theory. Melzack had studied per-
sons with total spinal sections who experienced phantom body
pains (ie, pains that persisted despite a lack of clear-cut periph-
eral tissue pathology).” To account for such phenomena, he
proposed that pain is produced by a “body-self neuromatrix,”
reflecting input from a network of widely distributed brain neu-
rons. The neuromatrix consists of a network made up of neu-
rons that loop between the thalamus and the cortex and the
cortex and limbic systems. The neuromatrix theory states that
the composition of the neuromatrix is initially determined by
genetic background, but that it is subsequently modified by a
person’s sensory experiences. Although this theory recognizes
sensory input as an important factor influencing pain, it main-
tains that sensory input represents only one of three major
sources of neural inputs that affect the neuromatrix. The other
two inputs reflect the activity of cognitive-evaluative factors (eg,
tonic brain inputs resulting from learning and personality, pha-
sic inputs resulting from attention and mood) and motivational-
affective factors (eg, the hypothalamic-pituitary-adrenal system,
immune system, and endogenous opiates). The neuromatrix
theory also identifies three important neural outputs of the pain
neuromatrix that can themselves influence pain. These outputs
include brain programs responsible for perception (cognitive-
evaluation, sensory-discriminative, and motivational affective
dimensions of pain perception), action (involuntary and vol-
untary pain responses, coping strategies, and social communi-
cations of pain), and stress regulation (immune system activity,
levels of cortisol, noradrenaline, cytokines, and endorphins).
According to this theory, the loops of the neuromatrix network
diverge (to allow parallel processing in cognitive-evaluation,
sensory-discriminative, and motivational-affective inputs) and
converge to allow interactions between the outputs of this par-
allel processing (ie, the perceptual, action, and stress-regulation
programs).” The repetitive cyclical processing and synthesis of
neural signals produces a characteristic pattern that is experi-
enced by the individual as pain.

A major contribution of the neuromatrix theory isits empha-
sis on the role that stress and stress regulation systems play in the
pain experience. Pain is not only a sensory phenomenon, but also
a major stressor.” When pain is severe or prolonged it can alter
homeostasis and trigger stress regulation responses designed to
reinstate homeostasis (eg, release of cortisol, cytokines) that can
heighten pain. Not surprisingly, the neuromatrix theory has pro-
vided a conceptual foundation for the growing emphasis on the
use of skills that enhance control over stress in psychosocial
protocols for managing pain.

In summary, although the biomedical model remains influ-
ential in the assessment and treatment of acute pain, there is
growing recognition of its limitations. Since the mid-1960s,
influential theories of pain have emerged (eg, the gate control
theory and neuromatrix theory) that highlight the role that psy-
chosocial factors can play in the acute pain experience.

PSYCHOSOCIAL FACTORS AND ACUTE PAIN

Converging lines of evidence suggest that psychosocial factors
play an important role in the experience of acute pain. In this
section, we consider four psychosocial factors that are among
the most intensively studied in the context of acute clinical pain:
anxiety, pain-related anxiety and fear, pain catastrophizing, and
the social context.

Anxiety

Pain can be influenced by and, in turn, influence negative affect
(eg, anxiety, depression, and anger).! Ofthe negative affects asso-
ciated with acute pain, there is growing evidence that anxiety is
the most important. Feeney,® for example, conducted a cross-
sectional study examining the relationship of negative affect
to acute pain in older adults. Participants in this study were
100 older patients (mean age = 79 years) who were recently
(within 5 days) admitted to a rehabilitation unit after ortho-
pedic surgery (e.g., hip or knee replacements). All participants
completed a measure of pain along with five measures of nega-
tive affect (ie, measures of state anxiety, trait anxiety, depression,
state anger, and trait anger). Multiple regression analysis was
performed to examine the relative contribution of the five mea-
sures of negative affect in predicting pain. The results of the
regression analysis revealed that state anxiety (i.e., transitory or
situational anxiety) was the only variable that significantly con-
tributed to the prediction of pain. State anxiety accounted for
27% of the variance in pain, whereas the combination of the
other variables accounted for only 3.8% of the variance. Taken
together, this cross-sectional study suggests that state anxiety
may be the most significant contributor to acute postoperative
pain in older adults recovering from orthopedic surgery.

One limitation of the Feeney study® was that it was cross
sectional in nature (i.e., it assessed anxiety and pain at the same
time). This makes it difficult to test the hypothesis that anxiety
is a risk factor for acute pain. To rigorously test this hypothesis,
one needs to conduct longitudinal research in which anxiety is
assessed at the time of a baseline pain-free period and partici-
pants are then followed to assess their pain status after an event
that is likely to cause pain (eg, surgery).

Several recent longitudinal studies have examined the rel-
ative importance of anxiety as a risk factor that might predict
postoperative pain. For example, Carr et al’ conducted a study
that examined the influence of presurgical anxiety and depres-
sion on acute pain following major gynecological surgery. In
this study, 85 women having gynecological surgery completed
measures of anxiety and depression prior to surgery and were
then followed to assess their pain status 2 days, 4 days, and
10 days following surgery. Data analyses revealed that 44.7% of
the sample reported a high level of anxiety (score > 7) prior to
surgery and that patients with high anxiety were significantly
more likely to report high levels of pain on days 2, 4, and
10 following surgery. Only 11.8% of patients reported a high
level of depression (score > 7) prior to surgery and patients with
high depression were significantly more likely to report high lev-
els of pain on only one of the postsurgical days examined (day 4).
Taken together, these findings suggest that anxiety is common in
patients undergoing major gynecological surgery and that anxi-
ety measured prior to surgery shows a strong relationship to the
subsequent development of postoperative pain.
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Katz et al conducted a longitudinal study that examined how
well presurgical anxiety and other emotional factors predicted
acute pain following breast cancer surgery.!® Prior to surgery,
109 women having breast cancer completed demographic mea-
sures and assessments of emotional functioning (state anxiety,
depression, somatic preoccupation, and illness behavior). Two
days after surgery measures of pain were collected. Data analyses
revealed that state anxiety (ie, transitory or situational anxiety)
was the only risk factor significantly (P = .003) associated with
the risk of developing acute pain following surgery. The results
of this study suggest that, when compared to other emotional
factors, presurgical state anxiety is a very important risk factor
for postoperative pain following breast cancer surgery.

Taken together, the studies reviewed in this section under-
score the importance of anxiety in understanding acute pain.
Anxiety is not only correlated with acute pain when both are
assessed simultaneously but also an important risk factor for the
subsequent development of acute pain. Anxiety is more strongly
associated with the risk of developing acute pain than other neg-
ative affects (eg, depression or anger) or other emotional factors
(eg, somatic preoccupation and illness behaviors). Finally, these
studies suggest that state anxiety (ie, anxiety that is situational
or transitory in nature) seems to be more important in under-
standing acute pain than trait anxiety (ie, anxiety that reflects a
disposition or personality trait).

Pain-Related Anxiety and Fear

Given evidence of the importance of state anxiety in acute pain,
it is not surprising that researchers have begun to focus on more
specific aspects of anxiety that might be particularly relevant
to how persons respond to acute pain. One potentially salient
source of anxiety for persons at risk for acute pain is anxiety
or fear about pain itself (i.e., pain-related anxiety and fear). A
number of recent studies have examined the role of pain-related
anxiety and fear in acute pain.

A good example of this research is a study by Aaron et al
examining burn-specific pain anxiety (ie, anxiety regarding the
anticipation of pain during or after medical procedures involved
in the care for burns [eg, debridement]).!! In this study, 27
patients with acute burn injuries completed a measure of burn-
specific pain anxiety along with two other standard anxiety mea-
sures (a state anxiety measure and a mood measure of anxiety).
All three anxiety measures were found to significantly predict
total pain medication taken over 24 hours. The burn-specific
pain anxiety measure, however, was clearly the best predictor of
acute pain experienced during debridement procedures. Burn-
specific pain anxiety also was the best predictor of physical func-
tioning. These results suggest that anxiety measures that are
specific to fears of pain may add something over and above mea-
sures of general anxiety in predicting pain and functioning in
burn survivors.

To measure the range of anxiety symptoms specific to pain,
McCracken, Zayfert, and Gross developed the Pain Anxiety
Symptoms Scale (PASS).!2 The PASS has four subscales assessing
(1) fear (fearful thoughts about pain or its consequences), (2)
cognitive anxiety (cognitive symptoms related to pain such as
racing thoughts or excessive preoccupation), (3) somatic anxiety
(somatic symptoms such as sweating or heart speeding), and (4)
escape/avoidance (overt behavioral responses such as trying to
avoid all activities). The PASS mainly has been used in studies

of persons with persistent pain,'>!* where it has been found to

predict higher levels of disability and interference due to pain.

A recent study by Thomas and France suggests that pain-
related anxiety as measured by the PASS might be useful in
understanding recovery from an acute pain experience (ie, low
back injury)." In that study, a sample of 43 individuals who
were within 3 weeks on an initial episode of low back pain
completed the PASS at a baseline evaluation. At baseline and
3, 6, and 12 weeks later they also participated in an assessment
session in which they completed a series of physical performance
measures that involved reaching for three targets (high, middle,
and low) at both high and low speeds. Data analyses revealed
that participants with high levels of pain-related anxiety showed
significantly smaller excursions of the lumbar spine during the
reaches to all targets at 3 and 6 weeks. The authors observed that,
when asked to perform reaches, participants with high pain-
related anxiety adopted pain-avoidant postures that minimized
motion of the lumbar spine. Their results suggest that anxiety
about pain may alter movement patterns in a way that could
impair recovery from an acute pain episode.

Excessive and irrational fears of movement and injury/
reinjury (kinesiophobia) have been noted in persons experienc-
ing pain.'® In studies of persistent pain conditions (eg, chronic
low back pain), kinesiophobia has been linked to increased pain,
psychological distress, and physical disability.'®

Given that acute pain often occurs in the context of an injury,
kinesiophobia may also be relevant to understanding adjustment
in persons with acute pain. Several recent studies have examined
this possibility. In a cross-sectional study of 615 acute low back
pain patients seen in primary care settings, Swinkels-Meewisse
et al'® found that individuals scoring high on a measure of
kinesiophobia (the Tampa Scale of Kinesiophobia) had much
higher levels of pain and physical disability. Buitenhuis et al'’
conducted a prospective study of 590 individuals who developed
neck pain symptoms following a whiplash injury caused by a car
crash.!7 All participants completed a measure of kinesiophobia
at baseline and were followed up for assessments of their neck
symptoms 6 and 12 months later. Data analyses revealed that
those with higher baseline levels of kinesiophobia were much
more likely to experience longer durations of neck symptoms
such as pain.

Swinkels-Meewisse et al*® also conducted a prospective study
testing the predictive utility of kinesiophobia in explaining
recovery from acute low back pain.'® In this study, 555 patients
with acute low back pain (pain < 4 weeks) completed a baseline
measure of kinesiophobia and underwent follow-up evaluations
of their pain and functional status 6 weeks and 6 months later.
Data analysis showed that the baseline measure of kinesiophobia
was the strongest predictor of functional disability, even stronger
than baseline pain severity.

In sum, anxieties and fear about pain itself seem to be impor-
tant in explaining the short- and long-term pain and disability
experienced by persons having acute pain. The precise mech-
anisms underlying the effects of pain-related anxiety and fear
on acute pain are not known. However, evidence suggests that
persons with high pain-related anxiety or fear avoid movements
and activities that are important to the process of recovering
from acute pain'*'® When such avoidance patterns become
entrenched, they can lead to disuse, deconditioning, and high
levels of physical and psychological disability, all of which can
increase the risk of persistent pain.'®

118



44 Francis J. Keefe

Pain Catastrophizing

Pain catastrophizing has been found to be one of the most impor-
tant psychosocial predictors of pain and adjustment to pain.?°
Pain catastrophizing has been defined as the tendency to rumi-
nate on and magnify pain sensations and to feel helpless when
confronted with pain.?’ Although there is a large and grow-
ing literature on pain catastrophizing, most of the research has
been conducted in studies of chronic pain and experimental
pain. In these studies, higher levels of pain catastrophizing have
been associated with higher levels of pain, psychological distress,
analgesic intake, pain behavior, and physical disability.?

Is catastrophizing relevant to acute clinical pain? Two recent
studies have examined the predictive utility of pain catastrophiz-
ing in persons undergoing surgery. Pavlin et al*! tested whether
pain catastrophizing could predict postsurgical pain in persons
undergoing anterior cruciate ligament (ACL) repair. Partici-
pants, 48 surgical candidates, completed a pain-catastrophizing
measure prior to undergoing ACL surgery. Measures of pain
and analgesic intake were then collected 1, 2, and 7 days after
surgery. Results demonstrated that pain catastrophizing was a
significant predictor of postoperative pain. Patients who scored
high on pain catastrophizing reported 33% to 74% higher levels
of maximum pain and were significantly more likely to report
pain on walking than those who scored low on pain catas-
trophizing.

Strulov et al** recently tested the relative importance of
pain catastrophizing and responses to experimental pain stimuli
in predicting pain after elective cesarean section. Participants,
47 women who were scheduled for elective cesarean sections,
completed a pain catastrophizing measure and rated a series of
painful experimental heat stimuli prior to surgery. Pain ratings
and measures of analgesic intake were then collected from all
participants on day 1 and day 2 following their surgery. Mul-
tiple regression analysis was conducted to examine the relative
importance of pain catastrophizing and ratings of experimen-
tal pain in predicting postsurgical pain. These analyses revealed
that preoperative ratings of experimental pain were a significant
predictor of pain on day 1 after surgery and that pain catastro-
phizing was a significant predictor of pain on day 2 after surgery.
Neither pain catastrophizing nor ratings of experimental pain
predicted analgesic intake.

Like pain-related fear, pain catastrophizing may be impor-
tant in explaining disability resulting from acute pain conditions
such as low back pain. Swinkels-Meewisse et al'® conducted a
study of acute low back pain patients in which they examined the
relative importance of pain catastrophizing and pain-related fear
(kinesiophobia) in predicting physical performance and self-
reported disability. Participants, 96 individuals with an acute
episode of low back pain, completed a self-report measure of
physical disability (the Roland Disability Questionnaire) and
then were timed as they performed a dynamic lifting task (lift-
ing a 7-kg bag from the floor to the table and then back to the
floor). Regression analyses demonstrated that, even after con-
trolling for demographic variables and pain intensity, both pain
catastrophizing and pain-related fear were significant predictors
of self-reported disability. Pain-related fear, however, was the
only factor that was a significant predictor of actual physical
performance during the lifting task.

Physical examination is an important component in any
assessment of acute pain. Can catastrophizing influence the
results of a clinical examination? Although this possibility has
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not been examined in the context of acute pain, a recent study by
Turner et al?® tested it in the context of a chronic pain condition
(pain related to temporamandibular disorders [TMD]). In this
study, 338 patients with TMD completed a series of measures
assessing pain, pain-related activity interference, health care use,
and depression and underwent a clinical examination from an
oral medicine specialist. Study results showed that pain catastro-
phizing was not related to clinical examination measures con-
sidered to be more objective (ie, measures of maximum assisted
jaw opening or jaw joint sounds). Pain catastrophizing, how-
ever, was significantly related to clinical examination measures
considered to have a more subjective component (ie, extrao-
ral muscle site palpation pain severity and joint site palpation
pain severity). What makes these findings regarding the effects
of pain catastrophizing on clinical examination findings partic-
ularly impressive is that they were obtained even after control-
ling for demographic variables, pain duration, and depression
severity.

The studies reviewed above suggest that pain catastrophizing
may be a risk factor for acute pain and may be related to self-
reports of physical disability in persons suffering from acute pain.
The findings of these studies also suggest that pain catastrophiz-
ing may show a stronger relationship to more subjective mea-
sures of adjustment to pain (eg, self-reports of pain/disability
and physical exam findings based on self-report) than to more
objective measures (eg, analgesic intake, physical performance,
or physical exam findings that are less reliant on self-report).
This raises the possibility that the effects of pain catastrophizing
on acute pain may be related to the way that pain is processed,
perceived, and responded to emotionally.

Brain-imaging studies provide one way of examining this
intriguing hypothesis. An example of the type of imaging study
that could be conducted in acute pain conditions is a functional
magnetic resonance imaging (fMRI) study conducted by Gracely
et al.?* In this study, fMRI was used in 29 fibromyalgia patients
to assess their brain responses to acute pain stimuli (blunt pres-
sure stimuli). Results showed that high levels of pain catastro-
phizing were associated with increased activity in brain regions
related to the anticipation of pain (eg, medial frontal cortex
and cerebellum), attention to pain (eg, dorsal anterior cingu-
late cortex and dorsolateral prefrontal cortex), and emotional
responses to pain (eg, claustrum and closely connected to the
amygdala). These findings suggest that pain catastrophizing may
alter perceptions of pain by modifying neural processes related to
attention to pain, anticipation of pain, and increased emotional
responding.

Social Context

Acute pain occurs in a social context that often includes family,
friends, and health care providers. There is growing evidence that
pain not simply has an impact on those in the social context, but
that it also can be influenced by its social context.

Witnessing a loved one experiencing acute pain is a difficult
and stressful experience. Facial expressions of pain, in partic-
ular, can have a powerful impact on others. Botvinick et al?®
used fMRI to study the neural responses of pain-free observers
to videotapes of persons experiencing moderate pain versus no
pain. They found that when participants viewed facial expres-
sions of moderate pain, they showed increased brain activity in
areas known to be involved in the actual experience of pain (eg,
anterior insula and anterior cingulate cortex). Thus, witnessing
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pain in another can produce an increase in neural activity in
cortical areas related to the first-hand experience of pain.

Saarela et al’® conducted an fMRI study in which they had
pain-free observers view photographs of faces of chronic pain
patients whose pain was transiently increased. After viewing
each photo, the observers were asked to estimate the amount of
pain the patient experienced. Analysis of the fMRI data showed
that viewing the pain faces produced increases in observers’
levels of neural activity in regions of the brain involved in the
pain experience (ie, the bilateral anterior insula, left anterior
cingulate cortex, and left inferior parietal lobe.) In addition, the
level of brain activation in the observer corresponded to their
estimates of pain in the patient. Observers showed high levels of
brain activation when they estimated the patients’ pain intensity
as high and low levels of brain activation when they estimated
the patients’ pain intensity as low. Finally, the observers ratings
of their own emotional empathy were found to correlate with
the strength of brain activations that occurred in response to
viewing the pain faces (specifically in the left anterior insula and
left inferior frontal gyrus).

The results of these recent fMRI studies support the notion
that there are sensory neural mirroring mechanisms that may
support the understanding of other’s pain and suffering. From an
evolutionary perspective, the ability to detect pain and respond
appropriately to others in pain has survival value.?” Clinically,
acute pain may elicit a variety of responses from others, including
reassurance, sympathy, or encouragement to use pain-coping
strategies. These responses, in turn, may influence the pain and
distress experienced by the individual having acute pain.

The vast majority of studies on the social context of acute
pain have been conducted in children undergoing painful medi-
cal procedures. In these studies, child-parent or child-staff inter-
actions have been directly observed and coded. Data analyses
have then been conducted to determine how parental or staff
behaviors relate to children’s distress. In a study of 77 preschool
children undergoing immunizations, Frank et al?® found that
maternal behaviors predicted 53% of the distress in children’s
behavior. Interestingly, reassurance behaviors commonly used
by parents (eg, “You can do this” and “Don’t worry”) were asso-
ciated with much higher levels of child distress. Although this
finding seems counterintuitive, the link between reassurance and
higher levels of child distress has been reported in a number of
studies.”? Three mechanisms have been proposed to explain the
link between reassurance and increased pain/distress?®: (1) such
responses serve as a warning that orients the person to pain
or distress, (2) such responses reinforce apprehension and dis-
tress behaviors, and (3) such responses release the expression of
negative emotions that otherwise might not be expressed.

To date, the most rigorous observational study of the rela-
tionship of adult behavior to children’s coping during a painful
medical procedure has been conducted by Blount et al.>® This
study focused on 23 children (aged 5 to 13 years) having
acute lymphocytic leukemia who were undergoing bone marrow
aspirations and lumbar puncture procedures. Audiotapes were
made during the procedures and written transcriptions made of
the verbal interactions between the child and adults who were
present (eg, parents, nurses, residents). These transcripts were
then systematically coded by trained observers to assess both
child and adult behaviors. Sequential lagged analyses were con-
ducted to determine how behaviors exhibited by adults related
to subsequent distress and coping behaviors on the part of the
child. Findings showed that adults’ reassurance, apologizing,

criticizing, and giving control to the child significantly increased
the likelihood of childhood distress. In contrast, encouraging the
child to use coping procedures, talking about unrelated topics,
or directing humor to the child significantly increased the likeli-
hood the child would engage in coping behaviors. These findings
underscore the important role that adults can play in influencing
children’s experiences during painful medical procedures. They
also highlight the fact certain parental/staff responses commonly
thought to be helpful to children (eg, reassurance, giving con-
trol to the child), in fact, can increase distress, whereas other
responses (eg, humor, talking about other topics) can reduce
distress.

The results of a recent study by Lang et al>' suggests that
similar phenomena may occur in adults undergoing invasive
procedures. In this study, videotapes were made of 159 patients
undergoing potentially painful procedures (eg, administration
of local anesthetic, percutaneous puncture/catheter insertion,
tract or vessel dilatation, and intravascular injection of contrast
medium). All statements made by health care providers during
the videotapes were transcribed and coded by trained observers.
The observers coded two categories of behavior: (1) warning
statements that the upcoming procedure would be painful or
undesirable and (2) expressions of sympathy after a potentially
painful procedure. Patients also provided ratings of their own
pain and anxiety during and after the procedures on scales from
0 to 10. Data analyses revealed that when health care profes-
sionals warned the patient about pain, the patient experienced
significantly higher levels of pain as compared to when they
did not warn. When health care professionals sympathized with
patients about their pain, the patient experienced higher levels
of anxiety but not pain.

Considered as a whole, the studies reviewed above reinforce
the notion that, although acute pain is a private event, it does
influence and is influenced by others. Witnessing acute pain in
another activates empathic neural processes that likely play a key
role in determining the responses of loved ones and health care
providers to acute pain. Although certain empathic responses to
acute pain (eg, reassurance) are common in patients’ significant
others, they may paradoxically increase pain and distress. In
contrast, other common responses (eg, distraction or humor)
may actually help decrease distress in persons experiencing acute
pain.
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PSYCHOLOGICAL INTERVENTIONS
FOR ACUTE PAIN

Evidence that psychosocial factors can influence pain has helped
spur the development of a number of psychosocial protocols for
managing acute pain. In this section, we highlight studies testing
the efficacy of four psychosocial interventions for managing
acute pain: (1) distraction, (2) cognitive-behavioral therapy, (3)
hypnosis, and (4) virtual reality.

Distraction

There is a growing consensus that distraction is one of the most
important psychosocial strategies for managing pain. Distrac-
tion is believed to work because it uses up cognitive resources
that otherwise might be devoted to pain.*?

Distraction has been found to be particularly effective
in children. Sparks,®® for example, tested the efficacy of two
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distraction techniques on the pain experienced by children
undergoing a diptheria-tetanus-pertussis injection. A sample
of 105 children ranging in age from 4 to 6 years was randomly
assigned to one of two distraction conditions (touch or bub-
ble blowing) or to a standard care control condition. Children
in the touch condition were given light skin stroking near the
injection site just before and after the injection. Children in the
bubble blowing condition were encouraged to blow bubbles dur-
ing the injection. Data analyses revealed that, when compared
to the standard care condition, both touch and bubble blowing
produced significant decreases in pain. This study shows that dis-
traction interventions that are inexpensive, easy to use, and well
accepted by young children can produce significant reductions
in injection pain.

In managing injection pain in children, are certain forms of
distraction more effective than others? MacLaren and Cohen’*
compared distraction that required an overt response (interac-
tive toy) with a passive distraction (movie watching). Partici-
pants, 88 young children (aged 1 to 7 years), were randomly
assigned to one of three conditions: (1) playing with one of
two age-appropriate interactive toys (eg, a toy robot that made
sounds, played music, and moved when buttons were pressed),
(2) watching an age-appropriate movie (eg, Toy Story 2, The Lit-
tle Mermaid) on a hand-held DVD player, or (3) standard care.
Distress was measured using parent and nurse reports and direct
observations of children’s level of distraction were made before,
during, and after the injection. Results indicated that children in
the passive condition not only appeared to be more distracted
on observation, but also were rated as less distressed than chil-
dren in the interactive condition. Children in the interactive toy
condition were rated as showing no differences in distress from
those in the standard care condition, although on observation
they appeared to be significantly more distracted. These results
are somewhat surprising in that one might expect that tasks
requiring a response from a child would be more distracting and
thus more effective in reducing distress during a painful proce-
dure than those not involving such task demands. Nevertheless,
this study underscores the potential of high-quality visual mate-
rials (eg, Hollywood-made movies) in distracting children from
acute pain.

Asnoted earlier, reassurance isa common behavior exhibited
by parents responding to distress in children undergoing acutely
painful medical procedures. Manimala, Blount, and Cohen con-
ducted one of the few direct experimental comparisons of reas-
surance and distraction in the management of acute pain in
children (ages 3 to 6).> In this study, 82 parent-child dyads
were assigned randomly to one of three conditions: reassurance,
distraction, or attention control. Parents assigned to the reas-
surance condition were asked to provide reassurance in ways
that they usually do with their child before, during, and after
the injection. Parents assigned to the distraction condition were
encouraged to play with their children with toys and to talk about
nonmedical topics prior to the injection. They were also taught
to encourage the child to use a party blower immediately before,
during, and after the injection. Parents in the attention control
condition spent time talking with an experimenter regarding
the child’s medical history and how the child usually handles
painful medical procedures. Data analyses revealed a number
of significant between-group differences in the treatment con-
ditions. First, children in the distraction condition exhibited
the lowest level of distress. Second, children in the reassurance
group were much more likely to need to be restrained during the

procedure than children in the distraction and control groups.
Finally, parents in the reassurance group were significantly more
distressed after the procedure than parents in the distraction
or control groups. Taken together, these findings reinforce the
notion that reassurance is not a very effective strategy for man-
aging pain during injections in children and that distraction
techniques can provide benefits for both children and their
parents.

How does distraction compare to the effects of topical
anesthetics that are now being widely used in managing pain
that occurs during injections of children? Cohen et al*® con-
ducted a study in which they compared the effects of a nurse-
directed distraction intervention, an anesthetic (eutectic mix-
ture of local anesthetics [EMLA]), and typical care. Participants,
39 fourth-grade children undergoing a series of immunizations
were exposed to both experimental interventions using a within
subjects design. The order of interventions was randomly deter-
mined. In the distraction intervention, a nurse assisted the child
to select a movie to watch and encouraged the child to focus on
the movie before, during, and after the immunization. Video-
taped records of each immunization were taken and later coded
for signs of child distress and coping behaviors. Data analy-
ses revealed that the distraction intervention produced signif-
icant reductions in distress and increases in coping behavior.
In contrast the EMLA intervention had no effects on children’s
distress or coping behaviors. The authors conclude that a nurse-
assisted intervention can decrease child distress and increase
coping behavior in children undergoing a painful medical pro-
cedure.

Overall, the findings of the distraction studies reviewed
above are in line with the results of two meta-analyses that
have examined the effects of distraction on pain and distress in
children undergoing painful medical procedures. The first meta-
analysis included studies testing the effects of distraction in a
range of painful medical procedures and reported that distrac-
tion had a mean effect size of 0.62 for pain and a mean effect size
of 0.33 for distress.’” The second meta-analysis focused specifi-
cally on needle-related procedures and reported that distraction
produced a mean effect size of 0.24 for pain.*®

Cognitive-Behavioral Therapy

The term cognitive-behavioral therapy (CBT) is used to describe
multicomponent psychosocial interventions. CBT interventions
for acute pain are more comprehensive than simple distrac-
tion interventions and rely on combinations of techniques such
as distraction, relaxation training, positive self-talk, imagery,
and reinforcement. A good example of a multicomponent CBT
protocol is that used in a study by Manne et al.*® That study
examined the efficacy of CBT in reducing child and parent dis-
tress during a venipuncture procedure in children having cancer
who required multiple venipunctures. All children in this study
had previously shown difficulty coping with acute venipuncture
pain in that they had required physical restraint during a prior
venipuncture. The CBT protocol tested combined four major
components: distraction (slow blowing with a party blower),
parental involvement, positive reinforcement (stickers of cartoon
characters), and therapist coaching. Role playing with therapist
coaching was used prior to the procedure and the therapist was
present during the first venipuncture to systematically teach the
parents and children how to best use the CBT techniques. Chil-
dren in this study (N = 23, aged 3 to 9 years) and their parents
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were randomly assigned to the CBT protocol or an attention
control intervention that encouraged parents to use whatever
techniques they thought might help the child. Measures of child
and parent distress and ratings of pain were obtained over the
course of a series of three venipuncture procedures. Data analy-
ses revealed that, when compared to attention control, the CBT
protocol produced significant reductions in observations of chil-
dren’s distress, parents’ ratings of the child’s distress, and parents’
ratings of their own distress. The CBT protocol also significantly
reduced the use of physical restraint. The CBT protocol yielded
no significant reductions in children’s reports of pain, however.
The authors speculated that this was possibly because the party
blower was not as potent a distractor as had been used in other
studies (eg, watching movies.)

Jay et al*® compared CBT to general anesthesia in reduc-
ing distress in children with leukemia who were undergoing
painful bone marrow aspiration (BMA) procedures. All chil-
dren were studied over the course of two BMAs. Prior to one
BMA they received CBT and prior to the other they received
a short-acting mask anesthesia. The order of these treatments
was randomly determined and counterbalanced across subjects.
The CBT protocol involved filmed modeling of coping skills (eg,
coping self-statements, use of slow breathing, and imagery),
rehearsal with breathing and imagery exercises, and positive
reinforcement (eg, a small trophy). The anesthesia consisted of
halothane adjusted as indicated to maintain light anesthesia and
prevent movement. To assess treatment effects, the investigators
collected direct observations of child and parent distress during
the BMAs, as well as child ratings of pain and fear and parent
ratings of anxiety and coping difficulty. The results indicated
that the effects of CBT and general anesthesia were quite similar.
Both interventions produced reductions in childrens’ ratings of
pain and fear and parent ratings of their own anxiety and coping
difficulties. Taken together, these results suggest that CBT and
general anesthesia are both viable alternatives to managing pain
and distress in children undergoing painful procedures.

Liossi and Hatira*! conducted a study that compared the
effects of CBT and hypnosis on acute pain. Participants, 30 chil-
dren (aged 5 to 15 years) with leukemia who had to undergo
two BMAs as part of their medical treatment protocol, were ran-
domly assigned to receive a multicomponent CBT protocol, a
hypnosis intervention, or standard treatment. At baseline and
following treatment, the investigators collected measures of child
reported pain and anxiety and nurse ratings of child behavioral
distress. Data analyses revealed that the children who received
either CBT or hypnosis reported significantly less pain and anx-
iety than children in the control condition. Although there were
no significant differences in the effects of CBT and hypnosis on
pain, hypnosis was more effective than CBT in reducing anxiety
and distress. Taken together, these findings support the efficacy
of CBT in managing pain and anxiety during BMA. They also
suggest that, during BMA procedures, hypnosis may be even
more effective than CBT in the control of anxiety and behav-
ioral distress.

The evidence reviewed above and from a recent meta-
analysis by Uman et al®® suggest that CBT interventions for
acute pain can be effective, particularly in reducing behavioral
distress during BMAs. These interventions, however, are more
time intensive than other psychosocial treatments (eg, simple
distraction) and their effects may not be superior to those of
other medical treatments (eg, general anesthesia) or psychoso-
cial treatments (eg, hypnosis).

Hypnosis

The term hypnosis has been used to describe interactions in
which an individual responds to suggestions from a therapist
(hypnotist) in a way that alters perception, memory, or actions.*?
Although hypnosis has been used for the relief of pain for over
100 years, early reports of its effects were primarily anecdotal
and uncontrolled in nature. Rigorous controlled studies of the
effects of hypnosis on acute clinical pain are a relatively recent
development.*?

Lang et al** conducted a randomized clinical trial to test the
effects of hypnosis in managing acute pain in patients undergo-
ing percutaneous diagnostic and therapeutic vascular and renal
procedures.*® Participants, 241 persons ranging in age from 18
to 92 years, were randomly assigned to one of three conditions:
structured attention, structured attention plus hypnosis, or stan-
dard care control. For patients in the structured attention condi-
tion, a therapist was present during the procedure who engaged
in interventions designed to structure the patient’s attention
(eg, attentive listening, provision of the perception of control,
encouragement, use of neutral descriptions, or avoiding nega-
tively loaded suggestions). For patients in the structured atten-
tion and hypnosis condition, the therapist provided the same
attentional structuring, but also guided the patient through
a self-hypnosis script that included instructions in relaxation
and imagery. The treatment protocols were well standardized
and featured structured treatment manuals, systematic therapist
training, and ongoing monitoring of fidelity of treatment admin-
istration. Patients in all three treatment groups had the same
access to drugs that were delivered via patient-controlled anal-
gesia (PCA). Data analyses revealed that although pain increased
over the course of the procedure for patients in the structured
attention and control conditions, it showed no such increase
for patients in the hypnosis condition. Hypnosis also signifi-
cantly reduced procedure time and drug use. Interestingly, hyp-
nosis also significantly reduced the risk of the patient becoming
hemodynamically unstable with only 1 hypnosis patient devel-
oping instability versus 10 patients in the structured attention
and 12 patients in the standard care condition. All three treat-
ments were found to reduce anxiety. These results suggest that
hypnosis can produce not only reductions in acute pain dur-
ing invasive medical procedures, but also reduce drug use and
improve hemodynamic stability.

More recently, Lang et al** examined whether a similar self-
hypnosis protocol could be effective in reducing pain during
large core needle biopsy, a procedure that is painful and anxiety
provoking for many women.* In this study, 236 women sched-
uled for breast biopsy were randomized to receive structured
attention, structured attention plus hypnosis, or standard care.
Treatment outcome was assessed by having patients rate their
pain and anxiety every 10 minutes during the procedure. Results
showed that, although pain increased significantly in all three
groups, the slope of the increase was significantly less in the
hypnosis and structured attention groups. Anxiety decreased
significantly over the course of the procedure in the hypnosis
group, whereas it increased significantly in the standard care
and showed no change in the structured attention group. These
findings suggest that both hypnosis and structured attention
may both have benefits for patients undergoing large core breast
biopsy.

Conscious sedation is becoming widely used in the man-
agement of acute pain. Can hypnosis enhance the effects of
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conscious sedation on pain and anxiety? This question was
addressed in a controlled study conducted by Faymonville et al.*>
In this study, 60 patients scheduled for plastic surgery under local
anesthesia and intravenous sedation were randomly assigned to
either a hypnosis condition or a stress reduction control con-
dition. Patients in the hypnosis condition were encouraged to
focus on a pleasant life experience during the surgery and were
given suggestions and relaxation training by an anesthesiologist
to facilitate their ability to do so. Those in the stress reduc-
tion control condition received instruction from an anesthesi-
ologist in deep breathing, relaxation, and distraction methods.
Data analysis revealed that, when compared to the stress reduc-
tion intervention, the hypnosis intervention produced signifi-
cant reductions in self-report and direct observation measures
of pain and anxiety. In addition, vital signs during the oper-
ation were more stable and postoperative nausea and vomit-
ing were significantly lower for patients in the hypnosis ver-
sus stress reduction group. Finally, patients in the hypnosis
group reported significantly higher levels of intraoperative con-
trol and overall satisfaction with the procedure than patients in
the stress reduction group. Overall, this study provides strong
support for the efficacy of hypnosis as an adjunct to conscious
sedation.

Some individuals are more susceptible to hypnosis than oth-
ers and, therefore, might respond better to hypnotic interven-
tions for acute pain. Harmon et al*® examined the effects of
hypnotic susceptibility in a rigorous study testing the effects of a
hypnosis protocol for managing pain during childbirth. In this
study, 63 nulliparous women (aged 18 to 35 years) completed a
measure of hypnotic susceptibility. Based on their scores on this
measure they were divided into high and low hypnotic suscep-
tibility groups. All women were then randomly assigned to one
of two conditions: childbirth preparation with skill mastery and
childbirth preparation with skill mastery plus hypnosis. Patients
in the childbirth education and skill mastery condition received
six 1-hour sessions that provided information about childbirth,
training in coping skills (eg, breathing techniques for different
stages of labor, focal point distraction), and practice in applying
learned coping skills during an ischemic pain task. Patients in the
hypnosis condition received the same training, but also received
a hypnotic induction focused on relaxation and analgesia prior
to each training session. Data analysis revealed that patients in
the hypnosis condition had overall better birth experiences in
that they reported significantly less pain and had shorter labors,
took less medication, had higher Apgar scores, and had more
frequent spontaneous births. Patients in both conditions who
were highly hypnotizable reported significantly lower levels of
pain than those who were not. Those in the hypnosis group who
were highly susceptible to hypnosis also reported significantly
lower levels of postpartum depression. These results underscore
the utility of hypnosis in managing labor pain and suggest that
hypnotic susceptibility may be an important individual differ-
ence variable that contributes to heightened responsiveness to
hypnotic interventions for acute pain.

Taken together the findings of the studies above coupled
with those reported in a recent meta-analysis®® and systematic
review?’ suggest that hypnosis can be beneficial in managing
acute pain. What makes hypnosis impressive as a psychosocial
intervention is that it appears to produce benefits not only in
terms of pain and distress but also in terms of other, important
pain-related outcomes (eg, medication intake, surgery time).

There are a number of possible biological mechanisms
by which hypnosis can affect pain, including reductions in
involuntary sympathetic responses to pain, increases in endoge-
nous opioid release, changes in brain activity (anterior cingulate
cortex), and inhibition of pain at the spinal cord level.*? As
suggested by the findings of Harmon et al,*® there are likely indi-
vidual differences in hypnotic susceptibility that influence how
much acute pain relief persons might expect with hypnosis. By
incorporating assessments of hypnotic susceptibility into clini-
cal practice, one might be able to select those patients who are
most likely to benefit from hypnosis.

Virtual Reality

Virtual reality is the most recent psychosocial intervention to be
used in the management of acute pain. Computer-based virtual
reality methods provide persons with exposure to immersive,
three-dimensional, interactive environments that can absorb
attentional resources and potentially reduce acute pain.

Das et al*® conducted the first study to test the effects of
playing an interactive virtual reality game on pain experienced
by children during burn management procedures. During the
virtual reality intervention, children used a computer mouse and
wore a head-mount display with a tracking system that enabled
them to use head movements to move and interact with the vir-
tual environment. The environment used game software (based
on the game Quake by ID Software) and simulated being on a
track and shooting monsters. In this pilot study (n = 9 children
aged 5 to 16 years), a within-subjects design was used in which
pain ratings were collected during burn management procedures
under two conditions: (1) when the child was interacting with
the virtual reality environment and (2) when the child was not
doing so. All children received standard pharmacological man-
agement of their pain and the total amount of time taken during
the procedure did not differ by treatment condition. Results indi-
cated that pain ratings were significantly lower (P < .01) when
virtual reality was provided during burn management proce-
dures (mean = 1.3 on a scale from 0 to 10) than when it was not
(mean = 4.1). Comments from nursing staff also revealed that
the children were much more cooperative and distracted from
the procedures when virtual reality was used.

Hoffman and his colleagues**~—* have published a number
of studies examining the effects of virtual reality in controlling
acute pain in adults. These include case studies demonstrat-
ing the benefits of virtual reality in controlling acute pain dur-
ing transurethral microwave thermotherapy*® and burn wound
care during hydrotherapy.”® One of the first controlled studies
conducted by this group®! was a small within-subjects study of
children (n = 7, aged 9 to 32 years) that compared the effects
of virtual reality and a control condition in reducing pain that
occurred in burn victims who were doing range-of-motion exer-
cises as part of their physical therapy. In this study, the virtual
environments included SpiderWorld, in which the participants
could explore a room and pick up and touch virtual objects
(eg, spiders, candy) with his/her virtual hand, and SnowWorld,
in which the participant could explore a virtual canyon with a
river and waterfalls and shoot snowballs at igloos and snowmen.
The study was conducted over 3 days of therapy and, on each
day, patients rated their pain once after undergoing range-of-
motion exercises while being provided with virtual reality and
again after undergoing the exercises when no virtual reality was
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provided. Data analyses revealed that pain ratings were signif-
icantly lower when virtual reality was used than when it was
not. The virtual reality intervention yielded significant effects
on all five pain measures collected (average pain, worst pain,
pain unpleasantness, bothersomeness of pain, and time spent
thinking of pain). Notably, significant effects were evident even
among those patients who reported reporting severe to excruci-
ating pain levels (6 of the 7 patients).

In sum, virtual reality is a relatively new intervention for
managing acute pain that shows promise in early case reports
and small scale, preliminary studies. Larger-scale, randomized
clinical trials are needed to more definitively test the efficacy of
this psychosocial intervention.

Two studies, conducted in pain-free volunteers, suggest some
interesting directions for future work in this area. First, because
the technology for virtual reality is developing rapidly, there is a
need to determine whether older, low-technology virtual reality
is just as effective as newer, high-technology virtual reality. Hoff-
man et al*? conducted a study that systematically compared the
effects of high-tech versus low-tech virtual reality on ratings of
thermal pain in normal volunteers. The high-tech virtual real-
ity system provided many features: shutting out reality (using
helmet and headphones), providing input to multiple senses
(both sight and sound), providing a panoramic/surround view
rather than a more limited narrow field of view, providing more
vivid/high resolution display, using head tracking to enable sub-
jects to view different places in the virtual world by turning
their head, and providing participants with the opportunity to
interact with the virtual world. The low tech virtual reality envi-
ronment provided exposure to a virtual environment, but none
of these features. All participants were exposed to a baseline ther-
mal pain stimulus and asked to rate its severity. They were then
randomly assigned to either the high-tech or low-tech virtual
reality environment and during exposure to that environment
received a second presentation of the thermal pain stimulus and
asked to rate it. Each participant also rated their level of pres-
ence in the virtual world (ie, how much they had the illusion of
actually being in the virtual world). Data analysis showed that
thermal pain ratings were significantly lower (mean = 0.1) for
participants receiving the high-tech virtual reality intervention
than for those receiving the low-tech virtual reality (mean =
3.1). Furthermore, across both conditions, ratings of presence
in the virtual world were strongly correlated with amount of
pain relief reported. Based on these findings one might expect
improvements in acute clinical pain would be more likely in
patients who are exposed to newer and more advanced virtual
reality technologies. They also suggest that patients who report a
strong sense of presence when initially exposed to virtual reality
might show the best outcomes.

A second study conducted in pain-free volunteers exam-
ined the effects of an intervention that combined virtual reality
with post-hypnotic suggestions.>® Participants in this study were
tested for hypnotic susceptibility, underwent a baseline thermal
pain testing session, and were then randomly assigned to hyp-
nosis or no hypnosis conditions. Half of the participants in each
of these conditions was then assigned to either receive a virtual
reality distraction or not during delivery of a second thermal
pain testing session. Results showed that the virtual reality inter-
vention was effective in reducing pain, regardless of participants’
hypnotic susceptibility. The effects of the hypnosis intervention,
however, were evident only in persons who were highly sus-

ceptible to hypnosis. Although not statistically significant, there
was a trend for high hypnotizable participants who received
the combination of hypnosis and virtual reality to show larger
improvements in worst pain and pain unpleasantness ratings
than achieved with virtual reality alone. An interesting direction
for future research would be test the efficacy of a combined
virtual reality/hypnosis protocol in managing acute clinical
pain.

FUTURE DIRECTIONS

One of the most important future directions involves translat-
ing what is currently known about the psychosocial perspective
on acute pain into clinical practice. Although we now know
that psychosocial factors, such as anxiety, pain catastrophizing,
and pain-related fear, can influence acute pain, these factors are
rarely assessed in clinical practice. Brief instruments are avail-
able that could enable clinicians to assess such factors in practice
settings.”* Information gathered using such measures could be
helpful to clinicians in several ways. First, they could increase
clinicians awareness of important aspects of each patient’s pain-
related psychosocial functioning. Second, they could aid in iden-
tifying patients who are likely to have difficulty managing acute
pain. Third, they may be useful in selecting patients who are likely
to need more intensive psychosocial treatment. Finally, these
instruments could be used to monitor psychosocial outcomes
among patients whose acute pain is managed with conventional
medical and surgical treatments.

To date, psychosocial interventions have been tested mainly
in efficacy studies. Efficacy studies use carefully screened and
selected patients and rely on highly standardized treatment pro-
tocols and interventionists who are usually highly trained. An
important next step in this area is to conduct effectiveness studies
(ie, to determine whether psychosocial interventions can show
similar effects in more typical practice settings). In effectiveness
studies, patient screening and selection is less rigid, interven-
tions are not as strictly standardized, and the intervention is
delivered by staff who typically work in the treatment setting and
who usually have not received extensive training and ongoing
supervision. If effectiveness studies demonstrate that psychoso-
cial interventions can enhance acute pain management, then
these interventions are much more likely to be disseminated into
clinical practice. The likelihood that psychosocial interventions
for acute pain will be fully disseminated into clinical practice is
enhanced by the fact that a number of these interventions (eg,
distraction techniques) require relatively little training, are easy
to use, and are inexpensive.

Another important future direction is to develop and test
tailored interventions that are matched to the resources and
needs of patients who are experiencing acute pain. Patients
who are highly susceptible to hypnosis, for example, might
benefit more from a protocol that primarily focuses on teaching
them to use suggestion and imagery to manage pain than a
multicomponent protocol that teaches unrelated pain coping
skills. Patients who are prone to high levels of pain catastro-
phizing might need a tailored approach that elicits their overly
negative thoughts about acute pain and teaches them how to
question, challenge, and restructure these thoughts. Patients
who have a high level of anxiety and fear about pain may benefit
from modelling, graded exposure, and mastery experiences



50 Francis J. Keefe

designed to enhance their perceived efficacy in pain control
and their ability to approach and master rather than avoid pain
experiences. A major advantage of treatment tailoring is that it
can streamline treatment, making it less costly and more readily
available for those patients who need it.

One psychosocial factor that potentially can have an impor-
tant effect on acute pain is the physical environment.* The envi-
ronments in which acute pain are treated are typically quite ster-
ile and devoid of distracting features that might divert a person
from their pain. There is growing evidence that environmental
stimuli, including exposure to light and natural scenes, can affect
the acute pain experience.’® Walch et al,>® for example, found
that spine surgery patients who recovered from surgery in aroom
with bright sunlight required significant less opioid analgesics
than those who were in a dim room. In a study of myocardial
infarction patients, Beauchemin and Hays®” reported that indi-
viduals whose hospital rooms were brightly lit had significantly
shorter hospital stays and tended to have lower mortality rates
than those in darker rooms. Ulrich et al*® examined the effects
of randomly assigning heart surgery patients to rooms that pro-
vided views of nature as compared to views of abstract art or
a control blank panel. Patients whose rooms enabled them to
view nature were significantly more likely to switch from strong
analgesics to weaker analgesics over the course of their hospital
stay. Patients with views of nature also experienced significantly
lower levels of anxiety during their hospitalization. Such find-
ings have implications for the design of the treatment facilities
in which acute pain is treated. They suggest that incorporating
design elements (e.g., more window views of natural scenes and
more use of light) into the design of new clinics and hospitals
may provide a means of enhancing acute pain control.

Much of the research on psychosocial interventions for acute
pain has been conducted in children undergoing painful proce-
dures. Clinical observations also suggest that psychosocial inter-
ventions are more frequently used in managing acute pain in
children than in adults. The underutilization of psychosocial
interventions in adults is unfortunate, particularly given the evi-
dence that these interventions can help. In particular, psychoso-
cial interventions could be more widely used in older adults
with chronic diseases who often experience episodes of acute
pain as a result of their disease or its treatment. There is a clear
need for additional research testing the efficacy of psychosocial
interventions for acute pain in adults.

An interesting direction for future studies of adults is testing
the effects of involving a partner or caregiver in psychosocial
acute pain management protocols. Partners and caregivers are
often interested in helping their loved one manage acute pain
but uncertain what role they can play. In the acute care setting,
partners and caregivers can benefit from learning how to most
appropriately use pain medication and how to assist the patient
in their efforts to cope with pain. Partner-assisted pain man-
agement interventions have shown promise in the treatment of
chronic pain conditions such as arthritis pain, chronic lower
back pain, and cancer pain.! Future studies need to explore
the efficacy of partner- and caregiver-assisted approaches to the
control of adults experiencing acute pain.

CONCLUSIONS

Advances in pain theory and research underscore the importance
of psychosocial factors in understanding acute pain. Psychosocial

protocols for managing acute pain have been developed and
refined and show promise in the management of many acute pain
conditions. In the future, psychosocial approaches to assessing
and treating pain are likely to become more fully integrated into
acute pain practice settings. As psychosocial approaches become
more fully disseminated, it is likely that they will be better able
to prevent and reduce the pain and suffering accompanying the
acute pain experience.
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Nonsteroidal Anti-Inflammatory Drugs

and Acetaminophen: Pharmacology

for the Future

Jon McCormack and Ian Power

The nonsteroidal anti-inflammatory drugs (NSAIDs) encom-
pass a heterogeneous group of therapeutic agents used in a
wide spectrum of analgesic and anti-inflammatory roles. From
aspirin, the first NSAID commercially produced for analgesic
prescription over 100 years ago, the conventional NSAIDs were
derived, and had been in clinical use for many years before their
mechanism of action (ie, inhibiting prostaglandin synthesis) was
elucidated. Acetaminophen is an analgesic and antipyretic agent
that may be classified as an NSAID by virtue of its mechanism
of action on prostaglandin metabolism. The development of the
highly selective coxibs has been ongoing since the mid-1990s.
This chapter discusses the history, pharmacokinetic properties,
perioperative use, and adverse effects of the NSAIDs.

HISTORY
The Salicylates

In the 18th century the bark of the willow tree (Salix alba)
was noted to have analgesic properties, whereby a letter from
Rev. Mr Edward Stone to the Royal Society in 1763 described
“a bark of an English tree, which I have found by experience to
be a powerful astringent, and very efficacious in curing anguish
and intermitting disorders.” These properties were conferred by
a glycoside of salicylic acid, named sialicin, first isolated from
natural sources as yellow crystals by Buchner in 1828. German
chemists also succeeded in isolating salicylic acid from Mead-
owsweet (Spirea ulmaria) but it was not until the latter part of
the century, in 1860, that Kolbe synthesized salicylic acid and its
sodium salt from phenol, carbon dioxide, and sodium. Following
this, the availability of inexpensive synthetic salicylates encour-
aged their use for many clinical indications, and their analgesic,
antipyretic, and anti-inflammatory effects were used to treat
acute rheumatic fever, gout, and arthritis. However, even at this
early stage side effects were recognized, prompting a chemist
named Hoffman in 1893 to develop a salicylate that was less
irritating to the stomach, a side effect displayed by his father fol-
lowing his sodium salicylate treatment for arthritis. Hoffman’s
development of acetyl salicylic acid (Figure 5.1), which he mis-
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takenly believed would be less irritating to the gastric mucosa as
aresult of reduced acidity, was produced and launched into clin-
ical practice by Bayer as aspirin, with the a from acetyl, and spirin
from Spirsaure, the salicylic acid derivative of the Meadowsweet
plant.

Nonsteroidal Anti-Inflammatory Drugs

The term nonsteroidal anti-inflammatory drugs, or NSAIDs, is
a collective term for a chemically heterogeneous group of
drugs synthesized since the early 1900s that have analgesic,
anti-inflammatory, and antipyretic properties in common with
aspirin. These nonopioid analgesics can be classified by a chem-
ical structure that confers broadly similar characteristics within
each group, these being carboxylic acids, pyrazolones, oxicams,
napthylalkalones, and p-aminophenol derivatives, as detailed in
Table 5.1.

All of the NSAIDs have similar effects within a spectrum,
but those offering the greatest potential for the relief of acute
pain have marked analgesic effect with relatively mild anti-
inflammatory action. The higher doses of these agents required
for anti-inflammatory effects tends to be associated with a higher
rate of adverse events.

Coxibs

Coxib is the term applied to NSAIDs that have a preferential
inhibitory action against cyclooxygenase (COX) type 2, an iso-
form of cyclooxygenase, which is generally undetectable in nor-
mal tissues but present in high concentrations in macrophages
and is induced at the sites of acute inflammation. Some of the
nonselective NSAIDs were discovered to have preferential activ-
ity against COX-2 versus COX-1, for example, meloxicam, and
it was noted that the rate of gastric irritation in patients on
these therapies was comparable to placebo. The quest for COX-2
inhibitors of higher selectivity led to the development of rofe-
coxib and celecoxib, released to the market in 1999. Sales of
these COX-2 inhibitors rapidly expanded into a multibillion-
dollar industry within 2 years; however, their success was short
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Table 5.1: Classification of the NSAIDs Aspirin, and
Acetaminophen

Chemical Structure Examples

Carboxylic Acids Salicylates: acetyl salicylic acid, diflusinal,
salsalate
Propionic acids: ibuprofen, naproxen,
fenbufen, fenoprofen, ketoprofen,
flurbiprofen
Acetic acids: indomethacin, sulindac,
etodolac, ketorolac, tolmetin, diclofenac
Anthranilic acids: mefenamic acid
Pyrazolones Phenylbutazone, azapropazone
Oxicams Piroxicam, tenoxicam, meloxicam
Coxibs Celecoxib, parecoxib, lumiracoxib
Naphthylalkalones Nabumetone
Para-aminophenols Acetaminophen

lived, and, by 2004, rofecoxib had been voluntarily withdrawn
by the manufacturer, and valdecoxib followed in 2005. When the
Food and Drug Administration released more detailed follow-up
data from the original studies, it demonstrated that, including
gastrointestinal side effects, the overall adverse event rate was
higher with rofecoxib than traditional NSAID control, in par-
ticular, the rate of adverse ischemic myocardial events was sig-
nificantly higher. Debate is ongoing as to whether this is a class
effect of COX-2 inhibitors,' and, to date, celecoxib and newer
COX-2 agents, such as lumiracoxib, continue to be marketed.

The para-Aminophenols

Despite having no effect on prostaglandin metabolism, acet-
aminophen is frequently classified and described along with
NSAIDs as a nonopioid analgesic agent. Acetaminophen is only
one of several p-aminophenol compounds synthesized in the
19th century for analgesic and antipyretic purposes. The par-
ent compound, acetanilide, was released in 1886, but was soon
found to be excessively toxic by way of methemoglobin pro-
duction. In 1887, phenacetin was introduced and used for a
considerable period of time until a linkage with high dos-
ing for prolonged periods of time and the development of
renal papillary necrosis was identified, this being referred to
clinically as analgesic nephropathy. In 1949, the active ingredi-
ent of both acetanilide and phenacetin was shown to be N-

o] OH

Figure 5.1: Chemical structure of acetyl salicylic acid.
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Figure 5.2: Chemical structure of acetaminophen.

(4-hydroxyphenyl) acetamide (Figure 5.2), or acetaminophen,
the production of which popularized its use in clinical prac-
tice as an effective analgesic and antipyretic, though not anti-
inflammatory agent. The launch of solubilized acetaminophen
for intravenous (IV) injection to the European market in early
2004 has greatly influenced acetaminophen prescription, partic-
ularly in the perioperative period.

PROSTAGLANDIN PHYSIOLOGY

Prostaglandins, first isolated in 1935 by Van Euler in seminal
fluid, were so named after the discovery of their high rate of
release from the prostate gland. They were initially described as
locally active tissue agents mediating smooth muscle tone, and
although various types have been identified, they are all based on
prostanoic acid (Figure 5.3). A 20-carbon chain molecule with a
5-carbon ring, with varying degrees of saturation and substitu-
tion in this ring between each prostaglandin. The nomenclature
of different prostaglandins is derived from their original identifi-
cation processes, with prostaglandin E first isolated in ether and
prostaglandin F in phosphate (Swedish: fosfate). Prostglandins
are members of the eicosanoid family, oxygenated metabolites
of arachidonic acid, which also includes the leukotrienes.

Prostaglandin Synthesis

The basal rate of prostaglandin synthesis is low. An increase
in production is triggered by stimuli including trauma, which
activates tissue phospholipases to release arachidonic acid from
plasma membrane phospholipids. Prostaglandin endoperoxi-
dase synthase (PEH), a membrane bound glycoprotein with
cyclooxygenase and hydroperoxidase catalytic activities, then
converts arachidonic acid to the various prostaglandins (Fig-
ure 5.4).

Cyclooxygenase first inserts two oxygen molecules into the
20-carbon arachidonic acid to yield the cyclic endoperoxide
PGG,, which is then converted by hydroperoxidase to PGH,.
From these intermediates, the principal stable prostaglandin
products include PGE,, D,, Fy,, I, (prostacyclin), and throm-
boxane A,.

Figure 5.3: Prostanoic acid.
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Figure 5.4: Schematic representation of prostaglandin biosynthetic pathways.

Prostaglandin Catabolism

Prostaglandins are rapidly broken down to inactive metabolites
and do not circulate in the bloodstream unchanged. Specific
enzymatic catabolic pathways exist, though some prostaglandins
are inherently chemically unstable. For example, prostacy-
clin (PGI;) undergoes rapid nonenzymatic PGH, hydrolysis
to 6-keto-PGF,, which is then enzymatically metabolized to
2,3-dinor-6-keto-PGF,,. Similarly, the platelet aggregator and
vasoconstrictor thromboxane A, is very unstable and quickly
degrades to thromboxane B,. The rapid spontaneous break-
down of certain prostaglandins implies that measurement of the
inactive metabolite may be the best indicator of rate of synthesis
of the parent compound.?

Enzymatic and nonenzymatic metabolism limit the action of
prostaglandins locally to the site of synthesis, hence they can be
thought of as locally acting hormones, allowing tissues to react
to their own immediate conditions, without necessarily having
systemic effects.

MECHANISMS OF ACTION

Many of the effects of these drugs, including analgesia, can be
attributed to inhibition of prostaglandin synthesis, though this
may not explain all of their actions. There is evidence that these
chemical substances interfere with the basic cellular processes
involved in neutrophil activation triggered by inflammatory
stimuli.

Inhibition of Prostaglandin Synthesis

Although salicylates have been used clinically since the 19th cen-
tury, their mechanism of action was not elucidated until 1971
when Sir John Jane showed that aspirin and indomethacin inhib-
ited prostaglandin synthesis in various tissues.’ It is now clear
that aspirin and the NSAIDs work by inhibiting the cyclooxy-
genase component of PGH synthase, thus locally preventing
the production of all prostaglandins and thromboxanes from

membrane phospholipids. The term COX inhibitors is often
used to describe these drugs.

Aspirin irreversibly inhibits COX by binding to the protein
and acetylating it at Ser350, such that new enzymes must be
produced by the cell before prostaglandin synthesis can recom-
mence. In contrast, the other NSAIDs do not acetylate the
enzymes, but are reversible inhibitors that prevent cyclooxyge-
nase activity only while there are effective plasma concentrations
of the drug present. In general, NSAIDs do not inhibit the alter-
native lipoxygenase pathway of arachidonic acid metabolism
and thus have no effect on the production of inflammatory
leukotrienes. Certain NSAIDs are an exception to this, for exam-
ple, ketoprofen, which may be a dual inhibitor of both cyclooxy-
genase and lipoxygenase enzymes, thereby interfering with the
production of prostaglandins, thromboxane, and leukotrienes.
Whether this confers additional clinical advantage to ketoprofen,
is unclear.

Inhibition of Neutrophil Aggregation

Although prostaglandin inhibition seems to explain the anal-
gesic and antipyretic effects of the drugs it may not fully explain
their anti-inflammatory actions. Problems have persisted in
explaining the anti-inflammatory action solely by an effect on
prostaglandin synthesis. For example, sodium salicylate has no
effect on prostaglandin synthesis in vitro, but is an effective anti-
inflammatory agent in vivo. Another problem is that aspirin has
anti-inflammatory effects only at doses far higher than those
required to inhibit cyclooxygenase.

Some of the anti-inflammatory effects of these drugs may
result from a completely different mechanism, this being inhi-
bition of neutrophil activation by inflammatory stimuli. When
exposed to certain ligands, neutrophils are activated by “twin sig-
nals” (intracellular calcium and protein kinase C), inhibition of
which by NSAIDs prevents neutrophil aggregation in vivo and in
vitro. This may be a chemical effect related to NSAID structure,
their planar lipophilic molecules inhibiting many intracellular
processes. NSAIDs even inhibit cellular aggregation in primitive
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Table 5.2: Clinical and Pharmacokinetic Data for some NSAIDs

Daily Dosing Time to Peak Plasma  Elimination Plasma Protein

Drug Dose (mg) Interval (h) Concentration (h) Half-Life (h) Binding (%)
Aspirin 1800-3600 4 1-2 0.25 80-90
Propionic acids

Ibuprofen 1200-2400 6-8 0.5-1.5 2-2.5 99

Ketoprofen 00-200 6-8 1.5-2 1.5 94

Naproxen 500-750 10 1-2 12-15 99
Acetic acids

Diclofenac 150 12 1-2 1-2 99

Indomethacin 75-150 6-12 1-2 12-15 92-99

Ketorolac 40-90 6 1 4-6 99
Anthranilic acids

Mefenamic acid 1500 8 2-4 34 99
Pyrazolones

Phenylbutazone 300-400 6-8 2 50-100 98
Oxicams

Piroxicam 20 24 2-4 53 99

Tenoxicam 20 24 1-2.6 72 99
Coxibs

Celecoxib 200-400 12 2-3 4-15 97

Parecoxib (IV) 40 24 0.5 8-11 98

Lumiracoxib 200-400 24 5 4 98
Naphthylalkalones

Nabumetone 1000 24 6 24 99
p-Aminophenols

Acetaminophen ~ 2000-4000 6 0.5-1 2 10

marine cell cultures that do not synthesize prostaglandin, indi-
cating that this effect is a basic chemical property common to
these drugs.

Analgesic Effects

Tissue injury leads to nociception, first, by direct damage to
nerve endings; second, by inflammation from the release of
prostaglandins from damaged tissues; and, third, by hyperalgesia
mediated by nerve fiber sprouting and invasion of phagocytes
and fibroblasts.*

Prostaglandins are involved in the tissue reaction to injury,
and PGE, and PGI, produced at the site of damage sensitize
pain receptors to histamine and bradykinin, leading to hyper-
algesia. It is unclear if prostaglandins produce pain themselves
or if they increase the effect of other painful stimuli on nerve
endings, but it is recognized that they are involved in nocicep-
tor activation by painful stimuli. For example, PGE, increases
the afferent input from single C fibers in response to heat
and bradykinin, an effect prevented by lysine salicylate. There-
fore, by preventing prostaglandin synthesis at the site of tis-
sue damage, NSAIDs inhibit nociceptor activation and act as
analgesics. As this effect is thought to occur in damaged tis-
sue, NSAIDs have been described as “peripherally acting anal-
gesics.” Although this is the case, there is good evidence that
NSAIDs diffuse into the cerebrospinal fluid where they also have
an action within the CNS. For example, indomethacin, ibupro-
fen, and diclofenac depress the evoked response of rat thalamic
neurons to peripheral nerve stimulation in a dose-dependent
manner, demonstrating a central action contributing to their
analgesic effect.’ The analgesic and antipyretic effects of acet-

aminophen are thought to be entirely mediated through central
prostaglandin inhibition, as the drug appears devoid of periph-
eral activity.

PHARMACOKINETICS OF NSAIDS
General Principles

Some details relating to NSAIDs, aspirin, and acetaminophen
administration, including dose, frequency, and pharmacokinetic
variables, are given in Table 5.2.

Absorption following a dose of NSAID is rapid by all routes of
administration, whether enteral or by injection, and following
an oral dose NSAIDs are generally rapidly absorbed through
the upper small intestine, although the rate may be slowed in
the presence of food. Sulindac, nabumetone, and parecoxib are
prodrugs that are converted to their active forms by hepatic
metabolism, and aspirin is activated by rapid hydrolysis in the
plasma to salicylate. Notably, diclofenac undergoes significant
first-pass hepatic metabolism when administered orally.

In general, the NSAIDs are highly protein bound and have
relatively low volumes of distribution, on the order of 0.1 L/kg, the
unbound fraction being biologically active. As a consequence,
NSAIDs can potentiate the effects of other highly protein-bound
drugs, including oral anticoagulants, oral hypoglycemics, sul-
fonamides, and anticonvulsants, by displacing them from plasma
protein binding sites. NSAIDs may potentiate the effect of
lithium by reducingits clearance and also by interference with the
effects of diuretics and antihypertensive drugs, these side effects
being more common in elderly patients. The dose of NSAIDs
should be reduced if there is any evidence of renal impairment.
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Hepatic biotransformation followed by renal excretion
accounts for the majority of elimination, with only small
amounts excreted unchanged. Thirty percent to 40% of the inac-
tive metabolites of the acetic acids and oxicams are excreted in

bile.

Aspirin

Acetyl salicylate has analgesic, anti-inflammatory, and anti-
pyretic properties and should be considered the forerunner of the
NSAIDs. In addition to its widespread use as a minor analgesic,
aspirin has a well-established role in the prophylaxis of coro-
nary and cerebral thromboses, and the treatment of myocardial
infarction and preeclampsia.

An oral dose is rapidly absorbed and hydrolyzed in the
plasma, therefore aspirin has a relatively short half-life of 15
minutes, although the resulting salicylic acid has a longer half
life of 2-3 hours. Both aspirin and the salicylate contribute to
the clinical effects, with the latter perhaps being most impor-
tant for anti-inflammatory actions. Aspirin also has a uricosuric
effect. Common side effects include dyspepsia and peptic ulcer-
ation, bleeding problems, tinnitus, and deafness. In low doses
of 300-600 mg aspirin is an effective analgesic, which is used
for the relief of mild to moderate pain. Higher doses of 3.6—
4.2 g are given for the anti-inflammatory action required to
treat rheumatoid arthritis, at which level many patients expe-
rience dyspepsia, occult gastrointestinal bleeding, and tinnitus.
Severe gastrointestinal bleeding and hepatic and renal problems
can rarely occur. Aspirin is contraindicated in children younger
than 12 years, because of the potential for precipitating Reye’s
syndrome, featuring acute hepatic failure with encephalopathy.

Hypersensitivity to aspirin tends to present in two forms. In
the first, sensitivity is associated with rhinitis, nasal polyps, and
bronchospasm. In the second, aspirin can produce urticaria,
wheals, angioneurotic oedema, and severe hypotension. Both
forms may be precipitated in aspirin sensitive subjects by other
NSAIDs.

Various preparations have been introduced to attempt to
reduce the gastrointestinal side effects of salicylates. Choline
magnesium trisilicate is a long-acting nonacetylated ester,
diflusinal is a nonacetylated fluorinated salicylate, and salasalate
is an aspirin ester that is hydrolyzed slowly. There is some evi-
dence that patients tolerate these preparations better, especially
when high anti-inflammatory doses are required.

Mild aspirin intoxication results in the characteristics of “sal-
icylism,” featuring deafness, tinnitus, dizziness, and headache.
Severe poisoning can produce a life-threatening metabolic
derangement with hyperventilation, tinnitus, deafness, hypoten-
sion, metabolic acidosis, and coma. These features develop
because of uncoupling of oxidative phosphorylation, increas-
ing metabolic rate and hydrogen ion and carbon dioxide pro-
duction. Initially a respiratory alkalosis develops, because of
direct stimulation of the respiratory center, but later the central
nervous system (CNS) becomes depressed and the underlying
severe metabolic acidosis is revealed. Treatment includes gastric
decontamination, primarily with activated charcoal, but forced
gastric emptying with concurrent airway protection may still be
considered when presentation to the emergency department is
within 1 hour of ingestion. Forced alkaline diuresis with sodium
bicarbonate infusion is used if the plasma salicylate level exceeds
500 mg/L (3.6 mmol/L) in adults, as a high urinary pH promotes
excretion of this weak acid.

Propionic Acids

Agents of this class are the choice for inflammatory joint dis-
ease, because although they have weaker anti-inflammatory
actions than aspirin, they are much better tolerated. Of all the
NSAIDs, the propionic acids are the group least associated with
side effects, though dyspepsia, gastrointestinal hemorrhage, and
rashes may occur.

Acetic Acids

This group contains the NSAIDs most commonly used for the
relief of postoperative pain, including indomethacin, diclofenac,
and ketorolac.

Indomethacin is the oldest agent and has potent anti-
inflammatory, analgesic and antipyretic effects. However, it is
also the agent within this class associated with a high inci-
dence of gastrointestinal side effects and dose-related CNS
problems, including headache, confusion, hallucinations, and
vertigo. Rectal administration may reduce gastrointestinal side
effects. Diclofenac is also often given rectally, but as a means
to avoid the high rate of first-pass metabolism, rather than to
avoid upper gastrointestinal side effects, which may still occur
with rectal administration. A longer-acting but less potent pro-
drug, sulindac, is converted to an active metabolite in the liver,
the sulfated active product of which is excreted in the bile and
then reabsorbed through the small intestine, with this mecha-
nism of absorption reported as having improved gastrointestinal
tolerance.

Anthranilic Acids

Mefenamic acid is a relatively weak anti-inflammatory agent
commonly used for osteoarthritis and rheumatoid arthritis. It
is also used extensively for the relief of dysmenorrhea, because
of inhibitory actions on uterine prostaglandin metabolism. Side
effects include dyspepsia, rashes, gastrointestinal bleeding, and
diarrhea, which may lead to dehydration and renal insufficiency
in elderly patients. This NSAID has also been associated with
interstitial nephritis. Of the newer NSAIDs, mefenamic acid
is commonly involved in self-poisoning, which may result in
convulsions that are sensitive to benzodiazepine therapy.

Pyrazolones

Phenylbutazone is a toxic, extremely potent and very long-acting
anti-inflammatory agent. Widespread reactions to phenylbu-
tazone, common and severe, include dyspepsia, peptic ulcera-
tion, gastrointestinal bleeding, mouth ulceration, renal and hep-
atic impairment, and a spectrum of skin rashes ranging from
mild erythema to toxic epidermal necrolysis. The drug produces
marked salt and water retention that can exacerbate cardiac fail-
ure. There is also a reported association with severe bone mar-
row depression presenting as agranulocytosis or aplastic anemia.
Azapropazone is also a pyrazolone that displays less marrow tox-
icity though a similar gastrointestinal and fluid retention adverse
effect profile.

Naphthylalkalones

The single member of this group, nabumetone, is a nonacidic,
inactive prodrug. After oral administration, it undergoes



58 Jon McCormack and Ian Power

extensive first-pass hepatic metabolism that results in conversion
to 6-methoxy-2-naphthylacetic acid, a more potent inhibitor of
prostaglandin synthesis than the parent compound. The most
common side effects are gastrointestinal, and accumulation can
occur with renal impairment or in the elderly.

Oxicams

Piroxicam and tenoxicam are very long-acting drugs with elimi-
nation half-lives on the order of a couple of days, hence are given
asasingle daily dose. They are weakly acidic agents that are exten-
sively plasma protein bound with small volumes of distribution.
Both are metabolized in the liver, the inactive breakdown prod-
ucts being excreted in the bile and urine, and there is no apparent
accumulation in hepatic or renal impairment or in the elderly.
Side effects include dyspepsia, gastrointestinal hemorrhage, and
rashes. Both drugs may increase serum liver transaminase con-
centrations and may precipitate cardiac failure.

Coxibs

The coxibs comprise a heterogenous group of drugs, all of which
have in common a selectivity for COX-2 over COX-1 to variable
degrees. Rofecoxib, a coxib recently withdrawn from clinical
practice, had up to 300 times greater affinity for COX-2 over
COX-1, whereas celecoxib, for example, has greater affinity of
approximately 30 times.® Analgesic efficacy over placebo is well
documented, both in acute postoperative pain and in chronic
arthritis, although generally coxibs provide analgesia that is as
efficacious, but not superior to, conventional NSAIDs.”>8

In similarity to other NSAIDs, the coxibs are well absorbed
from the upper small intestine and, with the exception of cele-
coxib, have a high bioavailability, with a generally slightly longer
duration of action allowing once or twice daily dosing. Hepatic
metabolism produces inactive metabolites excreted via bile and
urine.

The coxibs have been demonstrated in extensive trials,
notably the VIGOR study, to have a significantly lower upper gas-
trointestinal side-effect profile compared to traditional NSAIDs;
indeed, the rate of these complications approximates that of
placebo. However, gastrointestinal side effects aside, the cox-
ibs have a similar adverse event profile to other NSAIDs. Fluid
retention may occur within 2 weeks of commencing treatment
with rofecoxib, resulting in accumulation of edema and signifi-
cant elevations in systolic blood pressure. The coxibs also have
a reduced antiplatelet activity compared to aspirin and, to a
lesser degree, the nonselective NSAIDs, which may predispose
to thrombotic events. The controversy surrounding this mech-
anism and the resultant increase in adverse myocardial events
was fundamental to the voluntary worldwide withdrawal of rofe-
coxib by the manufacturers.

Acetaminophen

Acetaminophen is an effective analgesic and antipyretic, but
has little, if any, anti-inflammatory action. It has not been
shown to be a more efficacious analgesic than traditional
nonsteroidal agents; however, fewer adverse events are repeat-
edly reported, with the incidence of gastrointestinal erosions,
nephrotoxicity, and platelet dysfunction being comparable to
placebo at therapeutic doses. The mechanism of action of
acetaminophen has been debated over many years, and it is now

accepted that acetaminophen has effects at the peripheral,
spinal cord, and brain levels. In the periphery, acetaminophen
metabolism by peroxidase produces reactive compounds
that inhibit bradykinin-generated impulses within nociceptive
fibers.” In animal models, acetaminophen has been demon-
strated to weakly inhibit isoform 3 of cyclooxygenase enzyme
(COX-3), a splice-variant of COX-1, in the brain,° although the
exact role of COX-3 has not yet been elucidated in humans.!!

From this, it has been hypothesized that subsequent reduc-
tions in prostaglandin production may result in an increase in
the activity of descending serotonergic pathways, so modulating
nociceptive inputs.'? At the spinal cord level, acetaminophen has
been shown to antagonize neurotransmission via NMDA, sub-
stance P, and nitric oxide pathways, all of which are implicated
in nociception.!* !4

Acetaminophen is rapidly absorbed from the small intestine
after oral administration, with the rate of absorption having
been used as a marker of gastric emptying, and is now also
available as a solubilized preparation for intravenous adminis-
tration. The preparation of intravenous acetaminophen recently
released in the United Kingdom and Europe (Perfalgan, Bristol-
Myers Squibb, New York, USA) is dissolved in mannitol and
pH buffered by disodium phosphate, with cysteine added as an
antioxidant. A 100-mL solution is presented as 10 mg/mL for
administration over a period of 15 minutes. Minor urticaria has
been reported, particularly with rapid administration, although
systemic hypersensitivity is extremely rare.!> Acetaminophen
rapidly crosses the blood-brain barrier,'® where it is preferen-
tially concentrated in the cerebrospinal fluid, and onset of clinical
action has been demonstrated within 5-10 minutes with a peak
clinical analgesic effect at 1-2 hours.” In comparison with the
other NSAIDs, it is not highly protein bound and has a larger vol-
ume of distribution. Unlike nonsteroidal agents, acetaminophen
is safe in pregnancy and children, down to neonatal ages.

At nontoxic doses, hepatic metabolism by cytochrome p450
2E1 primarily results in inactive glucuronide conjugates, 90% of
which are renally excreted. Under normal conditions about 4%
of the dose is metabolized by hydroxylation to N-acetyl- p-benzo-
quinone imine, a hepatotoxic alkylating agent. The healthy liver
will rapidly detoxify this reactive intermediate by conjugation
with sulfydril groups of glutathione, and subsequent excretion
as mercapturic derivatives. With larger doses, the rate of for-
mation of the metabolite exceeds the rate at which it can be
conjugated with glutathione, and so it combines with the hepa-
tocyte macromolecules resulting in cellular death. The resultant
clinical picture is of acute centrilobular hepatocellular necrosis,
occasionally with acute tubular necrosis in the kidneys. Specific
treatment for this comprises N-acetylcysteine or methionine,
synthetic alternatives to hepatic glutathione, which are conju-
gated to the reactive metabolite of acetaminophen preventing
liver damage. In adults, a relatively small dose of 10-15 g (20—
30 tablets) can produce potentially fatal hepatic, and sometimes
renal, damage. Early signs of poisoning are nausea and vomiting,
followed by the development of right-sided subcostal pain and
tenderness 1 day later. Liver damage is maximal 3 to 4 days later
after ingestion and may lead to death. Early signs may therefore
be minimal even when toxic doses have been ingested, and, as
the specific antidotes effectively protect the liver maximally if
given up to 12-15 hours after ingestion, every overdose should
be considered serious and managed accordingly. In the hospital,
treatment consists of gastric emptying if the acetaminophen was
ingested within 4 hours of presentation, and the administration
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of intravenous N-acetylcysteine according to the measured
plasma acetaminophen concentration, which may be a useful
predictor of the risk of hepatic failure if taken 4 hours following
ingestion. N-acetylcysteine therapy should be administred if the
plasma acetaminophen concentration falls above the line joining
200 mg/L (1.32 mmol/L) at 4 hours and 30 mg/L (0.2 mmol/L)
at 15 hours following ingestion. N-acetylcysteine may be given
even if the patient presents when more than 15 hours have
elapsed following the overdose, but its value is then less sure.
Patients receiving concomitant drugs inducing hepatic enzymes
are more likely to develop hepatotoxicity and should therefore
be given acetylcysteine at lower plasma acetaminophen concen-
trations. Outside the hospital, emesis should be induced and oral
methionine given.

NSAIDS AND PERIOPERATIVE ANALGESIA

In the perioperative period, parenteral preparations of tradi-
tional NSAIDs, coxibs and intravenous acetaminophen are avail-
able to allow uninterrupted delivery of analgesics for acute peri-
operative pain throughout the fasting period. Rectal prepara-
tions of acetaminophen, diclofenac, and indomethacin may be
used; however, side effects of indomethacin tend to preclude use
in the acute perioperative phase.

Acetaminophen

The analgesic efficacy of acetaminophen has been widely stud-
ied and compared with nonsteroidal anti-inflammatory agents
and opioid analgesics. Acetaminophen has been shown to have
an efficacy equal to aspirin on a dose-per-dose basis.!” It is
important to note that acetaminophen has little or no anti-
inflammatory properties.

Intravenous propacetamol is a prodrug that is rapidly
hydrolyzed by plasma esterases to acetaminophen that has been
available for over a decade; however, difficulties in solubilizing
acetaminophen delayed production of an intravenous prepa-
ration of the active agent. The recent European launch of
acetaminophen for intravenous injection (Perfalgan) has trans-
formed analgesic prescription, particularly in the perioperative
period. It is important to note that all of the pharmacokinetic
and pharmacodynamic data presented by the manufacturer of
intravenous acetaminophen relates to a different intravenous
drug, propacetamol, following reference to a bioequivalence
study demonstrating identical pharmacokinetic profiles between
propacetamol and acetaminophen.'®

The number needed to treat (NNT) is a marker for com-
parison of clinical efficacy based on pooled results from sys-
tematic reviews. The NNT relates to the number of patients
needed to receive active treatment versus placebo to achieve a
50% reduction in pain scores. As a single agent for the man-
agement of moderate pain, the NNT of acetaminophen is 3.8
(95% CI, 3.4-4.4)," although for moderate to severe postoper-
ative pain optimal analgesia cannot be achieved using a single
agent alone, but a balanced approach in combination with non-
steroidal agents can result in up to a 40%-50% reduction in
opioid requirements.!>20-22 Intravenous acetaminophen (1 g)
has been demonstrated to be as efficacious as intramuscular
morphine (10 mg) following dental extractions,® and as effec-
tive as intramuscular ketorolac (30 mg) following lower limb
arthroplasty.?

Although there is no therapeutic benefit conferred over
the same dose of oral or rectal acetaminophen, the advan-
tage in the perioperative period lies with the intravenous dose.
With preoperative fasting regulations and impaired oral intake
for periods of several hours up to several days depending on
the surgical procedure, along with an avoidance of the pre-
scription of regular rectal acetaminophen for prolonged peri-
ods, patients may have until recently been denied the anal-
gesic benefit from perioperative acetaminophen administration
that has been demonstrated in dental, gynecological, orthope-
dic, and general surgery.?>~2%-39-33 The widespread availabil-
ity of intravenous acetaminophen should now improve anal-
gesic provision in the perioperative period, with the economic
caveat that the prescription should be converted to an oral dose
as soon as the patient can tolerate enteral intake. In thera-
peutic doses, acetaminophen is an inherently safe agent, with
no statistically different differences between the reported inci-
dence of adverse effects when comparing acetaminophen with
placebo.*

Aspirin

Aspirin is normally considered to be an oral analgesic for the
relief of mild pain, but intravenous salicylates have been com-
pared with opioids in the presence of moderate to severe pain
after surgery. In a large systematic review a single dose of aspirin
600 mg was shown to have a NNT of 4.4 (95% CI, 4.0-4.9); how-
ever, after a single dose gastric irritation and drowsiness were
reported.!” Lysine acetylsalicylate (LAS) (1.8 g IV) is equivalent
to 1 g of aspirin, but a single bolus gave poor relief of severe
postoperative pain compared with morphine (10 mg). Studies
using continuous intravenous infusions of LAS have produced
better results. After inguinal herniorraphy infusions of LAS were
as effective as morphine and produced less drowsiness, nausea,
and vomiting.>®

After thoracic surgery, LAS (7.2 g) given intravenously
over 24 hours gave analgesia equivalent to morphine (40 mg),
although the salicylate was not as effective as the opiate in the
immediate postoperative period.*® After major gynaecological
surgery, LAS was at least as good an analgesic as morphine, with
less nausea, vomiting, and respiratory impairment.’” Although
such studies give a favorable view of the use of LAS infusions,
the drug is seldom used in clinical practice, perhaps because of
injection site problems, including venous thrombosis.

Ibuprofen

Ibuprofen has been available in both the UK and the US for over
4 decades and, in that time, has proved itself to be an efficacious
and well-tolerated anti-inflammatory and analgesic agent. Oral
and topical gel preparations may also be purchased over the
counter, and, in addition to medical prescriptions, ibuprofen
accounts for almost one-third of all NSAID use. Near complete
absorption following oral administration results rapidly in a
high bioavailability.

The antipyretic and analgesic effects of ibuprofen have been
shown to be dependent on plasma concentrations, with ibupro-
fen being highly protein bound, mainly to albumin. Distribu-
tion is widespread, but of note ibuprofen is secreted at sig-
nificant concentrations in synovial fluid, which is assumed
to account for its anti-inflammatory effect.®® Metabolism is
primarily accounted for by hepatic biotransformation and
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subsequent renal excretion of glucuronide conjugates. Ibupro-
fen has been studied extensively in postsurgical, obstetric, and
dental pain, where it is consistently found to be more efficacious
than placebo, with a combined NNT of2.7 (95% ClI, 2.5-3.0) for
the 400-mg oral dose and a dose-dependent improvement in the
analgesic effect.®® Tbuprofen (400 mg) has also been shown to be
equivalent to diclofenac (50 mg) for postsurgical pain. As would
be expected, side effects are in keeping with all other NSAIDs;
however, these are uncommon and, where they do present, tend
to be mild and transient. Most trials have reported a side-effect
rate comparable with that of placebo.

Diclofenac

Diclofenac is available in tablet, suppository, and injectable
preparations. This was the first parenteral NSAID to be mar-
keted in the UK for the relief of postoperative pain. Additionally,
diclofenac has been shown to be effective in relieving pain asso-
ciated with smooth muscle spasm, including renal and biliary
colic, for which it may be the analgesic of choice. Intramuscular
diclofenac can be given in a dose of 75 mg up to twice per day as
the total daily dose must not exceed 150 mg. Administration by
deep intramuscular injection should be for no more than 2 days
because of the risk of muscle damage. The advantages associ-
ated with diclofenac administration following hip arthroplasty
include less cognitive impairment and a reduction in time to
mobilization. The benefits of diclofenac in abdominal surgery
are less apparent. After major abdominal surgery, diclofenac
(75 mg) given every 12 hours reduced morphine consumption,
although concern was expressed about the antiplatelet effect and
increased postoperative blood loss.*’ The results with diclofenac
have been more encouraging after minor day case surgery, where
it is as effective as fentanyl after arthroscopic surgery and more
effective than opioids after surgical removal of impacted wis-
dom teeth.*! Diclofenac may also be useful in pediatric surgery,
for instance, after tonsillectomy rectal diclofenac is as effective
as pethidine or papaveretum and after inguinal herniornaphy
is comparable in analgesic effect with caudal local anesthetic
block.*? A systematic review concluded a combined NNT for
diclofenac (50 mg) of 2.3 (95% CI, 2.0-2.7) for postsurgical
pain.*

Naproxen

Naproxen is a propionic acid derivative like ibuprofen but its
higher potency and its side-effect profile limits it to a “prescrip-
tion only” medicine. It has a similar pharmacokinetic profile
to that of ibuprofen, with rapid and complete absorption from
the small intestine with a high biovailability, 99% protein bind-
ing, and hepatic glucuronidation followed by renal excretion of
inactive metabolites.

A systematic review of the efficacy of naproxen for postop-
erative analgesia found an NNT of 2.6 (95% CI, 2.2-3.2), with
a side-effect profile similar to that of placebo, though reporting
of side effects has been inconsistent.*> Naproxen has recently
been brought to public attention in two very different areas.
First, naproxen was used as the NSAID comparator in the first
major publication comparing the COX-2 inhibitor rofecoxib
with older NSAIDs.* Subsequent detailed analysis of the full
data provoked much controversy, with the excess in cardiovas-
cular adverse events in the rofecoxib group being attributed to a

suggested cardioprotective effect of naproxen. Additional explo-
ration implicated other commonly used nonselective NSAIDs,
including ibuprofen and diclofenac, in having an excess adverse
cardiovascular risks. Further data are awaited to provide a satis-
factory conclusion to this debate, though current guidelines from
the European Medicines Agency is that nonselective NSAIDs
should be prescribed at the lowest dose for the shortest time,
and surveillance for adverse effects will continue.

The second area in which the profile of naproxen has been
raised is a potential role in delaying the progression of Alzheimers
disease has been postulated. Epidemiological studies demon-
strated a slowing of progression of cognitive impairment in
patients treated with long-term NSAIDs, the proposed mech-
anism of action featuring inhibition of extracellular amyloid-3
aggregation. Subsequent randomized controlled trials have as yet
failed to demonstrate a conclusive benefit,*> and the definitive
ADAPT study, proposed for a 7-year period, was terminated after
only 3 years because of concerns about adverse cardiovascular
events in the control (naproxen) group.*®

Ketorolac

Ketorolac was the first injectable NSAID to be marketed in the
United States for the relief of acute pain. Chemically, it is a
pyrroloacetic acid similar in structure to the earlier compounds
tolmetin and zomepirac and is prepared as the trometamol
(tromethamine in the United States) salt to increase its water
solubility. In animal models, ketorolac has analgesic, antipyretic,
and anti-inflammatory actions, which are attributed to preven-
tion of prostaglandin synthesis by inhibition of cyclooxygenase.
At the dose used clinically, it has a much greater analgesic than
anti-inflammatory action, with the analgesic effect being 800
times greater than that of aspirin.

Many studies have assessed the value of ketorolac for postop-
erative analgesia. The oral form is as effective as acetaminophen
and codeine after gynecological surgery.?’ After orthopedic
surgery oral ketorolac compares well with acetaminophen,
diflusinal, and dihydrocodeine.*® Intramuscular ketorolac is
effective after minor surgery, although the time to onset of
analgesic action is greater than 30-60 minutes. Ketorolac has
repeatedly been shown to be superor to placebo and opi-
oid following oral surgery. When given prophylactically before
minor operations, ketorolac and morphine reduced postoper-
ative pain to a similar degree, but the opioid produced more
sedation.

Initial studies suggested that ketorolac was as good an anal-
gesic as opioids after major surgery, but such optimism has not
been substantiated. In single-dose intramuscular studies per-
formed on the first or second day following operation in the
presence of moderate to severe pain, ketorolac was superior
to morphine and had a longer duration of action. However,
more recent studies have found that ketorolac alone is unsuit-
able for the treatment of severe pain immediately after abdomi-
nal surgery but is as effective as morphine the day after surgery
when pain intensity is less.*’

The effect of combining ketorolac with opioids has been
examined after upper abdominal surgery. Continual intramus-
cular infusion of ketorolac at 1.5 and 3 mg/hour significantly
reduced patient-controlled morphine consumption by 30% over
24 hours, improved pain scores, and, at the higher dose, reduced
postoperative increases in arterial PCO,. Ketorolac, therefore,



NSAIDs and Acetaminophen: Pharmacology for the Future 61

appears to have a “morphine sparing” effect that also minimizes
the respiratory depressant effects of the opioid.

PIROXICAM

Piroxicam has a long half-life, allowing once-daily oral admin-
istration. It has been repeatedly shown to be an effective post-
operative analgesic agent. After hip surgery performed under
spinal anesthesia, piroxicam reduced patient requirements for
morphine by 50% with no significant side effects.’® Comparing
a single dose of piroxicam (20 or 40 mg) against placebo the
NNT for 50% pain relief was 2.7 (95% CI, 2.1-3.8) and 1.9 (95%
Cl, 1.2-4.3), respectively.®! A preemptive analgesic role has also
been identified, with a dose given prophylactically before oral
surgery substantially reducing the requirements for postopera-
tive analgesia.>?

Tenoxicam

This preferential COX-2 inhibitor has a longer half-life than
piroxicam. Once-daily dosing of 20-40 mg is recommended,
with a rapid and complete absorption after oral administra-
tion, being unaffected by concomitant food or antacid inges-
tion and reaching peak plasma concentrations within 2 hours.
Despite relatively poor distribution, tenoxicam is preferentially
secreted into the synovial fluid, making it an attractive agent
for chronic inflammatory joint conditions. Initial studies per-
formed in elderly patients with both rheumatoid disease and
osteoarthrititis demonstrated that, despite the long half-life of
49-81 hours, there was no progressive accumulation at steady-
state dosing.*® In patients with ankylosing spondylitis both the
efficacy and risk of gastrointestinal blood loss is similar to that of
piroxicam, seen in around 8% of patients,>® with a susceptibility
to toxicity in some individuals thought to relate to mutations
in serum albumin, allowing a higher plasma concentration of
unbound agent.>* Renal toxicity is rare in patients with normal,
age related, or mild to moderate renal impairment, with less than
0.1% patients demonstrating a rise in serum creatinine after 5
years of treatment.>?

Valdecoxib

Valdecoxib is a second-generation COX-2 inhibitor with a selec-
tivity of around 60:1 for COX-2 over COX-1. It is indicated for
relief of symptoms from rheumatoid joint disease, osteoarthri-
tis, and menstrual pain and in these situations it has been shown
to be superior to placebo and at least equivalent to conven-
tional NSAIDs. For postsurgical pain, valdecoxib was found to
provide comparable analgesia to oxycodone and acetaminophen
and was opioid sparing following laparoscopic cholecystecomy
and lower-limb arthroplasty.> Itis an orally administered prepa-
ration that has a high bioavailability and a half-life of 8—11 hours.
Similar to the other COX-2 inhibitors, valdecoxib has a lower
rate of endoscopy proven gastrointestinal adverse effects than
ibuprofen, naproxen, or diclofenac (5% vs 13%),%® and bleed-
ing complications resulting from platelet inhibition were not
reported.”® Valdecoxib was voluntarily withdrawn from the US
market after Food and Drug Administration (FDA) recommen-
dations in light of a doubled risk of cardiac and cerebrovascular
adverse events compared to placebo (OR 2.3, 95% CI, 1.1-4.7)"’

and case reports of fatal Stevens-Johnson syndrome, these hyper-
sensitivity reactions being triggered by the sulfonamide compo-
nent of the drug.

Parecoxib

The development of an injectable form of the poorly water sol-
uble valdecoxib led to the development of parecoxib, this being
a prodrug of valdecoxib, the first COX-2 inhibitor released for
parenteral administration. After intravenous or intramuscular
injection it is rapidly hydrolyzed, with a half-life of 20 min-
utes, by hepatic cytochromes to valdecoxib, thereafter displaying
the same pharmacokinetic and pharmacodynamic characteris-
tics as valdecoxib described previously. Comparisons between
the other injectable NSAIDs, primarily ketorolac, have demon-
strated a comparable analgesic efficacy in postsurgical pain, with
a reduced incidence of gastric side effects.”® As with valdecoxib,
this drug is contraindicated in patients with a history of sensi-
tivity to sulfonamides because of the risk of potentially fatal skin
reactions.

Celecoxib

Celecoxib was the first COX-2 inhibitor released, in 1998, for
symptom control in rheumatoid disease and osteoarthritis. It is
relatively highly selective, with a preference of almost 30:1 for
COX-2 over COX-1. Oral bioavailability is lower than the other
coxibs, at around 40%, but in common with other NSAIDs,
widespread distribution and hepatic metabolism confers an
attractive pharmacokinetic profile. As with valdecoxib, a sul-
fonamide moiety may induce serious allergic reactions.

Celecoxib was shown to have an efficacy similar to that of
active NSAID comparators for symptom control in rheumatoid
arthritis, with onset of analgesia within 1 hour of oral adminis-
tration, no endoscopic evidence of gastric erosions after 7 days of
treatment,” and a 71% (95% CI, 59-79%) reduction in endo-
scopically proven ulcers at 3 months compared with conven-
tional NSAIDs.® For acute postoperative pain, celecoxib has
been shown to be moderately effective with an NNT of 4.5 (95%
Cl, 3.3-7.2), comparable to acetaminophen or aspirin alone.*

The largest study comparing the long-term effects of cele-
coxib administration with conventional NSAIDs was the CLASS
study. Over 8000 patients with arthritis were randomized to
received celecoxib, ibuprofen, or diclofenac, with 57% receiving
treatment for 6 months. The incidences of all upper gastrointesti-
nal complications in the celecoxib and NSAID groups were 1.4%
vs 2.9% (P = .02), although any benefit conferred by celecoxib
was negated if aspirin was coadministered, and the difference
between study groups was not significant at 12 months.®! This
study was intentionally designed to be pragmatic with regard to
simulation of real-world clinical experience and, unlike patients
recruited into the VIGOR study, coadministration of aspirin
therapy was permitted; however, only when patients from this
group were excluded did the results achieve statistical signifi-
cance for reduction in gastrointestinal complications.

The role of celecoxib in chemoprevention of cancer has
been extensively investigated. At present the exact mechanism is
unclear, but COX-2 enzyme inhibition by NSAIDs is thought to
suppress carcinogenic pathways, possibly by inducing apopto-
sis in proliferating cancer cells, as the elevated arachidonic acid
levels that result from COX-2 inhibition induce the formation
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Table 5.3: Myocardial Infarction Rate, Stroke Rate, and Composite APTC(71) Rate among

Naproxen, Conventional NSAIDs, and Placebo

Myocardial Infarction Stroke APTC Composite End
Drug/Class RR (95% CI) RR (95% CI) Point RR (95% CI)
Naproxen 1.69 (0.82-3.48) 1.42 (0.7-2.91) 1.49 (0.94-2.36)
Non-naproxen NSAIDs 0.8 (0.28-2.25) 0.91 (0.35-2.35) 0.83 (0.46-1.51)
Placebo 1.27 (0.25-6.56) 0.59 (0.13-2.74) 1.08 (0.41-2.86)

of ceramide, a mediator of apoptosis.®> COX-2 expression has
been found to be locally elevated in colonic adenocarcinoma in
90% of malignant cases and 40% of premalignant cases, with lev-
els being normally undetectable in healthy mucosa.®® Celecoxib
has been demonstrated, mainly experimentally, to suppress the
tumor volume and growth advancement of many neoplasms,
including colonic, gastric, esophageal, hepatocellular, and breast
tumors,* and, at present, has an FDA licence for inclusion for
chemoprophylaxis in patients with familial adenomatous poly-
posis coli.

Further investigation into cancer treatment has led to evi-
dence of adverse cardiovascular effects of celecoxib. The APC
trial, over a 33-month period, although demonstrating that cele-
coxib was an effective carcinoprophylactic agent, also demon-
strated an increase in adverse cardiac events compared with
placebo, with risk ratios of 2.6 (95% CI, 1.1-6.1) for 400 mg and
3.4 (95% CI, 1.5-7.9) for 800 mg doses.®> On the announce-
ment of these results, the ADAPT study, a proposed 7-year trial
assessing the value of celecoxib versus naproxen and placebo in
Alzheimer’s disease, was halted after three years of recruitment
because of investigator concerns over the cardiovascular safety of
naproxen, with a 50% increase in adverse events, though at that
stage there was no significant increase in risk with celecoxib.*®

At present, the precise answer on the cardiovascular risk
profile of celecoxib is awaited. Adverse events have been docu-
mented as secondary outcomes from meta-analyses or trials with
effects on cancer or Alzheimer’s disease as primary aims. A recent
systematic review of the cardiovascular risk of celecoxib and con-
ventional NSAIDs, demonstrating an odds ratio of myocardial
infarction of 2.3 (95% CI, 1.0-5.1) compared to placebo and
1.9 (95% CI, 1.1-3.1) compared to other NSAIDs, although for
composite cardiovascular end points there were no differences
between agents.®® Recruitment has recently commenced in the
PRESCISION trial, a large (manufacturer sponsored) multicen-
ter randomized study to evaluate exclusively the cardiovascular
risk of celecoxib and traditional NSAIDs in 20,000 patients with
arthritis (and, as such, placebo comparison would be unethical),
the results of which are due to be available in 2010.

Lumiracoxib

Lumiracoxib is the most selective COX-2 inhibitor with a COX-
2:COX-1 selectivity of 400:1.° It has a carboxylic acid group,
resembling that of diclofenac, and in binding to a unique site
on the enzyme is suggested it may have an improved biochem-
ical selectivity over the other coxibs. It is also the only acidic
coxib, and it has been hypothesised that this property results in
accumulation in sites of inflammation, hence prolonging clini-
cal effect. It has rapid absorption following oral administration,
with a high bioavailability reaching peak plasma concentrations
within 2 hours and a short half-life of 3-6 hours, although despite

this rapid action once daily dosing has been shown to provide
effective analgesia in osteoarthritis and rheumatoid arthritis and
following orthopedic surgery that is superior to placebo and as
efficacious as diclofenac and celecoxib. As with tenoxicam, drug
concentrations peak within synovial fluid from 5 hours following
administration up to 24 hours postdose.®” Endoscopic identifi-
cation of gastroduodenal ulceration confirms a comparable rate
to celecoxib and 3 times less than ibuprofen (0.32 versus 0.92%);
however, abnormalities in liver function tests were over 4 times
more common (2.57% vs 0.63%), though an increased risk of
hepatitis in the clinical setting has not yet been documented.®
Despite the high COX-2 selectivity, myocardial and cerebrovas-
cular adverse events have been demonstrated to be equivalent to
traditional NSAIDs, coxibs, and placebo (Table 5.3)%%; however,
lumiracoxib has not yet received FDA approval for launch in the
United States while further data are awaited.

Other NSAIDs

Indomethacin has marked anti-inflammatory actions and is nor-
mally used in the management of chronic inflammatory diseases,
including ankylosing spondylitis and gout. Early studies con-
firmed its efficacy as a postoperative analgesic, with evidence
of impressive reductions in both pain intensity and morphine
requirements; however, the lack of a parenteral preparation, and
a frequently demonstrated association with bleeding complica-
tions, including wound hematoma, hematemesis, and increased
surgical blood loss, has limited its use in clinical practice.

Parenteral ketoprofen use following surgery has also been
studied, where intravenous administration following nasal
surgery significantly reduced pain scores and requirements for
further analgesia compared with patients given opioids.

SIDE EFFECTS

Unfortunately, the NSAIDs possess undesirable effects as a con-
sequence of their mechanism of action, and they are a major
cause of serious adverse reactions reported to the regulatory
authorities. Prostaglandins acts as paracrine hormones and
interference with them can cause disturbances in local tissue
metabolism. These effects are well recognized in association
with long-term aspirin or NSAID therapy. In the postoperative
period, the main concerns are the possibility of peptic ulceration,
interference with platelet function, and renal impairment.
Previously, the lack of investigation into the effects of
NSAIDs in the postoperative period led to the following com-
ment: “NSAID therapy should also be withheld from patients
who are about to undergo surgery because of the risk of acute
renal failure, as well as impaired hemostasis resulting from
the effects of these agents on platelet function.””! Increasing
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evidence is now available demonstrating both the benefits and
risks of these valuable analgesic agents when given perioper-
atively, with regard to cardiovascular, gastrointestinal, platelet,
and renal function. NSAID adverse events are consistently shown
to be dose dependent, for all agents, and appropriate selection
of dose and patient groups should minimize the risk of these
events occurring.

Cardiovascular Effects

Since the late 1990s, the introduction of COX-2-specific
NSAIDs and subsequent head-to-head comparisons with con-
ventional agents, primarily for examination of analgesic or anti-
inflammatory benefits, has unmasked the differing cardiovascu-
lar risk profiles between agents, leading to unanswered questions
regarding cardiovascular safety stimulating reevaluation of risk
not only of the coxibs, but also of the conventional NSAIDs. The
mechanism of these adverse events can be explained by the effect
of all NSAIDs on platelet prostaglandin metabolism. Reversible
inhibition of the vasodilator prostacyclin (PGI,) from endothe-
lial cells, without a balanced reduction of platelet thromboxane
A, (TXA,), as seen with aspirin, leads to unopposed vasocon-
striction and enhanced platelet aggregation, predisposing the
patient to hypertension and thrombosis resulting in myocardial
infarction, stroke, or cardiovascular mortality. In vitro evidence
for this effect of COX-2 inhibitors had been previously doc-
umented, and confirmation of the importance of unopposed
TXA, action in the face of PGI, inhibition in humans was sub-
sequently published.”?

Placebo-based comparisons of several coxibs have suggested
this is a class-mediated effect, and all agents of this class have the
same attributable risks to varying degrees. This was highlighted
by the VIGOR study, post hoc analysis of which preempted the
global withdrawal of rofecoxib from the market. In achieving
the primary aim of demonstrating a significantly reduced rate of
serious gastrointestinal adverse events compared to naproxen, a
5-fold increase in myocardial infarction was reported.** There
may be two explanations for this not being replicated in the cele-
coxib CLASS trial.®! First, participants suffered predominantly
from osteoarthritis, as opposed to predominance of rheuma-
toid disease in the VIGOR study, with the latter being associated
with a 50% higher myocardial infarction rate, and, second, 21%
of patients in CLASS were on concomitant aspirin therapy and
hence were exposed to conventional antiplatelet therapy. Valde-
coxib was approved by the FDA on the basis of trials demon-
strating gastrointestinal side effects; however, an application for
licensing of its injectable prodrug parecoxib was rejected on the
basis of an increase in cardiovascular events, this trial having
been conducted in patients undergoing coronary artery bypass
grafting. Confirmation of an adverse cardiovascular profile came
with the results of the APPROVe trial, where rofecoxib was com-
pared with placebo for chemoprophylaxis of colorectal adeno-
carcinomas, demonstrating a 2-fold increase in cardiovascular
and cerebrovascular events.”?

To date, controversy persists as to whether this is a class-
or agent-specific effect. Rofecoxib, parecoxib/valdecoxib, and
etoricoxib have all been implicated in raising cardiovascular risk
but celecoxib and lumaricoxib have not, as yet, shown these
adverse events with statistical significance. Following the release
of details regarding termination of the ADAPT trial, an expla-
nation for the increase risk of adverse events with naproxen was
required. Suggestions of differing behavior between naproxen

Table 5.4: Relative Risk of Cardiovascular Adverse Events in
Coxibs and Conventional NSAIDs

Relative Risk of 95% Confidence

Drug Serious CVS Events Interval

Rofecoxib 2.19 1.64-2.91
Celecoxib 1.06 0.91-1.23
Diclofenac 1.41 .16-1.7

Naproxen 0.97 0.87-1.07
Ibuprofen 1.07 0.97-1.18
Piroxicam 1.06 0.70-1.59

and “non-naproxen NSAIDs” cannot be explained pharmaco-
logically, with diclofenac being the conventional NSAID that
structurally most resembles a coxib (celecoxib). A retrospective
population analysis of over 16,000 patients prescribed 1 of 4 con-
ventional NSAIDs or celecoxib demonstrated no difference in
cardiovascular adverse events between the five agents studied.”
Similarly, a recent systematic review supported the results of ran-
domized trials (Table 5.4), although diclofenac appeared to have
a significantly increased risk, further suggesting an emphasis on
its relative COX-2 affinity.”® This has been reaffirmed with results
from the MEDAL trial assessing long-term therapy in arthritis,
suggesting that dicofenac has a similar cardiovascular risk profile
as etoricoxib.”® The most up-to-date evidence, a European sys-
tematic review, concluded that, excluding naproxen, nonselec-
tive NSAIDs may be associated with a small increase in adverse
cardiac and cerebrovascular events comparable to that of the
coxibs,”’ this relating to a population incidence of 3 additional
adverse events per 1000 patients compared with placebo. As yet,
ibuprofen at up to 1200 mg/d has not been shown to increase
cardiovascular risk, which is compatible with its pharmacolog-
ical profile of relatively equal potency and duration of COX-1
and COX-2 inhibition.”®

Gastrointestinal Effects

The association of NSAID ingestion with gastric and duodenal
ulcers is well recognized, with up to 20% of patients on NSAID
therapy having endoscopically proven ulceration at any one
time” and 1% to 4% developing symptomatic ulcers annually.
NSAIDs have also been demonstrated to produce enteropathy.

Peptic Ulcers

Aspirin has been known to damage the human gastric
mucosa for some time and many investigations have suggested
that NSAIDs have similar effects. The gastric and duodenal
epithelia have various protective mechanisms against acid and
enzymatic attack: mucous, bicarbonate secretion, hydrophobic
properties of the mucosa, rapid cellular regeneration, and an
abundant blood supply. Prostaglandins are involved with many
of these protective factors, the mechanisms of which can be dis-
rupted by aspirin and NSAIDs, although the exact relationship
between ulceration and these drugs has been questioned.

Prostaglandins work at various sites to maintain mucosal
integrity. This knowledge led to the development of a synthetic
prostaglandin analog, misoprostil, to prevent NSAID induced
ulcers. NSAIDs inhibit regenerative cellular proliferation at
ulcer margins, a critical mechanism for mucosal repair, and
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Table 5.5: Relative Risk of Gastrointestinal Side Effects of
Conventional NSAIDs

Agent RR of GI Side Effects 95% CI
Indomethacin 2.25 1.01-5.08
Naproxen 1.83 1.25-2.68
Diclofenac 1.73 1.21-2.46
Piroxicam 1.66 1.14-2.44
Tenoxicam 1.43 0.4-5.14

Meloxicam 1.24 0.98-1.56
Ibuprofen 1.19 0.53-1.54

misoprostil has been shown to reduce this harmful effect. The
gastric microvascular endothelium is known to be a major tar-
get for aspirin-mediated injury, and, in combination with the
antiplatelet effect, this significantly increases the risk of upper
gastrointestinal hemorrhage.

The clinical implications of this are unclear as it is not known
if such effects are produced by administering NSAIDs at rela-
tively high doses in the acute postoperative period. It could
be that prolonged fasting, the stress of surgery, manipulation
of the tissues at operation, and administration of other drugs
may render surgical patients at greater risk of mucosal damage
from NSAIDs. Even NSAID therapy of relatively short dura-
tion can produce severe peptic ulceration and bleeding. With-
out doubt, NSAIDs should be avoided if the patient has a his-
tory of gastric ulceration as this predisposes to further problems
developing.

A comprehensive meta-analysis of randomized controlled
trials assessing the risk of gastrointestinal side effects compared
with NSAID nonusers demonstrated that indomethacin has
the highest risk of adverse events compared to other NSAIDs
(Table 5.5), with a maximal risk of events at 14 days, and ibupro-
fen has the lowest risk. The peak time of adverse events for other
NSAIDs was 50 days, although this varied depending on increas-
ing age, increasing dose, and underlying pathology.®

With regard to the coxibs, rofecoxib was shown to have a 50%
relative risk reduction in adverse gastrointestinal events com-
pared with diclofenac**; however, celecoxib could not be demon-
strated to have a beneficial effect over ibuprofen or diclofenac for
symptomatic peptic ulcer incidence.®! A significant reduction in
adverse events was demonstrated only following subgroup anal-
ysis (excluding participants on concomitant aspirin therapy) for
the development of complicated and symptomatic ulcers.

Evidence regarding parenteral administration of NSAIDs is
less conclusive. Early animal experimentation suggested that
ketorolac had a favorable therapeutic ratio for gastrointesti-
nal erosions but human studies have been less reassuring, with
dose-dependent invasive gastric ulceration present in volunteers
following intramuscular administration.

Enteropathy

NSAIDs also have effects on the lower gut, producing
enteropathy. This may be a common problem, and it is estimated
that 10% of cases of newly diagnosed colitis may be related to
ingestion of NSAIDs. Animal studies have shown that NSAID-
induced enteropathy is similar to inflammatory bowel disease

with an increase in bowel wall permeability, and indomethacin
can produce intestinal lesions temporally related to inhibition
of prostacyclin synthesis. The production of protective intesti-
nal mucin is increased by prostaglandins and reduced by aspirin.
Patients receiving long-term NSAID therapy for arthritis have an
abnormal increase in bowel permeability affecting the small and
large intestine. This enteropathy may be similar to Crohn’s dis-
ease and has been shown to persist for up to 16 months following
ingestion. It is thought that NSAIDs impair bowel wall integrity
and allow damage from bacterial translocation by decreasing
mucosal prostaglandin synthesis.

Platelet Clotting Function

Platelet cyclooxygenase is essential for the production of cyclic
endoperoxidases and thromboxane A,, important mediators of
aggregation and vasoconstriction, which constitute the primary
hemostatic response to vessel injury. Although it is clear that
aspirin and the NSAIDs inhibit aggregation and prolong skin
bleeding time in volunteers by around 30% on average, infor-
mation suggests that significant perioperative bleeding results
in 1% of patients treated with NSAIDs, although in the periop-
erative situation the hemostatic response may be altered by the
physiological stress response to surgery.

Aspirin is well recognized as a factor increasing blood loss
after surgery, a problem also encountered with NSAIDs. Any
aspirin ingestion in the 7 days before cardiac surgery signifi-
cantly increases the risk of repeat surgery for rebleeding and the
requirement for platelets and other blood products and prolongs
the stay of the patient in the intensive care unit and in the hospi-
tal.®! The hemostatic effects of aspirin may last up to 14 days as
it irreversibly inhibits platelet cyclooxygenase by acetylation of
this enzyme. After aspirin therapy, hemostasis returns to normal
only when new platelets have been made, as after being formed
they cannot produce new enzymes.

In comparison, other NSAIDs are reversible inhibitors of
cyclooxygenase and affect platelets only while there are effective
circulating concentrations of the drug present. It is therefore
likely that the duration of the antiplatelet effect of NSAIDs will
be shorter than that of aspirin, although the magnitude of the
effect may be the same.

Ketorolac is known to inhibit platelet function in volun-
teers, as does diclofenac, which can also produce severe sponta-
neous bruising. In patients having surgery, both ketorolac and
diclofenac prolong skin bleeding time and inhibit platelet func-
tion in vitro within 1 hour of intramuscular administration,
although a significant increase in operative blood loss is not
apparent.®?

Unfortunately, surgical patients are often given other agents
that could potentially interact with the antiplatelet effect of
NSAIDs. Warfarin, unfractionated heparin, and, more com-
monly, low-molecular-weight heparins are given prophylacti-
cally against deep venous thrombosis and pulmonary embolism,
with interaction between these agents and NSAIDs potentially
leading to increased bleeding at operation. The combination of
heparin and ketorolac has been studied in volunteers with the
conclusion that the interaction is probably clinically insignifi-
cant. Examination of the effect of concurrent administration of
ketorolac and warfarin demonstrated that there is no interac-
tion, although close monitoring of patients on this combination
was recommended.
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In certain pain states the antiplatelet effect of NSAIDs
may paradoxically be beneficial. For example, ketorolac has
been shown to be very useful for the relief of pain in sickle
cell disease, vaso-occlusive crises, and complex regional pain
syndrome.

Renal Function

The adverse renal effects are a serious and significant prob-
lem. Most studies have examined the effects of long-term oral
NSAID intake for medical conditions and have found the regular
consumption of nonopioid analgesics should be routinely con-
sidered as a risk factor for any noncongenital cause of chronic
renal failure. However, NSAIDs are valuable adjuncts to post-
operative analgesic regimes and should not be withheld as there
is an absence of evidence to suggest that short-term therapy in
appropriately selected patients predisposes to any chronic renal
impairment.

Renal Prostaglandin Physiology

The kidney has enzymes for the synthesis of most pros-
taglandins, where they have various physiological roles, includ-
ing the maintenance of renal blood flow and glomerular filtration
rate in the presence of circulating vasoconstrictor hormones, reg-
ulation of tubular handling of electrolytes, and modulation of
the actions of other renal hormones.

PGI, and PGE, are the prostaglandins produced in the kid-
ney in greatest abundance. There is a degree of specialization of
function and PGI, and PGE, are produced at different sites with
distinct actions. PGI, is synthesized in the collecting tubules
where it enhances sodium, chloride, and water excretion, and
PGE, is synthesized in the medullary interstitial cells, producing
vasodilation and natriuresis and in the glomeruli to maintain
glomerular filtration rate.

Prostaglandins and Renal Blood Flow

Normally renal prostaglandins have little effect on the con-
trol of blood flow to the kidneys, but in certain circum-
stances their effect is greatly enhanced. Vasoconstrictor hor-
mones, including renin, angiotensin, norepinephrine, and vaso-
pressin, produce a compensatory increase in renal vasodilator
prostaglandins by inducing the enzyme phospholipase. In clini-
cal conditions where there are high concentrations of circulating
vasoconstrictors renal blood flow may become prostaglandin
dependent. In such circumstances, NSAIDs may impair renal
function by abolishing the protective vasodilator action of
prostaglandins, thus allowing the unopposed action of vaso-
constrictors.

During and after anaesthesia and surgery, there is an increase
in circulating hormones with vasoconstrictor properties, often
described as a component of the metabolic response to surgi-
cal stress. It has been postulated that the anesthetized patient is
particularly susceptible to the adverse renal effects of NSAIDs,
as the compensatory increase in vasodilator prostaglandins is
prevented. Animal work has supported this view, where the
anesthetized dog having a laparotomy is much more sensitive
to the adverse affects of NSAIDs than the awake animal. The risk
of unexpected blood loss and acute hypotension during surgery
may further increase the risks associated with NSAID admin-
istration. During experimental hemorrhage and hypotension,
renal prostaglandins oppose the actions of angiotensin II to

activate the specific chemoreceptors contributing to autoregula-
tion of renal blood flow.

Prostaglandins and Renal Tubular Function

Prostaglandins are also important in regulating the handling
of electrolytes by renal tubules. They inhibit reuptake of chloride
ions from the ascending limb of the loop of Henle, resulting in
increased excretion of salt and water. Animal experiments show
that normal tubular excretion of sodium and water is depen-
dent on prostaglandins that suppress renal medullary sodium-
potassium ATP-ase, and PGE, stimulates chloride ion secretion
in the renal epithelial cells. Fluid retention based on these mech-
anisms is implicated in the development of congestive cardiac
failure in patients with established cardiac disease, with an odds
ratio of 2.1 (95% CI, 1.2-3.3) compared to controls not taking
NSAIDs prior to hospital admission.

The coxibs have also been implicated in causing fluid reten-
tion resulting in hypertension. A meta-analysis of coxibs vs
placebo and coxibs vs conventional NSAIDs demonstrated a
mean rise of systolic blood pressure of 3.8 mmHg and 2.8 mmHg,
respectively.®> COX-2 is widely implicated in renal prostaglandin
synthesis, and at present it is not possible to attribute the pro-
portion of adverse cardiovascular events from salt and water
retention with resulting vascular congestion and hypertension
from the adverse events suspected to result from unopposed
TXA, action in platelets.®* Additional fluid retention may be
caused by rofecoxib, as this is metabolized by the same enzyme as
aldostereone, cytosol reductase. An argument has been proposed
that there may be direct competition for the enzyme binding site
between rofecoxib and aldosterone, resulting in an increase in
plasma concentrations of the latter and hence further sodium
retention,?’ although this has not been proved in a random-
ized controlled trial. Interestingly, blood pressure does not seem
to be elevated with celecoxib treatment, as celecoxib has been
reported to have inhibitory properties on certain isoforms of
carbonic anhydrase, possibly offsetting some of the effects of
sodium and fluid retention and hence preventing the expected
rise in blood pressure.

Interaction with Renin and Vasopressin

Renal prostaglandins also increase the release of renin and
inhibit the effect of vasopressin on the collecting ducts. Intra-
venous infusions of prostacyclin increase renin release in humans
and consequently affect aldosterone production and potassium
excretion. Indeed, excessive renal prostaglandin production
has been implicated in the hypokalemic alkalosis associated
with high renin, aldosterone, and angiotensin II concentra-
tions of Barrter’s syndrome, in which platelet defects are
also found. NSAIDs also potentiate vasopressin. Renal pros-
taglandins and vasopressin interact and modulate each other.
Vasopressin enhances renal tubular production of cyclic adeno-
sine monophosphate, thus increasing permeability and water
resorption, this being prevented by prostaglandins therefore
increasing water excretion. Inhibition of prostaglandin produc-
tion by certain NSAIDs may increase renal water retention, such
that indomethacin has been used as a treatment for nephrogenic
diabetes insipidus.

NSAIDs and Renal Function
Renal prostaglandins are important in regulating renal blood
flow, tubular function, renin and aldosterone release, and the
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action of vasopressin. Therefore, NSAIDs may reduce renal
blood flow and impair excretion of water and electrolytes. The
clinical significance of this depends on the age and general med-
ical condition of the patient.

Studies examining the effect of short-term NSAID admin-
istration of renal function have shown that adverse effects can
occur after only a few doses in susceptible individuals. A sys-
tematic review demonstrated that as a group, NSAIDs cause
a statistically significant, but clinically unimportant, transient
mean fall in creatinine clearance of 18 mL/min in healthy adults
in the acute postoperative period, and there were no reported
cases of postoperative renal failure requiring dialysis attributable
to NSAID administration.® Risk factors for NSAID nephrotoxi-
city include age (over 60 years), atherosclerosis, diuretic therapy,
existing renal impairment, and states of renal hypoperfusion,
including cardiac failure, hepatic cirrhosis, and hypovolemia.
Many of these factors are present in patients having general
surgery, and general anesthesia and surgery may produce an
additional tendency toward NSAID-induced adverse effects.

Other Renal Effects

“Analgesic nephropathy” comprising papillary necrosis or
interstitial fibrosis is a recognized cause of drug-induced renal
failure that has been reported with most NSAIDs. The “renal
flank pain” syndrome, a sudden onset renal failure with hema-
turia and discomfort, has been produced by various NSAIDs,
including ketorolac, even after only a few doses.

Other Side Effects of Nonsteroidal
Anti-Inflammatory Drugs

Aspirin-sensitive asthma is the precipitation of bron-
chospasm by aspirin and is commonly seen in patients who
have asthma with chronic rhinitis or allergic polyps. The effect
becomes obvious soon after the ingestion of aspirin, and individ-
uals may be sensitive to other NSAIDs. This affects about 10% of
asthmatics, usually in middle age. The importance of this syn-
drome has been emphasized by reports of fatal bronchospasm
precipitated in asthmatic patients by ingestion of proprietary
preparations containing NSAIDs.

The mechanism of this is unclear but the potency of the
drug as a cyclooxygenase inhibitor is important. By inhibiting
cyclooxygenase, more arachidonic acid precursor may be avail-
able to lipoxygenase pathways, producing substances known to
cause bronchospasm, including leukotrienes. There may be an
interaction with peptide endothelin-1, which may be involved
in exaggerating bronchial muscle tone in asthmatics and which
increases lipoxygenase products of arachidonic acid metabolism.
Other factors are certainly involved as individuals with this disor-
der have an abnormal platelet response to aspirin in vitro, with
the release of cytotoxic mediators, a prostaglandin-dependent
mechanism. The ability of an NSAID to produce this syndrome
is directly related to its potency as an inhibitor of prostaglandin
synthesis. It may be prudent to avoid parenteral NSAIDs, includ-
ing diclofenac and ketorolac, in all asthmatic patients because of
their very powerful cyclooxygenase inhibition.

Hepatotoxicity

Aspirin and the NSAIDs can have adverse effects on the liver,
normally after prolonged and excessive exposure. Diclofenac
may produce fatal hepatitis, which can develop within a few
weeks of commencing oral therapy. The risk of precipitating
liver effects as a consequence of a short course of NSAIDs is

unclear, although borderline increases in serum aminotrans-
ferase concentrations may occur in almost 15% of patients.

Injection Site Damage

Intramuscular diclofenac may produce appreciable pain on
injections and is associated with muscle damage and increases
in serum creatinine phosphokinase. Studies have shown that
intramuscular ketorolac does not produce pain or changes in
serum creatinine phosphokinase. The irritant nature of par-
enteral diclofenac was empahsized by the observation that after-
intramuscular injection diclofenac produces venous thrombosis,
although this can be minimized by dilution in dextrose solution.
Injection site pain is a significant problem with diclofenac and
has led to the widespread use of rectal preparations.

Other Side Effects

Mild CNS effects have been reported after ketorolac, includ-
ing somnolence, headache, and dizziness. Blood dyscrasias, ery-
thema multiforme, anaphylaxis, urticaria, pancreatitis, and asep-
tic meningitis have been reported, although all are uncom-
mon. In preterm infants, indomethacin reduces cerebral blood
flow and oxygen delivery, potentially increasing the risk of
hypoxic brain injury, although it is not known if NSAIDs do
this in older children or adults. Some myocardial protection
against coronary vessel occlusion can be conferred in animals
by preconditioning episodes of ischemia, an effect blocked by
cyclooxygenase inhbitors, suggesting a possible protective role
for prostaglandins, probably prostacyclin. It is unclear if this
implies that NSAIDs have any effect on the consequences of
acute myocardial ischemia in humans. All NSAIDs should be
used with caution during pregnancy as they may increase the
length of gestation by delaying spontaneous labor and affect
closure of the ductus arteriosus in the newborn.

CONCLUSION

Aspirin and the NSAIDs have been used therapeutically for anal-
gesic and anti-inflammatory purposes for over 100 years. They
have a well-established role in both acute pain management and
chronic pain conditions, though the limitations of adverse events
must be recognized with long-term use. Increasing the selectivity
of the enzyme targets of NSAIDs has resulted in the development
of the coxibs, these agents having an analgesic efficacy compara-
ble to conventional NSAIDs, with an improved gastrointestinal
side-effect profile.

Debate regarding the risk from the antiplatelet effect of
both coxibs and conventional NSAIDs is ongoing; however, it
is paramount that patients should not be denied effective anal-
gesic provision from NSAID therapy. Considering the presented
data, and the continued emergence of evidence of increased
thrombotic risk with coxib use, optimal outcome should be
achieved by careful prescribing in an appropriate group of
patients with therapy tailored to the minimum effective dose
and minimum duration of therapy possible for NSAIDs of any
class. The requirement for long-term therapy, particularly if at
high doses, should be reviewed regularly. The reformulation
and European launch of solubilized acetaminophen in solu-
tion has greatly improved the delivery of this efficacious anal-
gesic. Previously, where fasting regulations and postoperative
ileus may have prevented oral administration, and with variable
bioavailability from rectal absorption, one now has the facility
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to administer regular acetaminophen throughout the perioper-
ative period, hence improving analgesia and reducing the poten-
tial for adverse effects as a result of its opioid-sparing effect. A
switch to the less expensive oral route is recommended as soon as
possible.
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Local Anesthetics in Regional Anesthesia

and Acute Pain Management

John Butterworth, MD

GENERAL CONSIDERATIONS

Although the multiple medicinal properties of cocaine (includ-
ing its ability to produce numbness) were appreciated by indige-
nous South Americans long before European explorers arrived,
the birth of local and regional anesthesia is usually designated
as 1884, the year when Koller and Gartner published their find-
ings after producing topical cocaine anesthesia of frogs, rabbits,
dogs, and each other’s corneas.! = Unhindered by drug registra-
tion agencies, regulations regarding human experimentation,
or standards for safety, purity, or efficacy, physicians quickly
adopted the “new” agent and used it for an expanding array
of procedures. Within the same calendar year (1884) but on
a distant continent the American surgeon Halsted performed
mandibular nerve and brachial plexus blocks.! By the end of
the first quarter of the 20th century, cocaine and other local
anesthetics (LA) had been used for spinal, caudal, epidural, par-
avertebral, celiac, and intravenous regional blocks, and physi-
cians had begun compounding local anesthetics with additives
to enhance their duration and safety.

Building on this rapid early progress, the field continues to
advance on multiple fronts. This chapter will focus on mecha-
nisms of local anesthetic action, pharmacodynamics, additives,
and toxicity, and, in particular, on how local anesthetics can
be most effectively used in regional anesthesia (RA) and pain
medicine. We will also consider how potential new formulations
and new compounds might lead to improved options for the
clinician.

STRUCTURE AND FUNCTIONS
OF Na CHANNELS

Local anesthetics produce peripheral nerve blocks by binding
and inhibiting voltage-gated Na channels in nerve membranes.
Na channels are large, integral membrane proteins that contain
a larger ai-subunit and 1 or 2 smaller 3-subunits. Ion conduc-
tion and local anesthetic binding both take place within the
subunit, which contains 4 homologous domains each with 6
helical, membrane-spanning segments (Figure 6.1).>7 When

70

present, subunits regulate expression, insertion into plasma
membranes, voltage dependence, and kinetics of a subunits.®?
Humans have 10 Na channel genes, only 9 of these genes are
“functional,” distributed over 4 chromosomes.””® Na channel
forms for unmyelinated axons, nodes of Ranvier, small dorsal
root ganglion nociceptors, skeletal muscle, and cardiac mus-
cle each derive from specific genes.® Specific channel isoforms
have differing affinities for tetrodotoxin and responses to local
anesthetics.!?

ELECTROPHYSIOLOGY OF Nat CHANNELS

Na channels exist in at least 3 native, functional conformations:
“resting,” “open,” and “Inactivated.®!! These three conforma-
tions were first identified in the early 1950s in experiments con-
ducted by Professor Sir Alan Hodgkin and Professor Sir Andrew
Huxley, and, in some cases, with Professor Sir Bernard Katz (all
three were recipients of a Nobel Prize). During action poten-
tials Na channels “open” briefly, allowing extracellular Na ions
to flow into the cell, depolarizing the plasma membrane. After
a few milliseconds, Na channels “inactivate” (whereupon the
Na current ceases). In lower animals (eg, squid), repolariza-
tion of nerve membranes is facilitated by a contribution from
K channels with K ion flow from inside to outside the cell; this
contribution is much emphasized in physiology and anesthe-
siology textbooks. Nevertheless, most readers of this chapter
will have greater interest in human than squid neurophysiology.
Mammalian myelinated fibers require no contribution from K
currents for membrane repolarization; they only require that the
Na channels quickly cease to conduct Na ions.®!! The total num-
ber of Na ions that enters the cell during a typical nerve action
potential is vanishingly small relative to prevailing transmem-
brane gradients such that each action potential has essentially
no lasting effect on the membrane potential.

Ion-selective permeability and voltage gating are both
remarkable evolutionary accomplishments on the part of ion
channel molecules. Of the two ion channel features, the mecha-
nism underlying ion-selective permeability is more easily under-
stood and multiple forms of selectively permeable glasses are
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Figure 6.1: Mammalian voltage-gated Na channel subtypes. TTX = tetrodotoxin, PKA =
protein kinase A, PKC = protein kinase C, IFM = intracellular loop responsible for first
inactivation. ITI S6 and IV S1 responsible for inactivation. Reprinted from: LaiJ, Porreca F,
Hunter J, Gold M. Voltage-gated sodium channels and hyperalgesia. Annu Rev Pharmacol

Toxicol. 2004;44:372.7

produced for use as ion-selective electrodes. Recent x-ray crys-
tallographic studies have provided us with a better appreciation
for voltage-gating phenomena. Channels are likely “gated” by
paddle-shaped voltage sensors (containing a dipole) that move
within and out of the plasma membrane, contorting the ion
conducting “pore” of voltage-gated ion channels.!>!?

ELECTROPHARMACOLOGY OF LOCAL
ANESTHESIA

Local anesthesia results when local anesthetics bind Na channels
in peripheral neurons, inhibiting the increased Na permeabil-
ity that underlies action potentials.®!! Molecular biologic tech-
niques have permitted investigators to isolate regions of the Na
channel molecule that are relevant to the production of local
anesthesia. In particular, local anesthetic binding has been local-
ized to S6 regions of a subunits.®”>14

Local anesthetic inhibition of Na currents increases with
repetitive depolarizations, a phenomenon often called “use
dependent,” “frequency dependent,” or “phasic” block.!! But,
why does the extent of local anesthetic inhibition increase
with repetitive depolarizations? Each succeeding depolarization
presents a new opportunity for local anesthetics to encounter
a Na channel that, not yet having bound a local anesthetic,

is “open” or “inactivated,” both of which forms have greater
local anesthetic affinity than “resting” channels.®!!>!> Thus, the
fraction of channels that are bound by local anesthetic pro-
gressively increases with repetitive depolarizations, resulting in
a progressive decline in the magnitude of the Na current and
action potential.

Many compounds other than local anesthetics will inhibit Na
channels: general anesthetics, o, agonists, tricyclic antidepres-
sants, and nerve toxins.!!'=1° Perhaps one of these “nontradi-
tional” Na channel antagonists will prove safer or more effective
than traditional local anesthetics.

LOCAL ANESTHETIC ACTIONS AT SITES
UNRELATED TO Na* CHANNELS
OR NERVE BLOCK

Local anesthetics have many actions other than those related
to Na channels and nerve block, and these local anesthetic
actions have been the subject of recent review articles.?~%2 Cir-
culating local anesthetics have profound effects on coagulation,
inflammation, microcirculation, immune responses to infection
and malignancy, postoperative gastrointestinal function, and
analgesia.”%"?! Infused local anesthetics may relieve neuropathic
pain.?
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LOCAL ANESTHETIC STRUCTURES

Alllocal anesthetics used in clinical medicine share certain struc-
tural features that render them all amphiphilic.2>1%23-2* One
end of the molecule is more hydrophobic as a consequence of
its containing a benzene ring, often with alkyl substituents. The
other end of the molecule is more hydrophilic as a consequence
of its containing a tertiary amine. The pK, of this amine is
generally >7.4; therefore, the preponderance of local anesthetic
molecules found in vivo will be protonated (positively charged).
These two structural elements are separated by a hydrocarbon
chain or ring and by an amide or ester bond.*->11:2>

Two of the currently available local anesthetics, ropivacaine
and levobupivacaine, are prepared for clinical use as single S(—)
enantiomers.”® Mepivacaine, bupivacaine, etidocaine, prilo-
caine, and cocaine are prepared as racemic mixtures; the remain-
ing local anesthetics have no asymmetric carbon atoms. The
various local anesthetics available commercially differ markedly
in their potential clinical applications and toxicity. In clinical
practice, not every local anesthetic is suitable for every regional
block procedure. Thus, an astute clinician will select among a
restricted set of compounds for the one with the onset and dura-
tion of action most consistent with surgical needs.

A variety of other compounds other than “conventional”
local anesthetics have been used in animal and human experi-
ments to produce regional anesthesia (as well as to block the
Na channels, as was previously discussed).!%-11:19:27:28 Some
amphiphilic compounds share multiple structural features with
local anesthetics (eg, calcium channel blockers and tricyclic
antidepressants). Others (eg, the nerve toxins tetrodotoxin and
saxitoxin) bear no structural similarities to conventional local
anesthetics, clearly bind to a different active site, and resemble
“classical” local anesthetics only by being organic compounds
that inhibit Na currents.® Still other agents that inhibit nerve
conduction, for example, the general anesthetic halothane, bind
at Na channel sites yet to be specifically identified.

PHYSICOCHEMICAL PROPERTIES
OF LOCAL ANESTHETICS

Local anesthetics may be characterized by their potency, delay of
onset, and duration of action, and there are associations between
the physicochemical properties of local and these properties.
On the basis of their anesthetic profile in humans, the local
anesthetics may be classified as follows:

1. Agents with relatively short durations of action and low
potency, including procaine and chloroprocaine

2. Agents with intermediate durations of action and moderate
potency, including lidocaine and mepivacaine, and prilo-
caine

3. Agents with prolonged duration of action and high potency
including tetracaine, bupivacaine, levobupivacaine, ropiva-
caine, and etidocaine.

Chloroprocaine, lidocaine, mepivacaine, prilocaine, and eti-
docaine possess a relatively rapid onset of action. Tetracaine,
bupivacaine, and ropivacaine have prolonged latencies of onset.
In general, increasing potency associates with increasing lipid
solubility, protein binding, delay of onset, and duration of
action.

Physicochemical properties that have been linked to clinical
local anesthetic actions include lipid solubility, plasma protein
binding, and pK,. Lipid solubility has a strong association with
the potency of local anesthetic compounds, particularly among
chemically similar compounds in experiments on isolated nerves
in vitro. However, the correlation is less robust in human anes-
thesia. Chloroprocaine has a relatively low lipid solubility, with
an octanol:buffer partition coefficient for the free-base, neutral
form of 810 at body temperature. Chloroprocaine is adminis-
tered at concentrations of 2% to 3% for epidural anesthesia.
However, bupivacaine has much greater lipid solubility, with an
octanol:water partition coefficient for the free-base hentral form
of 3420 at body temperature.?’ Bupivacaine produces effective
epidural anesthesia at concentrations between 0.50% to 0.75%,
indicating that it may be (roughly) 4 times more potent than
chloroprocaine.

Increasing lipid solubility also associates with increasing
duration of action. Among the following pairs of related anes-
thetics, lidocaine and etidocaine, mepivacaine and bupivacaine,
and procaine and tetracaine, the second agent in the pair
has greater lipid solubility and the longer duration of action.
Increased lipid solubility also associates with increased delay of
onset for every drug pair just cited, save that of lidocaine vs eti-
docaine, where etidocaine has an onset as fast as lidocaine’s. Eti-
docaine’s anomalously rapid onset remains poorly understood.

All clinically useful compounds must have at least some
minimal lipid solubility. The protonated (charged) forms of
local anesthetics have much lower octanol:buffer partition co-
efficients than the neutral (uncharged) forms.?* At body tem-
perature, the charged form of bupivacaine has an octanol-water
partition coefficient of 2, whereas the neutral base local anes-
thetic has a coefficient of 3420. Compounds that do not readily
permeate membranes (eg, QX314, an obligatorily charged qua-
ternary analog of lidocaine) will not produce conduction block
ifapplied on the extracellular side of a nerve (as would take place
during clinical regional anesthesia). Obligatorily charged local
anesthetics will potently block Na currents when applied within
cytoplasm, a finding that promotes many useful insights about
the local anesthetic binding site.® 111

The pK, of a compound identifies the pH at which the neu-
tral and charged forms are present in equal concentrations. pK,
has a much-discussed but, in truth, nonexistant association with
the speed of onset of local anesthesia.>® Local anesthetics must
diffuse across tissue and/or membrane to inhibit Na channels in
all circumstances save when a drug is introduced directly into the
cytoplasm. Therefore, in nearly all clinical circumstances, rapid
onset is favored by increasing the amount of drug in the base
(uncharged or neutral) form. The percentage of a specific local
anesthetic that is present in the base form when injected into tis-
sue is inversely related to the pK, of that agent. Using these facts,
many authors make a leap of faith and assert that one can pre-
dict the relative speed of onset among differing local anesthetics
by comparing their pK;s.*® Unfortunately, faith in this rule is
not supported by the available data, despite the many exami-
nation questions that have been written on this topic. Mepiva-
caine, lidocaine, and etidocaine, for example, possess pK,s of
7.7,7.8,and 7.9, respectively, at body temperature.?’ Yet, despite
a greater pK,, the onset of block with etidocaine is at least as fast
as with the other two agents. Tetracaine possesses a pK, of 8.4 at
36°C. At the same temperature, chloroprocaine has a pK, of 9.1.
Nevertheless, the onset of block with chloroprocaine for all forms
of regional anesthesia is considerably faster than with tetracaine
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(and this holds true even when adjustments are made for their
relative potencies). Die-hard, zealous devotees of the pK, “rule”
have argued that chloroprocaine is used at greater concentra-
tions than other local anesthetics, and attribute chloroprocaine’s
more rapid onset of action to the larger number of molecules of
this agent that are administered compared to other agents. This
explanation finally collapsed when exactly the same doses of
1% chloroprocaine and 1% lidocaine were compared for spinal
anesthesia,>! and chloroprocaine had a shorter onset time than
lidocaine. Thus, pK, does not predict rate of onset.

It has long been part of the “canon” that the extent of pro-
tein binding of local anesthetics determines their duration of
action.’® There is no question that one can demonstrate a cor-
relation among lipid solubility, protein binding, potency, and
duration of action. Nevertheless, despite the correlation, there is
no direct relationship between local anesthetic protein binding and
local anesthetic binding to Na channels. For any drug, the less
water soluble the compound the greater fraction of the drug
will be protein bound in blood.*? The only conceivable connec-
tion between protein binding and duration of local anesthetic
action lies in the fact that local anesthetics of increased lipid sol-
ubility (by definition) are protein bound to greater extent when
they reach the blood stream. For thermodynamic reasons, more
lipid soluble agents will have a greater tendency than less lipid
soluble agents to remain in a lipid-rich environment (eg, the
plasma membrane) than to diffuse into the blood. The greater
the propensity that the local anesthetic molecule has for remain-
ing within the membrane (rather than diffusing away from the
nerve towards the blood stream), the longer that the molecule
has the potential to bind the Na channels contained within the
membrane and produce nerve block. Once the local anesthetic
molecule enters the blood stream, it is highly unlikely to reenter
the nerve membrane and contribute to conduction block.

Bupivacaine is about 95% protein bound. It has an octanol:
buffer partition coefficient for the free base form of 3420, great
potency, and a long duration of action.?’ However, procaine
is only 6% protein bound and much less potent. It has an
octanol:buffer partition coefficient for the free base form of
100 and a relatively short duration of action. Mepivacaine and
lidocaine are both intermediate in terms of protein binding
(55% to 75%) and in terms of lipid solubility (partition
coefficients for the free base forms of 130 and 366, respectively),
potency, and anesthetic duration. As should be obvious, it is
silly to consider the nonspecific binding of a drug to a;-acid
glycoprotein and albumin (the two serum proteins to which
local anesthetics bind) as having any direct relationship to the
duration of binding of that drug to its specific binding site
in the Na channel, other than as an index of lipid solubility,
which defines the propensity of a molecule to remain within a
lipid-rich environment (eg, membrane).*

LOCAL ANESTHETIC PHARMACODYNAMICS

Local Anesthetic Volumes and Concentrations
during Nerve Block

When 40-35 mL of 0.5% ropivacaine is injected to produce a
brachial plexus block, only a very small fraction of the local anes-
thetic molecules will actually be bound by Na channels in the
brachial plexus.** As is generally true during regional anesthe-
sia, most of the injected local anesthetic will be “nonspecifically”
bound by other nearby membranes and tissues and/or removed

by the blood stream. As a consequence, the extent and the dura-
tion of local anesthetic effects can be only loosely correlated with
local anesthetic content of nerves in animal experiments.>>~3

To block conduction, the anesthesia must cover a sufficient
length of nerve. This “critical length” exceeds 2 cm (far more
than the 3 Ranvier nodes specified in textbooks) except at very
increased local anesthetic concentrations.*

In all circumstances, the mass of drug (the total number of
local anesthetic molecules) administered will influence the onset,
quality, and duration of anesthesia.*® For any agent, as the mass
of drug increases, the likelihood of satisfactory anesthesia and
the duration of anesthesia will increase and the latency of onset of
anesthesia will decrease. In general, the dosage of local anesthetic
administered can be increased by administering a larger volume
of a less concentrated solution or a smaller volume of a more
concentrated solution.

Clinicians and basic scientists continue to debate whether
volume, concentration, or total mass (the product of volume and
concentration) of drug is paramount in determining the success
of blocks. For example, in laboring women, increasing the bupi-
vacaine concentration from 0.125% to 0.5% while maintaining
the same injectate volume (10 mL) decreased latency, improved
the incidence of satisfactory epidural analgesia, and increased the
duration of action.*’ In surgical anesthesia increasing the bupi-
vacaine concentration from 0.5% to 0.75% (at constant volume)
produced a faster onset and longer duration of sensory anesthe-
siaand increased the likelihood of satisfactory sensory anesthesia
and the degree of motor block.*! When prilocaine was admin-
istered in the epidural space either as 30 mL of a 2% solution or
20 mL of 3% solution, there was no difference in onset, depth, or
duration of anesthesia or of motor block.*! In epidural analgesia
the volume of anesthetic solution administered may influence
the “spread” of anesthesia; for example, 30 mL of 1% lidocaine
administered in the epidural space anesthetized 4 more der-
matomes than 10 mL of 3% lidocaine.*> However, in rat sciatic
nerve blocks a smaller volume of a more concentrated local anes-
thetic solution produce a denser, more persistant block than a
larger volume of a less concentrated solution.’® Nevertheless,
multiple clinical studies suggest that except for a consistent pos-
itive correlation between injectate volume and the dermatomal
spread of epidural anesthesia, the primary qualities of regional
anesthesia, namely onset, depth, and duration of blockade, are
related to the mass of drug injected (ie, the product of volume
times concentration) and the proximity of the local anesthetic
molecules to the intended target.*>44

MAXIMUM DOSES

Most review articles and book chapters present a table of “maxi-
mal safe doses” of local anesthetics, despite there being no way to
specify one, universal, practical, maximal “safe” dose of a local
anesthetic.*> The maximal tolerable dose depends on many fac-
tors, including the intended (and actual) site of injection, the
duration of time over which the local anesthetic was injected,
additives, and patient-related factors such as size and body
habitus and the presence of pregnancy or disease. The same
drug dose given for intercostal blocks produces greater peak
local anesthetic concentrations than when given for plexus or
epidural blocks."** A dose given over 24 hours may be well tol-
erated, but not when given over 24 seconds. Forty milliliters
of local anesthetic is well tolerated when administered for
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Figure 6.2: Earlier inhibition of sensory nerve action potentials
improved to compound motor action potentials in volunteers receiv-
ing median nerve blocks with bupivacaine. Volunteers receiving mepi-
vacaine showed no difference in latency of inhibition of sensory versus
motor nerves. Reprinted from: Butterworth J. Clinical pharmacology
of local anesthetics. Adapted from Hadzic A ed. Textbook of Regional
Anesthesia and Acute Pain Management. New York, NY: McGraw Hill;
2007.!

interscalene block; 0.4 mL is poorly tolerated if injected into
the nearby vertebral artery.

DIFFERENTIAL SENSORY NERVE BLOCK

In addition to the properties already described, one other impor-
tant clinical consideration is the ability of local anesthetic agents
to differentially inhibit sensory versus motor fibers. Physicians
have long known that nerve fibers of differing sizes have differ-
ing susceptibility to local anesthetics (directly applied pressure,
lack of oxygen, and lack of glucose). In general, among fibers of
similar types, larger fibers are more resistant to local anesthetic
block.>” Smaller myelinated fibers (eg, A fibers) are more sus-
ceptible to local anesthetics than larger myelinated fibers (eg,
Ao or AB fibers). Larger unmyelinated fibers are less susceptible
to block than smaller unmyelinated fibers.*® The “size princi-
ple” fails when unmyelinated fibers are compared with myeli-
nated fibers, because the (smaller) unmyelinated fibers (eg, C
fibers) as a group are less susceptible to local anesthetics than the
(generally larger) myelinated fibers.>> As a consequence, con-
ventional local anesthetic techniques cannot completely block
all pain-transmitting A8 and C fibers without also inhibitioning
some motor fibers. In other words, local anesthetics will not
produce analgesia sufficient for surgical incision without motor
block.!-311

Some agents (eg, bupivacaine and ropivacaine) are relatively
selective for sensory fibers.*” These agents are often used in
epidural solutions for surgical anesthesia, obstetric analgesia,
and postoperative relief of pain owing to their ability to pro-
vide adequate sensory analgesia while preserving motor func-
tion, particularly at concentrations <0.25%. Thus, laboring
parturients can be pain free yet still able to walk. Etidocaine
and lidocaine, however, show little separation between sensory
and motor blockade.*® At concentrations required to achieve
adequate epidural sensory anesthesia required, etidocaine and
lidocaine have a rapid onset of action and, in the case of etido-
caine, a prolonged duration of anesthesia; however, with both

sensory anesthesia is associated with a profound degree of motor
blockade, and the motor block can sometimes outlast the sensory
block during offset of anesthesia.

Differences among local anesthetics are sometimes most
apparent during the onset or offset of peripheral nerve block.*’
For example, during onset of median nerve block with mepi-
vacaine there is almost no difference in the relative inhibition
of sensory nerves as assessed by the amplitude of sensory nerve
action potentials (SNAPS) vs motor nerves as assessed by com-
pound motor action potential (CMAP) amplitudes. Onset of
bupivacaine was slower than with mepivacaine, but inhibition
of SNAP amplitude occurred earlier than CMAP. At steady state,
both agents inhibited SNAPs and CMAPs comparably and pro-
foundly after 20 minutes of injection (Figure 6.2).%

As previously noted, the fact that specific genes produce
the Na channels found in unmyelinated nerves, motor nerves,
and dorsal root ganglia offers the tantalizing possibility that
structural differences in these various channel forms might
be sufficient to permit design and development of selective
inhibitors.!0-4

OTHER FACTORS INFLUENCING ACTIVITY

Many factors influence the adequacy of regional anesthesia,
including the local anesthetic dose, temperature, site of admin-
istration, pregnancy, and drug additives. In general, the fastest
onset and shortest duration of anesthesia occur with spinal and
subcutaneous injections. Plexus blocks have a slower onset and
longer duration.!-*® For a given dose of local anesthetic, spread
of neuraxial anesthesia increases during pregnancy because of
decreases in thoracolumbar cerebrospinal fluid (CSF) volume
and an increased neural susceptibility to local anesthetics (Fig-
ure 6.3).49-°1

USE OF ADDITIVES WITH LOCAL
ANESTHETIC SOLUTIONS

With most agents and most block procedures, onset, dura-
tion, and adequacy of anesthesia may be altered by addition of
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Figure 6.3: Inhibition of sensory nerve action potentials in pregnant
women contrasted with women who were not pregnant. All subjects
received median nerve blocks with 5 mL of 1% lidocaine. All data
expressed as means + SEM. Reprinted from: Butterworth J, Walker F,
Lysak S. Pregnancy increases median nerve susceptibility to lidocaine.
Anesthesiology. 1990;72:963.%
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vasoconstrictors. Attempts have been made to alter the onset
and duration of anesthesia by using mixtures of local anesthet-
ics, carbonation (adding carbon dioxide), or addition of bicar-
bonate or any of a long list of other additives to local anesthetic
solutions. Vasoconstrictors, typically epinephrine, are frequently
added to local anesthetic solutions to decrease the rate of vas-
cular absorption and allow a greater fraction of injected anes-
thetic molecules to reach the nerve membrane. In the end, the
goal is to increase the time over which local anesthetic mol-
lecules persist near nerves, potentially increasing the depth and
duration of anesthesia. In clinical anesthesia, local anesthetic
solutions often contain a 1:200,000 (5 wg/mL) concentration
of epinephrine.?>*® Limited information is available regarding
the optimum concentration of epinephrine with local anesthetic
agents other than lidocaine or block procedures other than local
infiltration.>?

Epinephrine has differing effects on differing local anesthet-
ics. Procaine, lidocaine, and mepivacaine are significantly pro-
longed by epinephrine during infiltration anesthesia, periph-
eral nerve blocks, or epidural anesthesia.>*>>>* The effect of
epinephrine on bupivacaine depend on the setting, block tech-
nique, and concentration of drug used. Bupivacaine local infil-
tration blocks are prolonged by epinephrine.®* Epinephrine
does not produce clinically useful prolongation of bupiva-
caine epidural blocks. The frequency and duration of adequate
labor analgesia were improved when epinephrine 1:200,000 was
added to 0.125% or 0.25% bupivacaine®’; however, addition
of epinephrine to 0.5% or 0.75% bupivacaine did not signifi-
cantly improve epidural blocks for either obstetric or surgical
patients.®>> Motor block is increased following the epidural
administration of epinephrine-containing solutions of bupiva-
caine and etidocaine.® Epinephrine improves the quality of
analgesia provided by dilute intrathecal solutions of bupiva-
caine + opioid.”® The differing effects of epinephrine in pro-
longing the duration of differing local anesthetics is most appar-
ent during spinal anesthesia. Epinephrine greatly increases the
duration of tetracaine spinal anesthesia but prolongs lidocaine
and bupivacaine spinal anesthesia to a lesser extent.’ ¢!

Other « agonists such as clonidine and phenylephrine also
have been used as additives to solutions of local anesthetics.
o, agonists have local anesthetic properties in vitro. Clonidine
and quanfacine will block both Aa and C fibers (Figure 6.4).16
Prolongation of regional anesthesia by clonidine could be the
result of pharmacodynamic prolongation of local anesthetic
effects, a direct action of clonidine on nerves, a central action
of clonidine, or some combination of these effects.®> Clonidine
markedly prolongs the duration of mepivcaine and lidocaine
plexus blocks.®® Either oral or intrathecal clonidine prolongs
the duration tetracaine spinal anesthesia.®*% Intrathecal cloni-
dine prolongs the duration of lidocaine, mepivacaine, and bupi-
vacaine spinal anesthesia.®®%” Clonidine, like epinephrine, has
less effect on the duration of plexus blocks produced by bupiva-
caine or ropivacaine than on those produced by mepivacaine or
lidocaine.%

Carbonation (addition of carbon dioxide) of local anesthetic
solutions was once thought to speed the onset of action of various
local anesthetics.!*® Carbon dioxide enhances diffusion of local
anesthetics through nerve sheaths of isolated nerves and has-
tens inhibition of action potentials.”>”! A double-blinded study,
however, failed to demonstrate a significantly more rapid onset
of action when lidocaine carbonate was compared with lido-
caine hydrochloride for epidural blockade.”? In fact, addition
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Figure 6.4: Concentration-dependent inhibition by cloni-
dine of Aa and C fibers in rat sciatic nerves. The total num-
ber of nerves studied at each concentration is given on the
figure. All data provided as means and standard deriva-
tives. Reprinted from: Butterworth J, Strichartz G. The a,-
adrenergic agonists clonidine and guanfacine produce tonic
and phasic block of conduction in rat sciatic nerve fibers.
Anesth Analg. 1993;76:297.16

of NaHCOs to lidocaine (which would be expected to reduce
the fraction of the protonated local anesthetic form) reduced
the onset delay relative to the carbonated preparation.”> Other
double-blind studies failed to show benefit from carbonation
of bupivacaine.”®”* Thus, the available date show no consistent
benefit to carbonation of local anesthetic solutions under clinical
conditions.

Adding sodium bicarbonate to local anesthetic solutions
immediately before injection inconsistently speeds the onset of
conduction blockade.”>7>~77 Bicarbonate will increase the pH
of the local anesthetic solution and increase the fraction of local
anesthetic molecules in the uncharged base form. In theory, more
local anesthetic molecules could diffuse across the nerve sheath
and nerve membrane, speeding the onset of anesthesia. In vitro
studies of pH adjustment suggest that the apparent potency of
local anesthetics increases at more basic pH.”® Addition of bicar-
bonate to lidocaine prior to median nerve block increased rate
of onset of motor block without altering sensory nerve block.””
Numerous clinical studies have been performed in which the
addition of sodium bicarbonate to local anesthetic solutions
has either improved or had no effect on the latency, duration,
or effectiveness of local anesthesia.”® Bicarbonate likely has its
greatest benefit when added to local anesthetic solutions com-
pounded with epinephrine by the manufacturer. Epinephrine-
containing solutions have a reduced pH relative to “plain”
solutions to increase the shelf life. Finally, addition of bicar-
bonate reduces the pain from subcutaneous injection of local
anethetics.?

Other additive effects are specific to a particular regional

block (Table 6.1).
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Table 6.1: Additives in Local Anesthetic Solutions Used for Specific Regional Anesthetic Procedures

Intravenous Minor Brachial Epidural Spinal
Opthalmic Regional Peripheral Blocks Intercostal Anesthesia and Anesthesia and
Blocks Anesthesia Blocks Plexus Blocks Analgesia Analgesia
Hyaluronidase, Clonidine and Solutions Epinephrine is Epinephrineis ~ Epinephrine Addition of
epinephrine, dexmedetomidine  containing often used to nearly always reduces local dextrose or water
bicarbonate, and  reduce discomfort  epinephrine reduce blood LA included to anesthetic will influence
clonidine during and after have been used concentrations decrease local concentrations baricity,
improve IVRA; ketorolac for digital nerve  and servesasa anesthetic in blood and distribution of
reliability of improves blocks without marker for concentrations  increases cardiac local anesthetics
anesthesia.?>113; intraoperative and  ischemic accidental v in blood.!*21%  output.’ within the CSE,
multiple local postoperative sequelae.”>!? injection.” Clonidine and permit
anesthetics and analgesia.?®?! Clonidine produces patient
multiple additives improves analgesia, positioning to
are often anesthesia with sedation, and influence
employed. lidocaine and increases local dermatomal

mepivacaine,
with less effect
on bupivacaine
or ropivacaine.”
Bicarbonate
reduces the
onset time for
anesthesia and
may reduce
duration.

anesthetic blood
concentrations.”?
Epidural
combinations of
local anesthetics
and opioids
provide better
analgesia to than
from the agents
given separately.®
Clonidine is
popular for
postoperative
caudal analgesia
in children.®

spread of spinal
anesthesia.*®
Vasoconstrictors
greatly prolong
tetracaine spinal
anesthesia.”*%
Clonidine
(intrathecal or
oral) may be used
to prolong spinal
anesthesia.>” 12
Adding fentanyl
to LA solutions
improves the
quality of
intraoperative
and postoperative
analgesia without
prolonging motor
block, time to
voiding, or
recovery time.>74

VASODILATOR PROPERTIES

The clinical activity of local anesthetics is modified by their
vasodilator properties. Faster vascular absorption reduces the
number of local anesthetic molecules available for binding to Na
channels. Faster absorption into the blood stream reduces the
apparent local anesthetic in vivo potency and duration of action.
All local anesthetics except cocaine both constrict and dilate
vascular smooth muscle, depending on the concentration.3!-%3
At reduced concentrations local anesthetics inhibit nitric oxide
release and cause vasoconstriction. At the much greater con-
centrations used for regional anesthesia these agents cause
vasodilations.®?

Local Anesthetic Blood Concentrations, Protein Binding,
Metabolism, and Pharmacokinetics

As previously mentioned, in blood, all local anesthetics are par-
tially protein bound, primarily to a;-acid glycoprotein (AGP)
and secondarily to albumin.>*-*? Affinity for AGP increases with
LA hydrophobicity and decreases with protonation and acido-
sis.3* Extent of protein binding is influenced by the concentra-
tion of AGP. Both protein binding and protein concentration

decline during pregnancy, but these changes have limited clin-
ical importance.®> During longer-term infusion of LA and LA-
opioid combinations concentrations of serum binding proteins
progressively increase.®* There is considerable first-pass uptake
of local anesthetics by lung.%

Esters undergo rapid hydrolysis in blood, catalyzed by
pseudocholinesterase.’>¥” Procaine and benzocaine are metab-
olized to p-aminobenzoic acid (PABA). The amides undergo
oxidative N-dealkylation in the liver (by cytochrome P450).!:3°
Amide LA clearance depends on hepatic blood flow, hepatic
extraction, and enzyme function and is reduced by drugs that
decrease hepatic blood flow such as 3-adrenergic or H,-receptor
blockers and by heart or liver failure.*%-%

TOXIC SIDE EFFECTS OF LOCAL
ANESTHETICS

It is often assumed that all toxic side effects of local anesthet-
ics are caused by unwanted binding of local anesthetic to Na
channels in the central nervous and cardiovascular systems.®
However, local anesthetics will inhibit many other targets aside
from the Na channels, including multiple forms of voltage-gated
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Table 6.2: Concentrations of Local Anesthetics that Inhibit Cardiac Function

AP/dt o (65%) EF (65%) FS (65%) CO (75%)
LA (g/mL) (vg/mL) (1g/mL) (lg/mL)
BUP 2.3 (1.7-3.0) 3.2 (2.2-4.7) 2.1 (1.5-3.1) 3.6 (2.1-6.0)
LBUP 2.4 (1.9-3.1) 3.1 (1.4-2.9) 1.3 (0.9-1.8) 3.3 (2.0-5.5)
ROP 4.0 (3.1-5.2)" 4.2 (3.0-6.0) 3.0 (2.1-4.2)" 5.0 (3.1-8.3)
LID 8.0 (5.7-11.0)° 6.3 (4.0-9.9) 5.5 (3.5-8.7)¢ 15.8 (8.3-30.2)°

Note: Data represented are concentration estimates and 95% confidence intervals.

Abbreviations: dP/dty,x (65%) = local anesthetic concentration that reduced maximal change in
left-ventricular pressure over time to 65% of baseline value. EF (65%) = local anesthetic concentration that
reduced left-ventricular ejection fraction to 65% of baseline value. FS (65%) = local anesthetic concentration
that reduced fractional shortening to 65% of baseline value. CO (75%) = local anesthetic concentration that
reduced cardiac output to 75% of baseline value. BUP = bupivacaine; LBUP = levobupivacaine; ROP =

ropivacaine; LID = lidocaine.

@ ROP > BUP, LBUP; P < .05.

» ROP > LBUP; P < .05.

¢ LID > BUP, LBUP, ROP; P < .01
4 LID > BUP, LBUP; P < .01.

Reprinted from: Groban L, Deal D, Vernon, Jason, James R, Butterworth J. Does local anesthetic
stereoselectivity or structure predict myocardial depression in anesthetized canines? Reg Anesth Pain Med.

2002;27:460-468.1%2

ion channels, enzymes, receptors, and G-protein-mediated
signaling.!!>1%:23:89-94 1 0cal anesthetic binding to any or all of
these sites could contribute to toxicity, spinal or epidural anal-
gesia, or analgesia during local anesthetic infusions.”

CENTRAL NERVOUS SYSTEM SIDE EFFECTS

Local anesthetic central nervous system toxicity most likely
results from disinhibition of inhibiting pathways, with the
ultimate potential result of convulsion. Increasing LA doses
produce a stereotypical sequence of signs and symptoms cul-
minating in seizures.!"*>2530:86 Burther LA dosing may lead
to central nervous system (CNS) depression, possibly including
respiratory arrest. More potent local anesthetics, such as bupi-
vacaine, produce seizures at lower blood concentrations and
lower doses than less potent local anesthetics, such as lidocaine.
Both metabolic and respiratory acidoses decrease the convulsive
dose of lidocaine in experimental amounts, and the result can
likely be extrapolated to other anesthetics and to humans.”® CNS
toxicity can promote cardiac toxicity.®” Cardiovascular signs of
CNS excitation (eg, increased arterial blood pressure) appear at
lower local anesthetic concentrations than those associated with
cardiac depression.®”

CARDIOVASCULAR TOXICITY

Bupivacaine binds more avidly to cardiac Na channels and, once
bound, remains bound for a longer time than lidocaine.%11-%8
Bupivacaine R(+) isomers bind cardiac Na channels more avidly
than S(—) isomers (levobupivacaine and ropivacaine).?® Local
anesthetics inhibit conduction within the heart with the same

rank order of potency as they demonstrate inhibition of impulses
in peripheral nerve.”® Local anesthetics produce concentration-
dependent myocardial depression. Local anesthetics bind and
inhibit Ca and K channels in the heart, but only at concentra-
tions much greater than those required for maximal binding to
Na channels.!!**® Local anesthetics bind B-adrenergic receptors
and inhibit epinephrine-stimulated cyclic adenosine monophos-
phate (AMP) formation.?>88

Most local anesthetics will not produce cardiovascular toxic-
ity in animals until blood concentration exceed 3 times those that
produce seizures. Nevertheless, there are reports of simultaneous
seizures and cardiac toxicity with bupivacaine in patients.!->?
Supraconvulsant doses of bupivacaine more commonly produce
arrhythmias in dogs than supraconvulsant doses of ropivacaine
or lidocaine.?*

In most species and in most animal models of cardiac tox-
icity, the rank order of local anesthetic potency appears to be
bupivacaine > levobupivacaine > ropivacaine (Table 6.2).”7-%
Furthermore, arrhythmias were more common in dogs receiv-
ing toxic doses of bupivacaine or levobupivacaine than those
receiving lidocaine or ropivacaine.!%°12 There were notable dif-
ferences among local anesthetics in the responses to attempted
resuscitation. Dogs given lidocaine could be resuscitated, but
required continuing infusion of epinephrine to maintain an
adequate blood pressure. Conversely, many dogs receiving bupi-
vacaine or levobupivacaine could not be resuscitated using
standard drugs and techniques. Those dogs receiving bupiva-
caine, levobupivacaine, or ropivacaine that could be defibril-
lated often required no other therapy.!*~1%2 Similar differences
were observed in pigs: Bupivacaine had a greater propensity
for arrhythmias than lidocaine. Bupivacaine was 4 times more
potent than lidocaine at producing myocardial depression but
16 times more potent at producing arrhythmias in pigs.!% As
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noted earlier, it is often assumed that all LA cardiovascular tox-
icity arises from one, common fundamental mechanism. Given
that bupivacaine seems much more prone to arrhythmias than
lidocaine, and that the response to resuscitation drugs and tech-
niques differ among these drugs, it seems likely that the mech-
anism of cardiovascular toxicity may also differ between these
two agents.

METHEMOGLOBINEMIA

Generations of anesthesia textbooks have focused on the unique
metabolism of prilocaine to o-toluidine, and the resulting (and
allegedly predictable) production of methemogloblinemia in
adults with prilocaine doses >600 mg.*® A recent study demon-
strates the unpredictability of the prilocaine dose that will result
in clinically important methemoglobinemia in adults.!®* More
importantly, perioperative methemogloblinemia more com-
monly arises in North America from use of the topical local
anesthetic benzocaine, dehydration, or treatment of infections
with dapsone than from use of prilocaine in any form.!%°

ALLERGY

Textbooks state that there is an increased incidence of allergy to
ester local anesthetics metabolized to p-aminobenzoic acid (pro-
caine and benzocaine) and a greater incidence of allergy to ester
than amide local anesthetics.*® If there are convincing data con-
firming these assertions I cannot find them. Evidence for aller-
gic cross reactions between methylparaben and p-aminobenzoic
acid is also sparse, despite this being a frequent topic of questions
on certification examinations. The most important fact about
local anesthetic allergy is that it is rare. Multiple studies show that
when patients with apparent “allergic” or even anaphylactoid
reactions to local anesthetics are subjected to standard testing,
almost none will have immune responses to preservative-free
local anesthetics.!%6:107

TREATMENT OF LOCAL ANESTHETIC
TOXICITY

Treatment of adverse local anesthetic reactions should be guided
by their severity. Serious degrees of methemoglobinemia are
treated with intravenous (IV) oxygen and methylene blue (1
mg/kg). Anaphylactoid reactions may require epinephrine, cor-
ticosteroids, and fluid resuscitation. Minor degrees of central
nervous system excitation can be allowed to terminate sponta-
neously. Even when local anesthetics produce seizures, the only
requirement is that one maintain the airway and provide oxy-
gen. Seizures may be terminated with intravenous thiopental
(1-2 mg/kg), midazolam (0.05-0.10 mg/kg), or propofol (0.5—
1 mg/kg). In the event of local anesthetic-induced cardiovascu-
lar depression, milder degrees of hypotension may be treated by
infusion of intravenous fluids and vasopressors (phenylephrine,
0.5-5 mcg/kg/min, norepinephrine, 0.02-0.2 mcg/kg/min, or
vasopressin, 2-20 units IV). If contractile failure is evident,
epinephrine (1-15 mcg/kg IV bolus) may be required. Unfor-
tunately, a recent survey of academic anesthesia departments
confirmed a lack of consensus regarding resuscitation drugs for
local anesthetic cardiovascular toxicity.!%®1% T suggest that the

Guidelines for Advanced Cardiac Life Support be followed with a
few substitutions.!% I suggest that amiodarone and vasopressin
be substituted for lidocaine and epinephrine, respectively.!!0-112
Once advanced cardiac life support begins, intravenous lipid
should be considered. Animal experiments demonstrate the
remarkable ability of lipid infusion to resuscitate animals from
bupivacaine overdosage, even after unsuccessful attempts of
“conventional” resuscitative techniques and drugs.!!*!'* The
mechanism remains controversial, but may involve the lipid
serving as a “sponge” for the local anesthetic, facilitating its
removal from heart and brain.!'>!'® A growing number of case
reports (see http://www.lipidrescue.org/) provide evidence that
lipid infusion may also be effective in humans.!1”-118 In the case
of a continuinglack of response to resuscitation efforts, consider-
ation should be given to placing the patient on cardiopulmonary
bypass with the hope of supporting the circulation long enough
to permit the liver to clear the local anesthetic.!'?
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Pharmacology of Novel Non-NSAID

Analgesics

P. M. Lavand’homme and M. F. De Kock

Although many patients undergo surgery on a daily basis, peri-
operative and more specifically postoperative pain still remain
underevaluated and poorly treated.!

There is now growing recognition that poorly relieved
acute pain increases the occurrence of cognitive dysfunction,
immune suppression, and chronic postsurgical pain. Conse-
quently, perioperative treatments may have long-term impli-
cations on patient outcome and quality of life.> Unfortunately,
commonly used analgesics such as opioids and nonsteroideal
anti-inflammatory drugs (NSAIDs) are not devoid of side effects
that interfere with early rehabilitation and may impair patient
outcome.’ A recent consensus on acute postsurgical pain man-
agement supports the use of multimodal analgesia (a combi-
nation of two or more analgesic agents or analgesic modalities
with different mechanisms of action) to improve perioperative
pain control and to reduce analgesia-related adverse effects.*
Adjuvant drugs such as o;-adrenoceptor agonists, N-methyl-D-
aspartate (NMDA) receptor antagonists, and gabapentin present
with interesting properties to improve perioperative pain con-
trol. Specifically, these classes of compounds are more effective
to relieve pain in states where the central nervous system is sensi-
tized, as it is the case after tissue incision and display interesting
antihyperalgesic properties. In combination with opioids, use
of these adjuvant drugs result in relevant opioid sparing effect.
Thus, reducing opioid-related adverse effects such as nausea
and vomiting, sedation, and opioid-induced hyperalgesia that
contributes to further sensitization of the central nervous sys-
tem (CNS). When studying the mechanism of action of drugs
that modulate pain sensation, it is important to consider not
exclusively their interactions with the nervous system, but also
their effects on components of the immune reaction. This is read-
ily apparent for drugs directly related with the course of the
inflammatory process (ie, NSAIDs). An immune mechanism
may also account for the pain modulation obtained with drugs
such as clonidine, ketamine, gabapentin and pregabalin. Rea-
sons underlying this assertion are found in the close interrelation
between the nervous and immune systems. Drugs acting on the
nervous system interfere directly or indirectly with the immune
function and results in the therapeutic effect. An ideal drug in
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the perioperative setting would be the one that does not nega-
tively affect, but rather helps to maintain immune homeostasis
by preventing any excessive systemic pro- or anti-inflammatory
reaction.

This chapter reviews the basic knowledge concerning the
use of ay-adrenoceptor agonists (clonidine), NMDA recep-
tor antagonists (ketamine), and gabapentin as analgesic adju-
vants.

For each class of drug, our approach considers the following:

Receptors involved and underlying mechanisms
Pharmacology of analgesia under different pain conditions
Pharmacology of the drug and related side effects
Interaction with other analgesics, specifically, opioids
Immune modulatory effects

CLONIDINE AND o;-ADRENOCEPTOR
AGONISTS

o;-Adrenergic Receptors and Pain Modulation

Adrenergic receptors, a and B receptors, form the interface
between the endogenous catecholaminergic system and the tar-
get cells that mediate the biological effects of the sympathetic
nervous system in the body. Among the adrenergic receptors,
az-adrenergic receptors (o;-AR) mediate several physiological
functions and have a great therapeutic potential in the field of
pain control.’ Although three major subtypes of a,-AR have
been defined (a4, 2B, a2c), no significant subtype-selective
ligands are clinically available to date.® The descending nora-
drenergic system has an inhibitory effect on nociceptive pro-
cessing at both supraspinal and spinal levels. Furthermore, a
peripheral expression of a;-AR also seems to participate in the
control of pain processing.

Noradrenergic innervation of the spinal cord arises from
the locus coeruleus (A5 and A6) and subcoeruleus (A7)
nuclei located in the brainstem. Like electrical stimulation
of these noradrenergic nuclei, local injection of a;-agonist
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will activate the descending noradrenergic system and release
norepinephrine (NE), which in turn activates adrenoceptors
in the spinal cord and produces analgesia.” NE-containing ter-
minals are distributed in the laminae of the dorsal horn. This
includes superficial laminae, substantial gelatinosa, where pri-
mary nociceptive afferents terminate, and the intermediolateral
column, which comprises sympathetic preganglionic neurons.

In contrast to opioids, the major site of a,-agonists anal-
gesic effect is the spinal cord, where these drugs have shown
an efficacy and potency similar to that of opioids in both ani-
mal models and humans. The a;-adrenoceptors belong to G-
protein-coupled receptor family (Gi/o), which inhibitory effects
rely on the increase of potassium channels conductance and the
depression of calcium conductance, resulting in either mem-
brane hyperpolarization or decrease in transmitter release.”
Mimicking the action of endogenous NE, antinociceptive effects
of a;-AR agonists are mediated by spinal modulation of pain
transmission at both pre- and postsynaptic sites on small affer-
ent fibers. The postsynaptic inhibition of dorsal horn neurons
results from the ability of o, agonists to hyperpolarize dorsal
horn neurons and to decrease neuronal excitation mostly by
activation of postsynaptic G-protein-coupled inwardly rectify-
ing potassium channels (GIRKs).® Presynaptic binding to a,-
adrenoceptors in the spinal cord leads to the reduction of excita-
tory neurotransmitters release. Both A8 and C primary afferent
transmission are depressed, yielding a reduction of the release of
excitatory transmitters like substance P, calcitonin gene-related
peptide (CGRP), and glutamate.”!® This modulatory effect of
o,-AR agonists on excitatory neurotransmitter release is due
to activation of the a,A-receptor subtype because glutamate
release is inhibited by adrenergic agonists with a relative potency
of clonidine = dexmedetomidine > norepinephrine > ST91 >
phenylephrine = 0.

In addition to the aforementioned mechanisms, the
antinociceptive effect of spinal norepinephrine and therefore
az-AR agonists is also mediated through a local release of
inhibitory neurotransmitters like acetylcholine (ACh) and sub-
sequent nitric oxide (NO) release, y -aminobutyric acid (GABA),
and perhaps NE and endogenous opioid peptide.

Several experimental studies suggest a cholinergic inter-
action in o,-AR-mediated antinociception at the level of the
spinal cord. In the rat, spinal injection of muscarinic antag-
onist attenuates the analgesic effect of intrathecal clonidine,
whereas intrathecal administration of cholinesterase inhibitor
is potentiated. In a larger animal model, with a spinal cord
size closer to that of humans, the antinociceptive effect of
spinal clonidine is enhanced by cholinesterase inhibitor neostig-
mine and associated to ACh release in cerebrospinal fluid
(CSF).!! These observations are consistent with the fact that
ACh release plays an important role in the antinociceptive effect
of spinally administered a;-AR agonists. The mechanism of
a,-AR-mediated release of ACh is not fully understood but
might rely on a postsynaptic activation of a,-AR on intrin-
sic spinal inhibitory interneurons that in turn release ACh (for
schematic representation of possible neuronal circuits in the
dorsal horn, see Detweiler et al).!! In human volunteers, epidu-
ral administration of clonidine increases CSF concentrations
of ACh inhibitory neurotransmitter'? and under intraoperative
conditions, analgesic doses of intrathecal but not intravenous
clonidine increase ACh in CSF of patients.!® These observations
indicate that the analgesic effects observed after intravenous

clonidine administration are not mediated by a cholinergic
mechanism at the spinal level and support the combination
of a,-AR agonists with a cholinesterase inhibitor to enhance
neuraxial analgesia. Finally, it is worth noting that, according
to different binding to spinal a;-AR, specifically dexmedetomi-
dine being more o, selective than clonidine, dexmedetomidine
induces a greater ACh release than clonidine after intrathecal
administration.

Adrenergic receptors located on either supraspinal or
peripheral noradrenergic terminals act in an autoinhibitory
manner to diminish further NE release. At the spinal cord level,
similar autoinhibitory a,-adrenoceptors exist, probably of the
aza subtype. However, the regulation of NE release in the spinal
cord is complex because experimental studies have implicated a
local release of NE in the antinociceptive effect of spinal o;-AR
agonists. This local NE release must occur from indirect actions
because of activation of a spinal circuit, perhaps following ACh
and subsequent NO release.'

Finally, an important contribution to the spinal mechanisms
that underlie norepinephrine antinociceptive action is medi-
ated through GABA and glycine inhibitory neurotransmitter
release following presynaptic activation of a;-adrenoceptors.'®
This effect certainly contributes to analgesic and antihyperal-
gesic effects of clonidine because the drug is a mixed o;-/a1-AR
agonist.

Progress in molecular biology and immunochemistry has
facilitated the mapping of a;-adrenergic receptors in normal and
pathophysiologic conditions in animal species and in humans.
Effectively, a;-AR subtype expression and function seems to be
species specific. In rodents, there is a strong expression of o4 -
AR in brain and supraspinal adrenergic nuclei. At the spinal
level, a;4-AR are predominant and found in the terminals of
peptide-containing primary afferents, which supports their role
in the presynaptic inhibition of substance P and CGRP release.
Whereas, the a;c-AR subtype appears to be expressed on local
spinal neurons where they mediate adrenergic agonists-induced
hyperpolarization.!® In human spinal cord, o;-AR are present
in the gray matter only, in dorsal horn laminae with expression
sacral > cervical > thoracic = lumbar. In addition, adrenocep-
tors are found in thoracic and the lumbar intermediolateral cell
column and also in the ventral horn lamina IX.}” These find-
ings support the mediated effects of a;-agonists on nociception,
autonomic function, and motor tone. The ays and oy sub-
types are predominant, whereas the a;c-AR is virtually absent,
restricted to the lumbar area. The a,-adrenoceptors expressed
in human dorsal root ganglia represent another possible site
of action for adrenergic agonists (for example, after epidural
administration) and contribute to 20% of the a,-AR found in
the dorsal horn after being trafficked centrally. In human dor-
sal root ganglia, o, and a¢ subtypes are found at all spinal
levels.!” To date, clinically available drugs are not selective for a
particular a; subtype. However, whether a;-AR agonists may be
an attractive analgesic alternative because they are devoid of res-
piratory depressant effect and addictive liability. Some of their
related side effects, namely sedation and hypotension, are cur-
rently hindering the clinical use of nonselective a,-agonists for
pain management.® Experimental studies have shown that a4 -
AR activation accounts for analgesic, hemodynamic and sedative
effects of a;-adrenoceptor agonists. Whereas, activation of o,;¢-
AR, a subtype predominant in humans, also produces analgesia
without major side effects.'® All these findings might support
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Figure 7.1: Analgesic mechanisms of clonidine, an a;-adrenoceptor agonist.

the future development of subtype selective drugs to improve
clinical practice (Figure 7.1).

Pharmacology of Analgesia under Different
Pain Conditions

Both clinical and experimental observations have clearly high-
lighted the fact that o,-AR agonists are more effective to
relieve pain in pathological states where central sensitization
is present.!® In addition, a,-AR agonists, and specifically cloni-
dine, which is commonly used in clinical practice, demonstrate
greater analgesic effects after spinal than systemic administra-
tion, favoring the neuraxial route of injection.?’ Early obser-
vations have revealed the considerable potential of spinal a;-
AR agonists to alleviate neuropathic pain poorly responsive
to opioids both in animal models and in humans.?!»?? In ani-
mals following nerve injury, spinal adrenoceptor agonists relieve
mechanical allodynia and thermal hyperalgesia. These are fea-
tures of neuropathic pain, an effect mediated locally in the vicin-
ity of the spinal cord and the intermediolateral cell column. In
patients suffering intractable cancer pain, epidural clonidine
reduces pain scores in those with a neuropathic pain compo-
nent (56% success vs 16% success when pain is from somatic or

visceral origin).?! Among the possible explanations, the fact that
a3-AR agonists inhibit sympathetic outflow in the intermedio-
lateral cell column of the dorsal horn might contribute to their
efficacy in neuropathic pain states involving a sympathetic com-
ponent. Moreover, and perhaps more importantly, animal stud-
ies have pointed out the fact that nerve injury strongly modifies
CNS mechanisms underlying the a;-AR antinociceptive effect.
In normal animals, clonidine effect mostly relies on binding to
- and oy -nonA-adrenoceptors. Under neuropathic pain con-
ditions, the antiallodynic effect of clonidine depends primarily
on its interaction with a;-nonA-adrenoceptors, probably o,c-
AR.? The plasticity of spinal a,-AR subtypes after nerve injury
has been demonstrated in animal models. Not only an ipsilat-
eral decrease of immunoreactivity for the aya subtype located
on C fiber terminals occurs, but also a significant increase for
the a,c subtype immunoreactivity ipsilateral to the injury is
present.?? The fact that ayc-AR are located in the deep dorsal
horn close to the normal terminations of large-diameter fibers
involved in the processing of mechanical inputs may support
the efficacy of spinal clonidine against mechanical allodynia
and hyperalgesia. Finally, the spinal a;-adrenergic-cholinergic
interaction for analgesia is also modified following nerve
injury whereby clonidine antiallodynic effects are mediated by
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activation of spinal inhibitory cholinergic interneurons.?> A sub-
sequent local release of NO seems also to play an important role
in the antihyperalgesic effect of spinal clonidine under neuro-
pathic conditions.

Postoperative Pain Condition

Postoperative pain also represents a state of central hypersen-
sitivity but presents with specific features and underlying mecha-
nisms clearly distinct from those that result from inflammatory
or neuropathic pain.! The extent of postoperative mechanical
hyperalgesia surrounding the wound seems to correlate to the
degree of CNS sensitization and can be modulated by intrathe-
cal administration of clonidine in both an animal model of paw
incision?® and postoperative patients.?” Experimental observa-
tions have shown that descending noradrenergic inhibitory sys-
tems are activated in the postoperative period. The potency of
intrathecal clonidine against mechanical hypersensitivity in a
postincisional pain model is similar to that observed in ani-
mals subjected to acute noxious stimuli, mostly limited by side
effects such as sedation and diuresis.’® In contrast, ST-91 (the
diethyl derivative of clonidine, a hydrophilic and mostly a,-
nonA-adrenergic agonist) shows a greater efficacy than cloni-
dine in the incisional pain model. By consequence, postop-
erative hypersensitivity most resembles nerve injury-induced
hypersensitivity and clonidine antihyperalgesic effect is medi-
ated through both a4 - and a;-nonA-adrenoceptors activation.
Further, subsequent spinal cholinergic activation underlies the
effect of clonidine but not that of ST-91 (and spinal muscarinic
as well as nicotinic receptors are involved in the antihyperalgesic
action of clonidine after incision.?®)

These experimental findings have allowed a better under-
standing of clinical observations related to the potency and
the efficacy of a-AR agonists under different conditions. In
summary, neuraxial but not systemic administration of cloni-
dine reduces experimental pain and hyperalgesia.?’ Clinical tri-
als have shown that the doses of neuraxial clonidine, either
spinal or epidural, needed to relieve neuropathic pain are less
than 25% of those needed to treat postoperative pain. In acute
pain conditions, the potency ratio of intrathecal:epidural cloni-
dine is >6:1; whereas in neuropathic conditions or experimen-
tal conditions involving a state of mechanical hypersensitivity
such as peri-incisional mechanical hyperalgesia, the ratio is
<2:1.9

Peripheral Use of oi;-AR Agonist Clonidine

Whether a central location of a,-adrenergic receptors is
clearly demonstrated, the presence of a,-AR on peripheral
nerves and nociceptive afferent fibers has been subject to debate.
However, in perioperative conditions, the addition of clonidine
to local anesthetics in peripheral nerve blocks clearly enhances
the efficacy and the duration of the sensory block with little
impact on motor block.”® Among the possible mechanisms of
action, a direct “local anesthetic like” effect on the peripheral
nerve seems more likely than some vasoconstrictive effect or
centrally mediated analgesic effect. In vitro, clonidine shows
a concentration-dependent block of conduction in rat sciatic
nerve fibers, with a greater inhibition of C-fiber than A-fiber
action potential,?? which explains why sensory and analgesic
effects of perineural clonidine outlast the effects on motor block.
This experimental local anesthetic effect is observed only with
high doses of clonidine alone (500 puM = 134 pg/mL), doses

that are irrelevant to the doses used in clinical practice (10 pg/
mL = 34 uwM) to extend the duration of action of local anes-
thetics. Moreover, this local effect is not inhibited by perineural
coadministration of a,-AR antagonists. By consequence, sev-
eral experimental studies are in agreement with the fact that
a clonidine conduction block on nonmyelinated nerve fibers
is not mediated by o,-adrenoceptors but rather relies on a
different mechanism, for example, by blocing Ih channels or
hyperpolarization-activated cation currents.*® Recently, clinical
concentrations of clonidine (<100 wM) have demonstrated a
partial inhibition of voltage-gated sodium and potassium chan-
nels in spinal dorsal horn neurons, an effect that might con-
tribute to the analgesic effect of the drug during intrathecal
administration where CSF concentrations of clonidine range
from 6 to 100 wM.?! Finally, although perineural clonidine
alone is not analgesic in postoperative patients at clinically
usable doses,?® intra-articular administration of these doses
(1-2 ng/kg) has shown an analgesic effect comparable to that
of morphine,* and the addition of clonidine to intravenous
regional anesthesia with lidocaine improves postoperative anal-
gesia.> Experimental data seem to support the antinocicep-
tive effects of topical clonidine mediated through activation of
o;-AR expressed on peripheral terminals of cutaneous nocicep-
tors, although the precise mechanisms remain unclear but do
not involve endogenous local opioid peptides.** Nevertheless,
repeated topical clonidine application results in the development
of antinociceptive tolerance just like repeated administration of
topical morphine does.>

In contrast to physiologic conditions, a,-AR can be ex-
pressed abnormally in primary sensory afferent fibers follow-
ing nerve injury. Topical application of clonidine relieves hyper-
algesia in patients suffering chronic regional pain syndromes,
specifically in those where pain is sympathetically maintained.*
Because clonidine effects seem to be confined to the vicinity
of the patch, the site of action is likely peripheral and might
involve the activation of presynaptic a,-AR, a;-autoreceptors,
which locally inhibits the release of norepinephrine and prevent
its o;-mediated hyperalgesic effect.>> Futhermore, application
of clonidine at the site of nerve injury reduces the develop-
ment of neuropathic pain and hyperalgesia in animals.*®-%” The
underlying mechanism of action involves a local modulation
of proinflammatory cytokines expression, specifically a reduc-
tion of local tumor necrosis factor a (TNF-o) by macrophages
and immune cells recruited at the site of the lesion during the
Wallerian degeneration process. The effect of clonidine is medi-
ated mostly through the a5 subtype located on macrophages
and lympocytes. The stimulation of o;-adrenoceptor trans-
forms cytokine gene expression in leukocytes and thereby cloni-
dine reduces the changes in ion channel expression in DRG
cells, which leads to neuronal hyperexcitability and neuropathic
hypersensitivity.

Pharmacology of Clinically Available Adrenergic
Agonists as Analgesics: Clonidine and Dexmedetomidine

Among the o,-AR agonists available in clinical practice, cloni-
dine is the most widely used and has received approval for
systemic and neuraxial use,*®* whereas dexmedetomidine is
currently available for systemic use only.

Clonidine was developed in the mid-1950s as an antihyper-
tensive medication. The drug is a selective agonist for o;-AR
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Figure 7.2 Effect of route of administration on duration of analgesia
from a small dose of clonidine. Duration of analgesia, defined as
median time until other analgesic medication is required, is similar
for 150 pg clonidine by intramuscular (I.M.) or epidural injection and
placebo but is longer for spinal clonidine injection. From Eisenach
et al, Anesthesiology 1996;85:55-76 (with permission).
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with a ratio of 200:1 (a,:a; ratio) but for a-AR, the drug is
not subtype selective (binding with a;a-, ozp-, and ac-AR).
Clonidine is a high-lipid-soluble drug with a high volume of
distribution. After oral administration, clonidine is rapidly and
almost completely absorbed, with a peak plasma concentration
occurring within 3 hours. The drug is partly (50%) metabo-
lized in the liver to inactive metabolites and partly excreted as
unchanged drug in the urine.*’ The elimination half-life ranges
from between 9 to 12 hours, extending up to 40 hours in patients
with renal impairment. Clonidine is absorbed through the skin
and therapeutic plasma concentrations are achieved 48 to 72
hours after application of transdermal delivery system, roughly
equivalent to concentrations resulting from oral intake.*! How-
ever, the preferred route of administration for o;-AR agonists is
the neuraxial route and countless clinical trials as well as com-
plete toxicologic assessment support the safety of intraspinal use
of the drug.*® Clonidine produces postoperative analgesia that is
more profound and longer lasting after spinal than after epidural
and systemic injection (Figure 7.2).

Further, clonidine’s analgesic effect is directly related to CSF
concentrations of the drug both in volunteers and in postop-
erative patients, which implies that the major site of action for
analgesia is located in the spinal cord (Figure 7.3).

In contrast, there is a poor correlation between plasma
concentration and analgesia, whereas such systemic absorption
accounts for most of the drug’s side effects. Early experimental
studies in sheep have demonstrated that plasma and CSF cloni-
dine concentrations differ among the routes of administration.
The bioavailability of clonidine in plasma following intrathecal
and epidural injection 85 = 20% and 105 % 15% of that follow-
ing intravenous (IV) injection, respectively. CSF bioavailability
of clonidine following epidural and intravenous administration
is 14% = 2% and 0.02% = 0.007% of that following intrathe-
cal injection, respectively.*? In volunteers, an epidural bolus of
clonidine 700 p.g shows a rapid absorption into systemic circula-
tion with a time of peak concentration of 12 minutes.** The time
for CSF peak concentration is around 31 minutes with a 3 half-
life of 79 £ 11 min. Clonidine elimination half-life from CSF
correlates with the duration of its analgesic effect and this effect
is short lasting, although a dose-dependent increase in duration

but not in intensity has been observed for intrathecal dose range
over 150—450 g in the postoperative setting.** Epidural admin-
istration of clonidine produces postoperative analgesia at doses
greater than 3 pg/kg, mainly between 300 and 800 p.g,** but this
effect is short lasting (between 2 and 5 hours) and the use of a
continuous infusion is usually needed. To maintain an analgesic
effect, the effective dose range for epidural clonidine infusion lies
between 10 to 40 pg/h, resulting in CSF concentrations of 12—
45 ng/mL.* In perioperative conditions, epidural clonidine 4
wg/kg bolus dose followed by continuous infusion of 2 pg/kg/h
reduces postoperative pain scores and early analgesic require-
ments with a greater extent than the same dose administered by
intravenous route does.*® However, during the continuous infu-
sion, an important systemic absorption occurs that finally results
to similar plasma concentrations of the drug for both routes.*®
In summary, experimental studies in volunteers and clinical tri-
als in postoperative patients suggest that the minimum effective
CSF concentration of clonidine for pain relief situates around
76 = 15 ng/mL. Furthermore, plasma clonidine concentrations
over 2 ng/mL have also been associated to an analgesic effect of
the drug (Table 7.1).47

Dexmedetomidine (MPV-1440) is the pharmacologically
active D isomer of medetomidine, a specific a,-AR agonist
widely used in veterinarian medicine. The drug shares the
same anesthetic and analgesic properties as clonidine. However,
dexmedetomidine hasa considerably higher a;:a1 -AR selectivity
ratio than clonidine: 1620:1 versus 220:1 (ie, at least 4 times more
selective for a;-AR than clonidine). The drug also has higher
lipophilicity (3.5 times greater than that of clonidine) and higher
protein binding (94%). The duration of action is short, with a
mean elimination half-life of 2.3 hours compared to 7.7 hours
for clonidine (ie, its half-life is 4-fold shorter than cloni-
dine’s half-life). Systemic use has been investigated in human
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Figure 7.3 Correlation between measured (volunteers) or calculated
(patients) cerebrospinal fluid (CSF) concentrations of clonidine and
percent of pain. Pain was determined by pain report to noxious thermal
stimulation in volunteers receiving epidural clonidine bolus (dashed
line), or by amount of patient-controlled analgesia (PCA) morphine
use in postoperative patients receiving epidural clonidine infusions
(dotted line). From Eisenach et al, Anesthesiology 1996;85:655-76
(with permission).
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Table 7.1: Pharmacokinetics of Clonidine Administration in
Human Volunteers and Patients

Doses and Routes of Plasma
Administration Concentrations CSF Concentrations
Oral — transcutaneous
3 ngl/kg + 0.55 ng/mL*
4.5-6 pg/kg 1.7 + 0.4 ng/mL*
Intravenous
Bolus 4-5 pg/kg 1.5-2.0 ng/mL*¥ 0.6 £ 0.2 ng/mL"
1 pg/kg/h 0.25 £ 0.1 ng/mL*
4 pg/kg/h 2.0 £ 0.9 ng/mL¥
Epidural

0.56 + 0.1 ng/mL*
3.8 + 0.6 ng/mL*
4.5+ 2.0 ng/mL*

228 + 60 ng/mL?
390 + 78 ng/mL*
> 150 ng/mL**

Bolus 150 g

Bolus 750 pg

4 pg/kg + 2 pg/kg/h
Intrathecal

Bolus 1 pg/kg 1600 =+ 200 ng/mL"

¢ Concentrations in bold have been associated with an analgesic
effect of clonidine in human volunteers and patients.

volunteers and is currently assessed, specifically for sedation, in
postoperative and intensive care patients.*® The doses usually
involve a bolus dose of 0.5-1.0 wg/ kg followed or not by a
continuous infusion ranging from 0.2 to 0.7 pg/kg/h.*’ In
volunteers, dexmedetomidine produces analgesia but carries
a high rate of side effects such as sedation, amnesia and
immediate memory impairment, hypotension, and bradycardia
in a dose-dependent fashion.*=>' The sympatholytic effects
of dexmedetomidine similarly to that of other a;-AR agonists
involve a decrease of plasma catecholamines, epinephrine and
norepinephrine, by 72% (range 40-90%).%>>* In postoperative
patients, however, the analgesic and potent opioid-sparing
effect of dexmedetomidine goes along with a lesser magnitude
in the suppression of sympathetic tone, plasma catecholamines
decrease, degree of hypotension, and bradycardia.’>** In con-
trast, all the studies (experimental and clinical ones) support
unaffected respiratory rate and blood oxygen saturation,*%-3%-3*
Finally, dexmedetomidine seems to possess neuroprotective
effects,” as well as beneficial effects, on glomerular filtration
associated to increased diuresis.*®

Although the drug is not labeled for neuraxial administra-
tion, the pharmacokinetics and pharmacodynamics of spinal
druginjection have been studied in sheep.>* Single intrathecal or
epidural bolus of dexmedetomidine (100 pg), a dose comparable
to clonidine (300 pg), results in very low — almost undetectable —
plasma concentrations. In contrast, CSF concentrations after
epidural injection reaches 22% of the dose, a higher bioavailabil-
ity than that of clonidine, related to the greater lipophilicity of
dexmedetomidine.’* Similarly to clonidine, dexmedetomidine
analgesic effect is mediated by spinal a;-AR binding and partly
relies on ACh release in the dorsal horn: greater concentrations
of ACh are released after intrathecal injection of dexmedeto-
midine than clonidine in sheep.’” The drug might therefore
represent an interesting alternative to clonidine for neuraxial
analgesia. In postoperative patients, an epidural bolus dose of
2 wg/kg provides 4—6 hours of analgesia and reduces postoper-

ative analgesic requirements during the first 24 hours by 70%.
Blood pressure and heart rate are, respectively, decreased by 20%
and 25%.

Nonanalgesic Effects Resulting from Clonidine
and o,-AR Agonist Administration

Although a,-AR agonists, and specifically clonidine in the
clinical setting, are an attractive alternative to opioids because
they are devoid of respiratory depressant effects and are non-
addictive, their use still remains hindered by two major side
effects (ie, hemodynamic depression and sedation). There is a
close relationship between the plasma levels of the drug and the
importance of the side effects observed, meaning that systemic
absorption accounts for most of these side effects.

CARDIOVASCULAR AND HEMODYNAMIC EFFECTS

a-AR are involved in the control of blood pressure home-
ostasis at several locations®® and «,-AR agonists affect blood
pressure in a complex fashion because of opposing actions at
multiple sites.® After intravenous administration, nonselective
activation of a;-AR leads to a biphasic blood pressure response:
a short hypertensive phase mediated by peripheral vascular a-
AR that is usually followed by a longer-lasting fall in the blood
pressure below baseline level, mediated by central a;4-AR.%®
After oral administration, the hypotensive action prevails, which
explains the clinical development of these compounds as anti-
hypertensive drugs. After neuraxial administration, the mecha-
nisms underlying a;-AR agonists hemodynamic effects are even
more complex and also involve a spinal local action on sym-
pathetic preganglionic neurons in the the intermediolateral cell
column.

Clonidine, because of lipophilic properties, will undergo a
rapid and extensive systemic resorption after neuraxial admin-
istration. Binding of the drug to postsynaptic a;5-AR in the
nucleus tractus solitarius and locus coeruleus of the brainstem
reduce sympathetic drive. Further, clonidine is not a pure a;-
AR agonist and also activates central nonadrenergic imidazo-
line receptors in the lateral reticular nucleus, which results in
hypotension and antiarrythmogenic effect. In the periphery, in
a dose-related manner, clonidine, which is a a;/a; adrenocep-
tor agonist, produces a vasoconstrictive effect by direct activa-
tion of a;-AR on peripheral blood vessels. Moreover, binding to
presynaptic a,-AR at sympathetic terminals will reduce nore-
pinephrine release. Epidural administration of clonidine, either
bolus dose or continuous infusion, results in decreased plasma
levels of norepinephrine but does not affect epinephrine or
dopamine levels.** In summary, the dose response for clonidine
after either systemic or neuraxial administration is U-shaped.*
In addition to supraspinal and peripheral effects, neuraxial
administration of clonidine directly inhibits sympathetic pre-
ganglionic neurons in the intermediolateral cell column of the
spinal cord. Regarding thelocation of these cells, the hypotension
resulting from spinal clonidine is more profound after thoracic
than cervical or lumbar injection.” Finally, it is worth noting
that the hypotensive effect of clonidine is of greater magnitude
in hypertensive than in normotensive subjects.”® Hemodynamic
effects of clonidine begin within 30 minutes and last approxi-
mately 6-8 hours after a single injection. a;-AR agonists reduce
heart rate partly by inhibition of norepinephrine release and by
a vagomimetic effect. The resulting reduction in the myocardial
oxygen demand partly accounts for the cardioprotective effects
of clonidine and related compounds.
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SEDATION, ANXIOLYSIS, AND ANESTHESIA

Noradrenergic neurons are involved in the regulation
of a range of behaviors, including the sleep/wake cycle, feed-
ing, thermoregulation, attention, and motor activity and
development.”® Sedation commonly follows the use of a;-AR
agonists, an effect mediated by their action on a,4-AR located
in the locus coeruleus.”>®® The sedative effect is most likely
from systemic absorption of the drug with vascular redistribu-
tion to higher centers rather than a cephalad migration in CSE,
because a delayed onset has not been observed from epidural or
spinal injection nor has delayed hypotension.* Sedation is dose
dependent with a rapid onset (<20 minutes) and a duration of
4-6 hours. Furthermore, among o,-AR agonists, the more o,
selective, such as dexmedetomidine, exert not only greater seda-
tive but also anxiolytic effects, a tranquilizing effect comparable
to that of benzodiazepine compounds.’®*° Clonidine exerts a
biphasic effect, being anxiolytic at low «, range concentrations
and inducing anxiogenic behavior at the higher doses by a;
action.

The sedative and anxiolytic effects observed with a;-AR
agonists are consistent with the well-known anesthetic-sparing
effect associated to their perioperative use. Further, the afore-
mentioned properties are not accompanied by respiratory
depression.

RESPIRATORY EFFECTS

Clonidine and other a;- AR agonists alone do not induce pro-
found respiratory depression even after an overdose and they do
not potentiate the respiratory depression from opioids. Experi-
mental data in both human volunteers and patients have shown
a stable hemoglobin oxygen saturation over the time following
clonidine and dexmedetomidine administration.>

OTHER EFFECTS

az-AR agonists demonstrate a potent sympatholytic effect
and in stress situations, they reduce but do not suppress neu-
rohormonal secretions induced by the activation of the sympa-
thoadrenal system.>® The drugs also enhance growth hormone
release by an effect on hypophyseal cells and can inhibit insulin
release by direct action on the pancreatic cells. Both effects of
a,-AR agonists are short lasting and are not relevant for clinical
practice even for long-lasting administration, in contrast to the
hormonal effects that result from a chronic exposure to opioids.
Other common side effects from clonidine and a,-AR agonists
involve dry mouth and dizziness, but no urinary retention nor
constipation.”

Interactions with Other Analgesics

The o, -adrenergic agonists exert their analgesic effect essentially
at the level of the spinal cord through mechanisms indepen-
dent of those underlying opioid analgesia. Preclinical studies
with spinal a;-AR agonists have demonstrated that their anal-
gesic effect may be enhanced synergistically in the presence of
other spinal analgesics such as local anesthetics, opioids, and
cholinergic agonists. Both intrathecal clonidine and local anes-
thetic significantly suppress the formalin-induced nociceptive
response and their combination displays a synergistic antinoci-
ceptive effect in animals.®! Clonidine, the most widely used «,
agonistin clinical practice, intensifies and prolongs sensory anes-
thesia and analgesia from intrathecal and epidural local anes-

thetics.”® Coadministration of clonidine with neuraxial local
anesthetics also provides an interesting local anesthetic-sparing
effect during continuous infusion and hence reduces the risk for
motor impairment associated with the use of high doses of local
anesthetic. The mechanisms by which clonidine enhances local
anesthetic-induced spinal analgesia are still unclear, but might
involve a modulatory effect of the drug on voltage-gated sodium
channels as recently demonstrated.*!

The interactions between «;-agonists and opioid analgesics
have been extensively studied in experimental models because
both drugs share a common mechanism of action (ie, activation
of descending adrenergic inhibitory pathways). Effectively, sys-
temic administration of opioids stimulates the spinal release of
norepinephrine.5?> Most of the animal data reveal systemic addi-
tivity and spinal supraadditivity (ie, synergy) for the antinocicep-
tive effect of o, agonists associated with opioids,5*-%* the degree
of synergism varying with the opioid chosen. Unlike these ani-
mal studies, clinical trials have failed to show a synergistic inter-
action between spinal clonidine and opioid agonists, although
the combination can be successfully used to manage pain, and
the dose of both components can be reduced by 60%.%° Fur-
thermore, it is worth noting that, whether experimental studies
show synergistic antinociceptive effect when adrenergic ago-
nists and opioids are combined, side effects such as sedation
show only additivity, which is of major interest for clinical use
(Figure 7.4).

The combination of both drugs also presents some inter-
est during long-term administration of opioids that inevitably
leads to the development of some degree of tolerance. Because
ap-agonists and opioids exert their analgesic effects via differ-
ent receptors and pathways, there is a strong rationale for using
ap-agonists either as a “drug holiday” or in combination with
opioids to reduce the development of tolerance to the latter. Ani-
mal studies have explored tolerance and cross-tolerance between
these agents and suggest that cross-tolerance is minor.*® Clinical
observations showing the analgesic efficacy of epidural clonidine
in cancer patients receiving high doses of opioids support these
experimental data,?! as well as the maintenance of an intrathecal
clonidine analgesic effect during long-lasting continuous infu-
sion in chronic pain patients. In addition, experimental studies
have also found that dexmedetomidine, which possesses a greater
intrinsic activity at the a;-AR and, therefore, a larger receptor
reserve during continuous administration, is subject to a lesser
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degree of tolerance development than clonidine.”’ In contrast
to spinal use, systemic o, -agonists administration induces toler-
ance to the hypnotic effects, but minimally to the analgesic and
sympatholytic effects of the drugs.

Immunologic Effects of a;-AR Agonists

Under stress conditions (eg, trauma, infection), overactivity of
the sympathetic nervous system (SNS) is reported. This sup-
presses cellular-mediated immunity by reducing the macrophage
and lymphocyte cells production of proinflammatory cytokines
and by stimulating the release of immunosuppressive (ie,
anti-inflammatory) factors.%® It is generally accepted that the
SNS exercises a tonic inhibitory control on the inflamma-
tory reaction. In other words, NE possesses local and systemic
anti-inflammatory properties. o;-adrenoceptors are present on
human lymphocytes.®® The total number of yohimbine sites is
19.9 £ 5.3 fmol/107 lymphocytes. However, the o;-AR-mediated
effects on NE-induced anti-inflammatory properties are less
clear than these mediated by the ,-adrenoceptors.®®”? Cloni-
dine seems to have global immune protective properties in clini-
cal situations of marked SNS hyperactivity, such as during opioid
withdrawal. Numerous experimental studies indicate that opi-
oids have direct and indirect immunomodulatory properties.
West and coworkers”! have demonstrated that clonidine is able
to completely reverse the immunodepressant effects related to
opioid withdrawal in rats. The mechanism involved is probably
the presynaptic regulation of NE spillover and activation of the
hypothalamic-pituitary-adrenal (HPA) axis.

The perioperative period is another situation where sus-
tained activity of the SNS and depression of cellular immu-
nity exist. Von Dossow and coworkers’? reported that clonidine
changes the ratio of T-lymphocyte subpopulations in peripheral
blood of patients undergoing cardiac surgery in favor of a proin-
flammatory response. These results indicates that clonidine, by
reducing the release of norepinephrine (presynaptic inhibitory
effect), may modulate the tonic inhibitory control exercised by
the sympathetic nervous system on the cellular immunity. There-
fore, this effect may be favorable for maintaining immune bal-
ance after major surgery. In addition, a;-adrenoceptor agonists
exert a direct immune effect at the site of the tissue lesion, as
demonstrated after peripheral nerve injury.

Administration of clonidine directly at the injury site mod-
ulates the local production of inflammatory cytokines and pro-
motes the release of anti-inflammatory cytokines.’® This con-
trasts with previous experimentations indicating that o;-AR
stimulation increases TNF-a production by lipopolysaccharide-
(LPS) challenged macrophages that would promote rather than
reduce inflammation.”> Furthermore, clonidine also recruits
anti-inflammatory pathways. Effectively, perineural adminis-
tration of clonidine, acting on a,s-adrenoceptors, prevents
both increase in leukocytes number and cytokines production
induced by an inflammatory reaction.”* A possible mechanism
underlying these observations is the inhibition by clonidine
of a sensory neurons protein kinase (P-38 mitogen activated)
involved in the development and maintenance of inflammatory-
induced modifications of nociception. Moreover, clonidine, by
reducing the activity of the Nat/H" exchangers, may inter-
fere with the endothelial production of interleukin 8 (IL-8)
chemokine and reduce the number of neutrophils attracted at
the site of inflammation.

KETAMINE AND NMDA RECEPTORS
ANTAGONISTS

NMDA Receptors and Pain Modulation

Ketamine is a clinically available noncompetitive antagonist at
the ionotropic glutamate NMDA receptor. This type of recep-
tor participates in the excitatory neurotransmission of the
CNS along with other excitatory aminoacid receptors (ie, the
ionotropic a-amino-3-hydroxy-5-methyl-4-isoxazol-propionic
acid (AMPA)/kainate receptors and the G-protein-coupled
metabotropic receptors).”> Glutamate excitatory neurotrans-
mission is a sophisticated neurotransmission implicating sum-
mation and cotransmission. Moreover, the biologic activity of
the receptors is also strongly influenced by the efficiency of the
active transporters that clear the excitatory synaptic cleft from
its agonist glutamate. At the cellular level, excitatory neuro-
transmission controls the permeability of calcium in the CNS.
Therefore, excitatory neurotransmission not only determines
immediate actions in the CNS, but also has long-term influence
on neuronal circuitry, also called synaptic plasticity. Synaptic
plasticity is fundamental to many neurobiological functions and
excitatory neurotransmission. Hence it governs highly specific
functions such as learning and memories, of which underlying
mechanisms share striking similarities with those involved in
pain processing.”” By consequence, the use of NMDA antag-
onists is often limited by major side effects, such as memory
impairment, psychomimetic side effects, ataxia, and motor inco-
ordination. Among the various excitatory amino acid recep-
tors subtypes, the NMDA receptor site appears more specifically
linked to long-term changes in neurons as its activation leads to
calcium entry into the postsynaptic neuron and in sequence to
a cascade of biochemical events, including G-protein activation
and c-Fos transcription. In relation to its prominent role, the
NMDA receptor displays unique properties and differs from
other ligand-gated ion channels. First, the receptor controls a
cation channel highly permeable to calcium. Second, simul-
taneous binding of glutamate and glycine, the coagonist, is
required to activate NMDA receptor. Third, at resting membrane
potential, the NMDA receptor channel is blocked by extracel-
lular magnesium.” Finally, the NMDA receptor becomes acti-
vated only when pain stimulus is sustained and intense and,
hence, when sufficient quantities of glutamate are released.
These conditions usually correlate with tissue injury and
NMDA activation facilitates pain processing in the CNS, induc-
ing “pathological pain,” which in clinical expression is called
hyperalgesia. According to the aforementioned physiologi-
cal findings, NMDA-mediated excitatory neurotransmission is
incriminated in both mediate (hyperalgesia) and probably long-
term modifications (persistent pain) of perception following
tissue injury.

Morphologic studies in animals have identified the pres-
ence of NMDA receptors at different levels of the CNS. Periph-
eral receptors are located on both unmyelinated and myelinated
axons in peripheral somatic tissues and the expression of these
receptors is enhanced by inflammation, therefore contribut-
ing to peripheral sensitization under that condition.”® Further,
peripheral administration of noncompetitive NMDA antago-
nists, either MK801 or ketamine, produces a local anesthetic-
like effect. However, most of the effects of NMDA antagonists
rely on their binding with central, either spinal or supraspinal,
receptors.”>”” Most of the small-diameter primary afferent fibers
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Supraspinal effect

= NMDA receptor modulation

(4 supraspinal sensitization)

=> activation of descending
inhibitory monoaminergic systems
(1 spina release of serotonin and
norepinephrine)

Spinal effect

=> presynaptic NMDA
receptors

(! release excitatory
neurotransmitters)

=> postsynaptic NMDA
receptors

(4 spinal sensitization)

Topical effect

= NMDA receptors on
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(1 peripheral sensitization)
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Figure 7.5: Analgesic mechanisms of ketamine, a nonselective NMDA antagonist.

in the dorsal horn express NMDA receptors and activation of
these presynaptic receptors leads to the release of substance P and
also to enhanced release of glutamate in response to subsequent
stimuli. Postsynaptic NMDA receptors mediate central sensi-
tization of dorsal horn neurons through calcium-dependent
pathway. At a higher level, NMDA receptors located in the
brainstem play a role in mediating supraspinal sensitization and
their expression is upregulated under inflammatory conditions,
underlying supraspinal neuronal hyperexcitability (Figure 7.5).

Pharmacology under Different Pain States

The above-mentioned findings have prompted the assessement
of NMDA receptor antagonists in various experimental and clin-
ical pain conditions. It is worth noting that ketamine, the most
clinically used among available NMDA receptors antagonists,
presents with different mechanisms of action, some of them
being unrelated to NMDA receptor binding. For ketamine, these
other mechanisms include binding to opioid receptors with a
preference for p.-receptors.”® However, the affinity of ketamine
for these receptors is 10 times less than that for the NMDA
receptor and, in humans, naloxone does not reverse the anal-
gesic effect of ketamine. Ketamine also interacts with muscarinic

cholinergic receptors’® and inhibits neuronal nicotinic receptors
in a clinically relevant concentration range.®’ The drug pro-
duces anticholinergic symptoms (eg, tachycardia, bronchodi-
latation, salivation) and ketamine anesthesia can be reversed by
cholinesterase inhibitors. Additionally, ketamine is able to block
sodium channels and hence displays a local anesthetic-like effect
as demonstrated in humans.

To date, opinions still differ regarding the drug’s mecha-
nisms of action and it is highly possible that mechanisms that
underlie the effect of ketamine differ from one pain condition
to another one. In animal models, selective NMDA antagonists
(eg, MK801) inhibit the hyperexcitability of spinal cord nocicep-
tive neurons and remove hyperalgesia without affecting baseline
responses.®!82 In contrast, a nonselective NMDA antagonist (ie,
ketamine) displays analgesic properties in acute pain condi-
tions. However, after intrathecal administration, the analgesic
effect observed is weak, subject to controversy according to dif-
ferent experimental reports, and dose escalation is limited by
side effects such as motor impairment (analgesic effect:motor
dysfunction ratio <2).8! The preclinical findings are in agree-
ment with clinical data that demonstrate only weak analgesic
effect following neuraxial administration of ketamine, as well as
potential neurotoxicity linked to long-term continuous spinal
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administration.’® In addition, after systemic administration
under acute pain conditions, ketamine produces its antinocicep-
tive effect by a mechanism unrelated to NMDA receptor bind-
ing (ie, by supraspinal activation of the descending inhibitory
monoaminergic system).% Transection of lower thoracic spinal
cord abolishes the analgesic effect of ketamine in rats and spinal
administration of either adrenergic antagonists (yohimbine)
or serotonin antagonist (methysergide) block the antinocicep-
tive effect of systemic ketamine.®? Systemic administration of
ketamine increases the local concentrations of norepinephrine
and serotonin in lumbar CSF under acute pain conditions.®? In
contrast to acute pain conditions, after tissue injury resulting
in CNS sensitization, NMDA antagonists and ketamine exert an
antihyperalgesic effect locally mediated at the spinal cord level by
blocking NMDA receptors.?!82 These experimental findings in
animal models of inflammatory and neuropathic pain have been
reproduced in clinical trials. In human volunteers, ketamine
reduces the magnitude of both primary and secondary hyperal-
gesia from capsaicin injection or burn injury. As well, in patients
suffering neuropathic pain, ketamine alleviates abnormal pain
associated with CNS sensitization.®®

Postoperative Pain Conditions

Although postoperative pain is a very common acute pain
condition, incisional pain presents with unique characteristics
that differ from pure inflammatory or neuropathic pain condi-
tions. Plantar incision in rat yields to a transitory (approximately
lasting for 1 hour) segmental increase of excitatory amino acids
(glutamate and aspartate) in the spinal cord that is driven by
input from primary afferent fibers from the site of injury.®* That
increase of excitatory amino acids accounts for the enhanced
responsiveness of dorsal horn neurons, a phenomenon that
relies on an NMDA-independent spinal mechanism.3> Effec-
tively, intrathecal competitive and noncompetitive (eg, MK801)
NMDA antagonists are ineffective to alleviate postoperative
pain behaviors and mechanical hyperalgesia. Rather, intrathe-
cal injection of non-NMDA AMPA/kainate receptor antagonist
alleviates mechanical hyperalgesia after plantar incision and,
moreover, spinal mechanisms underlying secondary hyperalge-
sia require calcium-permeable AMPA/kainate receptor activa-
tion.8¢:87

Following experimental plantar incision, systemic, but not
intrathecal, ketamine alleviates mechanical hyperalgesia and
the effect of the drug is reversed by spinal administration
of either adrenergic (yohimbine) or serotoninergic (methy-
sergide) antagonist.® These findings suggest that ketamine
activates monoaminergic descending inhibitory pathways at
the supraspinal sites to reduce hypersensitivity in this model.
Although the exact supraspinal mechanism underlying ketamine
effect remains unknown, activation of k-opioid receptors rather
than p-opioid receptors might be involved. Experimental results
in animal models support clinical observations showing that
systemic administration of low doses of ketamine significantly
reduces the area of hyperalgesia for punctate mechanical stim-
uli surrounding the incision.? Further, ketamine suppression
of central sensitization secondary to surgical injury is obtained
only after systemic, but not after epidural, administration of the
drug.”® Beyond the supraspinal activation of the monoaminer-
gic descending inhibitory system,>%8 ketamine also possesses
interesting anti-inflammatory properties. Interactions with the
purinergic system have been demonstrated with adenosine
release secondary to ketamine administration,’! as wellasa mod-

ulation of proinflammatory cytokines production secondary to
surgical trauma. Ketamine regulates the inflammatory reaction
and specifically suppress the production of the proinflamma-
tory cytokines: TNF-q, interleukin 6 (IL-6), and interferon-vy
(IFN-y).%2%% Ketamine also exerts direct anti-inflammatory
effects on central macrophages and peripheral leucocytes stim-
ulated with lipopolysaccharide.”**> Finally, systemic ketamine
might also mediate its postoperative antihyperalgesic effects via
peripheral mechanism.

Peripheral Use of Noncompetititve NMDA
Antagonist Ketamine

Some of the same mechanisms described in the CNS may
also operate in the periphery, in particular, the mechanisms
underlying central sensitization may also underlie peripheral
sensitization that accounts for the development of primary
hyperalgesia after tissue injury and contributes to induce and
maintain central sensitization. All cells in dorsal root ganglia
(DRG) express NMDA receptors and experimental studies in
animal have demonstrated bidirectional transport of NMDA
receptors to both spinal cord dorsal horn and to nociceptive
afferent terminals.”® In rat and in human, ionotropic gluta-
mate receptors (ie, NMDA, AMPA, and kainite) are localized
on unmyelinated axons at the dermal-epidermal junction.”®
A considerable population of myelinated axons, including Ad
and AP fibers, also express glutamate receptors. Activation of
these peripheral receptors by local injection of glutamate or
glutamate agonists results in nociceptive behavior in animals.
The expression of these receptors is enhanced by inflammation,
therefore contributing to peripheral sensitization of nocicep-
tors under that condition as demonstrated in synovial fluid
of patients with arthritis.”® Therefore, local administration of
NMDA antagonists alleviates pain behaviors in animal models
of peripheral inflammation consecutive to formalin or car-
rageenan injection.”® In humans, results from peripheral admin-
istration of clinically available ketamine are mixed. In volunteers,
it reduces the development of hyperalgesia consecutive to exper-
imental burn injury,” but fails to inhibit capsaicin-induced
hyperalgesia.”® In postoperative patients, ketamine enhances
the local anesthetic and analgesic action of bupivacaine during
wound infiltration postherniorrhaphy® but not after cesarean
section.'®

Pharmacology of Ketamine and S(+)Ketamine

Ketamine is a phencyclidine derivative that produces “disso-
ciative anesthesia,” characterized by electroencephalogram evi-
dence of dissociation between the thalamocortical and limbic
systems. Its potential as an adjuvant analgesic were first reported
in 1965. Ketamine must be considered a drug that is vulnera-
ble to abuse and precautions against unauthorized use should
be taken. The drug is available as a racemic mixture containing
equal amounts of the two optical isomers. However, the enan-
tiomer S(+) ketamine has recently become clinically available
in some countries. S(+) ketamine shows a 4-fold greater affin-
ity for NMDA receptors and therefore displays a clinical anal-
gesic potency approximately 2 times greater than that of racemic
ketamine, allowing a 70% reduction of the dose when continu-
ously administered.!?"192 §(4-) ketamine also displays a shorter
duration of action than racemic ketamine and induces less
cognitive impairment than racemic ketamine at an equianal-
gesic low dose.!%?
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In perioperative conditions, ketamine has been adminis-
tered by several routes, including intravenous, intramuscular,
subcutaneous, oral, intranasal, intrarectal, and neuraxial (epidu-
ral, caudal, and intrathecal). Nonetheless, intravenous adminis-
tration remains the most used, although, after epidural or caudal
administration, ketamine rapidly accesses the systemic circula-
tion with high bioavailability. Neuraxial administration should
not be favored for two reasons: first, the neurotoxicity of spinal
ketamine remains largely unknown in humans and previous
reports of neuropathologic findings after continuous admin-
istration of either ketamine'® or S(+) ketamine'® in cancer
patients allow only the clinical epidural use of preservative-free
ketamine in low doses and within the setting of clinical trials.!?!
Second, as previously discussed, the analgesic and antihyper-
algesic benefits of a perioperative neuraxial administration of
ketamine are controversial.”%>1%°

Ketamine, with its high lipid solubility, has a rapid onset
of action and a relatively short duration of action with an
elimination half-life of 1-2.5 hours. The drug is not signifi-
cantly bound to plasma proteins and leaves the blood rapidly
to be redistributed into the tissues and highly perfused tissues,
such as the brain, where the peak concentration may be 4 to
5 times that present in plasma. Further, the high lipid solubil-
ity of ketamine ensures a rapid transfer across the blood-brain
barrier. Ketamine is extensively metabolized by hepatic microso-
mal enzymes and an important pathway of metabolism involves
demethylation of ketamine by cytochrome P450 enzymes to
form the active metabolite norketamine, which is one-fifth to
one-third as potent as ketamine, and accounts for the prolonged
central effects of the drug (beyond 6 hours). Norketamine is
eliminated by the kidneys. Following systemic administration,
less than 4% of the dose of ketamine is found unchanged in
the urine and fecal excretion accounts for less than 5% of the
dose.

After oral administration, ketamine undergoes an extensive
first-pass metabolism that results in small ketamine concen-
trations but high large norketamine concentrations in blood
and tissues.!® Chronic administration of ketamine stimulates
the activity of the enzymes responsible for its metabolism and
resulting accelerated metabolism secondary to enzyme induc-
tion may contribute to observed tolerance to the analgesic effect
of the drug.

In clinical conditions, low doses of ketamine are usually used
for their analgesic and antihyperalgesic properties. An effective
analgesia can be achieved with the use of subanesthetic doses
of ketamine (ie, systemic administration of 0.2 to 0.5 mg/kg)
and ketamine is more potent to alleviate somatic than visceral
pain. In general, low doses of ketamine are defined as a bolus
dose of less than 1 mg/kg and an infusion rate of less than 20
pg/kg/min (1.2 mg/kg/h).'” The effect of these low doses or
subanesthetic doses corresponds to inhibiting action on NMDA
receptor-mediated pain facilitation, although other mechanisms
of action may exist. Effectively, ketamine exerts its clinical effects
at concentrations from 0.1- to 9.0 wM, which is identical to
its NMDA receptor occupancy range.!%® Therapeutic plasma
concentrations of ketamine are within micromolar range (0.3
1.04 uM) following low-dose administration, whereas ICs val-
ues for inhibiting cloned human NMDA receptor-induced Ca?*
influx or electrophysiological response situate between 1.6 and
6.2 WM.1%

Finally, it is worth noting that, as demonstrated in animals,
another dose range than the low doses previously reported exists

in which ketamine has no effect on its own but yields an opioid-
sparing effect and potentiates opioid agonists. Recently, Tucker
et al'!? identified dosing regimens capable of eliciting a clini-
cal benefit in the coadministration of ketamine with opioids.
In human volunteers, they demonstrated that very low doses of
ketamine (ie, serum concentrations of 30—120 ng/mL), although
devoid of any antinociceptive effect, potentiates the antinocicep-
tive effect of fentanyl without increasing sedation. However, in
clinical practice and perioperative settings, administration of
doses lower than 0.15 mg/kg failed to show any postoperative
benefit.}!

Other Effects Than Analgesic Effects

Both experimental and clinical experiences have demon-
strated that NMDA antagonists effects go along with a narrow
therapeutic window, which is not surprising given the abun-
dance of NMDA receptors in the CNS and their crucial role in
functions such as memory and motor tone. Hemodynamic and
respiratory side effects of ketamine are very limited, as well as
sedation, which is lower than observed after opioid adminis-
tration. Futhermore, low doses of ketamine, as recommended
in clinical practice, do not appear to enhance opioid-induced
sedation or nausea and vomiting.!” In summary, the majority
of clinical trials and meta-analysis to date acknowledge that sub-
anesthetic dose of ketamine are a safe and useful adjuvant to
standard-practice opioid analgesia. However, the major concern
remains the risk of psychomimetic side effects, such as hallucina-
tions, vivid dreams, and nightmares. Experiments in volunteers
have shown that the psychodysleptic effects of ketamine are dose
related and plasma concentrations as small as 50 ng/mL and
higher interfere with memory function and impair cognitive
function tasks.!” In patients, the incidence of these disturb-
ing reactions varies from 5% to more than 30%'?” and the
highest risk is found in sedated patients who do not receive
benzodiazepine, whereas in patients undergoing general anes-
thesia, the incidence is really low and independent of benzodi-
azepine premedication.!!! In addition, clinical experience has
also demonstrated that anxious and apprehensive patients are
more likely to exhibit psychomimetic side effects.®> Among other
adverse effects associated with ketamine administration, dizzi-
ness, blurred vision and troubles of proprioception are also com-
monly reported.33107

Interaction with Other Analgesics

The mechanism of action of NMDA receptor antagonists differs
from that of classic analgesics such as opioids. Indeed, NMDA
antagonists demonstrate an antihyperalgesic effect because they
reduce central hyperexcitability (ie, facilitated response to sen-
sory inputs) without affecting basal nociceptive threshold.
Therefore, their association with classical analgesics seems par-
ticularly useful to improve postoperative pain management
where such sensitization is present. The potentiation of opioids
analgesic effect by NMDA receptor antagonists, even at very
low doses, was observed in various animal studies as well as in
experimental pain in human volunteers.!!° In postoperative con-
ditions, the combination of both drugs results to a postoperative
reduction of either intravenous or epidural opioids after intraop-
erative ketamine.!!12 A median dose of intravenous ketamine
of 0.4 mg/kg (range from 0.1 to 1.6 mg/kg) administered during
anesthesia significantly decreases cumulative 24-hour morphine
consumption by 27%—47%.'!! Although the association yields
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in a significant opioid-sparing effect, the reduction of well-
known postoperative opioid adverse effects, such as nausea and
vomiting, is controversial. In contrast, another adverse effect
resulting from perioperative opioid use has recently gained
attention: the “paradoxical hyperalgesic effect” of opioid drugs,
which results in the enhancement of postoperative pain and on
the development of a pseudotolerance to the analgesic effect
of opioids.!!®> Even a single opioid administration induces a
short-lasting analgesic effect followed by a delayed antianalgesic
or hyperalgesic effect. The exaggeration of postoperative pain
and hyperalgesia was clearly demonstrated in animals!!4 and in
humans.!'> The acute tolerance to the analgesic effect of post-
operative opioids results from a process of pain sensitization
rather than a decrease in opioid effectiveness. The mechanisms
underlying this physiological phenomenon involve simultane-
ous activation of both pain inhibitory and pain facilitatory sys-
tems in which NMDA receptors play a prominent role because
systemic administration of NMDA receptor antagonists prevents
opioid-induced hyperalgesia in both animals and humans.!1¢-117
Intravenous administration of low doses of ketamine currently
is an interesting tool that can be used to improve postoperative
pain relief and to prevent escalating opioid needs, particularly
in patients in whom postoperative pain is difficult to control
(patients who are opioid addicts or who are taking opioid treat-
ment for chronic pain).

Immunomodulatory Effects

Ketamine is characterized by its ability to interact with numer-
ous neurotransmitter systems (eg, NMDA, monoaminergic, opi-
ates, cholinergic, and adenosine). Therefore, it is not surpris-
ing that the drug interferes with immune function. In fact,
the beneficial effects of ketamine treatment in patients suffer-
ing major inflammatory stress (septic shock) have been long
suspected. Septic shock patients sedated with ketamine show
improved cardiovascular stability and experimental studies have
extended the benefits to improved survival.!'®:!! Ketamine
modulates the production of cytokines and promotes an inhi-
bition of the inflammatory response. The release of proinflalm-
matory cytokines (TNF-a, IL-1) is significantly reduced.'?® In
humans, three studies considering ketamine in patients under-
going major surgery (cardiac surgery and orthotopic liver trans-
plantation) deserve attention.’*>* Extracorporal circulation is
a potent activator of the inflammatory cascade. In this situa-
tion, a single preoperative subanesthetic dose of ketamine (0.25—
0.5 mg/kg) significantly reduces the circulating levels of IL-6, an
effect measured immediately after discontinuation of the car-
diopulmonary bypass but also at the 7th postoperative day. By
consequence, a single preoperative dose of ketamine has a pro-
longed systemic anti-inflammatory effect. Similarly, in patients
undergoing liver transplantation, one dose of ketamine reduced
the postoperative release of TNF-a and IL-6 without affecting
IL-10. The mechanisms underlying ketamine effect on the pro-
duction of proinflammatory cytokines by the immune compe-
tent cells may rely on the reduction of nuclear inductible tran-
scription factor (Nf-kb) expression, which is responsible for
the increased production of inflammatory cytokines in mono-
cytes and macrophages. The same mechanism accounts for the
repression of proinflammatory cytokine release of NE acting
on B2-adrenoceptors. Here, it is worth noting that part of the
pharmacologic action of ketamine is mediated by the recruit-
ment of the descending noradrenergic system, %28

Ketamine also inhibits the action of neutrophils and inter-
feres with adhesion and chemotaxy of these leukocytes by reduc-
ing the amount of adhesion molecules expressed, hence lim-
iting their progression to the inflammatory site.!?! Ketamine
also impairs the bactericidal properties of neutrophils by reduc-
ing their superoxide production.'?? Interesting to point out
are the interactions between ketamine and the adenosine
pathway.”! Adenosine possesses immunomodulatory properties
and some of the anti-inflammatory effects of ketamine (inhi-
bition of chemotaxy and reduction of superoxyde production)
are blocked by the concomitant administration of A,-adenosine
receptor antagonist. Ketamine also interacts with NO produc-
tion. The drug inhibits both endothelial nitric oxide synthase
and inducible nitric oxide synthase in a dose-related effect,
totally independent of its NMDA receptor antagonist proper-
ties. Finally, ketamine is a potent stimulator of the HPA axis, a
system that promotes potent anti-inflammatory properties. This
effect on the HPA axis is not NMDA mediated because two other
NMDA-receptor antagonists (ie, memantine and MK-801) do
not affect cortisol production. Once again, an interaction with
the sympathetic system or the production of prostaglandin E,
are the suspected mechanisms.

Ketamine-induced systemic anti-inflammatory effects have
been reported to promote survival in several rodent animal mod-
els of septic shock or burn injury,!*” but in humans there is no
study to confirm or inform these observations. The immune
properties of ketamine might be involved in the beneficial effects
on the reduction of both postoperative hyperalgesia and residual
pain development observed in patients after major abdominal
surgery.”” It is generally confirmed that immunomodulation is
the mechanism underlying the antihyperalgesic effects of the
drug after traumatic injury in humans. Effectively, the doses
necessary for the anti-inflammatory effect are in the same range
as the doses required for the antihyperalgesic effect of the drug.
Further, as for antihyperalgesic effects, anti-inflammatory effects
persist long after ketamine has disappeared from the organism.

GABAPENTIN AND PREGABALIN

Anticonvulsants and Voltage-Gated Calcium Channels
for Pain Modulation

Gabapentin, an alkylated GABA analog, was synthetized in 1977
and developed as a clinical anticonvulsant. Recent experimen-
tal and clinical observations suggest that the drug may also be
useful to treat other neurologic and psychiatric conditions such
as spasticity, anxiety, and pain. Specifically, gabapentin seems to
be a “large specter” analgesic or, more precisely, a “large spec-
tre” antihyperalgesic drug working in different conditions where
sensitization is present.'?®

Gabapentin and its derivative compound pregabalin (e,
S(+)-3-isobutyl-gaba) are structural analogs of GABA but,
unlike GABA, they cross the blood-brain barrier and do not
bind to GABA, or GABAjg receptors. Futhermore, the fact
that gabapentin might increase neuronal GABA levels is also
subject to controversy. Finally, unlike other antiepileptic drugs,
gabapentin and pregabalin do not interact with sodium chan-
nels. Both drugs belong to a unique class of compounds
characterized by a high-affinity binding to the a,-8 protein,
an auxiliary subunit of the voltage-gated calcium channels
(VGCC) in neuronal tissue.'?*!%5 Although the exact mecha-
nisms of action remain largely unknown, studies in genetically
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modified mice have demonstrated that selective binding to the
a,-0 subunit of calcium channels is necessary for gabapentin-
and pregabalin-induced antinociceptive, anticonvulsant, and
anxiolytic effects.!26

All excitable cells express plasma membrane VGCCs that
tranduce electrical activity into intracellular biochemical events.
The depolarization of cellular membrane triggers the opening of
VGCCs to allow a rapid influx of extracellular calcium.'?” Intra-
cellular pools of free ionized calcium play a major role in cellu-
lar functions, and the intracellular calcium increase contributes
to depolarize membranes and to initiate transmitter release,
transcription through kinase activation, and phosphorylation
of membranes proteins that will activate a variety of intracel-
lular enzymes.!?® Calcium ions can enter into the cell through
different gateways, mostly through the opening of membrane
VGCCs that are specifically voltage-activated and also through
receptors-gated channels, such as the NMDA and the calcium-
permeable AMPA ionophores. Although the major role of the
latter type has been emphasized for acute and chronic noci-
ceptive processing, the role of the former type (ie, VGCCs) in
pain modulation has been to date mainly examined in chronic
pain states, specifically as a target for the treatment of neuro-
pathic pain.!?® VGCCs are large multiprotein complexes with a
pore-forming a; subunit as the center, surrounded by auxiliary
a,-8, B, and subunits.'?” These auxiliary VGCC subunits play an
important role for the regulation of channel function, regulating
its biophysical properties, rate of channel activation or inacti-
vation, as well as expression and trafficking of the channel.'?®
Finally, the association of different auxiliary subunits with dif-
ferent pore-forming channels define the principal families of
high-voltage activated calcium channels such as L-, N-, P/Q- or
R-type channels.

The a,-8 site of N-type VGCC, which is a target for
gabapentin and related compounds, is densely expressed in the
superficial dorsal horn, substantia gelatinosa, of the spinal cord
where primary afferents synapse as well as in DRG neurons
and in the forebrain.!?%-12 Further, several experimental studies
suggest that actions of ;-8 ligands are primarily restricted to
presynaptic VGCC because they result in a reduction of exces-
sive neurotransmitter release.!?®"12° The drugs provoke a sub-
tle inhibitory modulation of monoamine (ie, norepinephrine,
epinephrine, and dopamine) release in the cortex, an effect
that accounts for the anxiolytic and antidepressive effects of
gabapentin and pregabalin.!** They also reduce the release of
excitatory neurotransmitters, such as substance P, CGRP, and
glutamate in the spinal cord.!?*!%> However, it is paramount
to note that “sensitized” conditions are a prerequisite to the
effects of a,-0 ligands on neurotransmission; in other words,
a3-9 ligands have minimal effects on physiological transmitter
release, whereas they significantly inhibit “abnormal sensitized”
release.'” Under hyperexcitable or pathological conditions (eg,
tissue damages secondary to inflammation and nerve injury),
an excessive influx of calcium from sustained VGCCs opening
leads to an important release of excitatory neurotransmitters.
The binding of o,-8 ligands to the auxiliary subunit allosteri-
cally modulates VGCCs to reduce the excessive influx of calcium
and its subsequent neurotransmitters release (Figure 7.6).'%

Potency and Mechanisms of Action under
Different Pain Conditions

Both thelocation of the o, -8 subunit and the fact that gabapentin
and pregabalin easily cross the blood-brain barrier argue in favor

of a major central site of action. Furthermore, whether systemic
and spinal administration of gabapentin are effective in modu-
lating nociceptive processing, the doses needed for an intrathecal
effect are considerabily lower than those needed for a systemic
effect.!3%-131 However, even by spinal delivery, gabapentin, like
other drugs acting on VGCCs, fail to alter the response to an
acute nociceptive stimulus at doses that do not produce a sig-
nificant motor dysfunction,'?® whereas these drugs effectively
alleviate hypersensitivity consecutive to tissue injury in differ-
ent experimental models. It is well established that hyperalgesia
represents the clinical expression of central neuronal excitability
and sensitization and gabapentin’s ability to modulate the phe-
nomenon traduces an important centrally mediated effect of the
drug.

Therefore, gabapentin relieves hypersensitivity in inflamma-
tory conditions and affects NMDA-mediated currents in spinal
neurons from rats with experimental arthritis but not from nor-
mal rats.!*> Gabapentin has no effect on pain behaviors during
phase 1 of rat formalin test, a brief phase that reflects phys-
iologic pain, but strongly modulates the phase 2 of the test,
a long-lasting phase that correlates with central sensitization
induced by a continuous low level of small afferent input fol-
lowing formalin injection into the paw.!**!3* The drug dose
dependently inhibits the nociceptive behavior in phase 2 and a
pretreatment is more effective than a posttreatment.'** Post-
treatment administration of spinal gabapentin is one-third as
potent as pretreatment but that decreased antinociceptive effi-
cacy still distinguishes gabapentin from NMDA-receptor antag-
onists that are ineffective when administered after formalin
injection and constitutes an indirect evidence that gabapentin
does not directly interact with NMDA receptor.!** The same
study also demonstrated that gabapentin effects are highly stim-
ulus dependent and, hence, preferential for conditions in which
there will be a greater induction of central sensitization.

In human volunteers, oral gabapentin at a dose of 1200 mg
shows no effect on pain transmission in normal skin, but signif-
icantly reduces hyperalgesia induced by experimental thermal
injury!'®® or capsaicin injection.!*® Central nervous system plas-
ticity at different levels underlies both the development and the
maintenance of neuropathic pain, a pathophysiological condi-
tion that is particularly sensitive to gabapentin administration,
both in animal models and in humans.!*” Experimental models
of neuropathic pain have revealed that upregulation of ;-8 sub-
unit expression in both the spinal cord and the dorsal root ganglia
correlates with the development of mechanical allodynia.'?%1%
This phenomenon certainly does explain the efficacy of both
systemic and intrathecal gabapentin in neuropathic pain condi-
tions.'? A recent study reports the antihyperalgesic and antial-
lodynic effects of the drug after intracerebroventricular admin-
istration in animals with peripheral nerve injury, suggesting that
the drug also acts at a supraspinal level. The supraspinal effect of
gabapentin seems to be mediated by the descending noradrener-
gic system, resulting in the activation of spinal a, adrenoceptors
and hence cholinergic muscarinic activation and NO cascade.'*!

Postoperative Pain Condition

Tissue lesions secondary to surgical incision and postop-
erative pain also result in central sensitization that is clinically
expressed as spontaneous pain and mechanical hyperalgesia sur-
rounding the wound.! Regarding the antihyperalgesic properties
of gabapentin in a wide range of pain states produced by cen-
tral sensitization, the drug has also been evaluated in various
experimental models of incisional pain.!?%-131:142 Single dose of
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Figure 7.6: Analgesic mechanisms of gabapentin, an o, -8 subunitligand at N-type VGCC

(voltage gated calcium channel).

subcutaneous gabapentin (3—30 mg/kg) administered 1 hour
before surgery blocks the postoperative development of heat
hyperalgesia and tactile allodynia for several hours in a dose-
dependent manner.'*! When the drug is administered 1 hour
after surgery, an antihyperalgesic effect was still observed but
only for a short duration. The results of gabapentin contrasted
with those observed after subcutaneous morphine adminis-
tration that was shorter lasting and more effective against
thermal hyperalgesia. There are several clinical implications
resulting from these experimental findings. First, gabapentin
seems more effective than morphine to alleviate postopera-
tive mechanical hyperalgesia and, hence, evoked pain associ-
ated with movement.'?* Second, this class of compounds are
capable of blocking the induction and the maintenance of
dorsal horn neurons sensitization and their effect, when admin-
istered before the lesion, outlasts the pharmacological half-life
of the drug.!?® Intrathecal gabapentin at much lower doses
(10-100 g) also reduced postoperative punctate mechanical
hyperalgesia after paw incision in a dose-related manner.!3%-142
These later studies highlighted the increased potency of the
spinal route of administration, supporting a central mecha-
nism of action for the drug. Furthermore, spinal injection does

not necessitate the entry of gabapentin into cells or nerve ter-
minals via the L-amino acid transporter (a mechanism that
facilitates intestinal absorption)!*” that is consistent with an
action of gabapentin on extracellular sites such as the a;-3 sub-
unit of voltage-sensitive calcium channels on dorsal horn neu-
rons. A subsequent study recently confirmed that the antial-
lodynic effect of intrathecal gabapentin after tissue incision
involves spinal N-type VGCCs.'** However, although the effi-
cacy of gabapentin depends on its binding to the a,-8 auxiliary
subunit of VGCCs, the analgesic mechanisms underlying the
drug action still remain unknown. Because systemic gabapentin
is also very effective in relieving postoperative hypersensitiv-
ity, the effect of a supraspinal administration (ie, intracere-
broventricular injection) was evaluated in an incisional pain
model.'** Results from this study showed that, by that route,
gabapentin activates the descending noradrenergic system and
induces spinal norepinephrine release, which produces analgesia
via spinal a;-AR stimulation, followed by activation of GIRKs.
In contrast with neuraxial analgesia from a,-adrenoceptor ago-
nists, analgesia from gabapentin did not involve a cholin-
ergic mediation at spinal level. In addition to the animal
study, the authors also validated their hypothesis in humans.!4*



96 P. M. Lavand’homme and M. F. De Kock

Preoperative administration of oral gabapentin (1200 mg) sig-
nificantly enhanced the CSF levels of norepinephrine within
2 hours in patients undergoing orthopedic or urogenital pro-
cedures. In the gabapentin group of patients, norepinephrine
concentrations were 461 (400-864) pg/mL (median, interquar-
tile range) versus 329 (238-432) pg/mL in the placebo group
(P < .005).144

Peripheral Use of Gabapentin

All experimental data support a central site of action for
gabapentin and pregabalin. The effects related to local admin-
istration of the drugs are scarce. However, intraplantar admin-
istration of gabapentin and S(+)-3-isobutylgaba significantly
reduces nociceptive behaviors during both phase 1 and phase
2 in the formalin test.'*> These results contrast with that of
spinal administration that alleviates only the nociceptive effects
observed during phase 2.'*¢ Further, the peripheral mechanism
of action of the drug cannot be attributed to a local anesthetic
effect.!4

Pharmacology of Gabapentin and Pregabalin

Both gabapentin and pregabalin (second generation of com-
pounds binding to a,-8 subunit) are small molecules nonme-
tabolizable branched-chain amino acids. For clinical use, both
drugs exist only as an oral form (capsules or tablets) and undergo
intestinal absorption throughout the small intestine and the
colon via a L-transporter family system (large amino acid trans-
port [LAT], including phenylalanine, isoleucine, leucine, and
valine). The transporter and its capacities facilitate the passage
of gabapentin and pregabalin from the intestinal lumen to the
systemic circulation.!?* For a single oral dose of gabapentin (300
mg), the plasmatic peak of concentration (2.7 pg/mL) is reached
after 3 hours. At therapeutic doses, gabapentin absorption usu-
ally occurs within a Ty, of 3 to 4 hours, whereas pregabalin
is more rapidely absorbed, with Ty occurring 0.5 to 1 hour
postdose. However, the amount of gabapentin absorbed is dose
dependent, and the fraction of dose absorbed decreases from
74% to 62% to 27% over the dose range of 100 mg to 300 mg
and then to a 1600-mg single dose (saturation of L-transporter
system). In contrast, the amount of pregabalin absorbed is inde-
pendent of the dose administered and the fraction of dose
absorbed remains constant (ie, >90% over the dose range of
10 to 300 mg for a single dose). Gabapentin and pregabalin
do not bind to plasma proteins (<5% protein binding). The
drugs easily cross the blood-brain barrier and very high con-
centrations are found in the CNS. At steady state, CSF levels
of gabapentin are 5%-35% of plasma levels but cerebral levels
are 80% of those found in plasma. Both drugs undergo negligi-
ble metabolism in humans and do not inhibit cytochrome P450
enzymes that mediate the metabolism of several drugs, therefore
adjustment of dosage in patients with liver disease is not neces-
sary and interactions with other drugs are unlikely. Gabapentin
and pregabalin are predominately eliminated by renal excretion,
necessitating dosage adjustment in patients with impaired renal
function secondary to kidney disease or to the effects of aging.
In subjects with normal renal function, elimination half-life for
both drugs is approximately 5-7 hours and is unrelated to the
dose. In summary, both drugs have the advantage of a negligi-
ble metabolism and interaction with other drugs in humans.
However, pregabalin has a nonsaturable absorption at clini-
cally relevant doses, resulting in linear pharmacokinetics and,

Table 7.2: Side-Effect Profile of Gabapentin in Chronic Pain
and Postoperative Patients

Chronic Pain (%) Perioperative Use (%)

Placebo Treatment Placebo Treatment
Sedation 9.8 20.2 %1% 9.7-10.3 19214153154
Dizziness 7.8 17.9¢ 16 17.6'3
Fatigue 4.9 11.1
Ataxia 5.2 13.2
Headache 9.1 8.7
Nausea 7.5 6 17-25 19-21'3

¢ Significant difference in the occurrence of the side effect between
placebo group and patients receiving gabapentin.

therefore, a greater efficacious response than that observed for
gabapentin.

Nonanalgesic Effects: Side-Effect Profile

Several clinical trials have demonstrated the safety of
gabapentin administration, even for chronic use.!*” Overdose
(up to 50 g) seems to cause no or minimal toxicity in humans.
Observations made in symptomatic patients following over-
dose have reported effects of drowsiness (66%), dizziness
(33%), nausea/vomiting (22%), and tachycardia and hypoten-
sion (<20%).!4¢ Gabapentin and pregabalin do not show hemo-
dynamic impairment in animal models or in humans, even after
spinal administration in animals,'*” which contrasts with the
major cardiovascular side effects observed spinal administra-
tion of selective N-type VGCC blockers such as SNX-111.1%7
Respiratory depression also does not seem to be a concern after
overdose of gabapentin alone: with plasma levels of 62 pwg/mL,
patients were lethargic but remained easily arousable. '8

Similarly, very few and relatively mild side effects have
been reported after perioperative administration and, to date,
some consider gabapentin and pregabalin a reliable alterna-
tive to ketamine and NMDA antagonists in the treatment of
postoperative pain and the prevention of central sensitization
(Table 7.2).14°

Synergy with Other Analgesics

Gabapentin enhances the antinociceptive effects of opioids
in different experimental models ranging from acute to
chronic pain as well as in human volunteers. Further, coad-
ministration of gabapentin also inhibits the development of
antinociceptive tolerance to systemic!®® and spinal morphine
administration. This attenuation of morphine tolerance by
intrathecal gabapentin is associated with a suppression of
morphine-evoked spinal release of excitatory aminoacids such
as gluatamate and aspartate. To maintain this effect, gabapentin
needs to be continued during morphine administration because
tolerance to morphine becomes apparent within the 48 hours
of discontinuing gabapentin.!*® Gabapentin seems also capa-
ble of partially restoring opioid efficacy when tolerance is
already present.!®® In the postoperative setting, these find-
ings found their expression in the opioid sparing effect that
results from gabapentin administration.!?*!31-153 Because opi-
oids induce several adverse effects and also because they lack
effectiveness to relieve pain evoked by movement, the beneficial
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combination of gabapentin or pregabalin with opioids is of
paramountinterest in perioperative patients. Furthermore, these
drugs might be useful to manage acute pain in opioid-dependent
patients.

Gabapentin and pregabalin share similar antihyperalgesic
effect to NSAIDs because these compounds do not alter the noci-
ceptive threshold in uninjured conditions but normalize the low-
ered nociceptive threshold induced by tissue injury. Coadminis-
tration of gabapentin or pregabalin with NSAIDs demonstrates
either an additive or a synergistic effect in reducing hypersen-
sitivity in experimental models.!>*!> Finally, gabapentin also
potentiates the antihyperalgesic effect of spinal clonidine and
spinal neostigmine in animal models of formalin test!>® and
incisional pain.'*

Immunomodulatory Effects

At the present time, no study can be found in the literature that
specifically address the gabapentin/pregabalin interaction with
immune function. The VGCCs mediate a well-characterized
calcium influx pathway that is most exclusively identified in
excitable neuronal cells. Recently, this type of calcium channel
has been identified on nonexcitable cells, specifically on lym-
phocytes, mainly on T2 lymphocytes.'”” Calcium influx into
these cells is essential for activation, differentiation and effector
function. By binding to a,-8 subunit of VGCCs, gabapentin and
related compounds may modulate excessive calcium influx in
these immune cells cells and probably affect the inflammatory
process.

REFERENCES

1. Brennan TJ, Zahn PK, Pogatzki-Zahn EM. Mechanisms of inci-
sional pain. Anesthesiol Clin North Am 2005;23:1-20.

2. Lavand’homme P. Perioperative pain. Curr Opin Anaesthesiol.
2006;19:556-561.

3. Kehlet H. Postoperative opioid sparing to hasten recovery: what
are the issues? Anesthesiology. 2005;102:1083—-1085.

4. Rathmell JP, Wu CL, Sinatra RS, et al. Acute post-surgical pain
management: a critical appraisal of current practice, December
2—4,2005. Reg Anesth Pain Med. 2006;31:1-42.

5. Yaksh TL, Reddy SV. Studies in the primate on the analgetic effects
associated with intrathecal actions of opiates, alpha-adrenergic
agonists and baclofen. Anesthesiology. 1981;54:451-467.

6. Maze M. Alpha2-Adrenoceptors in pain modulation. Which sub-
type should be targeted to produce analgesia? Anesthesiology.
2000;92:934-936.

7. Yoshimura M, Furue H. Mechanisms for the anti-nociceptive
actions of the descending noradrenergic and serotonergic systems
in the spinal cord. J Pharmacol Sci. 2006;,101:107-117.

8. Mitrovic I, Margeta-Mitrovic M, Bader S, Stoffel M, Jan
LY, Basbaum Al. Contribution of GIRK2-mediated postsynap-
tic signaling to opiate and alpha 2-adrenergic analgesia and
analgesic sex differences. Proc Natl Acad Sci USA. 2003;100:
271-276.

9. Kawasaki Y, Kumamoto E, Furue H, Yoshimura M. Alpha 2
adrenoceptor-mediated presynaptic inhibition of primary affer-
ent glutamatergic transmission in rat substantia gelatinosa neu-
rons. Anesthesiology. 2003;98:682—689.

10. Li X, Eisenach JC. Alpha2a-adrenoceptor stimulation reduces
capsaicin-induced glutamate release from spinal cord synapto-
somes. | Pharmacol Exp Ther. 2001;299:939-944.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Detweiler DJ, Eisenach JC, Tong C, Jackson C. A cholinergic
interaction in alpha 2 adrenoceptor-mediated antinociception in
sheep. ] Pharmacol Exp Ther. 1993;265:536-542.

Hood DD, Mallak KA, Eisenach JC, Tong C. Interaction between
intrathecal neostigmine and epidural clonidine in human volun-
teers. Anesthesiology. 1996;85:315-325.

De Kock M, Eisenach JC, Tong C, Schmitz AL, Scholtes JL. Anal-
gesic doses of intrathecal but not intravenous clonidine increase
acetylcholine in cerebrospinal fluid in humans. Anesth Analg.
1997;84:800-803.

Li X, Zhao Z, Pan HL, Eisenach JC, Paqueron X. Norepinephrine
release from spinal synaptosomes: auto-alpha2 -adrenergic recep-
tor modulation. Anesthesiology. 2000;93:164—172.

Baba H, Shimoji K, Yoshimura M. Norepinephrine facilitates
inhibitory transmission in substantia gelatinosa of adult rat spinal
cord (part 1): effects on axon terminals of GABAergic and glycin-
ergic neurons. Anesthesiology. 2000;92:473—484.

Stone LS, Broberger C, Vulchanova L, et al. Differential distribu-
tion of alpha2A and alpha2C adrenergic receptor immunoreac-
tivity in the rat spinal cord. J Neurosci. 1998;18:5928-5937.
Ongioco RR, Richardson CD, Rudner XL, Stafford-Smith M,
Schwinn D. Alpha2-adrenergic receptors in human dorsal root
ganglia: predominance of alpha2b and alpha2c subtype mRNAs.
Anesthesiology. 2000;92:968-976.

Stone LS, Fairbanks CA, Wilcox GL. Moxonidine, a mixed
alpha(2)-adrenergic and imidazoline receptor agonist, identifies
a novel adrenergic target for spinal analgesia. Ann N Y Acad Sci.
2003;1009:378-385.

Eisenach JC, Hood DD, Curry R. Relative potency of epidural
to intrathecal clonidine differs between acute thermal pain and
capsaicin-induced allodynia. Pain. 2000;84:57—64.

Eisenach JC, Hood DD, Curry R. Intrathecal, but not intra-
venous, clonidine reduces experimental thermal or capsaicin-
induced pain and hyperalgesia in normal volunteers. Anesth Analg.
1998;87:591-596.

Eisenach JC, DuPen S, Dubois M, Miguel R, Allin D. Epidu-
ral clonidine analgesia for intractable cancer pain. The Epidural
Clonidine Study Group. Pain. 1995;61:391-399.

Glynn CJ, Jamous MA, Teddy PJ. Cerebrospinal fluid kinetics of
epidural clonidine in man. Pain. 1992;49:361-367.

Duflo F, Li X, Bantel C, Pancaro C, Vincler M, Eisenach JC.
Peripheral nerve injury alters the alpha2 adrenoceptor subtype
activated by clonidine for analgesia. Anesthesiology. 2002;97:636—
641.

Stone LS, Vulchanova L, Riedl MS, et al. Effects of peripheral nerve
injury on alpha-2A and alpha-2C adrenergic receptor immunore-
activity in the rat spinal cord. Neuroscience. 1999;93:1399-1407.
Paqueron X, Li X, Bantel C, Tobin JR, Voytko ML, Eisenach JC. An
obligatory role for spinal cholinergic neurons in the antiallodynic
effects of clonidine after peripheral nerve injury. Anesthesiology.
2001;94:1074-1081.

Duflo F, Conklin D, Li X, Eisenach JC. Spinal adrenergic and
cholinergic receptor interactions activated by clonidine in postin-
cisional pain. Anesthesiology. 2003;98:1237-1242.

De Kock M, Lavand’homme P, Waterloos H. The short-lasting
analgesia and long-term antihyperalgesic effect of intrathecal
clonidine in patients undergoing colonic surgery. Anesth Analg.
2005;101:566-572.

Brummett CM, Wagner DS. The use of alpha-2 agonists in periph-
eral nerve blocks: a review of history of clonidine and a look at a
possible future for dexmedetomidine. Semin Anesth, Perioperative
Med Pain. 2006;25:84-92.

Butterworth JF, Strichartz GR. The alpha2-adrenergic agonists
clonidine and guanfacine produce tonic and phasic block of con-
duction in rat sciatic nerve fibers. Anesth Analg. 1993;76:295-301.



98 P. M. Lavand’homme and M. F. De Kock

30. Kroin JS, Buvanendran A, Beck DR, Topic JE, Watts DE, Tuman 51. Bloor BC, Ward DS, Belleville JP, Maze M. Effects of intravenous
KJ. Clonidine prolongation of lidocaine analgesia after sciatic dexmedetomidine in humans. II. Hemodynamic changes. Anes-
nerve block in rats Is mediated via the hyperpolarization-activated thesiology 1992;77:1134-1142.
cation current, not by alpha-adrenoreceptors. Anesthesiology. 52. Talke P, Richardson CA, Scheinin M, Fisher DM. Postoperative
2004;101:488-494. pharmacokinetics and sympatholytic effects of dexmedetomidine.

31. Wolff M, Heugel P, Hempelmann G, Scholz A, Miihling J, Anesth Analg. 1997;85:1136-1142.

Olschewski A. Clonidine reduces the excitability of spinal dor- 53. Ebert TJ, Hall JE, Barney JA, Uhrich TD, Colinco MD. The
sal horn neurones. Br | Anaesth. 2007;98:353-361. effects of increasing plasma concentrations of dexmedetomidine

32. Gentili M, Juhel A, Bonnet E. Peripheral analgesic effect of intra- in humans. Anesthesiology. 2000;93:382—394.
articular clonidine. Pain. 1996;64:593-596. 54. Eisenach JC, Shafer SL, Bucklin BA, Jackson C, Kallio A. Pharma-

33. Reuben SS, Steinberg RB, Klatt JL, Klatt ML. Intravenous cokinetics and pharmacodynamics of intraspinal dexmedetomi-
regional anesthesia using lidocaine and clonidine. Anesthesiology. dine in sheep. Anesthesiology. 1994;80:1349—-1359.
1999;91:654—658. 55. Ma D, Rajakumaraswamy N, Maze M. alpha2-Adrenoceptor

34. Dogrul A, Uzbay IT. Topical clonidine antinociception. Pain. agonists: shedding light on neuroprotection? Br Med Bull
2004;111:385-391. 2004571:77-92.

35. Davis KD, Treede RD, Raja SN, Meyer RA, Campbell JN. Topi- 56. Frumento RJ, Logginidou HG, Wahlander S, Wagener G, Playford
cal application of clonidine relieves hyperalgesia in patients with HR, Sladen RN. Dexmedetomidine infusion is associated with
sympathetically maintained pain. Pain. 1991;47:309-317. enhanced renal function after thoracic surgery. J Clin Anesth.

36. Lavand’homme PM, Eisenach JC. Perioperative administration 2006;18:422-426.
of the alpha2-adrenoceptor agonist clonidine at the site of nerve 57. Bouaziz H, Hewitt C, Eisenach JC. Subarachnoid neostigmine
injury reduces the development of mechanical hypersensitivity potentiation of alpha 2-adrenergic agonist analgesia: dexmedeto-
and modulates local cytokine expression. Pain. 2003;105:247— midine versus clonidine. Reg Anesth. 1995;20:121-127.

254. 58. Philipp M, Brede M, Hein L. Physiological significance of alpha2-

37. Lavand’homme PM, Ma W, De Kock M, Eisenach JC. Perineural adrenergic receptor subtype diversity: one receptor is not enough.
alpha(2A)-adrenoceptor activation inhibits spinal cord neuro- Am ] Physiol Regulatory Integrative Comp Physiol. 2002;283:R287-
plasticity and tactile allodynia after nerve injury. Anesthesiology. R295.
2002;97:972-980. 59. Maze M, Tranquilli W. Alpha-2 adrenoceptor agonists: defining

38. Hodgson PS, Neal JM, Pollock JE, Liu SS. The neurotoxicity of the role in clinical anesthesia. Anesthesiology. 1991;74:581-605.
drugs given intrathecally (Spinal). Anesth Analg. 1999;88:797-809. 60. Maze M, Regan JW. Role of signal transduction in anes-

39. Eisenach JC, De Kock M, Klimscha W. alpha(2)-adrenergic ago- thetic action. Alpha 2 adrenergic agonists. Ann N Y Acad Sci.
nists for regional anesthesia. A clinical review of clonidine (1984— 1991;625:409-422.

1995). Anesthesiology. 1996;85:655—674. 61. Nishiyama T, Hanaoka K. Intrathecal clonidine and bupivacaine

40. Davies DS, Wing LMH, Reid JL, Neill E, Tippett P, Dollery CT. have synergistic analgesia for acute thermally or inflammatory-
Pharmacokinetics and concentration-effect relationships of intra- induced pain in rats. Anesth Analg. 2004;98:1056-1061, table of
venous and oral clonidine. Clin Pharmacol Ther. 1976;21:593-601. contents.

41. SegallS,Jarvis D], Duncan SR, White PF, Maze M. Clinical efficacy 62. Bouaziz H, Tong C, Yoon Y, Hood DD, Eisenach JC. Intravenous
of oral-transdermal clonidine combinations during the perioper- opioids stimulate norepinephrine and acetylcholine release in
ative period. Anesthesiology. 1991;74:220-225. spinal cord dorsal horn: systematic studies in sheep and an obser-

42. Castro MI, Eisenach JC. Pharmacokinetics and dynamics of intra- vation in a human. Anesthesiology. 1996;84:143—154.
venous, intrathecal and epidural clonidine in sheep. Anesthesiol- 63. Ossipov MH, Harris S, Lloyd P, Messineo E, Lin BS, Bagley
o0gy. 1989;71:418-425. J. Antinociceptive interaction between opioids and medeto-

43. Eisenach J, Detweiler D, Hood D. Hemodynamic and anal- midine: systemic additivity and spinal synergy. Anesthesiology.
gesic actions of epidurally administered clonidine. Anesthesiology. 1990;73:1227-1235.
1993;78:277-287. 64. Ossipov MH, Harris S, Lloyd P, Messineo E. An isobolographic

44. Filos KS, Goudas LC, Patroni O, Polyzou V. Hemodynamic analysis of the antinociceptive effect of systemically and intrathe-
and analgesic profile after intrathecal clonidine in humans: a cally administered combinations of clonidine and opiates. J Phar-
dose-response study. Anesthesiology. 1994;81:591-601; discussion macol Exp Ther. 1990;255:1107-1116.
527A-528A. 65. Eisenach JC, D’Angelo R, Taylor C, Hood DD. An isobolographic

45. Mendez R, Eisenach JC, Kashtan K. Epidural clonidine analgesia study of epidural clonidine and fentanyl after cesarean section.
after cesarean section. Anesthesiology. 1990;73:848—852. Anesth Analg. 1994;79:285-290.

46. De Kock M, Crochet B, Morimont C, Scholtes JL. Intravenous or 66. Martin TJ, Kim SA, Eisenach JC. Clonidine maintains intrathecal
epidural clonidine for intra- and postoperative analgesia. Anes- self-administration in rats following spinal nerve ligation. Pain.
thesiology. 1993;79:525-531. 2006;125:257-263.

47. Bernard JM, Kick O, Bonnet E. Comparison of intravenous and 67. Hayashi Y, Guo TZ, Maze M. Desensitization to the behav-
epidural clonidine for postoperative patient-controlled analgesia. ioral effects of alpha 2-adrenergic agonists in rats. Anesthesiology.
Anesth Analg. 1995;81:706—712. 1995;82:954-962.

48. Maze M, Scarfini C, Cavaliere F. New agents for sedation in the 68. Maes M, Lin A, Kenis G, Egyed B, Bosmans E. The effects of
intensive care unit. Crit Care Clin. 2001;17:881-897. noradrenaline and alpha-2 adrenoceptor agents on the production

49. Hall JE, Uhrich TD, Barney JA, Arain SR, Ebert TJ. Sedative, of monocytic products. Psychiatry Res. 2000;96:245-253.
amnestic, and analgesic properties of small-dose dexmedetomi- 69. Titinchi S, Clark B. Alpha 2-adrenoceptors in human lympho-
dine infusions. Anesth Analg. 2000;90:699—705. cytes: direct characterisation by [3H]yohimbine binding. Biochem

50. Belleville JP, Ward DS, Bloor BC, Maze M. Effects of intra- Biophys Res Commun. 1984;121:1-7.
venous dexmedetomidine in humans. I. Sedation, ventilation, and 70. Szelenyi ], Kiss JP, Puskas E, Szelenyi M, Vizi ES. Contribution

metabolic rate. Anesthesiology. 1992;77:1125-1133.

of differently localized alpha 2- and beta-adrenoceptors in the



Pharmacology of Novel Non-NSAID Analgesics 99

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

modulation of TNF-alpha and IL-10 production in endotoxemic
mice. Ann N Y Acad Sci. 2000;917:145—-153.

West JP, Dykstra LA, Lysle DT. Immunomodulatory effects of
morphine withdrawal in the rat are time dependent and reversible
by clonidine. Psychopharmacology (Berl). 1999;146:320-327.

von Dossow V, Baehr N, Moshirzadeh M, et al. Clonidine attenu-
ated early proinflammatory response in T-cell subsets after cardiac
surgery. Anesth Analg. 2006;103:809-814.

Spengler RN, Sud R, Knight PR, Ignatowski TA. Antinociception
mediated by alpha(2)-adrenergic activation involves increasing
tumor necrosis factor alpha (TNFalpha) expression and restoring
TNFalpha and alpha(2)-adrenergic inhibition of norepinephrine
release. Neuropharmacology. 2007;52:576-589.
Romero-Sandoval EA, McCall C, Eisenach JC. Alpha2-
adrenoceptor stimulation transforms immune responses in neu-
ritis and blocks neuritis-induced pain. J Neurosci. 2005.25;8988—
8994.

Petrenko AB, Yamakura T, Baba H, Shimoji K. The role of N-
Methyl-D-Aspartate (NMDA) receptors in pain: a review. Anesth
Analg. 2003;97:1108-1116.

Carlton SM. Peripheral excitatory amino acids. Curr Opin Phar-
macol. 2001;1:52-56.

Gordh T, Karlsten R, Kristensen J. Intervention with spinal
NMDA, adenosine, and NO systems for pain modulation. Ann
Med. 1995;27:229-234.

Hustveit O, Maurset A, Oye I. Interaction of the chiral forms
of ketamine with opioid, phencyclidine, sigma and muscarinic
receptors. Pharmacol Toxicol. 1995;77:355-359.

Durieux M. Inhibition by ketamine of muscarinic acetylcholine
receptor function. Anesth Analg. 1995;81:57-62.

Abelson KS, Goldkuhl RR, Nylund A, Hoglund AU. The effect
of ketamine on intraspinal acetylcholine release: involvement
of spinal nicotinic receptors. Eur J Pharmacol. 2006;534:122—
128.

Chaplan SR, Malmberg AB, Yaksh TL. Efficacy of spinal NMDA
receptor antagonism in formalin hyperalgesia and nerve injury
evoked allodynia in the rat. ] Pharmacol Exp Ther. 1997;280:829—
838.

Kawamata T, Omote K, Sonoda H, Kawamata M, Namiki A. Anal-
gesic mechanisms of ketamine in the presence and absence of
peripheral inflammation. Anesthesiology. 2000,;93:520-528.
Hocking G, Cousins MJ. Ketamine in chronic pain management:
an evidence-based review. Anesth Analg. 2003;97:1730-1739.
Zahn PK, Sluka KA, Brennan TJ. Excitatory amino acid release
in the spinal cord caused by plantar incision in the rat. Pain.
2002;100:65-76.

Zahn PK, Pogatzki-Zahn EM, Brennan TJ. Spinal administration
of MK-801 and NBQX demonstrates NMDA-independent dorsal
horn sensitization in incisional pain. Pain. 2005;114:499-510.
Zahn PK, Umali E, Brennan TJ. Intrathecal non-NMDA excitatory
amino acid receptor antagonists inhibit pain behaviors in a rat
model of postoperative pain. Pain. 1998;74:213-223.

Pogatzki EM, Niemeier JS, Sorkin LS, Brennan TJ. Spinal glu-
tamate receptor antagonists differentiate primary and secondary
mechanical hyperalgesia caused by incision. Pain. 2003;105:97—
107.

Koizuka S, Obata H, Sasaki M, Saito S, Goto F. Systemic ketamine
inhibits hypersensitivity after surgery via descending inhibitory
pathways in rats. Can ] Anaesth. 2005;52:498-505.

Stubhaug A, Breivik H, Eide PK, Kreunen M, Foss A. Mapping of
punctuate hyperalgesia around a surgical incision demonstrates
that ketamine is a powerful suppressor of central sensitization to
pain following surgery. Acta Anaesthesiol Scand. 1997;41:1124—
1132.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

De Kock M, Lavand’homme P, Waterloos H. ‘Balanced analgesia’
in the perioperative period: is there a place for ketamine? Pain.
2001;92:373-380.

Mazar J, Rogachev B, Shaked G, et al. Involvement of adeno-
sine in the antiinflammatory action of ketamine. Anesthesiology.
2005;102:1174-1181.

Bartoc C, Frumento R]J, Jalbout M, Bennett-Guerrero E, Du E,
Nishanian E. A randomized, double-blind, placebo-controlled
study assessing the anti-inflammatory effects of ketamine in car-
diac surgical patients. J Cardiothorac Vasc Anesth. 2006;20:217—
222.

Hill GE, Anderson JL, Lyden ER. Ketamine inhibits the proin-
flammatory cytokine-induced reduction of cardiac intracellular
cAMP accumulation. Anesth Analg. 1998;87:1015-1019.
Shibakawa YS, Sasaki Y, Goshima Y, Echigo N, Kamiya Y, Kura-
hashi K, Yamada Y, Andoh T. Effects of ketamine and propofol on
inflammatory responses of primary glial cell cultures stimulated
with lipopolysaccharide. Br J Anaesth. 2005;95:803—810.
Hofbauer R, Kaye AD, Kapiotis S, Frass M. The immune system
and the effects of non-volatile anesthetics on neutrophil trans-
migration through endothelial cell monolayers. Curr Pharm Des.
1999;5:1015-1027.

McNearney T, Baethge BA, Cao S, Alam R, Lisse JR, Westlund
KN. Excitatory amino acids, TNF-alpha, and chemokine levels
in synovial fluids of patients with active arthropathies. Clin Exp
Immunol. 2004;137:621-627.

Warncke T, Jorum H, Stubhaug A. Local treatment with the N-
methyl-D-aspartate receptor antagonist ketamine, inhibit devel-
opment of secondary hyperalgesia in man by a peripheral action.
Neurosci Lett. 1997;227:1-4.

Gottrup H, Bach FW, Jensen TS. Differential effects of peripheral
ketamine and lidocaine on skin flux and hyperalgesia induced by
intradermal capsaicin in humans. Clin Physiol Funct Imaging.
2004;24:103-108.

Tverskoy M, Oren M, Vaskovich M, Dashkovsky I, Kissin
I:.Ketamine enhances local anesthetic and analgesic effects of
bupivacaine by peripheral mechanism: a study in postoperative
patients. Neurosci Lett. 1996;215:5-8.

Zohar E, Luban I, Zunser I, Shapiro A, Jedeikin R, Fredman
B. Patient-controlled bupivacaine wound instillation following
cesarean section: the lack of efficacy of adjuvant ketamine. J Clin
Anesth. 2002;14:505-511.

Himmelseher S, Durieux ME. Ketamine for perioperative pain
management. Anesthesiology. 2005;102:211-220.

Pfenninger EG, Durieux ME, Himmelseher S. Cognitive impair-
ment after small-dose ketamine isomers in comparison to
equianalgesic racemic ketamine in human volunteers. Anesthesi-
ology. 2002;96:357-366.

Karpinski N, Dunn J, Hansen L, Masliah E. Subpial vacuolar
myelopathy after intrathecal ketamine: report of a case. Pain.
1997;73:103-105.

Vranken JH, Troost D, Wegener JT, Kruis MR, Van Der Vegt MH.
Neuropathological findings after continuous intrathecal admin-
istration of S(+) ketamine for the management of neuropathic
cancer pain. Pain. 2005;117:231-235.

Bell R, Dahl JB, Moore R, Kalso E. Peri-operative ketamine for
acute post-operative pain: a quantitative and qualitative system-
atic review (Cochrane review). Acta Anaesthesiol Scand. 2005;
49:1405-1428.

Grant IS, Nimmo WS, Clements JA. Pharmacokinetics and anal-
gesic effect of i.m. and oral ketamine. Br ] Anaesth. 1981;53:805—
810.

Schmid R, Sandler A, Katz J. Use and efficacy of low-dose
ketamine in the management of acute postoperative pain: a



100

P. M. Lavand’homme and M. F. De Kock

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

review of current techniques and outcomes. Pain. 1999;82:111—
125.

Opye I, Paulson O, Maurset A. Effects of ketamine on sensory per-
ception: evidence for a role of N-methyl-D-aspartate receptors. J
Pharmacol Exp Ther. 1992;260:1209-1213.

Fisher K, Coderre TJ, Hagen NA. Targeting the N-methyl-D-
aspartate receptor for chronic pain management: preclinical ani-
mal studies, recent clinical experience and future research direc-
tions. J Pain Symptom Manage. 2000;20:358-373.

Tucker A, Kim Y, Nadeson R, Goodchild CS. Investigation of
the potentiation of the analgesic effects of fentanyl by ketamine
in humans: a double-blinded, randomised, placebo controlled,
crossover study of experimental pain. BMC Anesthesiol. 2005;5:2—
14.

Elia N, Tramer MR. Ketamine and postoperative pain — a quanti-
tative systematic review of randomised trials. Pain. 2005;113:61—
70.

Subramaniam K, Subramaniam B, Steinbrook RA. Ketamine as
an adjuvant analgesic to opioids: a quantitative and qualitative
systematic review. Anesth Analg. 2004;99:482-495.

Simonnet G, Rivat C. Opioid-induced hyperalgesia: abnormal or
normal pain? NeuroReport. 2003;14:1-7.

Richebe P, Rivat C, Laulin JP, Maurette P, Simonnet G. Ketamine
improves the management of exaggerated postoperative pain
observed in perioperative fentanyl-treated rats. Anesthesiology.
2005;102:421-428.

Joly V, Richebe P, Guignard B, Fletcher D, Maurette P, Sessler
DI, Chauvin M. Remifentanil-induced postoperative hyperalge-
sia and its prevention with small-dose ketamine. Anesthesiology.
2005;103:147-155.

Angst MS, Clark DJ. Opioid-induced hyperalgesia: a qualitative
systematic review. Anesthesiology. 2006;104:570-587.

Carroll IR, Angst MS, Clark DJ. Management of perioperative
pain in patients chronically consuming opioids. Reg Anesth Pain
Med. 2004;29:576-591.

Takenaka I, Ogata M, Koga K, Matsumoto T, Shigematsu A.
Ketamine suppresses endotoxin-induced tumor necrosis fac-
tor alpha production in mice. Anesthesiology. 1994;80:402—
408.

Taniguchi T, Takemoto Y, Kanakura H, Kidani Y, Yamamoto K.
The dose-related effects of ketamine on mortality and cytokine
responses to endotoxin-induced shock in rats. Anesth Analg.
2003;97:1769-1772.

Kawasaki C, Kawasaki T, Ogata M, Nandate K, Shigematsu A.
Ketamine isomers suppress superantigen-induced proinflamma-
tory cytokine production in human whole blood. Can J Anaesth.
2001;48:819-823.

Weigand MA, Schmidt H, Zhao Q, Plaschke K, Martin E,
Bardenheuer HJ. Ketamine modulates the stimulated adhesion
molecule expression on human neutrophils in vitro. Anesth
Analg. 2000;90:206-212.

Zilberstein G, Levy R, Rachinsky M, et al. Ketamine attenu-
ates neutrophil activation after cardiopulmonary bypass. Anesth
Analg 2002;95:531-536, table of contents.

Gilron 1. Review article: The role of anticonvulsant drugs in
postoperative pain management: a bench-to-bedside perspective.
Can ] Anaesth. 2006;53:562-571.

Taylor CP, Gee NS, Su TZ, et al. A summary of mechanistic
hypotheses of gabapentin pharmacology. Epilepsy Res. 1998;29:
233-249.

Taylor CP, Angelotti T, Fauman E. Pharmacology and mecha-
nisms of action of pregabalin: the calcium channel alpha2-delta
subunit as a target for antiepileptic drug discovery. Epilepsy Res.
2007;73:137-150.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Li CY, Zhang XL, Matthews EA, et al. Calcium channel
alpha2deltal subunit mediates spinal hyperexcitability in pain
modulation. Pain. 2006;125:20—34.

Cao YQ. Voltage-gated calcium channels and pain. Pain.
2006;126:5-9.

Yaksh TL. Calcium channels as therapeutic targets in neuropathic
pain. J Pain. 2006;7:S13-S30.

Dooley DJ, Taylor CP, Donevan S, Feltner D. Ca2+ channel
alpha2delta ligands: novel modulators of neurotransmission.
Trends Pharmacol Sci. 2007;28:75-82.

ChengJK, Pan HL, Eisenach JC. Antiallodynic effect of intrathecal
gabapentin and its interaction with clonidine in a rat model of
postoperative pain. Anesthesiology. 2000;92:1126-1131.

Field MJ, Holloman EF, McCleary S, Hughes J, Singh L. Eval-
uation of gabapentin and S-(+)-3-isobutylgaba in a rat model
of postoperative pain. J Pharmacol Exp Ther. 1997;282:1242—
1246.

Stanfa LC, Singh L, Williams RG, Dickenson AH. Gabapentin,
ineffective in normal rats, markedly reduces C-fibre evoked
responses after inflammation. NeuroReport. 1997;8:587-590.
Shimoyama N, Shimoyama M, Davis AM, Inturrisi CE, Elliott
KJ. Spinal gabapentin is antinociceptive in the rat formalin test.
Neurosci Lett. 1997;222:65-67.

Kaneko M, Mestre C, Sanchez EH, Hammond DL. Intrathecally
administered gabapentin inhibits formalin-evoked nociception
and the expression of Fos-like immunoreactivity in the spinal
cord of the rat. ] Pharmacol Exp Ther. 2000.292;743-751.
Werner MU, Perkins FM, Holte K, Pedersen JL, Kehlet H. Effects
of gabapentin in acute inflammatory pain in humans. Reg Anesth
Pain Med. 2001;26:322-328.

Dirks J, Petersen KL, Rowbotham MC, Dahl JB. Gabapentin
suppresses cutaneous hyperalgesia following heat-capsaicin sen-
sitization. Anesthesiology. 2002;97:102-107.

Gilron I, Flatters SJ. Gabapentin and pregabalin for the treatment
of neuropathic pain: A review of laboratory and clinical evidence.
Pain Res Manag. 2006;11(suppl A):16A-29A.

Abe M, Kurihara T, Han W, Shinomiya K, Tanabe T. Changes
in expression of voltage-dependent ion channel subunits in dor-
sal root ganglia of rats with radicular injury and pain. Spine.
2002;27:1517-1524; discussion 1525.

Li CY, Song YH, Higuera ES, Luo ZD. Spinal dorsal horn cal-
cium channel alpha2delta-1 subunit upregulation contributes
to peripheral nerve injury-induced tactile allodynia. J Neurosci.
2004;24:8494-8499.

Luo ZD, Calcutt NA, Higuera ES, et al. Injury type-specific
calcium channel alpha 2 delta-1 subunit up-regulation in rat
neuropathic pain models correlates with antiallodynic effects of
gabapentin. J Pharmacol Exp Ther. 2002;303:1199-1205.
Takeuchi Y, Takasu K, Honda M, Ono H, Tanabe M. Neuro-
chemical evidence that supraspinally administered gabapentin
activates the descending noradrenergic system after peripheral
nerve injury. Eur ] Pharmacol. 2007;556:69—74.

Buvanendran A, Kroin JS, Kerns JM, Nagalla SN, Tuman K]J.
Characterization of a new animal model for evaluation of per-
sistent postthoracotomy pain. Anesth Analg. 2004;99:1453-1460;
table of contents.

Cheng JK, Chen CC, Yang JR, Chiou LC. The antiallodynic
action target of intrathecal gabapentin: Ca2+ channels, KATP
channels or N-methyl-d-aspartic acid receptors? Anesth Analg.
2006;102:182-187.

Hayashida K, DeGoes S, Curry R, Eisenach JC. Gabapentin
activates spinal noradrenergic activity in rats and humans
and reduces hypersensitivity after surgery. Anesthesiology.
2007;106:557-562.



Pharmacology of Novel Non-NSAID Analgesics

101

145.

146.

147.

148.

149.

150.

151.

Carlton SM, Zhou S. Attenuation of formalin-induced nocicep-
tive behaviors following local peripheral injection of gabapentin.
Pain. 1998;76:201-207.

Klein-Schwartz W, Shepherd JG, Gorman S, Dahl B. Character-
ization of gabapentin overdose using a poison center case series.
J Toxicol Clin Toxicol. 2003;41:11-15.

Yoon MH, Yaksh TL. The effect of intrathecal gabapentin on
pain behavior and hemodynamics on the formalin test in the rat.
Anesth Analg. 1999;89:434-439.

Fischer J, Barr A, Rogers S, Fischer P, Trudeau V. Lack of serious
toxicity following gabapentin overdose. Neurology 1994;44:982—
983.

DahlJB, Mathiesen O, Moiniche S. ‘Protective premedication’: an
option with gabapentin and related drugs? A review of gabapentin
and pregabalin in in the treatment of post-operative pain. Acta
Anaesthesiol Scand. 2004;48:1130-1136.

Gilron I, Biederman J, Jhamandas K, Hong M. Gabapentin blocks
and reverses antinociceptive morphine tolerance in the rat paw-
pressure and tail-flick tests. Anesthesiology. 2003;98:1288-1292.
Ho KY, Gan TJ, Habib AS. Gabapentin and postoperative
pain — a systematic review of randomized controlled trials. Pain
2006;126:91-101.

152.

153.

154.

155.

156.

157.

Hurley RW, Cohen SP, Williams KA, Rowlingson AJ, Wu CL.
The analgesic effects of perioperative gabapentin on postoper-
ative pain: a meta-analysis. Reg Anesth Pain Med. 2006;31:237—
247.

Seib RK, Paul JE. Preoperative gabapentin for postopera-
tive analgesia: a meta-analysis. Can ] Anaesth. 2006;53:461—
469.

Hurley RW, Chatterjea D, Rose Feng M, Taylor CP, Ham-
mond DL. Gabapentin and pregabalin can interact synergisti-
cally with naproxen to produce antihyperalgesia. Anesthesiology.
2002;97:1263-1273.

Yoon MH, Yaksh TL. Evaluation of interaction between
gabapentin and ibuprofen on the formalin test in rats. Anes-
thesiology. 1999;91:1006—1013.

Yoon MH, Choi JI, Kwak SH. Characteristic of interactions
between intrathecal gabapentin and either clonidine or neostig-
mine in the formalin test. Anesth Analg. 2004;98:1374—1379, table
of contents.

Gomes B, Savignac M, Moreau M, Leclerc C, Lory P, Guery
JC, Pelletier L. Lymphocyte calcium signaling involves dihydro-
pyridine-sensitive L-type calcium channels: facts and controver-
sies. Crit Rev Immunol. 2004;24:425-447.



Pharmacokinetics of Epidural Opioids

Bradley Urie and Oscar A. de Leon-Casasola

In a healthy individual, pain is a complex sensory experience
associated with actual or potential tissue damage.! Noxious
inputs stimulate the unspecialized, peripheral nerve fibers (C
and A8 nociceptors). Both nerve types transmit signals to the
dorsal horn; unmyelinated, small C fibers conduct electrical
pulses induced by thermal, pressure, and chemical stimuli gen-
erally at a rate <1 m/s, whereas the myelinated, medium Ad
nociceptors transmit a quicker message (5 to 30 m/s) when acti-
vated by mechanical pressure and temperature.! At the molec-
ular level, pain stimulates the release of many mediators from
the keratinocytes and blood vessels in the dermis, including
prostaglandins (PGEs), substance P, and calcitonin gene-related
peptide (CGRP).! These neurotransmitters bind to receptors on
the nociceptive fibers and cause depolarization and the sub-
sequent transmission of signals to the central nervous system
(CNS), as well as the release of neurotransmitters from the nerve
itself into the periphery. This phenomenon, called axon reflex,
causes vasodilation and inflammation and results in a positive
feedbackloop that begins to recruit silent nociceptors, pain fibers
in close proximity to the initially activated nerve.! As nociceptive
fibers and mast cells have opioid receptors, this is the first site
of action of opioids. Opioid receptors can inhibit the release of
CGRP and substance P from nerves, thereby preventing the feed-
forward mechanism of pain that typically results in sensitization
local to the injury site.” These injury-induced neuromodifica-
tions can be perceived as allodynia or hyperalgesia. Moreover,
peripheral sensitization drives the repeated release of molecular
mediators at the dorsal horn, causing secondary hyperalgesia.
The pain fibers synapse with their secondary fibers at the super-
ficial laminae (I and IT) of the dorsal horn. Depolarization of the
first-order neuron induces the opening of voltage-gated calcium
channels at the body of this cell, allowing the influx of calcium
into it. Calcium binds to vesicles containing neurotransmitters
and stimulates their release. The neurotransmitters bind to their
corresponding receptors on the postsynaptic or secondary neu-
rons and induce an excitatory event there. Secondary fibers cross
the spinal cord and carry their impulses via the spinothalamic
tract to the thalamus on the contralateral side to where the
information originated. Opioid receptors and their ligands are
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present on the superficial dorsal horn, particularly on Rexed’s
lamina II, also known as substantia gelatinosa. At the spinal level,
opioid pharmacotherapy blocks voltage-gated calcium channels
and opens potassium channels at the presynaptic level. In con-
trast, opioid receptor activation results in the opening of potas-
sium channels at the postsynaptic level and potassium efflux.
These events lead to a hyperpolarization of the first- and second-
order neurons, which inhibits the conduction of pain signals to
the central nervous system.!

Descending pathways from the somatosensory cortex also
modulate the perception of pain. The activation of cells within
the periaqueductal gray (PAG) and rostral ventromedial medulla
(RVM) stimulate descending fibers to release serotonin and
norepinephrine at the level of the spinal cord.® This event mod-
ulates spinal nociceptive conduction.® Opioids exerting their
effect at the supraspinal level promote descending pain modula-
tion by promoting the release of an inhibitory neurotransmitter
in the brain (y-aminobutyric acid or GABA).* In this mech-
anism, called opioid disinhibition, opioids release GABA from
the PAG, RVM, and others and activate the descending inhibit-
ory pathways, increasing the concentrations of serotonin and
norepinephrine at the presynaptic level and in this way modu-
lating pain signals at the spinal cord. This may be the fundamen-
tal reason underlying better analgesic effects after intraspinal
administrations of opioids when compared to parenteral
opioids.

Epidural opioid therapy is considered the gold standard for
postoperative pain management.’ There is a large evidence base
available that details the potent efficacy of opioids administered
epidurally for the management of postoperative pain. In addi-
tion to effective analgesia, reduced side effects may be achieved
by targeting spinal p.-opioid receptors. After epidural adminis-
tration, morphine has been demonstrated to primarily produce
analgesia by targeting the dorsal horn of the spinal cord, whereas
the site of action of other congeners with higher lipid solubil-
ity is more controversial. Opioids that preferentially redistribute
systemically when injected in the epidural space may be better
administered via a different route, to avoid the increased inva-
siveness of epidural catheters and needles.
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Table 8.1: Lipophilicity and Permeability Values for
Selected Epidural Opioids?

Octanol:Buffer Meningeal Permeability
Opioid Agent Coefficient Coefficient
Morphine 1 0.6
Alfentanil 129 2.3
Fentanyl 955 0.9
Sufentanil 1737 0.75

CRITICAL STUDIES AND CLINICAL TRIALS
Pharmacokinetics of Epidurally Administered Opioids

The physical and chemical properties of each opioid determine
their lipid solubility and ultimately, the effectiveness of the anal-
gesia produced.? The octanol:buffer partition coefficient is a
measure of the lipid solubility and correlates with the degree
of penetration into the spinal cord after epidural administra-
tion; however, lipophilicity correlates with meningeal perme-
ability in a nonlinear fashion.? For example, despite a significant
difference between the octanol:buffer partition coefficients of
morphine and sufentanil, their meningeal permeability coeffi-
cients are comparable (see Table 8.1), and essentially, the arach-
noid membrane treats them in a similar manner. The opti-
mal octanol:buffer coefficient range that results in maximal
meningeal permeability appears to be between 129 (the value
for alfentanil) and 560 (the coefficient of bupivacaine). Based
only on physical and chemical characteristics, the ideal agents
for administration in the epidural space theoretically are meperi-
dine, hydromorphone, and alfentanil. Agents with intermediate
lipophilicity migrate more readily past the lipid and aqueous
zones of the primary barrier (the arachnoid membrane) and cor-
respondingly have higher meningeal permeability coefficients.
The amount of opioid that progresses to the supraspinal level is
determined by the vascular permeability of the agent, whereas
the concentration of opioid in the spinal cord following epidural
administration is affected by vascular and meningeal permeabil-
ity and fat sequestration.?

The majority of studies that consider the pharmacokinetic
behavior of opioids in the epidural space rely on inferences
from measurements of plasma and, occasionally, cerebrospinal
fluid (CSF). A pioneer study by Bernards et al** simultaneously
sampled opioid concentrations in the epidural, intrathecal, and
plasma spaces to characterize the pharmacokinetics of epidu-
rally administered opioids. Moreover, epidural fat concentra-
tions around the epidural catheter were also sampled. Following
epidural injection, drug concentrations of individually admin-
istered morphine, fentanyl, alfentanil, and sufentanil in each
of these compartments of pigs were sampled by microdialysis
techniques or fat tissue biopsies.

Statistical analyses were used to calculate the areas under the
curve (AUC) of the drug concentration relative to the time since
administration for each compartment, the mean residence time
(MRT) of each opioid, and the elimination half-lives. The result-
ing data set suggested pharmacokinetic differences between the
opioids that correlated to the physiochemical properties of the
structure of each drug. Significantly, the hydrophobicity of each
individual opioid directly correlated to the observed MRT in
the extracellular fluid of the lumbar epidural space (P < .0001)
(Figure 8.1) and in the central venous plasma compartment
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Figure 8.1: Opioid mean epidural residence time after epidural ad-
ministration by bolus injection. Relationship between the octanol:
buffer distribution coefficients of the opioids and their mean resi-
dence time in the extracellular fluid of the lumbar epidural space.
(P=.0001)

(P = .0004) (Figure 8.2). For example, the shortest MRT was
seen for morphine, the opioid with the lowest octanol:buffer
partition coefficient, followed by increasingly larger values for
alfentanil, fentanyl, and sufentanil. Moreover, the terminal elim-
ination half-lives in the lumbar epidural space were linearly
related to the lipophilicity of the opioid as well. These resulted in
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Figure 8.2: Opioid plasma concentrations in central compartment
after epidural administration by bolus injection. Dose-normalized
concentration-time plots for morphine, alfentanil, and sufentanil in
central venous plasma after administration into the lumbar epidural
space. There are no data for fentanyl because too few of the concen-
trations were within the measurable range.
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Figure 8.3: CSF opioid concentrations after epidural administration
by bolus injection. Dose-normalized concentrations of morphine,
alfentanil, fentanyl, and sufentanil in the cerebrospinal fluid of the
lumbar intrathecal space opposite the lumbar epidural site of admin-
istration.

significant higher drug concentrations in the CSF for morphine
when compared to either fentanyl or sufentanil (Figure 8.3).
Thus, if the MRT in the epidural space was longer for fen-
tanyl and sufentanil, plasma concentrations of fentanyl were
absent after 4 hours of administration, and the CSF concentra-
tions of this drug were significantly lower than morphine, where
did the drug go? Likely, the fat in the epidural space sequesters
hydrophobic compounds (fentanyl and sufentanil) more read-
ily, resulting in longer MRTs and elimination half-lives (Fig-
ure 8.4). Possibly, then, hydrophobic opioids (fentanil and sufen-
tanil) have less bioavailability to the spinal cord, as suggested by
multiple postoperative, human studies that have shown that
epidurally injected alfentanil, fentanyl, and sufentanil induce
negligible analgesic effects through a spinal mechanism.®~®

Another interesting question is how opioids migrate to the
brainstem area after epidural administration in the lumbar area.
As the cardiac cycle induces the movement of the CSE, it is not
dilution but rather bulk movements generated by the systole
and diastole of the heart that influence how epidurally injected
agents — including opioids — travel in the CSF.!®!! Cardiac
cycles induce the expansion and contraction of the brain and
spinal cord and result in a heterogeneous motion of the CSE
As the rate of simple diffusion is too slow to account for the
movement of CSE, the cephalic spread of epidurally injected
opiates should be primarily because of motions induced by
cardiac cycles, hence, approximately the same for all opiates.
Supraspinal migration of an agent will predominately vary
based on the rate of CSF clearance.

Little evidence has suggested whether the observed supra-
spinal action of opioids is because of intrathecal rostral spread or
significant uptake in the systemic circulation and redistribution
to the brain. Two short-duration studies gave initial insight into
the cephalic migration of morphine. First, a trial by Nordberg
and colleagues'? considered the localization of morphine follow-
ing epidural administration and found that the concentration
of morphine in the CSF was between 45 and 250 times higher

than in the plasma, varying with time from administration, yet
the elimination half-life of the opioid was similar between the
blood and CSE. Also, a 6-hour time-course analysis of both
blood and CSF concentrations of morphine epidurally admin-
istered in the lumbar region found that the blood concentration
attained peak levels between 2 and 10 minutes after injection.!®
Morphine levels in the plasma then rapidly declined to below
minimum effective concentration (MEC) for morphine by 120
minutes, suggesting that analgesia and side effects experienced
after 2 hours could not be attributed to a systemic effect of the
agent.!’

A clinical study by Angst and colleagues® examined the ros-
tral spread of epidurally administered morphine by assessing
the analgesic effects of the opioid on heat and electrical pain
over a 24-hour period. During this double-blinded, placebo-
controlled, crossover investigation, 9 healthy volunteers had
5 mg morphine or saline injected into the lumbar epidural
space in a randomized fashion. Fluoroscopy confirmed the cor-
rect needle placement, and on each analgesic evaluation, plasma
samples were drawn to assess morphine concentrations by gas
chromatography and mass spectroscopy. Nociceptive heat and
electrical stimuli were applied to the lumbar (L4), thoracic (T10),
cervical (C2), and trigeminal (V2) dermatomes and both the
lowest temperature and current that evoked pain (pain thresh-
old) and highest temperature and current tolerated (pain toler-
ance) were measured.

The AUC:s for the difference in heat pain threshold at L4 and
T10 from baseline versus time after epidural injection were sig-
nificantly different between morphine and saline (P < .017),
whereas the AUCs describing the same data gathered for heat
pain tolerance suggested significant differences for all the der-
matomes tested (P < .017). Similar data analyses of electri-
cal pain tolerance found that AUCs describing the percentage
change from baseline versus time was significantly different
between epidurally injected morphine and saline at L4 and
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Figure 8.4: Epidural fat opioid concentrations after epidural admin-
istration by bolus injection. Relationship between the octanol: buffer
distribution coefficients of the opioids and their dose-normalized
concentrations in fat taken from the lumbar epidural space at the
conclusion of the experiment.
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T10 (P < .017). Overall, significant supraspinal analgesic effects
were recorded as long as 10 hours after injection and persisted
as a trend throughout the 24-hour observation period.

The average plasma morphine concentration was highest at
the first measurement taken (2 hours), but was still approxi-
mately half of the plasma MEC necessary to produce analgesia
from morphine. In 8 participants, the morphine concentration
in the blood declined below the detection limit of 1 ng/mL by
10 hours. This suggests that the extended analgesic effects pro-
duced by morphine were likely induced by distribution through
a spinal mechanism rather than uptake into the blood before
redistribution to the brain.

Selected Epidural Alfentanil Clinical Trials

As mentioned previously, alfentanil has an octanol:buffer coeffi-
cient in the optimal range, suggesting that the lipophilicity of the
opioid may be superior to other congeners when administered
epidurally for postoperative pain control. This has been sup-
ported by a pharmacokinetic study that found that the uptake
of epidural alfentanil into the general circulation was a slow
process when measured by a stable isotope method.!* Perhaps
consequently, peak plasma levels remained low after epidural
administration of alfentanil (<10 ng/mL).!

A study by Chauvin and colleagues®® compared the efficacy of
analgesia and frequency of oxygen desaturation when alfentanil
was administered epidurally and intravenously. Thirty-two ran-
domized, postoperative patients received intermittent 250-ug
boluses of either epidural alfentanil or intravenous (IV) alfen-
tanil with 10-minute and 5-minute lockout intervals, respec-
tively. The resulting pain scores and sedation scores of the
2 study groups did not significantly differ. The time to maximum
analgesia was shorter for the participants treated intravenously
(P < .03), whereas the mean total consumption of alfentanil
was 39% lower for the group administered the agent epidurally.
The authors concluded that because epidural administration
of alfentanil induces the same incidence of hypoxemic events,
epidurally injecting alfentanil offered no clinical advantage over
intravenous administration.

Similarly, another comparative study?” found IV infusion of
alfentanil to be equally effective as epidural infusion for post-
operative pain. The study included 20 participants randomly
allocated to receive an epidural loading dose of 0.75 mg of alfen-
tanil and an infusion of 0.36 mg/h of alfentanil, epidurally or
intravenously. Similar and subanalgesic mean plasma concentra-
tions of alfentanil were obtained for both groups (<20 ng/mL).
Likewise, the total morphine consumption and pain scores were
statistically insignificant between the 2 groups. The incidence of
side effects were comparable, as well; dyspepsia was reported by
11 of 15 of the epidural group and 12 of 17 of the IV group, and
emesis was observed in 6 of 15 patients of the epidural group and
4 of 17 patients in the IV group. Hence, this study, as well as a
later study of alfentanil as an adjuvant to epidural bupivacaine,'
indicated that a similar efficacy for treating postoperative pain is
achieved by either epidural or intravenous infusion of alfentanil.
This suggests that analgesia by alfentanil is not due to a spinal
mechanism of action.

Selected Epidural Fentanyl Clinical Trials®71¢

Fentanyl is one of the most commonly used opioid analgesics and
has a high octanol:buffer coefficient and a rapid onset of action.

A prospective study of 1030 surgical patients given fentanyl
patient-controlled epidural analgesia (PCEA) reported a low
incidence of side effects: 16.7% pruritus, 14.8% nausea, 13.2%
sedation, 6.8% hypotension, 2% motor block, and 0.3% respira-
tory depression (respiratory rate <8 breaths/min).!” However,
the value of utilizing fentanyl for epidural analgesia is controver-
sial. A randomized, double-blinded study by Scott et al'® found
that epidural infusion of 2 mg/mL ropivacaine and 4 pg/mL fen-
tanyl was effective at providing pain relief with a low degree of
motor block for patients undergoing major abdominal surgery.
Yet, 2 randomized, double-blinded studies that considered the
value of IV compared to epidural administration of fentanyl for
knee arthroplasty’ or thoracoabdomial esophagectomy!® con-
cluded that there was no clinical advantage to epidurally admin-
istering fentanyl, as plasma concentrations’"'® and the incidences
of side effects” were similar.

Furthermore, a randomized, double-blinded comparison of
IV and epidural fentanyl infusions for postthoracotomy pain
relief by Sandler and colleagues®® found that both routes uti-
lized systemic absorption to achieve similar levels of analgesia.
Twenty-nine participants were given infusions of 10 pg/mL fen-
tanyl, by either position-verified lumbar epidural catheter or IV
catheter, and then administered the equivalent volume of saline
by the alternate route. Both fentanyl infusions rates and plasma
concentrations stabilized for the study groups approximately
8 hours following surgery, and mean plasma levels of 1.8 £
0.5 ng/mL (for the epidural cohort) and 1.6 £ 0.6 ng/mL (for
the IV cohort) were observed. Participants in the epidural group
required significantly larger fentanyl infusion doses than those
administered fentanyl intravenously (1.95 £ 0.45 pg/kg/h and
1.56 £ 0.36 ng/kg/h, respectively; P = .0002), in contrast to
reports from other studies that integrated PCEA pumps and
found higher doses necessitated by patients administered fen-
tanyl intravenously. Ten-centimeter visual analog scale (VAS)
scores between the study groups were not significantly differ-
ent at any point during the entire postoperative data collection
period and analgesia of <3 on a scale of 10 were achieved by
all patients. Similarly, there were no significant differences in
the incidences of nausea, vomiting, or pruritus for the 2 study
groups, and all observed side effects were classified as mild. Over-
all, the comparable results for the study groups suggest that the
mechanism of analgesia for both IV and epidural administration
of fentanyl is similar and likely by systemic absorption.

Another trial of 50 randomly assigned patients prospectively
compared fentanyl analgesia administered epidurally to IV
administration.'® Postoperatively, 5-pg/mL infusions of fentanyl
at the lumbar or thoracic epidural space or radial artery were
started and adjustments to the dose were made by the addition
of 15 pg/kg fentanyl boluses to maintain a VAS score of <30,/100
at rest. In contrast to the study by Sandler and colleagues, this
trial found that the patients in the IV group required larger
fentanyl boluses during the first 6 hours (lumbar = 104 + 24 pg,
thoracic = 93 £ 19 ug, IV = 137 £ 71 pug; P= .02) and needed
more frequent boluses throughout the study (lumbar =3 £+ 9,
thoracic = 4 £ 8, IV = 6 £ 12; P = .04). Similar to previous
studies, there were no significant differences between the IV and
epidural groups in the analgesia achieved at rest and after cough-
ing or the number of patients requiring treatment for pruritus
(lumbar = 2, thoracic = 1, IV = 0). Patients administered fen-
tanyl intravenously experienced a significantly higher incidence
of nausea (lumbar = 1, thoracic = 2, IV = 8; P = .009) and
longer average postoperative stays (lumbar = 14.4 & 5.6 days,
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thoracic = 11.1 & 2.5 days, IV = 15.6 & 5.3; P = .02). Yet, the
authors concluded that equivalent analgesia was achieved by
all 3 routes of administration using similar doses of fentanyl
regardless of the site of epidural catheter insertion (lumbar
versus thoracic).!®

Selected Sufentanil Epidural Therapy Clinical Trials

Sufentanil has a structure that confers strong lipophilicity; how-
ever, the meningeal permeability coefficient of the opioid is
between the values for morphine and fentanyl. Similar to fen-
tanyl, the analgesia produced by epidurally administering sufen-
tanil seemingly is a result of both spinal and supraspinal effects.
Various studies have reported signs that sufentanil is absorbed
systemically, yet the observed incidences of side effects® and
dose requirements!® of the opioid have suggested a spinal site
of action as well. For example, a randomized, double-blinded
study of 40 patients who were given bupivacaine and sufentanil
by PCEA or IV PCA found comparable pain scores, extension
of sensory block, and incidences of side effects between the 2
study groups; however, the IV group consumed twice as much
sufentanil (48 hours postsurgery: 207 &= 100 pg used by the
IV group, 107 & 57 ug used by the epidural group; P < .05)."
The authors concluded that a spinal mechanism of action con-
tributed to the analgesia produced by epidural administration of
sufentanil with a local anesthetic.!® Although a study by Meni-
gaux et al? reported results that primarily indicated that sufen-
tanil analgesia is produced through systemic absorption and
recirculation supraspinally, as did the following authors.
Miguel and colleagues®® implemented a double-blinded,
prospective design to investigate the site of action of epidurally
administered sufentanil. Fifty patients who underwent intra-
abdominal operations were randomized to the epidural group
(who received 1 pg/mL sufentanil infusion epidurally and an IV
saline infusion) or the IV group (who received 1 wg/mL sufen-
tanil infusion intravenously and an epidural saline infusion).
Pain levels assessed by VAS scores were comparable for both study
groups for patients at rest and while coughing. Furthermore, a
similar amount of supplemental bolus or PCA morphine was
required by the 2 study groups to maintain a VAS score <30/100.
The concentrations of sufentanil in the plasma, the incidences
and severities of pruritus, and the nausea scores were also com-
parable between the 2 study groups. However, the IV group
required significantly more numbers of lower dose adjustments
due to excessive sedation or respiratory depression (IV group =
6, epidural group = 1; P < .05). The authors concluded that
minor clinical differences result from administering sufentanil
by epidural or IV. This suggests that both routes of sufentanil
induce analgesia through a similar, systemic mechanism.

Selected Immediate and Extended Epidural Morphine
Clinical Trials

Morphine was the first opioid approved for intraspinal use and,
concomitantly, has been the most comprehensively studied.

A large, randomized, double-blinded trial compared the
efficacy of analgesia and side-effect profiles for groups admin-
istered 0.1 mg/kg morphine epidurally or intramuscularly to
a group given saline placebo.*® Following orthopedic surgery,
174 patients were monitored for pain and given pentazocine,
piritramide, or metamizol as requested. Postoperatively, the fre-
quency with which patients experienced no surgical site pain was

significantly greater within the epidural group (epidural = 64%
of patients, intramuscular = 27% of patients; P = .05). Also,
the percentage of patients requiring further analgesics (epidural
group = 19%, intramuscular group = 61%, saline group = 64%;
P < .05) and the percentage of patients who experienced poor
sleep during the first night following surgery (epidural group =
14%, intramuscular group = 42%; P < .05) were significantly
lower for the epidural group. The incidences of nausea, vomit-
ing, and headache were comparable among the 3 study groups,
but the frequency of pruritus and disturbances in micturition
were significantly higher for the patients administered morphine
epidurally. The authors concluded that epidurally administered
morphine had a spinal mechanism of action because of the sig-
nificant clinical differences and extended duration of analgesia
when compared to systemically released morphine.

To lengthen the duration of analgesia beyond the 24-hour
maximum typically observed following epidural injection of
morphine,?! a new, lipid-based delivery system that encapsulates
morphine was developed.?? This extended-release epidural mor-
phine (EREM) provides analgesia up to 48 hours following a sin-
gle injection and, as an indwelling catheter is not required, con-
cerns related to anticoagulation and other complications may be
obviated.? Sentinel trials demonstrated the efficacy of EREM for
postoperative pain relief following hip arthroplasty* and elective
cesarean delivery,23 and recent pharmacokinetic data described
the effective use of EREM following injection of an epidural
anesthetic.?! Gambling and colleagues® designed a controlled,
dose-ranging study of 541 patients administered EREM for anal-
gesia after lower abdominal surgery. Patients were randomized
to a standard epidural morphine group (5 mg) or one of 5 study
groups of EREM (doses: 5, 10, 15, 20, or 25 mg). Postoper-
atively, all patients were given access to 10-20 g of fentanyl
delivered by IV PCA with 6-minute lockout intervals. Signifi-
cantly fewer patients within the EREM study groups required no
additional fentanyl analgesia throughout the first 48 hours fol-
lowing EREM administration (P < .01). Furthermore, patients
given 15, 20, or 25 mg of EREM reported significantly lower pain
intensity scores than patients in the standard morphine cohort
(P = .0107, .0056, .0004, respectively). All groups experienced
classic opioid-related adverse events; the only significant differ-
ences between the EREM groups and the standard morphine
group were with the incidences of pruritus (P < .05) and uri-
nary retention (P < .05). The authors observed that the best
analgesia with the fewest side effects was achieved by admin-
istration of 15 mg of EREM and recommended that a multi-
modal pain management approach — such as the addition of a
nonsteroidal antiinflammatory drug to the regimen — could fur-
ther reduce the dose required to provide effective analgesia and,
concomitantly, the occurrence of side effects. Another double-
blinded trial, by Hartrick et al,>* randomized 168 patients to
3 groups (administered either 20 or 30 mg of EREM or sham
epidural injection) to consider the efficacy and safety of EREM
following knee arthroplasty. On request for further postop-
erative analgesia, patients in the EREM groups received an
IV bolus of 0.2 mg/mL hydromorphone and then saline
IV PCA, whereas patients in the sham epidural group received
an IV bolus of 1 mg/mL morphine, followed by morphine via
IV PCA pump. The pain intensity recall scores from 4 through
30 hours after epidural injection were significantly improved
in the groups treated with EREM compared to the group
administered IV PCA (P < .038). Also, the mean total opioid
consumption was significantly lower for the patients treated with
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EREM relative to those given IV PCA analgesia (P < .001), and
the EREM groups had a significantly longer period before addi-
tional analgesia was required (P = .001). EREM-administered
patients tolerated physical therapy on days 2 and 3 significantly
better than those that received IV PCA morphine (P = .01 for
both days). Almost all patients reported mild to moderate side
effects that were consistent with epidural opioid administration.
The EREM treatment groups had significantly higher preva-
lences of pyrexia and pruritus, primarily within the group given
30 mg EREM. Although the incidences of respiratory depression
among the EREM study groups were not significantly greater,
the 9 patients who experienced respiratory events were at least
65 years of age and the authors suggested that lower dose studies
(10 or 15 mg) were warranted for older patients.

CONCLUSIONS

Despite ample pharmacokinetic evidence suggesting that lipid-
soluble opioids have a weak intraspinal effect after epidural
administration; these medications continue to be used for post-
operative epidural administration. The underlying reason may
be the lower cephalad migration when compared to hydrophilic
opioids and, thus, the lower incidence of respiratory depres-
sion after a bolus administration. However, continuous infusion
administration may not be associated with such a high degree
of cephalad migration and makes drugs as hydromorphone and
morphine ideal for postoperative epidural administration.
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Transitions from Acute to Chronic Pain

Frederick M. Perkins

Pain is defined as an unpleasant sensory and emotional expe-
rience,! and pain is something that most people would like to
avoid. A commonly accepted definition of chronic pain is pain
that lasts more than 3 months. Since the late 1990s, there has
been a realization that certain surgical procedures are associated
with a significant incidence of chronic pain. In particular there
appear to be certain surgical procedures where the preoperative
prevalence of chronic pain is low, and then the postoperative
prevalence of chronic pain is significantly higher. The purpose of
this chapter is to (1) review the literature that documents the
prevalence of chronic pain following certain surgical procedures,
(2) review the progression of acute postoperative pain to chronic
pain, (3) summarize some proposed mechanisms that facilitate
the development of chronic pain, and (4) review interventions
that have either been shown to decrease the incidence of chronic
pain or that have been proposed to decrease the incidence of
chronic pain following surgery.

EVIDENCE OF PERSISTENT
POSTSURGICAL PAIN

There have been a number of reviews since the late 1990s
that document a significant prevalence of chronic pain follow-
ing surgery.>~* These reviews have identified particular surgi-
cal procedures with a low prevalence of preoperative pain that
then have a significant increase in prevalence of chronic pain.
Table 9.1 lists surgical procedures that have been associated with
an increased prevalence of chronic pain. Examples of surgical
procedures not associated with an increased prevalence of pain
are also included. Surgical procedures associated with a sig-
nificantly increased prevalence of chronic pain include inguinal
hernia repair,’ thoracotomy,6 breast surgery,7 and lower extrem-
ity amputation.? Of note is the observation that the prevalence
of pain following surgery tends to decrease from 3 to 6 months
and to 12 months but then appears to stabilize. This has been
noted following inguinal hernia repair,” thoracotomy,'? breast
surgery,'! and lower extremity amputation.®

A number of predictors of the persistence of pain following
surgery have been identified. One of the most robust is increased
severity of acute postoperative pain,®> and as a surrogate the
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amount of opioid consumed in the acute postoperative period.

Younger patients, female gender, and the existence of preopera-

tive chronic pain are also risk factors for persistent postoperative
4

pain.

PROGRESSION FROM ACUTE
TO CHRONIC PAIN

Pain is not chronic initially. Although this is an axiomatic state-
ment, it is surprising how often clinicians are not cognizant of
it in their daily practice. Acute pain is initiated by stimulation
of nociceptors, usually in conjunction with tissue damage in
the case of surgery. These nociceptors are mostly high-threshold
peripheral sensory neurons. Information is transmitted to the
dorsal horn of the spinal cord by these neurons, and then to the
brain. The signals that arrive to the brain allow the individual
to perceive the location, intensity, and duration of the noxious
stimulus, and these data can be interpreted as pain.

Almost immediately after the surgical injury, the manner in
which the information is transferred is modified. In the periph-
ery there is release of prostaglandins, bradykinins, and other
mediators that by and large decrease the amount of stimu-
lus needed to cause depolarization of the nociceptive neuron
(peripheral sensitization). In the dorsal horn, two separate but
probably related phenomena can be observed. The first has the
catchy name of wind-up and was first put forth by Mendell
and Wall in 1965% to describe rate-dependent amplification of
transmission to the brain. This is when the frequency of noci-
ceptor simulation increases to more than 2 Hz, and then the rate
of transmission of information to the brain is no longer linear
but exponential. The second phenomenon is central sensitiza-
tion. Again, this results in amplification of information trans-
mission to the brain from the dorsal horn. Both phenomena
involve activation of N-methyl-D-aspartic acid (NMDA) recep-
tors in the dorsal horn, but wind-up is a short-lived response
that rapidly reverts to baseline, whereas sensitization is a longer-
lived phenomenon. Over a period of hours following a surgical
injury there is altered gene transcription in both sensory neu-
rons and in the dorsal horn. These result in increased release of
excitatory neurotransmitters and decreased release of inhibitory
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Table 9.1: Prevalence of Persistent Postoperative Pain

Surgical Procedure

Prevalence of
Chronic Pain (%)

Prevalence of
Preoperative Pain (%)

Risk Factors for Persistent Pain Following Surgery

Genetic and Patient
Related Predispositions
Humoral injury response
Neural plasticity response
Younger patients

Surgical Variables

Specific procedures,
Open vs Laproscopic
Nerve ligation/injury
Repeat surgery

Amputation Stump pain, 62 Very common if

Lower extremity’ Phantom pain, 70 ischemic disease
Thoracotomy®

Posterolateral 50 Uncommon

VATS 31 Uncommon
Mastectomy® 30 Uncommon

+ axillary dissection 50 Uncommon
Prostatectomy

Radical?®? 32 Uncommon
Sternotomy

CABG? 30 Common (angina)

Valve* 32 Uncommon
Colectomy'® 28 Uncommon
Mammoplasty

Augmentation?® 20 Uncommon
Vasectomy® 15 Uncommon

Hernia repair,
inguinal® 12 Common, incident pain
Cesarean section' 6 >95 (labor pain)

Pelvic fracture

Open fixation?! 48 >99
Lumbar spine,

Discectomy" 44 Common
Hysterectomy'® 32 62
Cholecystectomy'? 23 Common
Arthroplasty, hip'? 20 99
Dental,

Root canal'’ 12 Common
Cataract extraction, <1 <1

With lens implant!?

neurotransmitters. With peripheral and spinal sensitization, the
pain threshold is rapidly decreased following injury. There are
good detailed reviews of these phenomena.*?’

An even longer-lived sensitization occurs with injury to
nerves. This long-lived sensitization has a number of similar-
ities to memory.”® There are other observed changes that may
alter pain perception if there is nerve injury. Incorporation of
tetrodotoxin-resistant sodium channels in nociceptive neurons
in the dorsal root ganglion is observed, and there is upregula-
tion of voltage-gated calcium channels. Altered input to wide
dynamic range cell bodies in the dorsal horn is noted, and there
can be significant anatomic remodeling of the dorsal horn on
the microscopic level.?® With persistent pain there are data that
there is brain atrophy and that the extent of atrophy is related to
the duration of pain in years.*

PREDICTORS OF ACUTE AND CHRONIC PAIN

All of the above statements and observations are generalities. The
human race is not homogeneous, and the extent to which any
one individual displays the above may be highly variable. Ben-
nett developed and described the first animal model of chronic

Female patients

psvchological Persistent Preceding Pain at the
£sychotogical Pain Operative Site
Vulnerabilities Pl A

Inguinal hernia,

Anxiety, depression Ischemia
catastrophizing Degenerative disease
behaviors

Postoperative Pain
High pain intensity scores
Analgesic undermedication

Figure 9.1: Perioperative risk factors for persistent pain following
surgery. Summarized from data presented in references 3, 4, 18, 37,
38, 39.

neuropathic pain in a strain of Wistar rats.*! He has noted that
his model is less successful in other strains of Wistar rats and
does not reliably produce pain behaviors in Sprague-Dawley
rats. There is little reason to expect humans to be uniform in
their reactions to tissue and nerve damage. In the early 1950s,
Lasagna and Beecher’?> documented difficulty in finding “an
optimal” dose of morphine. Subsequent studies by Lasagna and
colleagues documented both under treatment of pain in a sig-
nificant portion of patients following surgery and variability of
patient response to opioids. The patient’s pain experience did
not correlate with the patient’s stated pain threshold or toler-
ance. Subsequent studies have documented that pain threshold
as measured by pressure algometry does not predict the extent
of postoperative pain.** Recently, there have been studies that
show a correlation between the extent of pain in an experimen-
tal first-degree burn and the extent of pain with anterior cru-
ciate ligament repair.** There is also a correlation between heat
pain threshold and the extent of acute pain following cesarean
section.®® This is of interest because the severity of postopera-
tive pain is one of the most robust predictors of progression to
chronic pain.®* It is therefore not surprising that genetic predic-
tors of pain have been identified.* It has also been observed that
younger patients and female patients experience more acute pain
and are more likely to develop persistent pain following surgery.*

Another predictor of persistent postsurgical pain has been
evidence of nerve damage. Benedetti et al*” observed that follow-
ing thoracotomy, patients who demonstrated intercostal nerve
dysfunction, as evidenced by loss of the superficial abdominal
reflex, had more acute pain and were more likely to have per-
sistent pain. Rogers et al*® were able to demonstrate intercostal
nerve dysfunction related to use of a rib spreader. Inguinal her-
nia repair and breast surgery with axillary dissection both place
nerves at risk for damage.

There are also some psychological predictors of acute pain,
including anxiety and possibly neuroticism and narcissism.’>
Chronic phantom limb pain following lower limb amputation is
more likely in patients who display catastrophizing (Figure 9.1).%

INTERVENTIONS TO DECREASE PERSISTENT
POSTSURGICAL PAIN

Because the intensity of acute pain and the probability of
nerve damage both are predictors of chronic pain, the surgical
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approaches that minimize these risks should be of benefit.
A number of surgical techniques have been documented to
decrease the prevalence of persistent postsurgical pain.

For inguinal hernia repair there are a number of surgical
approaches that can be considered. There are open repairs either
with or without mesh. There are laparoscopic repairs that may
or may not include the use of staples. The effect of these dif-
ferent approaches has been looked at in a number of studies.
A systematic review of nerve preservation compared to section-
ing found three randomized controlled trials and four cohort
trials.*" Intentional sectioning of the ilioinguinal and iliohy-
pogastric nerves did not alter the probability of persistent pain
following hernia repair at 6 months (21% prevalence of pain for
nerve sectioning and 23% prevalence for nerve preservation),
but nerve dysfunction was common in both groups. An early
systematic review comparing open hernia repair to laparoscopic
repair*! noted that few studies reported the prevalence of chronic
pain, and there were no significant differences. Two more recent
reviews of the same topic**** found a significant decrease in risk
of chronic pain with laparoscopic repair (8% prevalence) com-
pared to open mesh repair (13% prevalence). A review of open
hernia repair using mesh versus not using mesh found a lower
prevalence of persistent pain and a lower hernia recurrence rate
with mesh repairs.** These findings are similar to the findings
from a Cochrane Database Review*® in which cumulative data
revealed a prevalence of 6% for chronic pain following mesh
repairs and 10% for open repairs. There have been a number
of recent randomized controlled studies comparing lightweight
mesh to standard mesh,***” but there has not been a rigorous
meta-analysis or systematic review. The combined prevalence
of chronic pain with lightweight mesh was 27%, whereas with
standard mesh it was 33%.

For breast surgery, the use of sentinel node biopsy has been
found to decrease the prevalence of chronic pain. In one random-
ized controlled study*® women were randomized to a sentinel
node study arm or an axillary dissection study arm. Women in
the sentinel node arm where cancer was found in a sentinel node
also underwent an axillary dissection. Women who did not have
cancer in the sentinel node were less likely to receive adjuvant
cancer therapy and were significantly less likely to develop per-
sistent axillary pain (8% at 24 months) compared to those who
had a primary axillary dissection and adjuvant therapy (39%
at 24 months). Women with negative nodes on a sentinel node
biopsy are significantly less likely to develop arm pain and other
arm symptoms. Women who undergo a secondary axillary node
dissection were as likely or more likely to develop chronic pain
as those who underwent a primary axillary node dissection.*’
At least one group of researchers have noted a decreasing preva-
lence of arm pain and symptoms following axillary dissection
related to surgeons being more aware of the problem.*® Simple
mastectomy appears to be associated with less persistent pain
that lumpectomy.>

A number of studies suggested that the incision type is
of importance regarding the prevalence of postthoracotomy
chronic pain® in that a posterolateral, muscle-splitting incision
is associated with more pain than an anterior or muscle-sparing
incision. Recently, a report from Ochroch et al*! using data from
their 2002 study®? looked at the effect of surgical incision type
and found that patients who underwent posterolateral thoraco-
tomy were more limited in their physical activity than those who
had muscle-sparing incisions, despite no significant differences
in pain prevalence or pain intensity between the groups. This is
an area that needs further investigation.

There are reports that handling of intercostals nerves at clo-
sure following posterolateral thoracotomy can alter the preva-
lence of persistent pain. When patients were randomized to
having the intercostal nerves protected by an intercostal muscle
harvest, the average intensity of postoperative pain was decreased
acutely and for the 12 weeks of follow-up.>® Total pain prevalence
at 12 weeks was not reported, but the prevalence of moderate
to severe pain at 12 weeks was 22% for the nerve protected
group and 28% for the control group (not significant). In a case
series (n = 280), closure with sutures placed through the lower
rib rather than under it (where the intercostals nerve could be
compressed) resulted in significantly less intense pain through
3 months of follow-up, and patients from the control group were
more likely to use neuropathic pain descriptors on the short form
of the McGill Pain Questionnaire.* Pain prevalence data were
not reported.

Ifacute pain in and of itself causes persistent pain, then inter-
ventions that decease acute pain may decrease the prevalence and
severity of chronic pain. Thus far, there are no data indicating
that the type of anesthesia or analgesia alters the prevalence of
pain following inguinal hernia repair.

There have been two randomized controlled studies that
looked at the influence of perioperative paravertebral blockade
on persistent pain following breast surgery. Both found a signif-
icantly lower prevalence of chronic pain in women who had the
block. One was a follow-up study of 60 women who had par-
ticipated in an acute perioperative pain study.’>> In this study,
the prevalence of pain at both 6 and 12 months was signifi-
cantly lower among the women who had received a block (17%
vs. 40% at 6 months and 7% vs. 33% at 12 months). The sec-
ond study was smaller (29 subjects) and involved the placement
of a paravertebral catheter preoperatively in the patients in the
treatment arm.>® This was dosed with 10 mL of 0.25% bupiva-
caine prior to surgery and reinjected every 12 hours for 48 hours
with the same dose. A telephone follow-up inquired about pain
3 months following surgery (“Do you have chronic pain as a
result of your breast surgery?”). The paravertebral block group
had significantly lower pain prevalence at 3 months (0% vs.
80%). If the 6-month data from the first study are combined
with the 3-month data from the second study then the calcu-
lated odds ratio of persistent pain in the paravertebral block
groups is 0.05 (OR 0.02-0.11), and this is highly significant.

In both of these studies the severity of acute pain in the par-
avertebral block groups was less than in the control groups. A
recent study”’ using a multiple injection technique for paraver-
tebral block found less pain in the treatment group only while in
the postanesthesia care unit, but they did not have a benefit on
postoperative days 1 or 2. Long-term follow-up data were not
reported. Thus, there may be important differences in how par-
avertebral block is performed that will need to be investigated in
the future.

For thoracotomy, there are two randomized controlled tri-
als that demonstrated a decreased prevalence of chronic pain
when epidural analgesia was used intraoperatively and post-
operatively’®* and a subsequent study that did not find a
difference in pain intensity.’> Ochroch et al*’> did not find a
significant effect of intra- and postoperative epidural local anes-
thetic versus postoperative only on a mixed surgical population
(32% posterolateral thoracotomy and 68% muscle-sparing tho-
racotomy) followed for 48 weeks. The studies where epidural
analgesia made a difference included only patients undergoing
posterolateral thoracotomy and used a higher concentration
of local anesthetic postoperatively than the negative study by
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Ochroch et al.>? Additionally Ochroch et al®? did not report pain
prevalence data, and their study was probably underpowered for
the analysis that they used.

Thereare also some data that adjuvant treatments to decrease
acute pain may decrease the prevalence of chronic pain. Most of
these studies are in women undergoing breast surgery. Fassoulaki
and colleagues published two randomized controlled studies of
perioperative gabapentin.5%-6! In the first study, women received
gabapentin (1200 mg/d; 400 mg 3 times per day) starting the
evening before surgery, mexiletine (600 mg/d; 200 mg 3 times
per day), or placebo 3 times per day.®® There were no signifi-
cant differences in pain prevalence or pain intensity, or in anal-
gesic requirement at 3 months follow-up, although the char-
acter of the pain in the control group tended to be burning
rather than throbbing, aching, or stabbing. In the second study
women undergoing breast cancer surgery received a combi-
nation of gabapentin (1600 mg/d; 400 mg 4 times a day) for
10 days starting the evening before surgery, plus EMLA cream
(20 g) for 3 days starting the day of surgery plus intraoperative
irrigation of the brachial plexus with 10 mL of 0.75% ropi-
vacaine.®! The control group underwent placebo administra-
tion of each of the interventions. This study found significantly
decreased pain prevalence at both 3- and 6-month follow-up in
the intervention group (30% versus 57% at 6 months). The cal-
culated odds ratio for pain at 6 months is 0.32 (OR 0.18-0.62).
Whether gabapentin or local anesthetics or the combination can
alter long-term pain following breast surgery is not clear, and
follow-up at 12 months and longer is needed. Reuben et al®? ran-
domized women scheduled for breast cancer surgery to receive
either venlafaxine (75 mg for 2 weeks starting the night before
surgery) or placebo. Persistent pain at 6-month follow-up was
significantly less in the venlafaxine group (29%) compared to
the control group (72%). Clearly there is a need for follow-up
studies to confirm these findings on perioperative interventions
aimed at reducing persistent pain after breast surgery, but early
results suggest utility for these interventions.

SUMMARY AND CONCLUSIONS

The data cited above clearly indicate that certain surgical proce-
dures are associated with a significant prevalence of chronic
pain. Surgical techniques that are associated with less acute
pain appear to be associated with less chronic pain. Paraver-
tebral block and epidural analgesia with significant doses of
local anesthetic appear to decrease both acute pain intensity and
the prevalence of chronic pain. Neither the dose of local anes-
thetic necessary nor the extent of neuroblockade needed has been
defined. Finally, the perioperative use of adjuvant medications,
such as gabapentin or venlafaxine, may decrease the prevalence
of chronic pain, but these studies need to be confirmed.
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Molecular Basis and Clinical Implications

of Opioid Tolerance and Opioid-Induced

Hyperalgesia

Larry F. Chu, David Clark, and Martin S. Angst

Opioids were first cultivated around 3400 BC by the Sumerians
in the Tigris-Euphrates river systems of lower Mesopotamia.'
Named from the ideograms huland gil, the word for poppy trans-
lates to the “joy plant.” Ancient Sumerian writings found on clay
tablets from Nippur show that opioid medications were used to
treat pain and to “ease the harshness of life.”> These medications
have most commonly been used for the treatment of acute and
cancer-related pain.> However, recent evidence suggests that opi-
oid medications may also be useful for the treatment of chronic
nonmalignant pain, at least for short periods of time.*~1

Increasing Use of Opioid Medications

Pain management has recently gained prominence and prior-
ity among patients, physicians, and health care providers for a
variety of reasons. Since the late 1990s, pharmaceutical man-
ufacturers introduced heavy marketing of drugs such as Oxy-
contin and cyclooxygenase 2 (COX-2) inhibitors to consumers
and physicians.'®!” In August 1999, the Joint Commission on
Accreditation of Health Care Organizations (JCAHO) issued
transformative new pain management standards to improve
assessment of pain as “the fifth vital sign.”'® In late 2000, the
US congress passed into law a provision declaring the 10-year
period from January 1, 2001, as the Decade of Pain Control
and Research.!” Recently, national and international medical
and political organizations have joined a growing movement to
establish pain management as a fundamental human right,?%-2!
and individual states have even passed legislation mandating
continuing medical education for pain management and end-
of-life issues.”

Perhaps because of these events, opioid medications have
been increasingly prescribed by primary care physicians and
other health care providers for acute and chronic painful
conditions.”>?* A study of Australian opioid prescribing trends
from 1986 to 1996 by Bell*® found an almost 5-fold increase in
the amount of oral morphine use during this period, as well
as dramatic increases in opioid prescribing for noncancer pain.
Long-term use and opioid dose escalation was associated with
one-third of these cases. More recently, Olsen et al®* studied
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opioid prescribing patterns by US primary care physicians from
1992 t0 2001 and found a 54% increase in the incidence of opioid
prescribing at its peak in 1999 (41 per 1000 visits in 1992-1993
compared to 63 per 1000 visits in 1998-1999).% The trend stabi-
lized in 2001, the latest year for which data were analyzed in the
study. Opioids are now among the most common medications
prescribed by physicians in the United States*® and accounted
for 235 million prescriptions in 2004.%

Clinical Implications of Growing Opioid Use

The growing prevalence of opioid use in the general medical
population has led to new concerns about the clinical implica-
tions of this exposure over time. Common concerns stemming
from chronic opioid use include iatrogenic opioid dependence
or addiction and adverse side effects. The need for dose escala-
tion in some patients because of apparent loss of efficacy with
chronic use is another problem that is typically ascribed to the
development of opioid tolerance. Recent evidence suggests that
opioids are responsible for yet another problem that may poten-
tially limit their usefulness over time, opioid-induced hyperal-
gesia (OTH).283! OIH is a unique, definable, and characteristic
increased sensitivity to pain that is distinct from the patient’s
underlying original painful condition, which may explain loss
of opioid efficacy in some cases.

Treatment of acute pain in the presence of analgesic tol-
erance and/or opioid-induced hyperalgesia can present a chal-
lenge for the clinician. Many of these patients suffer from inade-
quately treated postoperative pain because clinicians are unsure
how to best treat their acute pain management needs. Unfortu-
nately, there is a dearth of quality prospective clinical evidence
that directly addresses factors that may influence the efficacy of
opioids in treating pain after prolonged opioid exposure. The
focus of this chapter is to highlight important aspects of our
current understanding of opioid tolerance and opioid-induced
hyperalgesia with respect to their mechanistic underpinnings
and clinical ramifications. Our goal is to provide a framework
to understand and treat acute pain in patients after prolonged
opioid use.
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Figure 10.1: Alterations in the opioid dose-response relationship with chronic opioid administration. We
present a hypothetical diagram showing changes in analgesic response (such as cold pressor tolerance time)
as a function of analgesic dose (such as target plasma remifentanil concentration) after chronic opioid
administration. Opioid-naive patients are shown as black lines. (A) In opioid-induced hyperalgesia, the dose-
response curve of the chronic opioid user is shifted downward and the patient experiences increased pain
to noxious stimuli at baseline (shown as decreased analgesic response when analgesic dose is zero). (B) In
analgesic tolerance, the slope of the dose-response curve of the chronic opioid user becomes attenuated and
rightward shifted; however, there is no significant change in pain sensitivity at baseline (shown as an identical
analgesic response in opioid naive and chronic opioid users when analgesic dose is zero).

ADAPTATION TO PROLONGED OPIOID
EXPOSURE: TOLERANCE VERSUS
HYPERALGESIA

Adaptation to Opioid Therapy

Experience tells us that individual patients can respond quite
differently to opioid medications. Some patients require only a
small amount of opioid medication for effective pain control,
whereas others require larger amounts over time to maintain the
same level of analgesia. After a period of dose escalation, many
patients plateau and some can be maintained on stable dosing
for long periods of time. The need for dose escalation and the
putative loss of effectiveness over time reflects the body’s phys-
iologic adaptation to chronic opioid exposure and the etiology
is both complex and multifactorial in nature.

Mechanisms of Observed Adaptations

Physiologic changes that may occur with chronic opioid expo-
sure include physical dependence, opioid tolerance, and OIH.
These adaptations can occur fairly quickly after the initial opioid
exposure. Studies have shown that signs of tolerance can occur in
patients who received opioids as little as 2 weeks before surgery,
leading to increased perioperative opioid requirements.”? A
recent prospective observational study by Chu et al*®* showed
that increased sensitivity to pain, OIH, can occur after only 4
weeks of chronic opioid therapy.

Although tolerance and opioid-induced hyperalgesia are
the principal mechanisms involved in physiologic adaptation
to opioids over time, other changes may also occur. Opioids
can induce euphoria by indirectly enhancing dopamine release
in the nucleus accumbens, leading to psychological depen-
dence in some individuals.** Addiction and or drug-seeking
behavior has been associated with high psychiatric morbidity
according to self-reported symptoms of anxiety and depression,
history of sexual or physical abuse, and history of psychologic
adjustment.® The astute clinician must be cognizant that
these psychological factors may present yet another reason for

observed need for increasing opioid doses over time in some
individuals.>®

Definition of Opioid-Induced Hyperalgesia

OIH is most broadly defined as a state of nociceptive sensitization
caused by exposure to opioids. It is characterized by a paradox-
ical response whereby a patient receiving opioids for the treat-
ment of pain may actually become more sensitive to pain over
time. This increased sensitivity to pain is a new, unique entity
that is distinct from the patient’s original underlying painful
condition. In clinical settings, OIH may represent one of many
reasons for declining levels of analgesia while receiving opioids.
Another manifestation might be the experience of excessive pain
after an otherwise straightforward surgical procedure. This phe-
nomenon is thought to result from neuroplastic changes in the
central and peripheral nervous systems leading to sensitization
of pronociceptive pathways. OIH can exist in a wide variety of
settings that are described in further detail in later sections of
this chapter.

Differentiation of Opioid Tolerance and
Opioid-Induced Hyperalgesia

A common clinical observation in patients receiving opioid med-
ication for the treatment of pain is the need to increase the dose
over time in some patients to maintain adequate analgesia. This
observation is typically ascribed to the development of tolerance
to the analgesic effects of opioid medications. However, the loss
of analgesic efficacy can also be caused by opioid-induced hyper-
algesia. It is important to note that OIH and analgesic tolerance
are two distinct pharmacologic phenomena that can result in
similar net effects on opioid dose requirements.

For illustrative purposes, we have constructed a theoret-
ical diagram showing changes that may occur after chronic
opioid use that are indicative of analgesic tolerance and OIH
(Figure 10.1). Figure 10.1(A) describes changes associated with
opioid-induced hyperalgesia. In this scenario, a patient with OTH
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experiences increased pain or enhanced pain sensitivity even in
the setting of low serum opioid levels. This is reflected by a down-
ward shift in the opioid dose-analgesic response curve. These
patients have uniquely increased sensitivity to pain (y-axis) at
baseline (eg, in the absence of opioid analgesia), compared to
opioid-naive individuals. This figure suggests that OTH might be
most evident between doses of opioids or during periods of absti-
nence when serum opioid levels nadir and may unmask underly-
ing opioid-induced hyperalgesia. This observation is consistent
with a central or peripheral sensitization of pronociceptive path-
ways that is thought to underlie the mechanism of OIH.

In contrast, Figure 10.1(B) represents changes associated
with the development of analgesic tolerance. These changes are
uniquely characterized by a rightward shift of the opioid dose-
analgesic response curve that is consistent with habituation or
desensitization of antinociceptive pathways mediated by opioid
medications. It is important to note that both OIH and analgesic
tolerance result in an observed decrease in opioid effectiveness
for a given dose of medication. It could therefore be difficult
in some clinical settings to determine if a patient were develop-
ing OIH, tolerance, or both, to opioids. Carefully documenting
baseline pain and analgesic sensitivity using quantitative sen-
sory testing before and after initiating chronic opioid therapy
may help elucidate this diagnostic dilemma.

Analgesic Paradox of Dose Escalation

The observation that two pharmacologically distinct mecha-
nisms may have similar net effects on opioid dose escalation over
time has important clinical implications. In the case of analgesic
tolerance, desensitization of opioid antinociceptive pathways over
time can be addressed by simply increasing the opioid dose.
However, patients with OIH suffer from sensitization of prono-
ciceptive pathways and this same maneuver will paradoxically
aggravate the problem and worsen the patient’s pain. Patients
with OIH will require other means of acute pain management
that do not involve dose escalation of opioid medications.

In clinical practice, it may be difficult to distinguish these two
phenomena because the observed dose escalation may be a mani-
festation of pharmacologically distinct and dimorphic etiologies
involving desensitization of antinociceptive and/or sensitization
of pronociceptive pathways. Further complicating the picture
is the fact that even chronic forms of pain will naturally wax
and wane and the underlying disease causing the chronic pain
may progress over time. A clear understanding of the molecular
mechanisms and clinical presentation of opioid tolerance and
OIH will help the clinician correctly diagnose and determine the
best approach to treat acute pain in these patients.

ANALGESIC TOLERANCE
Introduction to Tolerance

The term tolerance as defined in the preceding sections refers to
the waning analgesic effect of opioids when administered chron-
ically. It is important to note that this term is often used freely to
describe any loss in analgesia, but providers must be very wary of
alternative explanations. It is important not to invoke this expla-
nation for declining treatment effects if advancing nociceptive
stimulation or disease is the true root cause. For example, loss
of treatment effect in a patient being treated for pain related to a
malignancy might result from advancing disease or the effects of

chemotherapy or radiation. In such a situation, reevaluation of
disease status should be completed promptly. When dealing with
a patient experiencing pain of nonmalignant etiology, advanc-
ing underlying disease like progressive arthritic changes, disk
degeneration, or nerve damage might explain the requirement
for increasing doses of opioids to maintain a specified level of
relief. In this case, objective documentation of advancing disease
may be inconclusive as little relationship exists between x-rays,
MRI scans, findings on physical exam, and so on, and reported
pain levels. Advancing pain because of central and peripheral
nerve damage is particularly problematic as it is often very
unclear what the specific mechanism of pain generation might
be. Even though neuropathic pain may be properly thought of as
chronic in many situations, this is not to say that a stable course
is expected. The nature and intensity of neuropathic pain of
many common etiologies, including postherpetic neuralgia, dia-
betic neuropathy, amputation, spinal cord injury, and thalamic
stroke, can all wax and wane over time. Alternative mechanisms
explaining escalating opioid requirements need not be limited
to physical issues, especially when dealing with chronic non-
malignant pain. For example, depression, anxiety, legal issues,
and psychosocial stressors all play a role in the success of a pain
management program.

In acute and subacute settings, for example, when treat-
ing postoperative pain or pain from trauma, it is particularly
important to be aware of alternative explanations to tolerance
when opioid requirements escalate. Perioperatively the causes of
enhanced pain from the surgical area could involve a range of
etiologies, including infection, bleeding, ischemia, failure of an
element of the surgical procedure, rapidly advancing primary
disease, new injury, and so on. Alternative explanations need to
be considered and pursued at the same time that the patient’s
need for comfort is addressed; these are not mutually exclusive
goals. Thus, in clinical settings, assignment of the diagnosis of
opioid tolerance is often clouded by uncertainty surrounding
the underlying cause of the pain.

Acute Opioid Tolerance

What, then, is the human evidence for opioid analgesic toler-
ance? Though the published data are quite limited at this point,
several studies are worthy of mention. Beginning at the acute end
of the treatment duration spectrum, investigators have infused
human volunteers with opioids for a period of hours while fol-
lowing opioid analgesia in the subjects. This type of paradigm
is perhaps closest in a clinical sense to how drugs might be
administered perioperatively. Unfortunately, the data are some-
what mixed. An early study using the cold pressor model of pain
involving immersion of the hand and arm in ice water showed an
apparent fading of analgesia after about 90 minutes of remifen-
tanil infusion.’” This was interpreted as showing an acute toler-
ance and raised the question as to whether it was possible, even
during the course of opioid infusion used as part of an anesthetic
plan, that patients would accommodate to the ongoing presence
of these drugs and show less effect. A subsequent study probably
more rigorous in design suggests that at least for remifentanil
used at clinically relevant infusion rates, we may not have much
about which to be concerned.?® This follow-up study used heat
and electrical models of pain in human volunteers and demon-
strated stable levels of analgesia with remifentanil infusion for
3 hours. The incorporation of a control group into the study
paradigm makes the data particularly compelling.
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Other clinical data approach the issue of acute tolerance
from a different angle. Several studies have been constructed
to randomize patients to either high or low doses of intraop-
erative opioids and have followed postoperative opioid con-
sumption and pain as indices of opioid sensitivity and toler-
ance. These studies have the feature of using opioid admin-
istration protocols within the range of what are actually used
in a relevant clinical setting and follow endpoints that help us
address our actual clinical concern. The majority of this work has
shown somewhat higher rates of opioid consumption in patients
receiving larger intraoperative opioid doses than those receiving
smaller total doses,®~*? although not all studies have reached
this conclusion.*®** These results may seem paradoxical given
the lingering belief that aggressive intraoperative analgesia might
actually reduce postoperative pain and analgesic requirements.
Somewhat reassuringly, the amount of increase in postoperative
opioids was found to be relatively small and generally within
the range of what would otherwise be available to the patient by
using a patient-controlled analgesia (PCA) device. Not resolved
at this point is whether modest to moderate differences in post-
operative opioid consumption potentially resulting from limited
acute opioid tolerance lead to poorer pain control, greater fre-
quency of opioid side effects, poorer surgical outcomes, and
so on. Furthermore, it is unclear whether other aspects of the
anesthetic plan (eg, concomitantly administered agents) might
be able to mitigate any tolerance occurring acutely. Finally, it
should be noted that these types of clinical data provide only
indirect evidence for the development of tolerance and an alter-
native explanation (ie, OIH may explain observed differences in
postoperative opioid consumption and pain).

The issue of opioid tolerance occurring in the setting of acute
and self-limited pain can also be approached from the aspect of
clinical experience. After all, a tremendous collective experience
in the management of postoperative pain and pain related to
minor and major injuries is available. It is most often observed,
whether the source of the pain is surgical or from some other
traumatic injury expected to heal without sequelae, that most
patients consume relatively large amounts of analgesics for the
first few days, but then requirements taper rapidly. In fact, virtu-
ally all studies following postoperative PCA opioid consumption
demonstrate a peak of use during the first 24 hours followed by
rapidly tapering requirements depending on the type of surgery
or trauma. This is not to say that all patients can be made com-
fortable immediately using systemic opioids or that there is not
substantial variation in opioid requirements between patients,
because there are.** However, a pattern of steadily increasing
postoperative or posttraumatic opioid requirement should be
cause for reevaluation of the source of the pain and reasons for
the increasing discomfort. Seldom will practitioners arrive at
the conclusion that some form of opioid adaptation like toler-
ance is responsible for escalating early postoperative analgesic
requirements.

Although often vaguely described, tolerance to fentanyl,
remifentanil, and similar opioids has been reported in the lit-
erature pertaining to sedation, such as occurs in intensive care
units, particularly in pediatric intensive care units (see Delvaux
etal).* Generally these reports involve sedation during mechan-
ical ventilation using near-anesthetic infusion rates of opioids
for several days. Dose escalation is often reported and seems to
be commonplace in the intensive care setting. In one particularly
elegant report, Tobias et al*® used monitoring of the bispectral
processed electroencephalogram index to document escalating

opioid requirements in an intensive care unit (ICU) patient
receiving opioids. Although dose increases or the inclusion of
additional sedatives generally allows ongoing sedation of these
ICU patients, opioid withdrawal can be problematic and may
require slow weaning of the opioids in the extubation and re-
covery process. The particular prevalence of tolerance and
dependence in the pediatric setting seems to parallel observa-
tions made in rodent model systems in which young animals
acquire tolerance more rapidly than older ones.*’

Tolerance after Chronic Administration

The case for opioid tolerance with chronic opioid administra-
tion is quite different. Ideally, we would hope to address the
issue of tolerance by prospectively following a group of patients
initiated and maintained on opioids with similar pain etiolo-
gies in blinded placebo-controlled fashion. This type of study is
unavailable. One study using a reasonable, but nonoptimal struc-
ture prospectively followed back pain patients given morphine.*?
In this study, opioid analgesic dose responsiveness was assessed
using experimental pain paradigms and computer-targeted infu-
sions both before and at 1 and 6 months after the initiation of
treatment. Significant changes were noted in opioid potency
even after 1 month of treatment. Inter-subject variability was,
however, high. For no subject was tolerance complete, however.

Observational evidence collected from postoperative pa-
tients demonstrates that chronically opioid-consuming patients
often require substantial increases in opioid administration to
achieve pain control. In a sentinel study, de Leon-Casasola
et al*® measured the postoperative opioid requirements for
chronically opioid-consuming patients versus opioid-naive con-
trols. The chronically opioid-consuming patients were on aver-
age consuming 183 mg of oral morphine equivalent per day.
Postoperative pain was managed with epidural morphine and
local anesthetic mixtures. The previously opioid-consuming
patients required approximately 3 times as much epidural mor-
phine to maintain a level of comfort similar to the previ-
ously opioid-naive patients. The chronically opioid-consuming
patients also required approximately 4 times as much break-
through intravenous morphine. In a separate case-controlled
study by Rapp et al,** postoperative PCA morphine require-
ments were compared for 180 chronic opioid-consuming and
180 control patients having major surgeries. Distinct from the
patients followed in the epidural study, these opioid-consuming
patients were using only about a 40-mg morphine oral equiva-
lent. In this study, PCA morphine requirements were also about
3 times as large for previously opioid-consuming patients as
drug naive controls. It is concerning that the chronic opioid-
consuming patients did not achieve the same level of pain relief
and had higher levels of side effects, including sedation, despite
their augmented opioid dosing. Thus, using postoperative pain
as the model in which to study tolerance, chronically opioid-
consuming patients seem to require several times the total opi-
oid dose to control pain in the postoperative period, and may
be more prone to serious side effects. It needs to be emphasized
that, although we may be able to conclude that tolerance was
observed in a cross-sectional sense, the requirements for individ-
ual patients was quite variable. Thus, it was not concluded that
a reliable and safe prediction of postoperative opioid require-
ments could be made from preoperative data alone. Moreover,
there are many patient variables that have been linked to opioid
requirements like sex, age, depression, anxiety, neuroticism, and
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Table 10.1: Factors Tending to Promote Increasing Use of
Opioids versus Those Tending to Limit Dose Increases; Note
That Analgesic Tolerance Is Only One of Many Factors
Affecting Opioid Dosing

Factors Limiting Dose

Increases Factors Promoting Dose Increases

Fear of dependence or
addiction

Side effects

Analgesic tolerance

Advancing underlying disease

Lack of efficacy of preceding
dose increases

Exacerbation of depression, anxiety

or other psychosocial factors
Costs Addiction or diversion

Physician attitudes Opioid-induced hyperalgesia

preexisting pain conditions, in addition to the preoperative use
of opioids.”®=>* It is noteworthy that some of the psycholog-
ical factors like depression are independently associated with
an increased likelihood to consume opioids and to suffer from
aggravated perioperative pain.>

Other clinical evidence is available from various sources indi-
cating that for many patients with relatively stable pain condi-
tions, opioid dose requirements rise over time at a variable rate.
Following the amount of drug prescribed to or consumed by
patients is often taken as a measurement of opioid requirement
to reach a certain level of pain control. Thus, some would con-
clude that changes in the quantity of opioid prescribed or con-
sumed can be used as an index of opioid potency and, therefore,
constitute a valid index of tolerance. Before proceeding to studies
that for the most part rely on this methodology, we need to con-
sider some of the pitfalls associated with this approach. As listed
in Table 10.1, many factors other than changes in the intrinsic
pharmacological potency of the opioid may influence opioid pre-
scription and consumption. Thus, studies failing to objectively
measure opioid potency have significant limitations in power.

Accepting the limitations of the factors listed in Table 10.1,
we can proceed to a discussion of typical patterns for opioid
dose escalations in patients treated for chronic forms of pain.
At this point, a significant number of studies exist showing opi-
oid consumption over time. The stability can be highly variable,
although the reader is directed to the reports of Milligan, Galer,
Portenoy, and Buntin-Mushock as examples of studies following
dose escalation in different settings.'>*>>*%” The data presented
in these studies generally involved substantial sample sizes fol-
lowed closely for a several-months to 3-year time course. The
studies were completed both prospectively as components of
analgesic trials, as part of an opioid patient registry effort, and as
a retrospective analysis of a single large academic clinic’s expe-
rience. Although diverse in their structure, the studies reached
similar conclusions with respect to the rates of dose escalation.
In general, the collective experience involves a period of rela-
tively rapid dose escalation lasting several weeks to a few months
in which, if the patients are given the flexibility, doses of opioids
seem to increase in a manner paralleling improvement in pain
control followed by a period of up to 3 years duration in which
doses tend to increase at a slower rate in the setting of stable pain
scores. Many patients discontinue opioid use during the first sev-
eral months of treatment, and this factor does further confound
interpretation of the dosing patterns. However, looking at opioid

consumption rates within the confines of what was allowed in
these divergent settings, consumption was not observed to spiral
upward and out of control. In other words, human tolerance was
not judged to advance at a rapid or therapy-limiting rate after
the period of initial dose titration. Differences in metabolism of
opioids over time have not emerged as able to explain changing
dose requirements. As was discussed earlier, however, none of
the patients in the studies cited here had formal evaluation of
opioid potency against a standardized painful stimulus followed
over time. Thus we cannot make any definitive conclusions con-
cerning the long-term rate of tolerance.

Mechanisms of Tolerance

The study of opioid analgesic tolerance has been ongoing since
the late 1970s. The vast majority of the work has been pursued
in rodent models or in cell lines; little mechanistic information
is available from studies using human volunteer or patient pop-
ulations. Although the use of models has been necessary for
progress to be made in terms of understanding tolerance, there
are several areas of concern regarding interpretation of most of
the available studies. First, the doses of opioids used in rats and
mice are far higher than the majority of human patients would
ever receive. It is not uncommon, for example, for laboratory
mice or rats to receive escalating morphine doses to reach 40—
50 mg/kg/d. This is the human equivalent of several grams of
drug per day, a relatively uncommon occurrence. Second, the
period of exposure to opioids in animal studies is often very
acute (single or a few doses), which, as presented before, does
not mimic the clinical scenarios where tolerance issues seem
to be most problematic. So-called “chronic” dosing in animals
often consists of 3—7 days of administration that in human clin-
ical terms is still acute treatment. The reasons for use of these
animal dosing strategies are generally that profound tolerance
in rodents is often seen after short-term exposure, and there are
significant logistic and cost-related difficulties associated with
long-term opioid administration. However, the effects studied
by investigators are generally very robust and lend themselves to
rigorous experimental investigation. So, although human confir-
mation of even basic mechanistic findings in rodents is generally
lacking, we do have a very good understanding at this point of
what some of the more likely mechanisms of tolerance might be.

Opioid Receptor Desensitization and Trafficking

One of the most fundamental ways an organism can reduce
sensitivity to an agent acting through a receptor is to alter recep-
tor expression and function. These sorts of mechanisms have
been demonstrated to apply to opioid receptor signaling. Most
of this work has been done on p-opioid receptor systems as
this receptor is likely the most relevant to the overall effects of
most commonly used opioids in humans. Reports can be iden-
tified demonstrating that under some conditions a reduction
in receptor protein or p-opioid receptor ligand binding can be
observed.”® However, the majority of the work that has been
done in rodents using a number of natural and synthetic opioids
has failed to find substantial differences in p-opioid receptor
expression in various regions of the brain and spinal cord.*~¢?
Although it is possible that in subregions of the brain there are,
in fact, relevant changes, we cannot ascribe opioid tolerance to
a simple global downregulation of receptors for the commonly
used opioids. Thus, attention has turned to the issues of receptor
trafficking and receptor-effector coupling.
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As opposed to the largely negative data surrounding opi-
oid effects on overall expression levels, a great deal of work has
suggested that the p-opioid receptor (as well as the §-opioid
receptor) are functionally uncoupled from second-messenger
systems after acute and chronic opioid exposure. One of the
first events in this uncoupling involves phosphorylation. Excel-
lent reviews on the topic of opioid receptor phosphorylation
and desensitization are available.®*=%> The rate and degree of
phosphorylation are highly dependent on the agonist with more
rapid phosphorylation observed for high-potency agonists than
for morphine itself.%-%° The sites of phosphorylation are many,
but most work has focused on the cytoplasmic tail with partic-
ular attention given to phosphorylation of key serine residues
like Ser®”> of the rat p-opioid receptor.”” Many protein kinases
have predicted or demonstrated phosphorylation sites on the
p-opioid receptor, and, although not the only site of function-
ally important phosphorylation, Ser®”> seems to be the target for
the GRK2 and GRK3 receptor kinases. This phosphorylation is
believed to take place within minutes of agonist exposure. Recep-
tor phosphorylation is reversible through the action of intracel-
lular phosphatase enzymes. Phosphorylation of the receptor is
felt to interfere with receptor-guanosine triphosphate (GTP)
binding protein coupling or with subsequent binding of arrestin
molecules and removal of the receptor from the cell surface.

The removal of phosphorylated opioid receptors from the
cell surface via clathrin-dependent internalization, the dephos-
phorylation of the receptors, and, finally, their degradation or
recycling to the cell surface have been studied in some detail as
well. The B-arrestins are key proteins initiating this process. It
has been shown, for example, that p-opioid receptor activation
is rapidly followed by the interaction of this receptor with both
B-arrestin 1 and B-arrestin 2.”1:7> The interaction of receptor
with arrestin molecules functionally desensitizes the p-opioid
receptors. This interaction is, again, dependent on the agonist
used, with much greater B-arrestin interaction initiated by use
of selective high-potency agonists as opposed to morphine.”
Differences in the strength of interaction of opioid receptors
with B-arrestins and subsequent internalization and recycling
have been implicated in the differences in the rapidity and
degree of tolerance observed in response to exposure to opioid
ligands.

The actual process of internalization and recycling is proba-
bly common to a large degree with other GTP binding protein-
coupled receptors (see Claing et al for a review).”* The general
steps are (1) aggregation of B-arrestin or AP-2 adapter protein-
associated receptors on the cell surface membrane (oligomeriza-
tion), (2) activation of clathrin and dynamin under the plasma
membrane, and (3) internalization of the receptors for further
processing. This internalization can be, for high-affinity ago-
nists, a rapid process taking only minutes to be initiated. The
ultimate fate of the receptor in terms of degradation or return
to the cell surface membrane depends on the specific agonist
molecule used, the state of phosphorylation, the association of
[B-arrestin, interactions with additional proteins, and the period
of exposure of cells to the opioid agonist.

Alterations in GTP Binding Protein Coupling

The step after opioid-receptor interaction in the classical
receptor signaling cascade is interaction of receptors with GTP
binding proteins and the subsequent interaction of those pro-
teins with additional signaling molecules or effectors such as
ion channels. Tolerance to opioids probably involves alterations

in these interactions as well. The types of basic changes that
have been noted are as follows: (1) alterations in expression of
GTP binding protein subunits and (2) alterations in the cou-
pling of the activated subunits to effector molecules. The details
of alterations in coupling to GTP binding proteins was reviewed
recently.”” Functionally we might suspect a fundamental alter-
ation in GTP coupling as chronic exposure to morphine has in
some systems been linked to the stimulation as compared with
the usual inhibition of adenylate cyclase (AC) activity seen after
acute morphine exposure.”®”’

Several studies have demonstrated the upregulation of G in
the brain tissue of animals exposed to morphine.”®-8" Recently, it
was demonstrated that after chronic morphine administration
using a coimmunoprecipitation that p-opioid receptors were
associated with G, protein.3! Other data from the same group
suggest that a second stimulatory mechanism is operative. In this
case the GTP binding protein subunits seem to act under con-
ditions of chronic morphine exposure as stimulatory to AC.3%:33
Although paradoxically opposite effects on the modulation of all
opioid coupled effectors has not been demonstrated, these effects
on AC show that not only declining, but even opposite opioid
effects can result from chronic exposure and explain tolerance.

Protein Kinase Activation

Although several dozen individual protein molecules have
been implicated in supporting opioid analgesic tolerance, it is
unlikely that all of these molecules are activated independently
of one another. One point in signaling pathways where large
numbers of downstream molecules can be activated in response
to the increased activity of a single protein is when a protein
kinase is involved. In the area of opioid tolerance, several kinases
have been explored in some detail as to their ability to control
a range of downstream molecules functional in the tolerance
process. The roles for various protein kinases has been reviewed
recently.®*

Protein kinase C (PKC) is probably the best investigated
of the protein kinases relevant to opioid tolerance. One of the
first reports of PKC activation during chronic morphine expo-
sure was in 1995 by Mayer et al®® using autoradiography. These
investigators found evidence of PKC translocation in the super-
ficial layers of the spinal cord. Other investigators used enzyme
assays to show enhanced PKC activity in CNS tissue from ani-
mals chronically exposed to opioids.®-%” Still other groups used
pharmacological inhibitors of varying degrees of specificity to
demonstrate that PKC activity may be important for the full
manifestation of opioid tolerance.?”:3 The later availability of
knockout mice led to conflicting reports of the role of the specific
PKC isoform PKC-y.#?>** Thus, although there is some uncer-
tainty as to the specific isoforms involved, overall spinal PKC
activity is likely related to the development of opioid tolerance.

Calcium/calmodulin-dependent kinase type 2 (CaMKII) is
a kinase widely distributed in the central nervous system (CNS)
that has been linked to opioid tolerance, learning, and some
aspects of chronic pain. This enzyme is upregulated at the
mRNA and protein levels in the spinal cords of opioid-tolerant
mice and rats.”>*? Inhibitors of the enzyme can reverse opioid
tolerance.” In an elegant series of nonpharmacological experi-
ments, Koch et al** showed that a constitutively active form of
CaMKII could enhance desensitization of p-opioid receptors in
transfected HEK293 cells, whereas transfection with an opioid
receptor with mutated CaMKII phosphorylation binding sites
(S261A/S266A) showed less desensitization. Although CaMKII
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has many potential targets in CNS and peripheral neurons, the
p-opioid receptor itself may be one of the more relevant proteins
for promoting opioid tolerance.

Several additional kinases in addition to those discussed
above have received at least some attention by investigators
interested in opioid tolerance. For example, several laborato-
ries have described the involvement of the monoxide signaling
systems heme oxygenase and nitric oxide synthase in morphine
tolerance.”~® The monoxide signaling molecules produce car-
bon monoxide (CO) and nitric oxide (NO), respectively, and
activate guanylate cyclase in a synergistic manner, thus increas-
ing cGMP levels in the CNS,%*>1% The cGMP thus produced can
activate protein kinase G (PKG), which goes on to phosphorylate
many intracellular targets. In fact, the cGMP signaling system is
upregulated at many points after morphine exposure.”® Likewise,
protein kinase A (PKA) is activated by the excess cyclic adenosine
monophosphate produced in cells in response to chronic mor-
phine exposure (see previous). Investigators have addressed the
issue as to whether PKA inhibitors reduce opioid tolerance, with
the results generally suggesting CNS PKA activity is required for
ongoing opioid tolerance.!0-104

N-methyl-p-aspartate Receptor

The N-methyl-p-aspartate (NMDA) receptor is one of the
principal excitatory receptors and is expressed throughout the
CNS. The association between this receptor and opioid tolerance
was first reported in 1991 in a series of studies in which mor-
phine was administered systemically along with the noncom-
petitive NMDA antagonist MK-801.1% This report was rapidly
followed by others showing that the tolerance-reducing effects
could be obtained using the intrathecal injection of MK-
801.196:107 Tt has also been observed that dextromethorphan and
several other NMDA antagonists of varying degrees of selectivity
can reduce or eliminate opioid tolerance. Later, it was observed
that, in the brain and spinal cord, morphine could enhance the
expression of NMDA receptor subunits when given in single or
multiple daily doses.””!108-109

The mechanism whereby activation of the NMDA recep-
tor leads to opioid tolerance has been the subject of a number
of investigations.!1%~112 The emerging model is that morphine
exposure leads to NMDA receptor activation that subsequently
opens the NMDA channel pore to admit calcium ion. The
increase in calcium ion concentration then activates PKC, which
goes on to activate a number of additional proteins, ultimately
causing tolerance. The simultaneous activation of glucocorti-
coid receptors in spinal tissue as a consequence of morphine
exposure leading to the upregulation of both PKC and NMDA
receptors further supports this process,''> The authors of the
work supporting this mechanism have carefully pointed out
that this mechanism is similar to that proposed to support at
least some forms of neuropathic pain. Thus, tolerance and some
forms of chronic pain may to a degree share mechanistic com-
ponents. This may also explain the relatively refractory nature
of neuropathic pain to treatment with opioids.

The simultaneous administration of an NMDA receptor
antagonist, dextromethorphan, and morphine has been used
in attempts to reduce opioid tolerance in humans. Galer et al*®
provided data from large-scale clinical trials showing no differ-
ence in pain control or opioid consumption in populations of
patients with arthritic pain given morphine alone versus mor-
phine plus dextromethorphan. There was no difference in pain
control or the amount of morphine consumed between these

groups. Reasons for the study’s failure include the very limited
amount of tolerance seen in the control (morphine) group, inad-
equate dose of dextromethorphan, or a fundamental difference
in human versus rodent physiology.

Ion Channels

Ion channels are some of the final effector molecules involved
in tolerance. Regardless of the cellular mechanisms involved,
conduction of a nociceptive nerve impulse is ultimately deter-
mined by whether a neuron fires or remains quiescent. Because
itis the properties of a neuron’s ion channels that ultimately gov-
ern the probability of firing, ion channels are the final arbiters
of analgesia, hyperalgesia, and opioid tolerance. Chronic opioid
exposure effects on second-messenger systems were already pre-
sented. The activities of both potassium and calcium ion chan-
nels are both modulated by some of the same second-messenger
systems known to be affected by chronic opioid exposure.

Calcium ion channels were first associated with opioid tol-
erance when it was noted that calcium ion channel expression
increased after chronic opioid exposure.!'* The inflow of cal-
cium ion both participates in the depolarization of excitable
cells and supports subsequent calcium-dependent elements of
plasticity in those cells. Several other groups provided com-
plementary results with reports of increases in N-type channel
binding activity,!*> but no changes in L-type binding®® after
morphine exposure in brain preparations. Using pharmacolog-
ical tools, evidence has been provided suggesting that activity
in N-type,!!® T-type,''® R-type,''” and L-type!'® calcium ion
channels expressed in the brain and spinal cord support opioid
tolerance. In fact, as a general principal calcium ion tends to
support tolerance in CNS neurons. Thus intracerebroventricu-
lar injections of calcium chelators and ion channel antagonists
both reduce morphine tolerance if this opioid is simultaneously
administered.!!?

The situation pertaining to the expression and regulation
of potassium ion channels is more complex. Reports have pro-
vided data generally demonstrating increases in various types of
potassium ion channels, including Kv1.5 and 1.6,'*° and ATP-
sensitive channels'?! after chronic opioid exposure. Some inves-
tigators found little evidence for alterations in functional cou-
pling between opioid receptors and potassium ion channels.'?}
Chen et al,'>* however, found that chronic morphine exposure
markedly diminished opioid gating of potassium ion channels
in amygdala neurons. Furthermore, chronic exposure of dorsal
root ganglion neurons to opioid agonists leads to alterations
in action potential duration, suggesting diminished potassium
channel modulation by opioids.!*12

Cytokines and Innate Immunity

Since the late 1990s, the field of pain research has witnessed a
rapidly advancing awareness of the roles members of the innate
immune system have in controlling pain in various settings.
Cytokines in particular have been studied to determine their
roles in various types of inflammatory and neuropathic pain
(see Watkins et al'?® for a review). It has already been men-
tioned in this chapter that tolerance and neuropathic pain seem
to share some common mechanistic components (ie, the acti-
vation of NMDA channels and PKC).2> Because of the pronoci-
ceptive nature of many cytokines produced in glial cells in the
CNS, and because opioid tolerance is often associated with the
enhancement of nociceptive sensitivity, concerted efforts have
been made to identify roles for cytokines in opioid tolerance.
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Some of the first steps taken were to determine if chroni-
cally administered opioids could activate glia in the spinal cord,
and whether these activated glia produce cytokines. Investigators
were rapidly able to demonstrate the activation of both microglia
and astrocytes in rodent models of tolerance.!?”>!28 Although
activated glia can perform many functions, one is to produce
inflammatory mediators such as cytokines. Again, investigators
showed that spinal levels of IL-1, IL-2, and IL-6, commonly stud-
ied cytokines with many roles in nociception, were increased in
abundance after chronic opioid exposure.!?*~13! Levels of the
same cytokines are not necessarily expressed in greater amounts
in skin and peripheral tissue under similar conditions. Broad-
spectrum inhibitors of cytokine production, such as interferons,
propentofylline, and selective agents like IL-1 receptor antag-
onist (IL-1ra) can reduce tolerance.!?> 132133 At this point in
time we still have a limited knowledge of the range of cytokines
produced in response to chronic opioid administration and the
functions of each alone or as a group.

Genetic Approaches to Opioid Tolerance

Biomedical science is increasingly turning to the genome to pro-
vide clues as to the mechanisms of disease and drug action. One
of the many advantages of genomic-based research is that the
process for nomination of genes to be investigated in particular
phenomena (eg, opioid tolerance) can be objective and indepen-
dent of the bias of constructing a hypothesis based on existing
data. Thus investigators can use naturally occurring variations
in DNA sequence and the resulting differences in function to
gain insight into complex physiological phenomena.

Differences in the degree of tolerance developing in inbred
strains of mice have been investigated for some time.!3 13>
The differences can be profound in these models and range
from manyfold shifts in opioid dose-response curves to no
discernable change in sensitivity for other strains treated with
opioids in an identical manner. Using a haplotype-based tech-
nique for genomic analysis, Liang and colleagues'*®137 recently
identified two genes found to modulate opioid hyperalgesia,
physical dependence, and tolerance. The first association to be
described using this approach was with the gene coding for
the B,-adrenergic receptor. Antagonists of this receptor were
in the same series of experiments found to reduce morphine
tolerance. The same result was obtained when comparing wild-
type to B;-adrenergic knockout mice.'**137 Given the roles in
tolerance already demonstrated for changes resulting in the acti-
vation of the AC system, this association may be viewed as highly
plausible.

A second report from the same team of investigators linked
variants of the gene coding for the P-glycoprotein drug trans-
porter to tolerance.!*® In this case it was determined that ade-
quate efflux of opioid from the CNS was required for tolerance to
be fully manifest. These results were in line with an earlier report
that found that pharmacological blockade of opioid efflux from
the CNS could reduce tolerance.'® It has not yet been deter-
mined why opioid efflux from the CNS is required for the full
manifestation of tolerance.

Mechanistic Distinction of Tolerance and OIH

Analgesic tolerance and OIH generally occur under similar cir-
cumstances. In fact, when a panel of 16 strains of inbred mice
were compared with respect to their propensity to develop

tolerance versus their propensity to develop OIH, the corre-
lation was high.!*® However, the correlation was not exact.
Where examined, most maneuvers that limit opioid tolerance
also reduce OIH. These similarities have led some investigators
to conclude that opioid tolerance and OIH are really different
manifestations of the same underlying physiological changes.'*°
In fact, it seems very likely that many opioid-induced phenom-
ena, especially those tending to sensitize nociceptive circuitry,
contribute to both phenomena. Moreover, at the bedside, it is
often very difficult to separate loss of treatment effect because of
tolerance from what might be because of OIH.

Thereare, however, a few reports suggesting that the two phe-
nomena can be distinguished under at least some conditions. For
example, Dunbar and Karamian'*! showed that repeated opioid
abstinence during intrathecal opioid infusion could enhance
OIH independently of any effect on tolerance. Later studies
showed that the intrathecal administration of ketorolac along
with morphine could reduce OIH but did not effect tolerance.'*?
Thus we might conclude that OIH and tolerance are phenom-
ena with significant but perhaps not complete overlap. As such,
it is possible that strategies could emerge that would be more
effective in treating one over the other phenomenon.

OPIOID-INDUCED HYPERALGESIA
OIH versus Opioid Dosage

It is perhaps useful from a clinical, if not mechanistic, stand-
point to consider OIH in three different settings. As reviewed
in detail elsewhere, OIH is seen in both humans and in ani-
mal models in the settings of very low-dose opioid administra-
tion, during maintenance dosing, and when doses are extremely
high.®® The vast majority of experimental and clinical data
concerns the situation where opioid doses are relatively sta-
ble or are oscillating in a manner consistent with standard
therapeutic approaches. We, therefore, focus our discussion
on the human and animal data related to these scenarios. We
refrain from discussing OIH in the setting of very low-dose
opioid administration as the clinical relevance of this phenom-
ena has yet to be established and been discussed elsewhere.?®
Finally, we briefly discuss OIH when opioid doses are extremely
high.

OIH Occurrence under Common Therapeutic
Conditions: Human Evidence

Clinical reports of hyperalgesia associated with opioid use span
more than 100 years, as noted by Rossbach in 1880, “[W]hen
dependence on opioids finally becomes an illness of itself, oppo-
site effects like restlessness, sleep disturbance, hyperesthesia,
neuralgia and irritability become manifest.”!*> Over the past
decade, observational, cross sectional, and prospective con-
trolled trials have began to characterize the expression and
potential clinical significance of OIH in humans. These stud-
ies have been conducted using several distinct cohorts and
methodologies: (1) former opioid addicts on methadone main-
tenance therapy, (2) perioperative exposure to opioids in patients
undergoing surgery, (3) healthy human volunteers after acute
opioid exposure using human experimental pain testing, and,
more recently, (4) a prospective observational study in opioid-
naive pain patients undergoing initiation of chronic opioid
therapy.
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Former Opioid Addicts on Methadone
Maintenance Therapy

A number of studies have examined pain sensitivity in opioid
addicts maintained on methadone using cold pressor, electrical,
and pressure pain models.!44~1%° These studies show a modality-
specific hyperalgesia to cold pressor pain in these patients com-
pared to matched or healthy controls.!*4~148 In contrast, hyperal-
gesia was weak or absent in electrically and mechanically evoked
pain models.!*148-150 Studies of healthy human volunteers were
also unable to detect development of OIH in thermal pain
models.>!3 These results suggest that OIH develops differ-
ently for various types of pain,!44148:149

Recently Pud et al'>* conducted a study of cold pressor test-
ing in a cohort of opioid addicts (OA) presenting for a 4-week
inpatient detoxification program. Cold pressor pain measure-
ments were taken on admission and 7 and 28 days thereafter. In
contrast to previous studies, the authors found increased latency
to the onset of pain and decreased VAS pain scores for peak pain
in the OA group compared to healthy controls. However, they did
resolve a significant decrease (~50%) in cold pressor tolerance
in the OA group compared to controls that is consistent with
earlier findings by other investigators.!**~14 The authors could
not readily explain the mixed finding of increased cold pressor
latency and hypoalgesia in the setting of decreased cold pres-
sor tolerance and putative hyperalgesia in the OA group. They
postulate that pain avoidance behavior'>*!5 and markedly low
frustration levels'>® may cause addicts to initially deny the feel-
ing of pain. However, when denial becomes impossible, their
tendency to overreact'® causes them to very quickly terminate
the stimulus. Therefore, it may not be so much the intensity
of pain as it may be the aversive character and/or unpleasant-
ness of pain that becomes exaggerated in these patients. This
may also explain why OIH is much more prominent in the cold
pressor test than in models of acute heat and electrical pain.
The latter pain models cause significantly less pronounced neg-
ative affect than the cold pressor test at similar levels of pain
intensity.!®

The Pud study also offers some insight into the reversibility
of OIH in this population. The authors did not see a significant
change in pain sensitivity over time during the 4 weeks of opioid
abstinence. This is in contrast to work by Compton!#® and Hay
et al,’ who found higher pain tolerance and decreased pain
sensitivity in opioid addicts who were abstinent for 6 months to
1 year compared to current opioid users or controls. These
results suggest that OIH in this patient population may be
reversible to some extent but requires along period of opioid abs-
inence.

Taken as a whole, these studies provide observations that are
compatible with the hypothesis that OIH is caused by chronic
opioid exposure. It is important to understand the limitations of
these studies. The cross-sectional or retrospective nature of these
studies (ie, the cohort was already chronically exposed to opi-
oids) precludes establishing a firm causal relationship between
opioid use and development of OIH. In addition, unique prop-
erties of the OA population may confound pain measurements
in these patients. Finally, another limitation of these studies
is the possibility that increased pain sensitivity may intrinsi-
cally predispose people to become opioid addicts and require
methadone to prevent relapse after detoxification. This hypoth-
esis is supported by the observation that current users of opioid
or cocaine are more sensitive to cold pressor pain than former
users of either drug.'*

Perioperative Exposure to Opioids

A small number of clinical studies have looked at OIH in
the setting of acute perioperative opioid exposure. Two prospec-
tive controlled clinical studies reported increased postoperative
pain despite increased postoperative opioid use in patients who
received high doses of intraoperative opioids.’®**?> A separate
study of women undergoing cesarean section found intraop-
erative exposure to intrathecal fentanyl also leads to a similar
finding of increased postoperative opioid consumption with-
out improved analgesia compared to women who received
placebo intrathecal saline injections.*® More recently, a study
by Joly et al'® directly measured the development of secondary
wound hyperalgesia after acute intraoperative opioid expo-
sure. The authors found that high-dose intraoperative expo-
sure to the potent, ultrashort-acting p-opioid agonist remifen-
tanil increased peri-incisional wound allodynia and hyperalgesia
measured by von Frey hairs compared to low-dose intraoperative
remifentanil in patients undergoing major abdominal surgery.

In contrast, other studies showed no effect of intraoper-
ative opioid dose on postoperative pain sensitivity. Cortinez
et al found neither increased pain nor postoperative opioid con-
sumption after high-dose intraoperative remifentanil exposure
in patients undergoing elective gynecologic surgery.*’> A more
recent study by Lee et al'®! also failed to see a significant differ-
ence in postoperative pain or opioid consumption in patients
who received intraoperative remifentanil compared to 70%
nitrous oxide after colorectal surgery. Finally, Hansen et al'®? also
failed to see a sustained significant difference in postoperative
pain or opioid consumption in patients who received intraopera-
tive remifentanil compared to saline infusion after major abdom-
inal surgery. Although the authors of this study did find a signifi-
cantincrease in VAS score in the remifentanil group compared to
placebo during the immediate postoperative period that is sug-
gestive of OIH, this difference was no longer significant 2 hours
after surgery or during the remainder of the 24-hour observa-
tion period. The failure to observe an effect of intraoperative
opioid exposure on postoperative pain and opioid consumption
in these studies may be because of lower total intraoperative opi-
oid exposure in the cases of the Cortinez and Lee studies when
compared to the positive results of Guignard et al,*? suggesting
a dose-dependent effect of opioids on the development of OTH.

These observations provide mixed support for a hypothesis
of development of OIH after acute perioperative opioid expo-
sure. Importantly, these observations provide only indirect evi-
dence in support of this phenomenon. As noted previously in
this chapter, the need for dose escalation to maintain analgesia
can be because of the development of analgesic tolerance, opioid-
induced hyperalgesia, or simultaneous expression of both phe-
nomena. No causal relationship between acute perioperative
opioid exposure and development of OIH can be established
without direct measurement of pain sensitivity. Although Joly
et al'®® have successfully implemented quantitative assessment
of pain into a clinical study of OIH and postoperative pain, fur-
ther work incorporating these methodologies into high-quality
prospective trials will be needed to further characterize the
expression and clinical significance of OIH after acute opioid
exposure in the perioperative setting.

Acute Opioid Exposure in Healthy Volunteers using
Experimental Pain Methods

Several studies have examined the development of OIH in
humans after acute short-term exposure to opioids. Multiple
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Figure 10.2: Possible molecular mechanisms for opioid-induced hyperalgesia. Some mechanisms that have
been studied include (1) sensitization of primary afferent neurons, (2) enhanced production and release of
excitatory neurotransmitters as well as diminished reuptake of neurotransmitters, (3) sensitization of second-
order neurons to excitatory neurotransmitters, and (4) neuroplastic changes in the rostral ventromedial
medulla that may increase descending facilitation via “on-cells” leading to upregulation of spinal dynorphin
and enhanced primary afferent neurotransmitter release and pain.

studies have found aggravation of experimentally induced hyper-
algesic skin lesions after short-term infusion of remifentanil.
Angst et al'>” and Koppert et al'®~1%° found significant enlarge-
ment of the area of mechanical hyperalgesia induced by trans-
dermal electrical stimulation after 30 to 90 minutes of expo-
sure to remifentanil. Using the heat-capsaicin-rekindling model,
Hood et al®®! found a similar aggravation of hyperalgesia after
60- to 100-minute remifentanil infusions. This hyperalgesia
was observed up to 4 hours after remifentanil exposure was
discontinued and was absent when assessed on the follow-
ing day. Aggravation of pressure-evoked pain after short-term
remifentanil infusion in a single study of healthy volunteers has
also been reported, although unequal nociceptive input during
remifentanil and control infusions may account for the observed
postinfusion hyperalgesia.'®® Finally, Compton et al'”>1%8 found
increased sensitivity to cold pressor pain in a small cohort of
healthy human volunteers following precipitated opioid with-
drawal after induction of acute physical opioid dependence.
Taken together, these findings provide direct evidence for devel-
opment of OIH in humans using models of secondary hyperal-
gesia and cold pressor pain.

Prospective Observational Study in Chronic Pain Patients

Although the studies cited above provide useful informa-
tion, they are somewhat limited by their cross-sectional rather
than prospective study design, failure to distinguish tolerance
from hyperalgesia, or use of short-term rather than the long-
term opioid exposure that is typical when opioids are used for
the treatment of chronic pain. Recently, Chu et al** attempted
to overcome some of these shortcomings by conducting the
first prospective observational study documenting the develop-
ment of opioid-induced hyperalgesia in opioid-naive chronic
pain patients.

Patients with moderate to severe chronic low back pain were
prospectively assessed for both analgesic tolerance and hyper-
algesia after 1 month of oral morphine therapy using tonic

cold (cold pressor) and phasic heat experimental pain models.
The study found significant hyperalgesia and analgesic tolerance
in the cold but not heat pain models. This modality-specific
response suggests that certain types of pain are more likely to
be aggravated by OIH than others. Indeed, human experimen-
tal pain studies by Doverty et al'*® showed more pronounced
hyperalgesia in the cold pressor model than a model of electrical
pain in methadone maintenance patients compared to matched
controls. Angst et al'®* and Hood et al'®! also failed to show
hyperalgesia to heat pain in the setting of aggravated mechani-
cal hyperalgesia after cessation of acute remifentanil infusion in
healthy human volunteers. There are, however, several limita-
tions of this study. The study cohort reflects a very small sample
size, and there was no placebo group or blinding of subjects and
the investigators to the treatment. Despite these limitations, this
preliminary study is the first to prospectively document develop-
ment of OIH in opioid-naive chronic pain patients and suggests
that the phenomenon can occur within 4 weeks after exposure
to moderate doses (median dose 75 mg/d) of morphine.

Mechanisms of OTH

More than 90 publications have described and characterized
OIH in various animal models. The majority of these have been
tabulated and presented in a recent publication.?® These stud-
ies suggest a model for OIH that considers this process to be
neurobiologically multifactorial. It appears that, in general, neu-
robiological systems that respond to opioids acutely to provide
analgesia may change over time in such a way as to enhance
nociception, especially in the setting of declining opioid doses.
A diagram of several of the best investigated sites of such plastic-
ity is provided in Figure 10.2. The mechanisms relevant to each
site are probably unique.

Peripheral Effects of OIH
The terminals of primary afferent neurons were the first site
of plasticity contributing to OIH that was evaluated in animals.
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Because it was recognized that p-opioid receptors are expressed
on both the central and peripheral terminals of primary afferent
neurons, it was considered possible that the peripheral injection
of selective opioid agonists could cause functional changes in
the neurons. In a series of studies, the selective p-opioid agonist
DAMGO was injected in microliter volumes into the skin of the
hind paws of rats.!®?~173 These injections were acutely associated
with antinociception, repeated injection was associated with tol-
erance, and mechanical hyperalgesia was interpreted as a sign of
“local” physical dependence. This ability to cause tolerance and
hyperalgesia was not limited to opioid receptors as a; -adenosine
and «,-adenosine agonists lead to similar findings.!”? Subse-
quent studies revealed roles for PKC and AC in modulating this
phenomenon.!”%17! CNS penetration is therefore not required
for some degree of hyperalgesia to emerge from repeated drug
administration.

A series of studies by Liang et al'*® later used contempo-
rary genetic mapping techniques to associate the (3,-adrenergic
receptor (,-AR) with OIH after repeated morphine adminis-
tration to mice. It was observed that the local hind paw adminis-
tration of selective B,-AR antagonists reduced the thermal and
mechanical manifestations of OIH, whereas the local adminis-
tration of B,-AR agonists actually enhanced nociceptive sensiti-
zation.

Spinal Effects of OIH

Plasticity underlying OIH has been observed in the spinal
cord after intraspinal and systemic opioid administration. One
of the first studies in this area involved the daily bolus adminis-
tration of intrathecal morphine to rats for more than 1 week.'”*
The animals displayed thermal hyperalgesia at both 8 and 10
days after initiation of treatment. Later observations, largely
confirmed by subsequent investigators, showed that NMDA and
non-NMDA excitatory amino acid receptors as well as PKC
mediate this phenomenon. Dunbar and Pulai'”® added to these
early observations by showing that if intrathecal morphine was
infused in a continuous manner, then the degree of OIH that
developed was smaller than if bolus administration with inter-
mittent abstinence was employed. Spinal blockade of the NMDA
receptor again reduced OIH.

Other groups have shown that the same systems operate to
support OIH after systemic opioid administration. For exam-
ple, the administration of the NMDA receptor blockers MK-
801 or ketamine reduce or reverse OIH because of the chronic
(days) systemic administration of opioids to rats and mice.!”6~183
Likewise, animals lacking the gene for PKC-y did not develop
OIH normally after systemic opioid administration.'®* The PKC
observations were further supported by the work of Sweitzer
et al,'® who used primarily pharmacological tools to show PKC
isoforms participated in OIH as studies in rat pups.

Since the time of the early observations, more spinal receptor
systems have been explored in the setting of OIH. For example,
the enhanced production and release of spinal dynorphin seems
to support OIH.'®¢ Likewise, spinal cyclooxyganase has been
implicated in intrathecal injection of ibuprofen reduces OIH.!®”
Spinal cytokines like IL-1 and chemokines like fractalkine have
been implicated as well.'?? The latter observations connect OTH
with the emerging appreciation of spinal inflammation as par-
ticipating in many abnormal pain syndromes. More recently
Vera-Portocarrero et al'® provided an elegant series of stud-
ies in which substance P (sP) conjugated to saporin was used
as an intrathecal neurotoxin to ablate neurokinin 1 receptor

expressing cells in the spinal cord. This maneuver prevented
the normally observed morphine-induced sensitization in rats.
These investigators also discovered that the serotonin 5-HT3
receptor that participates in a spinal-supraspinal-spinal loop
to maintain nociceptive sensitization, needed to be active for
expression of OIH.

Regardless of the pharmacological basis for spinal sensitiza-
tion by opioids, additional biochemical and behavioral obser-
vations suggest that the dorsal horn of the spinal cord is central
to many of the mechanisms converging to support OIH. The
intrathecal injection of sP or glutamate lead to greatly enhanced
nociceptive behaviors when compared with saline treated OIH-
induced mice.'® In addition, neuronal activation in the spinal
cord dorsal horn (as shown by Fos expression) was far greater in
the morphine-treated animals after intrathecal SP or glutamate
injection. This evidence suggests that spinal cord neurons are
sensitized to nociceptive neurotransmitters after chronic mor-
phine treatment.'® It is important to note that chronic mor-
phine treatment causes the increased expression of the nocicep-
tive neurotransmitters sP and calcitonin gene-related peptide
(CGRP).!® Moreover, chronic opioid administration leads to
decreased expression of the spinal glutamate transporters exci-
tatory amino-acid carrier 1 and glutamate/aspartate transporter.
Thus, once released, excitatory amino acids linger in the synapse
for a sustained period.'®!

Supraspinal Effects of OIH

Although the majority of the work done in exploring the
mechanistic basis of OIH has involved the spinal cord and
peripheral neurons, there is growing appreciation that higher
CNS centers may participate in supporting this and other forms
of abnormal pain sensitivity through enhanced descending facil-
itation to the spinal cord dorsal horn. The focus of this work has
been the rostral ventromedial medulla (RVM). Microinjection
of local anesthetic to stop neuronal discharge from this structure
or lesioning of the dorsolateral funiculus which carries descend-
ing nerve fibers from the RVM prevents or reverses not only
OIH but also tolerance to opioids. 4?2 Work pursuant to these
observations suggests that cholecystokinin released in the RVM
and acting through cholecystokinin 2 receptors might activate
the RVM and support the descending influences.'**

Opioid Distribution

The OIH mechanisms that have been presented thus far
involve pharmacodynamic etiologies. Indeed, little evidence has
emerged over the years for pharmacokinetic factors governing
phenomena such as opioid tolerance or hyperalgesia. Recent
results have caused us to reappraise this situation. Liang et al'*®
used an in silico haplotypic genetic mapping strategy to iden-
tify genes linked to the thermal OIH trait after measuring the
degree of thermal sensitization developing after 4 days of mor-
phine treatment in 16 inbred strains of mice. The most strongly
linked gene was that coding for the P-glycoprotein drug trans-
porter. This relatively nonselective drug transporter was known
to be able to control brain levels of opioids, including mor-
phine, by mediating the efflux of the drug across the blood-
brain barrier.'** Additional studies showed that inhibition of
P-glycoprotein eliminated OIH as did genetic deletion of the
abcbla/b genes coding for P-glycoprotein transporters in mice.
Finally, brain levels of morphine were inversely statistically cor-
related with the development of OIH in the inbred strains. This
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evidence suggests that drug distribution as well as pharmacody-
namic issues need to be considered in understanding OITH.

OIH: Very High Opioid Doses

OIH has also been observed when very large doses of opi-
oids are provided or the doses of opioids are rapidly escalated.
Although there is a dearth of high-quality prospective clinical
evidence to characterize very high dose OIH, many case reports
or series exist (Table 10.2). Most of these reports involve the
systemic or intrathecal administration of morphine, raising the
possibility that metabolites such as morphine-3-glucuronide,
which is known to cause neuroexcitation, could contribute to
hyperalgesia.'>=!7 In this setting many patients develop both
increased pain at the sites of ongoing pain as well as allodynia or
even myoclonus.!*8-2% Opioid rotation or substitution of a dif-
ferent opioid generally reduced the symptoms sharply,!9%-201-204

Animal studies have replicated these findings. Several studies
using rats demonstrated that the intrathecal injection of opioids
at doses 10 times or more those typically employed in analgesic
studies evoked segmental nocifensive behaviors.2>=2%7 In con-
trast to the low-dose OIH phenomenon, high-dose OIH does
not appear to be mediated by opioid receptors.?®>=2% Two of the
key pieces of information leading to this conclusion are that opi-
oid antagonists do not efficiently reduce this type of OIH, and
the stereospecificity of high-dose OIH does not fit the specificity
for binding to opioid receptors.

Two nonopioid receptor systems may contribute to these
effects. The first is glycine. The intrathecal injection of glycine
dose dependently reversed the allodynia caused by the intrathe-
cal administration of high doses of morphine.??” These effects
were compatible with the excitatory and allodynia producing
effects of intrathecal strychnine.?”’ It is not clear whether these
effects are mediated through the glycine binding site on the
NMDA receptor or perhaps some other site.??” Other studies
have focused on the spinal cord NMDA receptor system for
mediating the hyperalgesia and allodynic effects of large doses
of morphine. For example, the NMDA receptor antagonist MK-
801 reduced the allodynia caused by the intrathecal injection of
morphine in rats.2%

High-dose opioid OIH is an uncommon but problematic
clinical phenomenon. Clinical situations do not always suggest
OIH is the only possible cause of the accelerating pain symp-
toms. Considerable clinical confidence is required to reduce
opioid doses in patients experiencing large amounts of pain.
For this reason, one of the maneuvers commonly recom-
mended when faced with this uncertain situation is to rotate
the opioid.?8-201,203,204,210 [y fact, methadone seems to have par-
ticular efficacy in reducing high-dose opioid OTH.!#%-29%:210 This
may be due to methadone’s weak NMDA receptor blocking prop-
erties.?!!

Modulation of OIH with Multimodal Therapies

The precise molecular mechanisms responsible for the develop-
ment of OIH are just beginning to be understood. Preclin-
ical models implicate the glutaminergic system and patho-
logical activation of NMDA receptors in the development of
central sensitization. Clinical work in attenuating or preventing
the expression of OIH has primarily focused on manipulation of
the glutaminergic system, either through direct or indirect mod-
ulation of the NMDA receptor (Table 10.3). Although few studies

have looked directly at modulation of OIH in humans, growing
preclinical and clinical evidence suggest a role for biochem-
ical modulation of OIH with adjuvant therapies, specifically
NMDA receptor antagonists, o, agonists, and COX-2 inhibitors
(Table 10.4). Evidence in support of these drug targets are dis-
cussed in the subsequent sections. However, the clinical efficacy
and significance of these approaches still need to be studied in
large, prospective clinical trials.

Human Evidence for NMDA Receptor Modulation of OIH

The NMDA receptor is composed of several different sub-
units (NR1, NR2A-D, and sometimes NR3A/B) that are vari-
ably expressed in different regions of the brain and during
development.?!? The subunit expression of individual NMDA
receptors can affect their function and binding sensitivity to
neuromodulators.?!® Splicing variants of these subunits further
diversifies receptor expression.?'* The varied and ubiquitous
expression of NMDA receptors throughout the CNS can create
challenges in targeting pathological activation of NMDA recep-
tors while still permitting normal physiologicactivation to occur.
Indeed, side effects associated with first-generation NMDA
receptor antagonists, such as ketamine and dextromethorphan,
have limited their clinical utility in some patients precisely
because of this reason.

Ketamine Modulation of OIH

Ketamine is well known as a dissociative anesthetic devel-
oped for clinical use in the 1960s. It uniquely provides rapid
hypnosis and analgesia while maintaining cardiovascular func-
tion with minimal depression of respiratory drive and airway
muscle activity and tone.2!>2!¢ A relatively high incidence of
psychotomimetic effects, especially when used as a sole anes-
thetic agent, have limited its clinical use as an anesthetic agent
in recent times.?!’

Ketamine is known to be an uncompetitive antagonist of
the phencyclidine binding site of the NMDA receptor, where
its primary anesthetic effects are thought to occur.!® Several
recent studies have examined the use of ketamine in low sub-
anesthetic doses in conjunction with opioid medications in an
attempt to attenuate the expression of OIH and/or analgesic tol-
erance, largely because of its NMDA receptor antagonist pro-
perties.

Meta-analysis of studies examining perioperative low-dose
ketamine in conjunction with opioid administration found small
improvements in postoperative pain scores and delayed time
to first analgesic request, but these outcomes were not clini-
cally significant.?!” However, perioperative ketamine did reduce
postoperative opioid consumption by 30%, but did not reduce
opioid-associated side effects except for nausea and vomiting??°
and was not found to be a significant adjuvant to opioid adminis-
tered by PCA devices.?*! Despite these findings, two studies have
shown marked reduction in postoperative wound hyperalge-
sia with perioperative ketamine administration, consistent with
attenuation of central sensitization.”?>??* Although the effect
of ketamine on postoperative wound hyperalgesia is not related
to OIH per se, it suggests a role for ketamine in attenuating the
expression other conditions associated with central sensitization,
such as OIH.

Where ketamine has found significant utility is in patients
who require large amounts of opioid medications or exhi-
bit some degree of opioid tolerance.””~**7 Human experi-
mental pain studies have directly shown that administration
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Table 10.2: Case Reports Documenting High-Dose, Opioid-induced Allodynia/Hyperalgesia

Reference Opioid Route Dose Hyperalgesia (n) Remarks
Sjogren et al M PO, IM, IV 60-300 mg/d PO; Generalized allodynia, N = 4; cancer pain; substituting
50-960 m ; myocloni morphine with methadone,
(1994)"° 150-960 mg/d IM yocloni (1) phi ith methad
20g/d IV sufentanil, or ketobemidone
reversed allodynia
Sjogren et al M v 175-200 mg/h Generalized allodynia (5), N = 8; cancer pain (described in
aggravated neuralgia (3), etail, n = 2), dose escalation
(1993)1%8 gg d lgia (3) detail 2),d lati
myocloni (4) aggravated allodynia
Wilson et al M 1T 37.5 mg/h Spontaneous pain, n = 1; cancer pain, 50-fold
allodynia not reporte reduction of IT morphine resolve
(2003)2%0 llodyni ported duction of IT phi lved
pain aggravation.
De Conno et al M IT 80 mg/d Spontaneous pain and N = 1; cancer pain, primary pain
(1991)%1 allodynia in dermatomes T4-T7, dose reduction to 50 mg/d
$5-T5, myocloni reduced allodynia
Lawlor et al M v 600 mg/h Generalized allodynia, N = I; cancer pain, substituting
myocloni morphine with methadone
(1997)210 yocloni phi ith methad
reversed allodynia
Sjogren et al M PO, IT 400 mg/d IV; 48 mg/d IT Generalized or lumbosacral N = 3; cancer and nonmalignant
(1998)203 segmental allodynia, ain (described in detail, n = 2),
g Y] p
myocloni (1) dose reduction or substituting
morphine with sufentanil,
gentanyl, or methadone reversed
allodynia
Heger et al M v 105 mg/h Generalized allodynia N = I; cancer pain in infant,
(1999)2%4 reduction of morphine resolved
P
allodynia
Parisod et al M IT 0.2 and 0.5 mg bolus Allodynia in dermatomes N = 1; central pain after spinal
(2003)313 T6-T7 injury, administration of naloxone
jury;
did not reverse hyperalgesia
Mercadante etal M/MET  IV/PO 200/75 mg/d; 90/90 mg/d  Generalized allodynia N = 2; cancer pain, switching
(2003)%2 second patient to methadone did
p
not reverse hyperalgesia
Devulder SF IT 25-50 mg/d Generalized allodynia of N = 1; left lumbosciatic pain after
(1997)314 the lower bod failed back surgery, cessation of
y gery
sufentanil resolved allodynia
Mercadanteetal F D 12 mg/d (5 patches, Generalized allodynia, N = 1; cancer pain, switching to
(2005)%% 100 mcg/h) myocloni methadone resolved allodynia
8 Ty Y
Guntz et al F/RF TD/IV 1.8 mg/d fentanyl Severe postoperative pain. N = 1; postoperative pain,
(2007)%15 (1 patch, 75 mcg/h) and Aggravation of pain with administration of ketamine and
p g 88 p
6.3 mg remifentanil morphine bolus. removal of fentanyl patch
intraoperatively over dramatically reduced pain
5 hours
Axelrod et al F/HM TD/1IV 12 mg/d fentanyl Spontaneous pain N = 1; cancer pain, switching to
(2007)%*° (5 patches, 100 mcg/h), methadone resulted in adequate
hydromorphone 24 mg/h pain control
Ackerman M/HM IT 18 mg/d morphine®! Pain poorly controlled on N = 1; lumbar back pain, tapering
(2006)3%8 high doses IT opioid, no of IT opioid and substitution with
myocloni or allodynia®?! anticonvulsant, TCA and NSAIDS
improved pain control
Chung et al HM v 1,890 mg/d Aggravation of pain, N = 1; cancer pain, switching to
(2004)%° myocloni, confusion, methadone resulted in resolution

hallucinations

of myocloni and resolution of pain

Abbreviations: F = fentanyl; HM = hydromorphone; IT = intrathecal; IV = intravenous, M = morphine, MET = methadone; NSAIDS =
nonsteroidal anti-inflammatory drugs; PO = per oral; RF = remifentanil; SF = sufentanil; TCA = tricyclic antidepressants; TD = transdermal.
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Table 10.3: Selected Studies Investigating Pharmacologic Modulation of Opioid-Induced Hyperalgesia and/or Analgesic

Tolerance in Human

Reference Model Drug  Route  Target Outcome Measure ~ Remarks
Dudgeon et al Cancer pain treated with DM PO NMDA PS, OC N = 65; no effect detected.
(2007)%Y7 morphine
Galer et al Chronic nonmalignant pain DM PO NMDA PS, OC N = 829; no effect detected.
(2005)°¢ treated with morphine
Joly et al (2005)'°  Remifentanil-induced K v NMDA PPH, OC N = 75; small dose ketamine
postoperative hyperalgesia prevents remifentanil-
induced postoperative
hyperalgesia.
Angst et al Remifentanil-induced K v NMDA PPH N = 10; ketamine abolished
(2003)1>2 postinfusion aggravation of remifentanil-induced
hyperalgesia (IDES model) aggravation of preexisting
hyperalgesia.
Koppert et al Remifentanil-induced K,C IV NMDA PPH N = 13; ketamine abolished
(2003)165 postinfusion aggravation of and clonidine significantly
hyperalgesia (IDES model) attenuated remifentanil-
induced aggravation of
preexisting hyperalgesia.
Luginbuhl et al Remifentanil-induced K v NMDA EP, PP N = 14; no effect detected.
(2003)166 hyperalgesia
Troster et al Remifentanil-induced PC PO COX2 PPH N = 15; preventative
(2006)163 post-infusion aggravation of administration of parecoxib
hyperalgesia (IDES model) reduced postinfusion
hyperalgesia.
Singler et al Remifentanil-induced PR v INMDA’#732>  PPH N=15; propofol attenuates
(2007)%%# aggravation of hyperalgesia and delays development of
(IDES model) postinfusion antianalgesia,

but aggravates hyperalgesia.

Abbreviations: C = clonidine; COX2 = cyclooxygenase 2 enzyme; DM = dextromethorphan; EP = electrical pain; K = ketamine; IDES =
intradermal electrical stimulation; OC = opioid consumption; PC = parecoxib; PP = pressure pain; PPH = pin-prick hyperalgesia assessed

by von Frey hair; PR = propofol; PS = self-reported pain score

of (S)-ketamine abolishes remifentanil-induced aggravation
of hyperalgesia induced by intradermal electrical stimula-
tion. 152165 Joly et al'®® have recently corroborated these findings
in the postsurgical patient population.

In summary, there is some evidence to show that periop-
erative administration of low-dose ketamine may modulate the
expression of OIH or analgesic tolerance and that it reduces
postoperative wound hyperalgesia after acute intraoperative opi-
oid exposure. These findings support the hypothesis that its
NMDA receptor antagonism modulates changes in antinocicep-
tive and pronociceptive systems. However, the clinical signifi-
cance of these benefits still needs to be proven in larger prospec-
tive studies.

Methadone and Opioid Switching for Modulation of OIH

Methadone has been shown to have weak NMDA receptor
antagonism.?!! Many case reports show that clinicians choose
to switch patients to this opioid when OIH is suspected, such as
when high doses of other opioid agents fail to improve or even
aggravate chronic pain. Six published reports in the literature
show that opioid rotation to methadone significantly improved
or resolved suspected OTH.!99-203,210,228-230

Methadone provides unique advantages for opioid switching
or rotation, including incomplete cross-tolerance with opioid

receptors and NMDA receptor antagonism.??>-2*! The conver-
sion to methadone from other opioids is complex and careful use
of lower conversion ratios may be indicated when patients are
on high opioid doses. Vigilance for signs of methadone toxicity,
including Torsades de Points, is indicated when high doses are
administered.

Despite its use in opioid rotation for modulation of OIH,
it should be noted that methadone exposure has been linked to
increased pain states in observational and cross-sectional stud-
ies of former opioid addicts maintained on methadone,!44-14¢
Therefore, opioid switching to methadone should be undertaken
with the understanding that it may have an instrinsic ability
to activate pronociceptive pathways, despite its NMDA recep-
tor antagonist properties. Indeed, one case report has shown
aggravation of OIH with methadone and failure of methadone
to reverse OIH.?*? However, these observations may have been
confounded by development of renal failure and accumulation
of morphine-3-glucuronide metabolites. These metabolites have
been shown to produce neuroexcitatory and antianalgesic effects
in some studies.”*>*** It should also be noted that methadone
rotation has been used to treat cases of OIH induced by high
opioid doses, and it may not be valid to generalize that this ben-
efit would also apply to OIH with lower opioid dose exposure
typical of maintenance therapies.
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Table 10.4: Possible Drugs for Modulation of
Opioid-Induced Hyperalgesia in Humans

Drug Class Site of Action Prototype Drugs
High-affinity NMDA receptor MK-801%'
noncompetitive
NMDA receptor Phencyclidine*'?
antagonists
Low-moderate- NMDA receptor Amantidine®?!**?
affinity, CHF3381323-325
open-channel
noncompetitive Dextromethorphan®®-326
NMDA receptor Ketamine!65-166.180—182,223,226,327,328
antagonists
Memantine?'?
Neramexane??-33
Zenvia®!
NR2B NMDA Ifenprodil**
antagonists recept(}r, NR2B Traxoprodil Mesylate?-334
subunit
RGH-896%°
COX-2 Cyclooxygenase Parecoxib!®®
inhibitors 2 enzyme
Opioid agonist ~ NMDA receptor Methadone?'"?*
and NMDA Ketobemidone'*’
receptor
antagonist

Dextromethorphan for Modulation of OIH

Dextromethorphan is a noncompetitive NMDA receptor
antagonist typically used as a cough suppressant. Numerous
studies have indirectly examined the ability of dextromethor-
phan to attenuate or prevent expression of OIH and/or analgesic
tolerance in patients on opioid therapy. Although these stud-
ies will not be reviewed here in their entirety, one recent study
bears mentioning. In perhaps the largest clinical study of dex-
tromethorphan and opioids to date, Galer et al conducted three
large randomized, double-blinded, placebo-controlled multi-
center trials of morphidex (morphine and dextromethorphan
mixture in a 1:1 ratio) in 829 patients with chronic nonma-
lignant pain. Various indirect measures of opioid tolerance
and/or hyperalgesia were taken over a 3-month observation
period, including mean change in average daily pain inten-
sity from baseline to last 7 days on treatment and percentage
change in daily morphine use from baseline to last 30 days
on treatment. Theoretically, any analgesic superiority of mor-
phidex or reduced morphine requirements needed to treat pain
when coadministered with dextromethorphan might result from
modulation of OIH and/or tolerance. The study did not find
any significant difference between morphidex and morphine
alone in these outcome measures. The lack of treatment effect
is discordant with results in some animal studies and early
clinical trials**>~*7 and as previously mentioned, may be the
result of insufficient dextromethorphan dose and/or the limited
degree of tolerance observed in the untreated (morphine without
dextromethorphan) group. Further clinical studies will need to
be conducted to elucidate these findings.

MANAGEMENT OF PATIENTS CHRONICALLY
CONSUMING OPIOIDS

Patients on chronic opioid therapy have increased analgesic
requirements and experience poorer pain control in the post-
operative period.*®4%-52 High levels of postoperative pain are
associated with an increased risk for pulmonary and cardiovas-
cular complications, are the most common reason for delayed
discharge or unexpected hospital admission after ambulatory
surgery, and are responsible for prolonged recovery time after
inpatient surgery.”>=253 The intensity of postoperative pain
is correlated with the risk of developing chronic postsurgical
pain, a condition estimated to affect 5%-10% of the surgical
population.?®* Although the aggressive treatment of postopera-
tive pain is imperative in all patients, it may be especially relevant
in patients on chronic opioid therapy. This patient population
may be particularly vulnerable to develop chronic pain condi-
tions, including persistent postoperative pain.

Perioperative Considerations

The adequate management of perioperative pain in patients on
chronic opioid therapy is complex. For example, patients on an
average daily dose of morphine (180 mg) before surgery required
3—4 times higher opioid doses for a period 3 times longer
than that required in opioid-naive patients.?® Despite the use
of increased opioid doses, postoperative pain was more difficult
to control.’ Special considerations regarding the preoperative,
intraoperative, and postoperative pain management are neces-
sary when providing care to patients on chronic opioid therapy.

Preoperative Considerations

Patients on chronic opioid therapy represent a particular patient
population with respect to pain management. Proper identifi-
cation of these patients is the responsibility of the surgical team,
the perioperative clinical staff, and the anesthesia team assigned
to the case. Although there is some indication that the daily
preoperative opioid dose correlates with increased postopera-
tive opioid requirements, such correlation is moderate and the
minimum daily opioid dose that significantly increases post-
operative opioid requirements is not known.*> All patients on
chronic opioid therapy should be informed that their postop-
erative course may be complicated by aggravated pain and a
need for opioid doses in excess of those required in opioid-naive
patients. Patients should also be educated about the potential for
developing opioid withdrawal if they mistakenly omit their daily
opioid dose before surgery. Such omission may occur because
intake of food and liquids is discouraged.

Preoperative efforts should focus on formulating a peri-
operative pain management plan (Table 10.5). Important ele-
ments of such a plan include educating patients about the need
to take their daily opioid dose before surgery, and the availability
of alternative analgesic techniques that complement opioid ther-
apy in the postoperative period. If patients abstain from their
oral opioid dose on the day of surgery because oral intake of
fluids and medication is not allowed, plans should be made to
administer opioids by an alternative route.

Intraoperative Considerations

During surgery the required opioid dose is composed of the dose
taken chronically before surgery and the dose made necessary by



Molecular Basis and Clinical Implications of Opioid Tolerance 129

Table 10.5: Considerations for Pain Management in Patients on Chronic Opioid Therapy*

Time Interval

Considerations

Preoperative

Intraoperative

Postoperative (acute)

Determine precise preoperative opioid use (dose, type, etc)
Emphasize importance of continuing preoperative opioid regimen up to the day of surgery (prevent withdrawal)

Educate about possibility of exaggerated pain and increased opioid requirements postoperatively and explore
patient’s experiences with previous surgeries to identify effective/ineffective pain management strategies

Educate about alternative analgesic strategies (eg, regional techniques)
Establish a perioperative pain management plan

Start adjuvant analgesic therapies according to perioperative pain management plan (eg, acetaminophen 1000 mg
and/or 600-1200 mg gabapentin before surgery)

Administer opioids to meet the following requirements: chronic daily dose, suppression of pain in response to
surgical stimulation, suppression of pain because of tissue injury

Consider titrating long-acting opioids to a spontaneous respiratory rate of 14—16 per minute at the end of surgery

Administer adjuvant analgesic medications according to the perioperative pain management plan (eg, ketamine
0.5 mg/kg intravenous bolus followed by 4 g/kg/min infusion, 1000 mg acetaminophen per rectum, and/or
ketorolac 30 mg IV bolus)

Institute appropriate regional techniques according to the perioperative pain management plan (continuous
techniques are preferred, eg, continuous femoral nerve block for total knee arthroplasty)

Expect increased postoperative opioid requirements (2- to 4-fold range as an initial assumption) that vary
significantly among patients on chronic opioid therapy

Aggressive titration to individual needs for achieving adequate pain control is required in the postoperative care
unit

Start opioid patient controlled analgesia either for breakthrough pain if oral route is available for administering
1.5 times the preoperative dose or as a sole technique if oral route is not available (consider basal rate in
opioid-dependent patients)

If patients are treated with regional techniques, plan to administer at least half of the preoperative opioid
requirement via the systemic route

Consider continuation of acetaminophen 1000 mg every 6 hours and/or cyclooxygenase inhibitors for several days
with attention to possible side effects (eg, bleeding, renal failure)

Consider continuation of ketamine if started in the operating room or initiation of a ketamine postoperatively if
pain proves refractory to other measures

Regularly monitor patients for signs of opioid withdrawal or overdosing. Patients on chronic opioid therapy are at

greater risk for respiratory depression than opioid-naive patients

Postoperative (transition)

Use the daily intravenous opioid dose to calculate oral opioid equivalents

Administer 2/3 of the oral opioid equivalent as a long-acting opioid and allow the remaining 1/3 to be
administered as a short-acting opioid for breakthrough pain

Consider continuing adjuvant analgesics (eg, acetaminophen, cyclooxygenase inhibitors)

Plan tapering for postoperative opioid doses toward the preoperative dose and discuss tapering strategy with
patient and health care providers; determine the need for specialty follow-up if regimen is complex

@ Adapted from Carroll et al.**

surgical stimulation and tissue injury. Long-acting opioids seem
best suited to substitute for the opioid dose taken chronically
because relatively stable plasma concentrations are provided for
a prolonged period of time. Short-acting opioids are a suitable
choice for alleviating pain because of surgical stimulation. How-
ever, short-acting opioids may not provide adequate coverage
for pain resulting from tissue injury because such pain outlasts
the duration of surgery. The type of surgery allows predicting
to what extent such pain may be present in the postoperative
period. Initiating therapy with long-acting opioids intraopera-
tively for effective control of postoperative pain associated with
tissue injury is particularly valuable if aggressive opioid titra-

tion in the immediate postoperative period is difficult. Such
difficulties can arise because resources to obtain and administer
opioids quickly at the bedside are limited or reluctance of the
recovery room staff to administer sufficiently large opioid doses
expediently.

If regional anesthesia techniques are chosen, either as
the sole anesthetic technique or as a component of a more
comprehensive anesthetic plan, a patient will still need systemic
opioids. On one hand, the chronic daily opioid dose has to be
substituted to prevent withdrawal. On the other hand, a patient
may be on chronic opioid therapy for a pain condition that
is not affected by the surgery or the regional technique. For
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example, a patient undergoing hip arthroplasty under epidural
anesthesia may take opioids for chronic low back pain. Effec-
tive treatment strategies for both the pain at the site of surgery
and the chronic low back pain are required postoperatively.
In this case the postoperative surgical pain is controlled with
epidural techniques. However, systemic opioids are likely nec-
essary to prevent withdrawal and exacerbation of this patient’s
chronic low back pain. Several reports document opioid with-
drawal in patients on chronic opioid therapy receiving opioids
only via the intrathecal or epidural route in the postopera-
tive period.>> However, the use of opioids and a local anes-
thetic (bupivacaine 0.1%) via the epidural route and systemic
opioids for break through pain was sufficient for preventing
withdrawal.*$2° In our one experience, daily systemic admin-
istration of at least half of the preoperative opioid dose is suf-
ficient to prevent withdrawal when using regional anesthetic
techniques.

Postoperative Considerations

Patients on chronic opioid therapy will require higher post-
operative opioid doses for a prolonged period of time com-
pared with opioid naive patients.**>?%” Switching patients from
an intravenous or epidural to an oral opioid regimen requires
special attention. No broadly accepted guidelines facilitating
this process are available. An approach that has worked well
in our institution is to convert the daily postoperative intra-
venous opioid dose to an oral dose equivalent. Two-thirds of
the oral dose equivalent are administered in the form of a long-
acting opioid and one-third is administered in the form of a
short-acting opioid on an as-needed basis. The long-acting opi-
oid provides a steady baseline control of pain, whereas the short-
acting opioid allows alleviation of breakthrough pain. As the
surgical pain subsides, cutting back on the breakthrough medi-
cation is a simple way by which patients can reduce the total daily
opioid dose. Conversion guidelines have recently been described
in some detail and are summarized in Table 10.6.

Transition to an oral regimen should overlap with intra-
venous or epidural/intrathecal opioid administration because
time is required to reach steady-state plasma concentrations of
orally administered drugs. This is particularly true for long-
acting opioids with a long elimination half-life such as me-
thadone. Overlapping oral and intravenous or epidural/
intrathecal opioid administration bears the risk of overdosing
and patients should be monitored for signs of sedation of respi-
ratory depression.

If the oral route is available throughout the postoperative
period, providing 1.5 times the preoperative opioid dose by
this route, and offering intravenous opioids via PCA for break-
through pain until surgical pain is resolving, has worked well
for a majority of our patients. Alternatively, intravenous opioids
could be offered via PCA during the first few days after surgery
during which pain is most prominent. After this period, the total
daily intravenous opioid dose could be converted to oral opioid
equivalents as discussed above.

Patients on chronic opioid therapy typically require pro-
longed opioid administration for adequate control of postop-
erative pain. Attempting to discharge these patients on their
preoperative opioid dose often results in inadequate pain con-
trol. Itis a reasonable goal to taper patients toward their preoper-
ative dose over the course of 2 to 4 weeks. Clarifying these expec-
tations with patients and participating health care providers

Table 10.6: Equianalgesic Parenteral and Oral Opioid Doses”

Opioid" Parenteral Oral
Morphine 10.0 30.0
Hydromorphone 1.5 7.5
Oxymorphone 1.0 10

Oxycodone - 25.0
Hydrocodone - 30.0
Fentanyl* 0.1 -

Meperidine 75 300.0
Methadone? 5 7.5
Levorphanol 2 4.0
Codeine 130 200.0

¢ Adapted from Gammaitoni et al.’*’

b Conversion tables are guidelines for approximating dosage equiva-
lence. Substantial interpatient differences should be expected.

¢ The dose of transdermal fentanyl in wg/h is about half the 24-
hour dose of oral morphine (eg, 100 wg/h transdermal fentanyl =
200 mg/d oral morphine)

4 Methadone can be significantly more potent than typically assumed
when rotating patients from another opioid to methadone. This may
partially result from the NMDA antagonist properties of metha-
done. In this setting the conversion ratio may well exceed 10:1.

improves the likelihood of providing adequate postoperative
pain control. Patients on particularly high preoperative opi-
oid doses may require longer than 4 weeks for tapering toward
their preoperative dose. Plans should be made to ascertain that
patients will be able to obtain the necessary opioid prescription.
This is important if larger than preoperative doses are required
for a prolonged period of time because an outside physician
may be hesitant to issue such a prescription. Scheduling fellow-
up visits at a pain clinic may facilitate this process.

A surgical procedure may reduce the source of chronic pain
requiring chronic opioid therapy. In this scenario, it is quite
possible that a patient will be tapered to a lower daily opioid
dose than required before the surgery.

Adjuvant Medications

The concept of using a multimodal or balanced approach
to treat postoperative pain more effectively has gained wide
acceptance.?>® Combing various classes of drugs with different
mechanism of action to optimize pain control while reducing
the potential for side effects seems particularly pertinent to the
management of postoperative pain in patients on chronic opioid
therapy. However, studies specifically examining the usefulness
of multimodal analgesic regimens in patients on chronic opi-
oid therapy are lacking. Similarly, relatively few studies have
examined to what extent different combinations of adjuvant
analgesics offer proved advantage compared with the use of
a single adjuvant analgesic. However, available data suggests
that combining different adjuvant analgesics can provide at least
additive effects.?%%-260

The utility of an increasing number of agents as part of a
multimodal regimen has been explored. However, cyclooxyge-
nase inhibitors and paracetamol, NMDA receptor antagonists,
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and, lately, the anticonvulsant gabapentin have received most
attention and, therefore, their coadministration with opioids will
be discussed here. More detailed information about the phar-
macology and clinical utility of these drugs as well as alternative
adjuvant analgesics drugs and strategies not discussed here are
provided in special chapters throughout this book.

Cyclooxygenase Inhibitors and Paracetamol/
Acetaminophen

Nonselective and selective cyclooxygenase inhibitors as well as
paracetamol play an important role as adjuvant analgesics sup-
plementing opioids for the treatment of postoperative pain.**®
Different drugs are available for parenteral, oral, and/or rec-
tal administration. A major mechanism underlying the anal-
gesic and anti-inflammatory actions of COX inhibitors is the
decreased formation of prostaglandins in peripheral tissue and
the CNS. The mechanism underlying the analgesic action of
paracetamol remains uncertain.

The analgesic efficacy of COX inhibitors and paracetamol has
been documented after various surgeries and several reviews and
meta-analysis support their role in reducing postoperative pain
and opioid requirements.?>%-261-263 Nonselective COX inhibitors
and selective COX-2-inhibitors provide equipotent analgesic
effects, whereas paracetamol is less efficacious.?%* Addinga COX
inhibitor to an opioid regimen reduces opioid requirements by
about 30%, whereas paracetamol reduces the requirement by
about 20%.76>2%¢ Studies mainly conducted in patients under-
going orthopedic procedures reported a 20%-50% reduction in
postoperative pain in addition to opioid-sparing effects.?6”=270
However, the opioid-sparing effects provided by COX inhibitors
and paracetamol may not be associated with a clinically relevant
reduction of opioid side effects.?%>2%¢ Some evidence suggests
that combining COX inhibitors with acetaminophen provides
superior postoperative pain control than either class of drug
when given alone.?®®

COX inhibitors are often omitted from a perioperative anal-
gesic regimen based on concerns that their use could cause
serious adverse outcomes. Nonselective COX inhibitors such as
ketorolac, diclofenac, and ibuprofen can cause gastrointestinal
ulceration, impaired renal function, diminished platelet aggre-
gation, and thromboembolic cardiovascular events.

The short-term use (days) of nonselective COX inhibitors in
the elderly population resulted in a gastrointestinal ulceration
rate of 20%—40%.%"1272 The elderly population may be at partic-
ular risk for developing gastrointestinal bleeding complications
as a consequence of such ulceration.

Prostaglandins regulate renal blood flow and glomerular
filtration rate. They are particularly important for maintain-
ing these functions in ischemic or diseased kidneys. For this rea-
son, nonselective and selective COX inhibitors should be avoided
in patients suffering from hypovolemia, low cardiac output, or
impaired renal function resulting from a disease such as diabetes
or the use of a nephrotoxic drug such as an aminoglycoside.?”?
However, a recent meta-analysis suggests that the perioperative
use of COX inhibitors should not be discouraged in patients
with normal renal function.?”

Nonselective COX inhibitors impair the aggregation of blood
platelets and their use has been associated with an increased
perioperative blood loss.?’>?’® It is not clear under what
circumstances such inhibition of platelet aggregation becomes
clinically relevant. However, it seems prudent to avoid nons-

elective COX inhibitors in patients with preexisting bleeding
disorders, patients undergoing surgeries with significant bleed-
ing potential and patients undergoing surgeries at sites particu-
larly vulnerable to bleeding complications (eg, craniotomy).

Longer-term use of nonselective and selective COX in-
hibitors is associated with an increased risk for thromboem-
bolic cardiovascular complications.?””>2’8 In the perioperative
setting, administration of COX inhibitors to patients under-
going coronary bypass grafting also increased the number of
thromboembolic cardiovascular complications.?’” However, in
patients not requiring extracorporeal circulation during surgery,
the short-term administration of COX inhibitors is unlikely to
increase such risks and their use should not be discouraged.**°

The side-effect profile of selective COX-2 inhibitors does
not include the risk for gastrointestinal ulceration and platelet
inhibition.?”1>272:276 However, COX-2 inhibitors have a similar
risk as nonselective COX inhibitors for causing renal impair-
ment and cardiovascular thromboembolic complications.?’*278
In contrast, paracetamol offers a very safe side-effect profile
when used within its therapeutic range. Safety concerns relate
mainly to its hepatotoxic effects when used in excess of the daily
recommended dose.?%!

NMDA Receptor Antagonists

This class of drugs includes ketamine, dextromethorphan, and
amantadine. NMDA receptors play a key role in nociceptive sig-
nal transmission as well as in the development of opioid tolerance
and/or opioid-induced hyperalgesia. The choice of an NMDA
receptor antagonist may be particularly attractive in patients
on chronic opioid therapy because its use may not only atten-
uate nociceptive signaling but also alleviate preexisting opioid
tolerance and/or opioid-induced hyperalgesia.?****":282 Among
the various NMDA receptor antagonists, ketamine has received
most attention and is discussed in some detail.

Several meta-analyses and reviews document opioid-sparing
and analgesic effects when administering subhypnotic doses
of ketamine by the parenteral route during various types of
surgery.21°=22l Most commonly ketamine has been given intra-
venously or epidurally as a bolus, a continuous infusion, or as a
combined bolus/infusion regimen. Administration of ketamine
has safely and effectively been extended into the postoperative
period, in some instances by directly combing it with an opioid
for administration via PCA.?%%28% Ketamine provides opioid-
sparing effects in the range of 30%-50% and likely reduces
the incidence of opioid-related side effects such as nausea and
vomiting.??’ To what degree coadministration of ketamine re-
duces, not only opioid requirements, but also postoperative pain
compared with the sole administration of an opioid is harder to
quantify. Current evidence suggests that such additional anal-
gesic effects do exist but may be modest.?2! Overall, coadmin-
istration of ketamine appears to be most beneficial in surgeries
associated with moderate to severe postoperative pain.??! At this
point, the optimal dose of ketamine and the most advantageous
form for its administration remain unresolved issues. Analysis of
available data suggests that a dose in excess of 30 mg/d is unlikely
to further reduce postoperative opioid requirements.?2°

A study of particular interest reported a decreased inci-
dence of chronic postsurgical pain when ketamine was adminis-
tered during surgery.?® Patients on chronic opioid therapy may
represent a population that is quite vulnerable for developing
chronic pain conditions. In this context, coadministration of
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ketamine for the prevention of chronic postsurgical pain may be
particularly beneficial.

The widespread clinical use of ketamine as an adjuvant
analgesic has been limited by its psychomimetic side effects,
including hallucination and bad dreams. However, the risk
for the occurrence of such side effects appears to be low in
patients undergoing general anesthesia.?!*~2*! Coadministration
of ketamine causes sedation and diplopia in some patients but
such side effects rarely forced its discontinuation.?!

Alternative antagonists at the NMDA receptor include dex-
tromethorphan and amantadine. Dextromethorphan has been
studied in some detail and a recent meta-analyses provide some
insight into its effectiveness as an adjuvant analgesic.?3> In con-
trast, reports on amantadine are sparse. Dextromethorphan
given by the intravenous route provides opioid-sparing effects
and reduces opioid-related side effects.?®> Dextromethorphan
is less effective when given by the oral route before surgery.
Although some reports suggest that intravenous dextromethor-
phan may lower opioid requirements to a similar extent as
ketamine, the relative effectiveness of these two drugs as adjuvant
analgesic remains to be determined.

Gabapentin

Gabapentin was developed as an anticonvulsive but, lately, it has
received most attention for its analgesic and antihyperalgesic
action that are pertinent for the treatment of postoperative and
neuropathic pain. Gabapentin and the more recently introduced
Pregabalin, act via inhibition of the ;8 subunit of a voltage-
sensitive calcium channel.”® Recent reviews document clear
opioid-sparing and analgesic effects when administering 600—
1200 mg of oral gabapentin before surgery.?®”:28% Gabapentin
also reduces the incidence of opioid-related side effects such a
nausea, vomiting, and pruritus.?®® Studies in patients mainly
undergoing orthopedic and abdominal surgeries reported an
opioid-sparing effect in the range of 30%-50%. In most of these
studies, coadministration of gabapentin decreased postopera-
tive pain by an additional 30%-50%, in addition to the opioid-
sparing effect. At this point it remains unclear whether extend-
ing a multidose regiment of gabapentin into the postoperative
period adds any additional benefit.

Gabapentin attenuates sensitization of central neuronal
mechanisms that facilitate pain signaling after tissue trauma and
are likely involved in the development of persistent postsurgical
pain. One study documented that the perioperative administra-
tion of gabapentin lowered the incidence and severity of pain 1
month after surgery.®® Future studies need to corroborate that
the perioperative administration of gabapentin can prevent the
development of chronic postsurgical pain.

Administration of gabapentin before surgery is associ-
ated with increased sedation in the immediate postoperative
period.?®® Available data suggest that pronounced sedation
occurs only in a small fraction of patients.?*® However, the seda-
tive action of gabapentin and pregabalin should be considered
in vulnerable patients (eg, concomitant medications and risk of
falling).

Regional Anesthetic Techniques

Regional anesthesia is an attractive choice in patients on chronic
opioid therapy because superior analgesia can be provided to
patients at risk for developing aggravated postoperative pain.

Local anesthetics are the primary class of drugs used for
regional techniques, although adjuvant drugs such as opioids,
ap-adrenergic agonists, and COX inhibitors are coadministered.
Only a few studies have specifically examined the clinical utility
of regional anesthesia techniques in patients on chronic opioid
therapy. However, the efficacy of these techniques can be inferred
from studies in opioid-naive patients. Several chapters through-
out this book provide detailed discussion of different regional
techniques. The following paragraphs are intended to provide
an overview and discuss aspects specific to patients on chronic
opioid therapy.

Infiltration and Wound Lavage

Direct administration of local anesthetics into the surgical
wound can reduce postoperative opioid requirements. This tech-
nique should be considered when other regional techniques are
not applicable. The success of techniques used for administer-
ing local anesthetics into surgical wounds depends on the (1)
type of surgery; (2) type, amount, and concentration of local
anesthetic; and (3) particular techniques used for administering
the drug. Accordingly, results of studies examining the clinical
utility of this technique have been mixed. Direct injection of
local anesthetics into wounds provides a relatively short-lived
analgesic effect for the first few hours after surgery. For abdom-
inal surgeries subfascial as opposed to epifascial or subcuta-
neous injection seems critical for achieving optimal analgesic
results.?8

The relatively short-lived benefit of administering local anes-
thetics into wounds has led to the development of catheter-based
techniques for continuous drug administration. Such techniques
have successfully been implemented to reduce postoperative pain
and opioid requirements for up to 5 days in patients undergo-
ing inguinal hernia repair, sternotomy, and spinal fusion.??!-2%
However, other studies using this technique have reported neg-
ative results.?*

Local anesthetics have been administered into the pleural
and peritoneal cavity and some studies in patients undergo-
ing abdominal surgeries reported significant, but short-lasting,
analgesic and opioid-sparing effects.?>>*¢ However, the effec-
tiveness and safety of intracavitary instillation of local anesthetics
for postoperative pain control remains controversial.?>

The intra-articular injection of local anesthetics and other
adjuvant analgesics, including opioids, is a common practice
in patients undergoing surgery of the joints. Although the sole
administration of a local anesthetic or an opioid provides some
short-lived pain relief and opioid-sparing effects, the overall clin-
ical significance of this practice has been questioned.?”**® How-
ever, more recent studies, using a multimodal pharmacological
approach for intra-articular injections, reported more impres-
sive results. For example, the combined injection of a local anes-
thetic, a nonsteroidal anti-inflammatory drug (NSAID), and
epinephrine not only provided relevant and sustained pain relief,
but also allowed for earlier discharge and improved joint func-
tion 1 week after surgery.2%?-3%

Peripheral Nerve Blockade

Peripheral nerve blockade, including such techniques as the
axillary, interscalene, paravertebral, femoral, and sciatic block,
are very effective for postoperative pain control and signifi-
cantly reduce postoperative opioid consumption. Single bolus
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injection techniques are familiar to a majority of anesthesiolo-
gists and are most effective during the first 24 hours after surgery.
However, the use of catheter-based techniques has become more
popular and allows for prolonged drug administration and pain
control. Direct comparison of such techniques with PCA opioid
administration is favorable and suggests that at least comparable
pain control and opioid-sparing effects but also possibly greater
patient satisfaction can be achieved.*1~30

Epidural Blockade

In contrast to the regional techniques described above, special
efforts have been made to examine the clinical utility of epidural
techniques for postoperative pain control in patients on chronic
opioid therapy. As discussed previously, epidural opioid require-
ments for providing postoperative pain control and epidural or
systemic opioid requirements for alleviating breakthrough pain
are higher in patients on chronic opioid therapy than in opioid-
naive patients.*?2%

Considering the use of very potent opioid in patients on
chronic opioid therapy merits special considerations. Highly
potent, lipophilic opioids such as sufentanil may be more effi-
cacious in these than less potent hydrophilic opioids such as
morphine. For example, deLeon-Casasola and Lema®* reported
that a patient on high preoperative methadone doses was refrac-
tory to high doses of epidural morphine, but responded well to
sufentanil. This differential efficacy may result from the fact that
opioids with higher potency elicit analgesic effects at a lower
receptor occupancy. In a prospective follow-up study in cancer
patients on chronic opioid therapy, the author confirmed that
epidural sufentanil provided superior postoperative pain control
compared with morphine.?*® This finding was echoed by a study
documenting superior postoperative pain control in patients
on chronic opioid therapy who received epidural fentanyl rather
than epidural morphine.*’ Administration of an epidural opioid,
particularly a very potent lipophilic compound, in combination
with a local anesthetic, is an attractive approach for effectively
treating postoperative pain for a prolonged postoperative period.

Adjuvant analgesics have been administered by the epidu-
ral route for further improving postoperative pain control in
patients on chronic opioid therapy. The use of clonidine or low-
dose epinephrine, both agonists at the a,-adrenergic receptor,
has been advocated.?”” For example, superior postoperative pain
control was demonstrated when coadministering epinephrine
with epidural fentanyl and bupivacaine.’®

MANAGEMENT CONSIDERATIONS OF
PERIOPERATIVE OPIOID THERAPY
IN OPIOID-NAIVE PATIENTS

Balanced Anesthesia: Limiting Perioperative
Opioid Exposure

Opioid analgesic medications are commonly used to treat pain
in the perioperative setting. Yet, these medications are fraught
with side effects that include postoperative nausea and vomit-
ing, urinary retention, pruritis, constipation, and other prob-
lems that limit their potential usefulness. Modern anesthetic
practice has evolved over time to embrace the concept of “bal-
anced anesthesia.”** This practice encourages the use of mul-
tiple approaches to analgesia to limit the dose of opioid medi-
cation administered in the perioperative period. Many of these

techniques have already been described in the preceding section
of this chapter. Techniques for acute pain management in the
perioperative setting have also been described in detail by the
American Society for Anesthesiology’s task force on acute pain
management.? Please refer to Chapter 12: The role of preven-
tive multimodal analgesia and impact on patient outcome.

Despite these practices, very large doses of opioid medica-
tion are occasionally administered in the perioperative setting
when other analgesic methods are not practical or desirable.
These situations may include coagulopathy or other condi-
tions that preclude neuraxial anesthetic techniques, surgeon or
patient preference, and allergy or intolerance of other analgesic
medications.

Treating Suspected OIH

The consequences of very large doses of perioperative opioid
administration vis-a-vis opioid tolerance and OIH have already
been discussed earlier in this chapter. The first goal in treatment
should be to determine if postoperative analgesia is adequate in
this clinical setting. If the patient reports adequate postoperative
analgesia, diligent postoperative evaluation of pain and careful
tapering of opioid medication may be all that is required to
successfully manage postoperative pain. However, if the patient
reports unsatisfactory postoperative analgesia, especially in the
setting of escalating opioid dosing, opioid-induced hyperalgesia
should be considered.

There is a dearth of high-quality clinical evidence to guide
treatment of iatrogenic OIH. Current evidence for treatment
of suspected OIH comes mainly from individual clinical case
reports or small case series. One such report suggests that opi-
oid switching to methodone, sufentanil, or ketobemidone may
significantly improve or resolve suspected OIH,!9%-203,210,228-230
Initiation of adjuvant analgesic therapies with concomitant opi-
oid weaning should also be considered. Administration of an
NMDA receptor antagonist such as ketamine has been shown
to dramatically improve postoperative analgesia in a case of
suspected iatrogenic OIH.?*’ Treatment of OIH with weaning of
opioids and substitution with an anticonvulsant, tricyclic antide-
pressants (TCA), and NSAIDS improved pain control in another
recent case report.’”® Evidence from human experimental pain
studies suggest that the «, agonist clonidine may also help atten-
uate the effects of OIH.!®°

In the absence of high-quality clinical evidence, treatment of
suspected iatrogenic OIH that develops in opioid-naive patients
in the perioperative setting should be tailored to the specific
needs and responses of the individual patient. When OIH is
suspected, the clinician should first consider opioid switching
and/or tapering and initiation of adjuvant analgesic therapies,
as tolerated by the patient. These treatments include NSAIDS;
COX-2 inhibitors; NMDA receptor antagonists; o, agonists,
such as clonidine; and regional or neuraxial anesthetic tech-
niques, where appropriate.

FUTURE CHALLENGES
A Dearth of High-Quality Clinical Evidence

Management of acute pain after prolonged opioid exposure is a
challenging problem for clinicians. The molecular mechanisms
of opioid tolerance and OIH continue to be rapidly elucidated
through animal models. At the same time, advances in this
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area of clinical pain management are hindered by a dearth of
high-quality prospective clinical evidence from which to guide
clinical practice.

Optimal Use of Adjuvants in This Population

As previously discussed, patients with chronic opioid exposure
undergo physiologic changes over time that limit the efficacy
of opioid medications for the treatment of acute pain. There-
fore, use of other analgesic medications and adjuvant therapies
are the principal method of acute pain management in these
patients. Yet, high-quality clinical evidence for the optimal use
of adjuvants in this population is lacking.

Most clinical data on modulation of opioid tolerance and
OIH come from human experimental pain studies on healthy
volunteers. Efficacy and effectiveness of adjuvant therapies such
as NMDA receptor antagonists, COX-2 inhibitors, and o, lig-
ands (eg, gabapentin and pregabalin) in acute pain management
for chronic opioid users remains to be fully characterized.

Usefulness of Preoperative Detoxification

There are few data available about the reversibility of physi-
ologic adapatation to prolonged opioid exposure. However, it
seems reasonable to consider reversibility of opioid tolerance
and opioid-induced hyperalgesia in the preoperative manage-
ment of patients on chronic opioid therapy. Detoxification from
opioid therapy may be a useful preoperative maneuver if these
adaptations can be acutely reversed in the perioperative period.

Currently available evidence on reversibility of OIH stems
mainly from the opioid addict population. In these patients,
data suggest that OTH may indeed be reversible to some extent,
but it appears to require periods of abstinence longer than 4
weeks.145:15% These observations must be qualified by the unique
psychological factors of this patient population that may influ-
ence their pain behavior, such as avoidance behavior, markedly
low frustration levels, and their tendency to overreact. Therefore,
these observations may not be entirely generalizable to nonad-
dicted, opioid-dependent patients. Further work is needed to
characterize the reversal of opioid tolerance and OIH in the
chronic pain population.

Impact on Chronic Persistent Pain after Surgery

The incidence of the development of chronic persistent pain
after surgery is not well characterized and may be underesti-
mated and underreported.’®-*10 Although the incidence varies
depending on the type of surgery, estimates for selected pro-
cedures range from 50% for thoracotomy, 30%-81% for limb
amputation, 50% for breast surgery, and 3%-56% for gallblad-
der surgery.’!! A review of predictive factors of chronic pain after
surgery by Perkins et al*!! has shown that the intensity of acute
postoperative pain directly predicts the development of chronic
persistent pain.®!® It is therefore reasonable to hypothesize that
patients who have been chronically exposed to opioids, and who
are more likely to have increased postoperative pain may also be
at increased risk for the development of chronic persistent pain
after surgery.

Already, there is evidence to suggest that perioperative acute
pain interventions may have a long-term postoperative impact
on the development of chronic pain after surgery. For instance,
a retrospective cohort study in 100 patients with a history of
resolved complex regional pain syndrome by Reuben et al*'?

found that perioperative regional anesthesia reduced the inci-
dence of postoperative recurrence of chronic regional pain syn-
drome after upper extremity surgery from to 72% in the control
group (36 of 50 patients who did not receive regional anesthe-
sia) to 10% in the treated group (5 of 50 patients who received
stellate ganglion block; P < .01). More work needs to be done
to study the impact of acute pain management on the devel-
opment of persistent pain after surgery, particularly in patients
with a history of chronic opioid exposure.

In conclusion, our understanding of acute pain management
in opioid-dependent patients is just beginning. Future research
will hopefully lead to high-quality prospective clinical studies
that will provide evidence-based treatment plans to help more
effectively guide clinical care.
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Pain is a prevalent medical complaint and is one of the pri-
mary reasons for which patients seek medical attention in the
United States.! According to the American Pain Society, 50 mil-
lion Americans are partially or totally disabled by pain, and 45%
of all Americans seek care for persistent pain at some point in
their lives.? Tt has been estimated that 50% to 80% of hospi-
talized patients experience considerable pain regardless of the
reason for admission.> Despite the introduction of novel anal-
gesics and advances in analgesic delivery systems, pain continues
to be an undertreated event in a large proportion of hospitalized
patients.? Up to 90% of individuals with pain associated with
cancer or other terminal illnesses and 50% of patients with acute
pain are undertreated.*~¢

Surveys taken in postoperative settings have found that
patients continue to experience moderate to very severe acute
pain following both in- and outpatient surgeries.” Effective
management of acute pain, in particular postoperative pain,
is essential because it negatively affects emotions, quality of
life, functionality, and recovery.!?%8-1% Poorly controlled or
unrelieved pain has serious immediate and long-term con-
sequences, including respiratory, renal, and cardiac dysfunc-
tion, immune suppression, postoperative delirium, functional
impairments, and development of long-term chronic pain.>
Effective pain management promotes earlier mobilization,
improved sleep, and reductions in hospital stay, complications,
and costs.

With the understanding that pain was much more than
“harmless discomfort” that patients had to tolerate following
surgery, multiple disciplines have developed guidelines to im-
prove its assessment and management. Few health care providers
would argue that without accurate pain assessment it is diffi-
cult to provide optimal pain relief. In fact, some would con-
tend that continual assessment is perhaps the most important
aspect of care necessary to provide optimal levels of analgesia.
Before an adequate treatment plan can be implemented, the
health care provider must establish a working diagnosis of the
noxious stimulus as well as an assessment of its character and
intensity.
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Pain is a purely subjective experience; its assessment is an
essential, yet challenging, component of patient examination.
There are no existing objective measures that can serve as sat-
isfactory assessment tools. Pain is also multidimensional and
includes nociception, perception, and expression. For this rea-
son, multiple aspects of the pain experience must be considered,
including sensory, affective, and cognitive dimensions. There is
no single approach to pain assessment that is appropriate for
all patients or in all settings because the nature of the assess-
ment is affected by multiple factors, including the purpose of
the assessment, the setting within which the assessment occurs,
the patient population, and the clinician.!!

HISTORY OF PAIN ASSESSMENT

Created in 1986, the World Health Organization’s (WHO) 3-
step analgesic ladder for cancer pain represents an attempt
to base pain treatment on the intensity of the pain (Fig-
ure 11.1). The WHO ladder classified cancer pain into 3 lev-
els of severity: mild, moderate, and severe.!? Though simplistic
in nature, the WHO analgesic ladder was widely viewed as suc-
cessful because it attempted to provide an organized approach
to pain assessment on a global scale. Yale-New Haven Hospi-
tal’s Pain Management Service employs a 4-step approach mod-
eled after the WHO?’s 3-step ladder (Figure 11.2). The fourth
step comprises interventional pain management techniques,
including implantable devices, regional, and neuraxial analgesic
techniques.

With the same intent, the Agency for Health Care Policy and
Research (AHCPR), now known as the Agency for Healthcare
Research and Quality (AHRQ), published clinical practice guide-
lines for acute pain management in 1992.1* However, unlike
previous endeavors, the AHRQ guidelines emphasized an inter-
disciplinary approach based on published scientific literature to
create an evidence-based approach to pain assessment.

Currently implemented as a pain assessment strategy in
many hospitals across the country, “Pain as the 5th Vital Sign”
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Step 3
“Strong Opioids”

Severe Pain

“Weak Opioids™
“Nonopioids”

Figure 11.1: The World Health Organization (WHO) stepwise
approach to pain management. Although developed to better control
cancer pain, this approach can also be employed for acute and conva-
lescent pain. Patients with a pain complaint are started at the lowest
step and are treated with nonopioid analgesics. If pain increases in
intensity, patients are advanced to the second step (weak to moderate
strength opioids) and eventually to the final step (potent opioids). It is
understood that adjuvant analgesic and nonpharmacological therapy
can be employed at every step to further optimize pain relief and to
reduce opioid burden. With new advances in pain medicine a fourth
step (interventional pain management) may be considered for patients
unable to tolerate dose escalation of strong opioids.!?

was a slogan originally created by the American Pain Society
(APS). Former APS president Dr. James Campbell stated:

Vital Signs are taken seriously. If pain were assessed with
the same zeal as other vital signs are, it would have a
much better chance of being treated properly. We need
to train doctors and nurses to treat pain as a vital sign.
Quality care means that pain is measured and treated.'*

This slogan has gone on to become a powerful transforming
force in the pain assessment movement. In February 1999, the
Veterans Hospital Administration began implementation of the
Fifth Vital Sign strategy within their hospital system nationwide.
Its stated intent was to reduce suffering from preventable pain
and assure that pain assessment would be performed in a con-
sistent manner.'* The Veterans Hospital Administration’s plan
involves nurses utilizing a numerical pain scale for every patient
encounter and documenting the result within the medical record
alongside the vital signs (Figure 11.3).!4

In 2001, the Joint Commission on Accreditation of Health
Care Organizations (JCAHO) mandated evaluation of pain

Analgesics

Eonopioid adjuvant(s)

Step 1

(Mild pain)
Nonopioid + adjuvant
Analgesics

y M
PAIN £ —

A
r

Step 4 . - Sufentanil Adjuvants
(Interventional) Pain persisting or Hydromorphone that may be
increasing beyond Bupivacaine included at
Step 3 Ketamine each step:
Implantable regional Ziconidine
or neuraxial techniques Baclofen
Step 3 TCA's
Morphine, MS Contin SSRI's
Pain persisting or Hydromorphone Clonidine (patch)
increasing Oxycontin Dextromethorphan
beyond Step 2 Methadone, Muscle relaxants
potent opioid + Oxymorphone (Valium, Flexeril,
nonopioid adjuvant(s) [Duragesic patch Baclofen)
Actiq, Fentora] Tizanidine
[agonist
Step 2 ;
P Percocet, (F;:-aba%erllf[ n
Tramadol regabain
Pain persisting or Codeine Antispasmodics
increasing Darvocet TEN.S
beyond Step 1 Hydrocodone Physical therapy
Moderately potent opioids Oxycodone Acupuncture
2 Stadol (nasal) /| Magnets

Buffered ASA
Acetaminophen (up to 4
gm/day)

NSAIDs — ketorolac,
ibuprofen naproxen
Cox-2 inhibitors
(Tramadol) low dose

Figure 11.2: A stepwise approach to pain management employed at Yale-New Haven Hospital.
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No Mild Moderate Severe Worst
Pain Pain Pain Pain Pain

Figure 11.3: The Numerical Rating Scale. This version employs word
descriptors.

scores for all patients.”'®> The ultimate goal of this mandate was
to establish a uniform approach to pain assessment and to make
hospital personnel accountable for pain management. Further-
more, the JCAHO mandate established pain relief as a patient
right, thereby making inadequate pain control unethical.® It also
increased the importance of pain as a quality-of-life domain and
reinforced the idea of pain relief as an indicator for quality med-
ical care. The principle elements of JCAHO?’s pain management
standards, found in Table 11.1, provide the foundation for an
effective pain assessment and management program.

Similar attempts to improve pain assessment can be found
throughout many fields of the health care industry. From 2002
to 2006, the American Society for Pain Management Nursing
(ASPMN) released recommendations in the form of position
statements that establish a philosophy of care and provide guid-
ance for clinical practice in specific patient populations.'®~24
These include patients receiving analgesia via catheter techniques
or requiring “PCA by proxy,” those who are nonverbal, and
others suffering with addictive disease, requiring “as-needed”
range orders, or who are at the end of life. The ASPMN also
authored position statements regarding balancing the promo-
tion of pain relief while preventing abuse of analgesics and their
view on the use of placebos in pain management. An overview
of these position statements as they relate to the content of this
chapter is in the Appendix.

The U.S. government has also become involved in attempting
to address the challenge of acute pain. The U.S. Congress desig-
nated the period of 2001 to 2010 as the “Decade of Pain Control
and Research” with the goal of increasing the visibility of pain
and emphasizing the importance of pain management.!> Since
the late 1980s, there has been a significant shift in the pain assess-
ment paradigm away from a poorly controlled, non—evidence-
based approach toward one that emphasizes the following: (1)
a systematic assessment of pain focusing on the patient’s his-
tory, physical exam, and context or situation in which pain is
occurring; (2) a focus on both the qualitative and quantitative
aspects of pain (utilizing various scales and descriptors); and
(3) a recognition that adequate pain control is a patient’s right.
Ultimately, the expectation is that achieving better assessment
of pain will enable health care providers to better manage pain.

TYPES OF PAIN

Pain is a complex universal human experience, the definition
of which has evolved over the years. In 1968, Margo McCaffery
published a clinical definition of pain that has become the cor-
nerstone of pain assessment: “Pain is whatever the experiencing
person says it is, existing whenever he/she says it does.”* This
phrase has provided the basis for the reliability and acceptance of
the “patient’s self-report” of pain.>*!3-2> It was the International
Association for the Study of Pain (IASP) that developed the com-

Table 11.1: JCAHO Pain Management Standards®

Patients have the right to appropriate assessment and management
of pain.

Initial assessments and ongoing reassessments shall identify
individuals with pain, and its nature and intensity.

The organization shall develop procedures for pain assessment, for
recording assessment results, and for ongoing reassessment and
follow-up.

The organization ensures staff competency in pain assessment and
management.

The organization incorporates training on pain assessment and
management in orientation of all new clinical staff.

The organization establishes policies and procedures that support
appropriate prescribing or ordering of pain medications.

Patients and their families shall be educated about the importance of
pain management as a component of the overall treatment strategy.

Pain relief should be included as a component of discharge planning.

The organization should consider the appropriateness and
effectiveness of its pain management program by incorporating it
into its performance measurement and improvement program.

¢ From Joint Commission on Accreditation of Health Care Organiza-
tions (2000).%

monly utilized definition of pain as “an unpleasant sensory and
emotional experience which we primarily associate with tissue
damage or describe in terms of such damage, or both.”?® This
definition recognized pain as a combined sensory, emotional,
and cognitive phenomenon for which physical pathology does
not need to be present.?” Furthermore, this definition addressed
the complex nature of pain, moving away from the earlier dual-
istic idea that pain is of either purely psychogenic or purely
somatogenic origin.

The contemporary view of pain characterizes its multi-
dimensionality with simultaneous involvement of noxious,
emotional, cognitive (thoughts), and belief components.
Conceptually, pain can be thought of as being composed of
3 hierarchical levels: a sensory-discriminative component (eg,
location, intensity, quality), a motivational-affective component
(eg, depression, anxiety), and a cognitive-evaluative component
(eg, thoughts concerning the cause and significance of the pain)
(Figure 11.4).

Cognitive-Evaluation Component
thought concerning the cause
and significance of the pain

Motivation-Affective
Component
depression, anxiety

Sensory-Discriminative
Component
location, intensity, quality

Figure 11.4: The hierachical levels of pain (modified from McCaffery
M, Pasero C. Pain: Clinical Manual. 2nd ed. St. Louis, MO: Mosby;
1999).%
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Table 11.2: Pain Characteristics

Types of Pain Mechanism Examples Descriptors

Nociceptive Peripheral nociceptor activation Bruise, cut, bone fracture, burn, tissue Aching, sharp, throbbing,
secondary to tissue damage. damage, arthritis pressure, stiffness

Neuropathic Direct injury to the sensory Postherpetic neuralgia, phantom limb, Burning, tingling, crushing,
axons in the central or peripheral radiculopathy, pinched nerve stabbing, electric shock
nervous system.

Psychogenic Mechanism not well understood. Headache, muscle pain, back pain, Complaints of pain that do not
Pain secondary to underlying abdominal pain, fibromyalgia always match symptoms.
psychiatric disorder.

Mixed Containing characteristics of Chronic headaches, low back pain
neuropathic and nociceptive pain

Idiopathic Pain with unknown mechanism

There are 5 accepted classifications of pain: nociceptive, neu-
ropathic, mixed, psychogenic, and idiopathic. Based on the clin-
ical characteristics of the pain described by patients, one can
speculate on the type of mechanism sustaining it. Nociceptive
pain can be defined as an unpleasant sensation secondary to
the activation of peripheral nociceptors located in tissues other
than the peripheral and central nervous systems. Nociceptive
pain can be further subdivided into somatic and visceral types.
Nociceptive pain is usually time limited and resolves once the
initial damage heals.?-?-26

Neuropathic pain represents a paradoxical form of pain sec-
ondary to trauma or dysfunction of a sensory nerve of the cen-
tral or peripheral nervous system. Although neuropathic pain
can be influenced by ongoing tissue injury, the maintenance
of pain eventually becomes stimulus independent. Following
neural injury, sensory transmission is lost and patients com-
monly complain of “numbness.” In addition, neuropathic pain
may be associated with hyperalgesia leading to allodynia and
hyperpathia within the injured/denervated region, and spon-
taneous generation of paraesthesias, dysesthesias, or burning
pain.2’9’26

Mixed pain refers to pain originating from multiple mecha-
nisms or displaying characteristics of different pain types. This
pain syndrome may exhibit symptoms of both neuropathic and
somatic disorders. Mixed pain is commonly observed in patients
with end-stage disease processes.

Psychogenic pain is a term that refers to real physical pain
that originates from a psychological problem. This diagnosis
requires that organic causes of pain be ruled out. A person with
a psychogenic pain disorder will complain of pain that does not
match his or her symptoms. It can manifest in various forms
such as headaches, muscle pains, back pain, and stomach pains.
Idiopathic pain is a label given to pain for which no sustain-
able physical or mental mechanism can be inferred. It is usually
considered a diagnosis of exclusion. To avoid mislabeling a
true pain condition as idiopathic, a comprehensive investiga-
tion should be performed by a pain specialist to rule out any
underlying pathology. Table 11.2 provides an overview of differ-
ent pain classifications.

PROCESS OF PAIN ASSESSMENT

Despite being a universal experience, pain has been historically
difficult to manage because of the difficulties caregivers have in

understanding individual perception and emotional responses
to the noxious stimulus. As discussed above, inadequate pain
assessment often results in inadequate treatment. The process
of pain assessment and reassessment is essential to analyze the
nature, intensity, and merit of the pain complaint.?”-? It is this
process that guides therapeutic interventions and monitors the
efficacy of treatment. Assessment and documentation allow the
patient’s pain problem and level of discomfort to become highly
visible to all members of a health care team and facilitate com-
munication of the management plan across the continuum of
care.”®

As with any medical disease state, a detailed history and
examination are key to understanding the patient’s complaint
and developing a treatment plan. The initial interview and exam-
ination attempts to find answers to the following questions:
Where is your pain? What does it feel like? When did your pain
begin? How severe is your pain? How often do you experience
pain? and What improves or worsens your pain? The examina-
tion must include assessment scales and other tools designed to
characterize the quality and intensity of the pain complaint.?”-2¢
Objective or quantitative information includes pain intensity at
baseline, resting, and on effort. A diagnostic physical examin-
ation should always be performed to identify the underlying
cause of the pain, to check for exacerbating factors, and to
identify neuromuscular, neurological, and behavioral abnormal-
ities. Subjective, qualitative information regarding pain should
include its character (sharp vs dull vs shocking), its location and
radiation, its onset and duration, and exacerbating and relieving
factors.

Observer Pain Scores

Although generalizations can be made with respect to typical
pain intensity and analgesic requirements following a variety
of procedures, these estimations represent only a starting point
from which initial therapy may be formulated. Thereafter, ther-
apy is continually modified, depending on patient response.?’
Physicians and nurses caring for acute and chronic pain patients
often employ observer scores to estimate pain intensity, need
to treat, and the amount of analgesic required. Observer scores
are highly objective, based primarily on behavioral and auto-
nomic signs as well as caregiver experiences of pain. Although
these scores are easily obtained, such information often reflects
potentially biased and unreliable approximations of pain inten-
sity. Observer scoring should be restricted for assessments in
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nonverbal and cognitively impaired patients.?’>2>>* Whenever
possible, standardized pain assessment scales and patient self-
reporting should be employed. “Without reproducible biologic
markers or precise diagnostic tests that measure pain,”? the self-
report remains the most reliable and accurate indicator of pain
and its intensity.!>%

Self-Report Scales

Theoretically, acute pain like chronic pain should be evaluated in
its multiple dimensions, which include intensity, location, and
physical and emotional consequences. However, scales devel-
oped to evaluate these dimensions are too complex for practi-
cal use in most surgical patients. Simple methods for assessing
pain intensity are more practical for use on busy care units.?’
Self-report measurement tools are classified as unidimensional
or multidimensional according to the number of dimensions
measured. They are best applied in patients who remain verbal
and have minimal cognitive deficits. Behavioral/observational
assessment tools should be used to assess pain in the nonver-
bal patient. It is worth noting that the scale chosen to assess a
patient’s initial pain complaint should be employed throughout
that patient’s course of treatment to provide a consistent frame
of reference to determine response to therapy.

Pain is a complex, highly subjective, perceptual experience.
Nevertheless, the idea that “pain is what the patient says it is”
helps to guide assessment and management strategies.*! When
patients report pain, they are reporting much more than inten-
sity. However, because of its effect on quality of life and function-
ing, intensity has been demonstrated to be the most important
contributor to the pain experience.’? Although the intensity and
location of discomfort can be assessed objectively, the experience
of pain can be communicated only in a subjective way. When
evaluating a patient’s pain experience it is important to remain
aware that “different pains with different causes feel different.”**

30

ASSESSMENT TOOLS

Standardized and reproducible methods for assessing pain inten-
sity are essential to the pain assessment and management pro-
cesses. A number of tools have been developed to assess pain
intensity. These instruments may be employed to quantitate pain
intensity, develop a rational therapeutic regimen, and evaluate
and document the efficacy of an intervention. Ideally, only vali-
dated instruments that are sensitive enough to measure change
should be used. Integral to the assessment process is selection
of the most patient-appropriate tool(s) that must take into
consideration the patient’s age, cognitive function, and previ-
ous patient experience with the tool. It is recommended that
the tool(s) selected to assess pain intensity be consistently and
systematically applied. Finally, it should be remembered that
using a single assessment tool, particularly a unidimensional
pain rating scale (UPRS), cannot facilitate an adequate assess-
ment of the subjective and highly nuanced aspects of the pain
complaint.

There are four main UPRSs used in clinical practice for
objective pain assessments. These include the Numeric Rat-
ing scale (NRS), the Verbal Descriptor scale (VDS), the Visual
Analog scale (VAS), and the Faces Pain scale (FPS). Each of
these scales is a valid and reliable measure of pain intensity.
The Towa Pain Thermometer (IPT) is another UPRS used in

clinical practice. More subjective multidimensional pain assess-
ment tools such as the McGill Pain Questionnaire (MPQ) and
the Brief Pain Inventory are also valid measures of acute and
chronic pain. Descriptions of the pain assessment tools follow.
Key attributes of the commonly used unidimensional and mul-
tidimensional pain assessment tools are outlined in Tables 11.3
and 11.4.

Unidimensional Pain Rating Scales

Unidimensional pain rating scales are tools used primarily
for rapid assessment and objective quantification. They allow
patients to self-report a single dimension of their pain experi-
ence, the pain intensity level. These tools are most useful for
assessing pain with an obvious cause such as postoperative pain
and acute trauma but may oversimplify assessment of more
complicated pain syndromes.!!-?”

Numeric Rating Scale

The NRS is a simple-to-use linear scale that is commonly
used to quantify pain intensity in clinical settings. The NRS is
typically an 11-point scale where the end points represent the
extremes of pain (Figure 11.3). The NRS is a line marked with
the numbers 0 to 10 at equal intervals where 0 indicates no
pain, 5 indicates moderate pain, and 10 indicates the worst pain
imaginable.

The NRS is usually presented to the patient verbally, but
may be presented visually. When presented visually, the NRS
may be displayed in a horizontal or vertical orientation. Patients
are asked either to verbally indicate or to circle the number
that best represents their current level of pain intensity. This
tool has demonstrated sensitivity to treatment-induced changes
in pain intensity and is useful for differentiating pain intensity
at rest and during activity. The NRS can be used for analgesic
research as well as for clinical pain assessment. Evidence sup-
ports the validity and reliability of the NRS in younger and
older patients.* Pain assessment in elderly and mildly cogni-
tively impaired patients may be better facilitated using NRSs
that include greater numbers of numerical and word descriptor
cues.

Verbal Rating Scale

The VRS, VDS, and Simple Descriptive scale (SDS) are inter-
changeable terms for a group of simple-to-use and easily under-
stood pain intensity tools used in clinical practice. The VRS
is an ordinal scale typically delineated using four to six adjec-
tives to describe increasing levels of pain intensity. The most
commonly used words are no pain, anchoring the left end of the
scale, followed by mild, moderate (discomforting), severe (distress-
ing), very severe (horrible), and the worst possible (excruciating)
pain imaginable, anchoring the right end of the scale. Using this
scale, the patient is asked to select the word that describes his or
her current level of pain. A VRS consisting of 4 pain intensity
descriptors that describe pain as none, mild, moderate, and severe,
each word linked to increasingly higher number scores (0, 1, 2,
and 3), is commonly employed. The patient is asked what num-
ber (score) best describes his or her present level of discomfort.
Verbal rating scales may either be read by the patient or spo-
ken out loud by the caregiver, followed by a patient answer. The
latter method is easily understood by noncognitively impaired
patients and rapidly performed; however, it lacks accuracy and
sensitivity.>>3*



152

Cynthia M. Welchek, Lisa Mastrangelo, Raymond S. Sinatra, and Richard Martinez

Table 11.3: Unidimensional Pain Scales

Scale

Advantages

Disadvantages

Comments

Numeric Rating Scale
(NRS)

Verbal Rating Scale
(VRS)

Verbal Descriptive Scale
(VDS)

Simple Descriptive
Scale

Visual Analog Scale
(VAS)

Faces Pain Scale (FPS)

Faces Pain
Scale-Revised (FPS-R)

Towa Pain
Thermometer (IPT)

Historically proven validity,
reliability, and sensitivity; been used
in clinical practice for 20 years

Reproducible results

Demonstrated sensitivity for acute,
chronic, noncancer, and cancer pain

Simple to describe, easy to use and
understand

High rate of patient acceptance and
adherence

Requires less cognitive energy and is
less likely to produce frustration

Reliable for repeated use in same
patient

Flexible administration (including
by telephone)

Historically proven validity,
reliability, and appropriateness in
clinical practice

Simple to describe

Easy to use; simple word descriptors
easy to understand, particularly for
elderly

Documented validity, reliability, and
appropriateness in clinical practice

Valid and sensitive for patients with
acute, chronic, and cancer pain.

Reliable for repeated use in same
patient

Documented validity, reliability, and
appropriateness in clinical practice

Easy to use and understand
Easy to administer
Correlates well with NRS

Not subject to culture, sex, or
ethnicity influences

Useful for individuals with
communication barriers (eg,
elderly, cognitively impaired, or
have limited language fluency or
education, and children)

May be perceived as easier to use
compared to NRS, VAS

Simple to describe

Easy to use

Simple word descriptors easier for
elderly to understand

Not reflective of multidimensional
aspects of complex pain scenarios

May be less reliable for some
patients (eg, elderly, and those
with visual, hearing, or severe
cognitive impairment)

Limited selection of word
descriptors

Subjective to patient biases

Lacks sensitivity to changes in pain
intensity that can result in over- or
underestimation of pain changes

Time consuming to administer
and score

Description and use of scale may
cause patient confusion

Elderly experience difficulty
understanding and completing the
scale

Less reliable in immediate
postoperative patient with
cognitive impairment

Poor reproducibility with
cognitive impairment

Must be administered on paper or
electronically

Must be presented in printed form

Potential for distorted assessment
(ie, tendency to point to the center
of such scales)

May be difficult to determine
whether pain or mood is being
measured

Must be presented in printed form

Most commonly used method of
assessing pain intensity

Patient must be able to understand pain
grading concept

May be used in the horizontal or vertical
orientation

Patient may select a verbal version or
draw a circle around a visual, written
version to indicate the number that best
describes their pain intensity level

May be reliable to use for patients with
mild to moderate cognitive impairment

Selection of descriptors requires basic
linguistic skills and ability to identify
descriptor best matching pain intensity
level

Can be used in a horizontal or vertical
orientation

Scale orientation may impact statistical
distribution of data

Ratings require quantification of pain
intensity and abstract reasoning to
determine length of line that corresponds
to pain intensity

Repeated photocopying may result in a
change in the true scale length, thereby
impacting accuracy of the rating
measurement

Good alternative for patients with
communication barriers

For visually impaired, enlarged
photocopy may be required

Looking at the facial representations may
make it difficult to distinguish between
pain and emotional state for some
patients

Vertical orientation used

Appropriateness of use depends on visual
acuity

Scale enlargement may be required for
visually impaired patients

Sources: Berry et al (2006),!! Gagliase et al (2005),%* Williamson et al (2005),%* Ware et al (2006).%
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Table 11.4: Multidimensional Pain Assessment Tools

Scale Advantages Disadvantages Comments

Brief Pain Inventory Quantifies pain intensity and Administered visually

(BPD) disability Used in clinical and research settings
R’?h?ble for. use in a variety of Takes 5-15 minutes to complete
clinical settings
Used across cultures and languages

Initial Pain Assessment ~ May be completed by patient or Administered visually and verbally

Inventory (IPAI) clinician, Includes diagram for
site(s) of pain

McGill Pain Extensively tested and widely used ~ Lengthy and complex Administered verbally in person or via

Questionnaire (MPQ) in research and clinical practice

Studies support validity, reliability,
and sensitivity with younger adults
Growing evidence of validity and
reliability for elderly people with
chronic pain

Assesses sensory, affective, and
evaluative dimensions of pain

Short form takes 2—3 minutes to
complete

Long form takes 5-15 minutes to
complete

Patient frustration with process
Frequent assessments not feasible

Patients may have difficulty
understanding directions for use
of the tool

Patient may be confused by the
vocabulary

Repeated testing, unrelated

telephone by caregiver, interviewer, or
proxy, or patient self-administered

Important to maintain consistency in
administration procedure to achieve
accurate results

Choosing adjective descriptors requires
subtle differentiation of the qualities of
the pain experience

Total score, not individual scale scores,

is considered valid measure of pain
intensity

events may result in inaccurate
responses

Sources: McCaffery et al (1999),” Gagliase et al (2005),** Melzack (1975),*! Melzack (1987).%

The VRS scale is not as sensitive as the NRS to treatment-
induced changes in pain intensity, because only a limited num-
ber of descriptors are used. As such, a much greater change in
pain intensity must exist for patients to select a higher or lower
descriptor. The lack of sensitivity can lead to over- or underes-
timation of pain changes.*® Evidence supports the validity and
reliability of VRSs for younger patients, with supportive evidence
growing for older people.*

Visual Analog Scale

The VAS is an efficient measure of pain intensity that has
been used widely in research and clinical settings. The most
common VAS is a 10-cm line, usually presented in the horizontal
orientation, but it may be presented vertically, labeled at the end
points with the word anchors no pain and worst pain imaginable
(Figure 11.5). The patient is required to mark the line with a
pencil slash at the point that corresponds best to the present level
of pain intensity. Some visual analog scales are manufactured as
slide rules, in which a movable line can be positioned by the
patient along the 100-mm line. The length of the line from
the end identified as no pain to the mark made by the patient
is measured by the observer and recorded in millimeters on
a scoring sheet, giving 101 possible scores for pain intensity.
The tool should be presented with minimal verbal cues and no
finger pointing by the observer.*® It should be introduced with
an appropriate standardized statement: “Please mark on the line
the intensity of the pain you are experiencing at this moment.”
Ideally the line should be marked for pain at rest as well as
pain during movement. The relative absence of descriptor cues
and line markers with the VAS is believed to provide greater
scientific validity, but can be confusing for both very young and
elderly patients.***> To minimize confusion, the patient should

be instructed preoperatively as to what the line end points mean
and how to mark them.

Although the VAS is easy to administer, it can be more time-
consuming because the pencil mark location must be measured.
The scale has a high degree of sensitivity because slight changes
in pain intensity can be detected. When compared with the
VRS, scores of approximately 30 mm on the 100-mm VAS cor-
responded to moderate pain, and a score of 54 mm or more
correlated to severe pain.’>3® One study conducted in adult
emergency department patients admitted with acute pain sought
to define the minimum clinically important difference in pain
severity for the VAS. They demonstrated that “a mean reduc-
tion in the VAS measurement of 30 mm represents a clini-
cally important difference in pain severity that corresponds to
patients’ perception of adequate pain control.”*® Studies have
shown that accuracy of the VAS depends on using it in an ori-
entation (horizontal versus vertical) consistent with the read-
ing pattern of the population in which it is used. The verti-
cal orientation has been associated with less user error in Chi-
nese patients, whereas English speakers demonstrated a lower
error rate when used in the horizontal orientation.” Studies,
predominantly in young subjects, have supported the sensitiv-
ity, validity, and reliability of the VAS as a measure of pain
intensity.>>% Use in the elderly is less certain.*

0 100
| J
No Worst
Pain Possible
Pain

Figure 11.5: The Visual Analog Scale.
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Figure 11.6: The Original Wong-Baker FACES Rating Scale. From
Hockenberry MJ, Wilson D, Winkelstein ML: Wong’s Essentials of
Pediatric Nursing, ed. 7, St. Louis, 2005, p. 1259. Used with permission.
Copyright, Mosby.

Faces Pain Scale

Historically, FPSs that consist of a series of six to seven faces
ranging from a happy, smiling face at one end to a sad, teary
face at the opposite end have been used to assess pain in the
pediatric population. Several versions of FPSs have been used in
clinical practice. They are intended to measure how the patient
feels. Each displays facial expressions shown to be associated
with pain, including brow lowering, lip tightening/cheek raising,
nose wrinkling/lip raising, and eye closure. The original Wong-
Baker FACES Rating Scale is the most widely recognized and is
commonly used in pediatric settings (Figure 11.6).

The most up-to-date version of the FPS is the Faces Pain
Scale—Revised (FPS-R). The FPS-R presents pictures of six line-
drawn faces presented in a horizontal orientation. Patients are
instructed to point to the face that best reflects the intensity
of their pain. The facial expressions represented on the FPS-R
appear less childlike compared to other FPSs (Figure 11.7). The
absence of tears avoids potential cultural bias about pain expres-
sion. A rating of no painis represented by a neutral face instead of
a happy face at the far left of the scale. The faces show more and
more pain as the scale proceeds to the right, with the face at the
far right showing an expression associated with extreme pain.
The FPS has displaced the OUCHER scale, which employs pho-
tographs of children rather that cartoon faces, and has become
the most widely applied observational tool for pediatric patients
aged 4-14 years.”

Although the FPSs were designed for use in the pediatric pop-
ulation, more recent studies have evaluated utility in the adult
population, particularly the nonverbal, cognitively impaired. For
some severely cognitively impaired patients, when employing
an FPS as part of the pain assessment process, the health care
provider may need to select the face that correlates best to the
patient’s observed facial expressions. The FPSs may also be useful
for assessment of patients with language barriers.

IOWA PAIN THERMOMETER

The IPT is a diagram of a well-recognized thermometer
reflecting an increasing level of pain intensity with word descrip-
tors including no pain, slight, moderate, severe, very severe, and
the most intense pain imaginable (Figure 11.8). The patient is

[ORON
0 1-3 4-5 8-9 10

6-7
No Mild Moderate Severe Very Severe Excruciating
Pain Pain Pain Pain Pain Pain

Figure 11.7: Revised FACES Scale that utilizes color gradation. This
scale is used by the Yale Pain Management Service for assessing pain
severity in elderly and cognitively impaired patients.

Most Intense Pain -10
-9
Very Severe Pain -8
-7
Severe Pain —6
-5
Moderate Pain -4
-3
Slight Pain -2
-1
No Pain T \-0

Figure 11.8: The Pain Thermometer. Modified from
Herr et al. Evaluation of the Iowa Pain Ther-
mometer and other pain intensity scales. Pain Med.
2007;8(7):585-600.

asked to mark beside the word that best represents the intensity
or severity of his or her present pain. Cues associated with the
scale include the fact that discomfort associated with increasing
intensity is analogous to discomfort associated with increasing
temperature displayed on a thermometer. The tool is a verbal
descriptive scale used with the older adult population.

Multidimensional Pain Assessment Tools

Multidimensional pain assessment tools provide important
information about the characteristics of the patient’s pain and
its effects on the patient’s daily life. These tools were designed to
facilitate the patient’s self-report; however, a clinician may guide
the process and assist the patient.

Initial Pain Assessment Tool

The Initial Pain Assessment tool was developed for use dur-
ing initial patient evaluations (Figure 11.9). It guides the clin-
ician in collecting information related to characteristics of the
patient’s pain, the patient’s manner of expressing pain, factors
that relieve or increase the pain, and the effects of pain on func-
tion and quality of life. A human figure diagram is provided
on which the patient may indicate pain location(s). A space is
provided to indicate the unidimensional pain scale used and to
document the present pain intensity level, the intensity of pain
at its worst and best, and the level of pain considered acceptable
to the patient. A space is also provided for documenting addi-
tional comments and management plans. The tool can be used
for acute and chronic pain assessment, and is useful for detecting
changes in pain symptoms following a therapeutic intervention.

The OLD CART Acronym

Another tool that can be employed as an assessment guide
is known by the acronym OLD CART (Figure 11.10). This tool
provides an approach to questioning of the patient by the health
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FORM 31 -

Date
Patient’s Name Age Room
Diagnosis Physician

Nurse

1. LOCATION: Patient or nurse mark drawing,.

Right

2. INTENSITY: Patient rates the pain. Scale used

LEFT

Left

RIGHT

Right{&& w Left

Right

Present:

‘Worst pain gets:

Best pain gets:

Acceptable level of pain:

3. QUALITY: (Use patient’s own words, e.g., prick, ache, burn, throb, pull, sharp)

4. ONSET, DURATION,VARIATIONS, RHYTHMS:

5. MANNER OF EXPRESSING PAIN:

6. WHAT RELIEVES THE PAIN?

7. WHAT CAUSES OR. INCREASES THE PAIN?

8. EFFECTS OF PAIN: (Note decreased function, decreased quality of life.)
Accompanying symptoms (e.g., nausea)

Sleep

Appetite

Physical activity

Reelationship with others (e.g., irritability)

Emotions (e.g., anger, suicidal, crying)

Concentration

Other

9. OTHER COMMENTS:

10. PLAN:

May be duplicated for use in clinical practice. From McCaffery M, Pasero C: Pain: Clinical manual, p. 60. Copyright © 1999, Mosby, Inc.

Figure 11.9: Initial Pain Assessment Tool. From McCaffery M, Pasero C. Pain Clinical Manual. 2nd Ed. St Louis, MO:

Mosby; 1999, with permission.?
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“OLDCART” is an acronym that can be used as a simple pain assessment guide
together with a pain intensity scale.

O: Onset (new or chronic pain)
L: Location (one or more sites)
D: Duration (intermittent or persistent)
C: Characteristics (somatic — sharp, dull or aching)

(visceral — cramping, squeezing)

(neuropathic — shooting, burning, electrical, tingling numbness)
Aggravating factors (what makes the pain worse)
Relieving factors (what makes the pain better)
Treatment (pharmacological / nonpharmacological)

(past or present)

43>

Figure 11.10: The OLD CART method of pain assessment. “OLD-
CART? initially published by Bates 1995 for assessing chest pain.

care provider to quickly determine onset, location, duration,
and characteristics of the pain complaint, as well as factors that
aggravate and relieve the pain. This process also involves retrieval
of information regarding treatment received by the patient for a
previous pain complaint and a discussion of the treatment plan
for the current complaint. The OLD CART tool must be used

in combination with an appropriate pain intensity scale. This
assessment scale can be employed at the bedside and is useful
in elderly and cognitively impaired patients who have difficulty
with lists of questions yet can easily provide answers to caregiver
presented questions.

McGill Pain Questionnaire

The McGill Pain Questionnaire (MPQ), originally con-
ceived by Melzack and Torgerson, is one of the oldest and most
extensively tested multidimensional pain assessment tools (Fig-
ure 11.11).3%-341 Tt was initially developed for general assess-
ment of chronic pain, but it has also been validated for acute
pain,*® 0 particularly postoperative pain.* This tool has com-
pared to the VRS and VAS in sensitivity to changes in postoper-
ative pain following administration of oral analgesics.*

Clinicians have long recognized the existence of qualitatively
different aspects of pain and descriptors used to describe various
forms of discomfort. “Throbbing headache,” “crushing chest
pain,” and “heartburn” are well-recognized phrases. The MPQ
employs 78 word descriptors to assess the sensory, affective,
and evaluative dimensions of pain and to measure both the

Patient’s Name, Date. Time, am/pm
A Py Dosage. Time Given, am/pm
Dosage. Time Given, am/pm
Analgesic Time Difference (hours): +4 +1 +2 +3
PRI: 5. A E M(S). MM PRI(T).
(110 (11-15) (16) 1719 (20) (17-20) 120)

1 FLICKERING o|[11 TRING |:||
QUIVERING o EXHAUSTING O
PULSING o
THROBBING O | [12 SICKENING 5]
BEATING O SUFFOCATING DO
POUNDING 8]

13 FEARFUL O

2 JUMPING O FRIGHTFUL [m]
:E&SHING sl TERRIFYING (]

IN O
e 14 PUNISHING a
3 PRICKING §] GRUELLING o
CRUEL 5|
BORING o O o

DRILLING O
KILLING 8]

STABBING O
LANCINATING O | (75" WRETCHED O
BLINDING a

4 SHARP 8]

CUTTING O | [16 ANNGYING [&]
LACERATING U TROUBLESOME D
MISERABLE o

5 PINCHING =] INTENSE o
PRESSING o UNBEARABLE O
GNAWING o
CRAMPING 0 | [17 sPREADING =]
CRUSHING m] RADIATING o

PENETRATING D

6 TUGGING [a] PIERCING O
PULLING &}

WRENCHING O | [18 TIGHT ]
NUMB o
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et B SQUEEZING a

BURNING &}
SCALDING ] TEARING o
1 o
SEARING =
COoLD u}
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SMARTING o
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SORE g TORTURING 8]
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1 MILD O
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TAUT 0| 3 oistRESSING O
RASPING O || 4 HORRIBLE 5|
SPLITTING O || s excruciaTING O

PPl |COMMENTS:

(

CONSTANT O

PERIODIC O

BRIEF m}
ACCOMPANYING SLEEP: FOOD INTAKE:
SYMPTOMS: o || cooo o
NAUSEA ] FITFUL [m] SOME o
HEADACHE ] CAN'T SLEEP O LITTLE o
DIZZNESS O : NONE 0
DROWSINESS O | | COMMENTS: T
CONSTIPATION O :
DIARRHEA o
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ACTIVITY: COMMENTS:
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Figure 11.11: The McGill Pain Questionaire developed by Ronald Melzack MD, McGill University,

Montreal, Canada. From Melzack and Torgerson. Used with permission.
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subjective quality and the quantity of a patient’s pain experience.
The sensory dimension reflects perception of pain by the senses.
The affective dimension reflects the emotional aspect of the pain
experience. The evaluative dimension reflects the intensity of a
patient’s pain experience. The information obtained from the
MPQ produces three indices, including the Pain Rating index
(PRI), the Present Pain Intensity (PPI) index, and the Number
of Words Chosen (NWC).

The MPQ is composed of 20 categories of adjectives that
describe the qualities of pain. Within each category the adjective
descriptors are arranged in order of implied pain intensity and
assigned a rank value from 1 for the least painful to 5 for the most
painful. Patients are asked to select one word from each cate-
gory that best describes their pain and associated feelings and
sensations at that particular moment in time. The rank values
of the selected words are summed to obtain a Total Pain Rat-
ing Index (PRI-T) and separate scores for the sensory (PRI-S),
affective (PRI-A), evaluative (PRI-E), and miscellaneous (PRI-
M) subscales. The PPI index is determined by asking the patient
to complete a categorical present pain intensity scale using word
descriptors from no pain through excruciating pain with assigned
rank values of 0 through 5.%!

The NWCis another pain rating scale in which the net change
in the number of descriptors selected is calculated. Melzack
observed that significant changes in pain intensity or relief were
not associated with a decrease in the NWC.*! Patients experienc-
ing improved analgesia tended to select one word per subclass
that described a lower level of pain intensity rather than not
including the subclass. One disadvantage of the MPQ is that
many immigrants illiterate, and cognitively impaired individu-
als may not recognize some or many of the adjectives included in
the questionnaire. Words may be selected without full apprecia-
tion of their meaning or not chosen because of their complexity
(ie, lancinating, suffocating, etc).

Short-Form McGill Pain Questionnaire

The Short Form McGill Pain Questionnaire (SF-MPQ), orig-
inally developed for use in the research setting, has been shown
to correlate with the PRI of the longer MPQ form and to be
sensitive to clinical changes in pain as the result of pain man-
agement interventions.*> The questionnaire is divided into four
sections, including the PRI, the PPI-VAS, the overall PPI eval-
uative, and the scoring sections. The PRI section consists of 15
adjectives selected from the most commonly used words on the
original MPQ that describe qualities of pain, divided into two
categories for sensory and affective components of pain. Each
of the 15 descriptors is ranked by the patient on a pain intensity
scale of 0 (10 pain) to 3 (severe pain). The PPI-VAS is marked by
the patient at the point that best rates their intensity of pain at
the present moment. The PPI section is used to rate the overall
intensity of the pain experience and is recorded as a number
from 0 (no pain) to 5 (excruciating pain).

Brief Pain Inventory

The Brief Pain Inventory (BPI) is a self-report instrument
that has been employed in research and a variety of clinical set-
tings, has been translated into several languages, and has reason-
able validity and reliability.?> This tool was developed to provide
a quick and easy-to-use method to quantify pain intensity and
associated disability.*> The BPI consists of a series of 11 pain-
related questions that address aspects of the pain experienced
over the previous 24-hour period, such as pain location and
intensity, impact on the patient’s life, and type and effectiveness

Table 11.5: Keys to Assessing Pain in the Nonverbal Elderly
Patient with Dementia

Anticipate and assume presence of pain based on pathology (e,
disease, injury, procedure, surgery)

Observe for behaviors at rest and during activity. Establish a baseline
behavior and monitor regularly using a comprehensive list of
behavioral indicators.

Observe for typical/obvious and atypical/less obvious nonverbal
indicators of pain and behavioral changes.

An analgesic trial may be attempted if the presence of pain is
uncertain. Assume pain is present and continue the intervention if it
appears to have provided pain relief.

Source: Herr et al (2006).%

of treatments. Four of the questions focus on pain intensity and
seven questions focus on pain’s interference with function. A
diagram is provided on which the patient can indicate pain loca-
tion(s). The tool, a copy of which can be found in McCaffery
and Pasero (1999),% generally takes 5 to 15 minutes to complete.
Test-retest correlations, reliability in surgical populations, and
validity in different groups of patients experiencing acute pain
have been demonstrated.**

Behavioral/Observational Pain Assessment Tools

Pain assessment in the nonverbal patient or the elderly with
severe dementia who are unable to communicate their pain expe-
rience with standard self-report tools presents a major challenge
for health care providers. Basic steps for assessing pain in this
patient population are outlined in Table 11.5 and further eluci-
dated under Assessment Challenges in Special Populations in this
chapter. Equally as challenging is pain assessment in the nonver-
bal, critically ill patient. Several behavioral/observational pain
assessment tools are available to assess pain in nonverbal, cog-
nitively impaired patients and critically ill patients, including
the Pain Assessment in Advanced Dementia Scale (PAINAD)
(Figure 11.12), the Face, Legs, Activity, Cry and Consolability
(FLACC) (Figure 11.13), the Critical Care Pain Observation

Items* 0 1 2 Score
Breathing Normal Occasional labored | Noisy labored

independent of breathing. Short breathing. Long period
vocalization period of of hyperventilation.
hyperventilation. Cheyne-Stokes
respirations
Negative None Occasional moan Repeated troubled
vocalization or groan. Low-level | calling out. Loud
speech with a moaning or groaning.
negative or Crying.
disapproving
quality.
Facial Smiling or Sad. Frightened. Facial grimacing.
expression inexpressive | Frown.
Body language | Relaxed Tense. Distressed Rigid. Fists clenched.
pacing. Fidgeting. | Knees pulled up.
Pulling or pushing
away. Striking out.
Consolability No need to Distracted or Unable to console,

reassured by voice | distract or reassure.

or touch.

console

Total**

Figure 11.12: The Pain Assessment in Advanced Dementia scale
(PAINAD). Warden V, Hurley AC, Volicer L. Development and psy-
chometric evaluation of the Pain Assessment in Advanced Dementia
(PAINAD) scale. ] Am Med Dir Assoc. 2003;4(1):9—15.
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0

1

2

Face No particular
expression or smile

Occasional grimace or
frown, withdrawn,
disinterested

Frequent to constant
frown, clenched
jaw, quivering chin

(Awake or asleep)

Occasional complaint

Legs Normal position Uneasy, restless, tense Kicking,
Or Or
Relaxed Legs drawn up
Activity Lying quietly Squirming Arched
Normal position Shifting back/forth Rigid
Moves easily Tense Or
Jerking
Cry No cry Moans or whimpers | Crying steadily

Screams or sobs

Frequent complaints
Difficult to console
or comfort

Content
Relaxed

Consolability Reassured by
occasional touching,

hugging, or “talking
to.”

Distractible

The FLACC is a behavior pain assessment scale for use in non-verbal patients unable to
provide reports of pain.

Instructions: Rate the patient’s score for each of the five measurement categories, add
together, document total pain score

Figure 11.13: The FLACC scale (Face, Legs, Activity, Cry, Consola-
bility scale). Originally developed to assess pain in neonates, it is
now advocated for use in patients with cognitive impairments and
advanced dementia. Merkel SI, Voepel-Lewis T, Shayevitz JR, Malviya S
(1997) at C.S. Mott Children’s Hospital, University of Michigam
Health System, Ann Arbor, MI.

tool (CPOT) (Figure 11.14), and the Behavioral Pain scale
(BPS) (Figure 11.15). The use of these tools are discussed
under Pain Assessment Considerations in Critically Il Patients
and Pain Assesment Considerations in Patients with Addictive
Disorders.

One approach to evaluating the presence of pain and pro-
viding treatment in the elderly with severe cognitive impairment
includes forms of behavioral assessment that were initially out-
lined by Herr and Decker** and Herr and colleagues.®* When
health care providers observe behaviors indicative of pain, a
determination of the etiology of the behavior should be pursued
to guide the treatment plan. If the pain behavior continues after

Indicator
Facial expression

Description and Score

No muscular tension observed: Relaxed, neutral: 0

Presence of frowning, brow lowering, orbit tightening, and
levator contraction: Tense: 1

All of the above facial movements plus eyelids tightly closed:
Grimacing: 2

Does not move at all (does not necessarily mean the absence of
pain): Absence of movements: 0

Slow, cautious movements, touching or rubbing the pain site,
seeking attention through movements: Protection: 1

Pulling at tube, attempting to sit up, moving limbs or thrashing,
not following commands, striking at staff, trying to climb out
of bed: Restlessness: 2

No resistance to passive movements: Relaxed: 0

Resistance to passive movements: Tense, rigid: 1

Strong resistance to passive movements, inability to complete
tem: Very tense or rigid: 2

Alarms not activated, easy ventilation: Tolerating ventilation
or movement: 0

Alarms stop spontaneously: Coughing but tolerating
ventilator: 1

Asynchrony: blocking ventilation, alarms frequently activated:
Or Fighting ventilator: 2

Body movement

Muscle tension
(evaluation by passive
flexion and extension
of arms)

Compliance with
ventilator (for
intubated patients)

Vocalization (for
extubated patients)

Talking in normal tone or no sound: 0
Sighing, moaning: 1

Crying out, sobbing: 2

Total possible score 0to8

(range)

Figure 11.14: Critical Care Pain Observation tool. Source: Pun et al
(2007).57
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Item
Facial Expression

Description
Relaxed

Partially tightened (e.g. brow lowering)
Fully tightened (e.g. eyelid closing)
Grimacing

No movement

Partially bent

Fully bent with finger flexion
Permanently retracted

Tolerating movement

Upper Limbs

P BROWONREBRWOWNPRE

Compliance with
Verification

N

Coughing but tolerating ventilation for
most of the time

Fighting ventilator

Unable to control ventilation 4

w

Figure 11.15: The Behavioral Pain scale. From: Payen JF et al., Criti
Care Med. 2001;29(12):2258-2263.7

ruling out or treating the possible causes, an empiric trial admin-
istration of an analgesic followed by assessment is warranted.**
If the analgesic trial appears to result in pain relief, it can be
assumed that pain was the probable cause of the observed behav-
iors and the pharmacologic and/or nonpharmacologic inter-
ventions should continue. It the analgesic trial does not appear
to result in pain relief, other causes of the observed behaviors
should be considered with treatment focused on other possible
causes.

When employing behavioral/observational pain assessment
toolsin clinical practice, it should be understood that they cannot
be used to quantify pain intensity. The number score obtained
when using such tools is a behavior score, not a pain intensity
rating.*> As such, these tools provide for a general assessment of
a patient’s pain experience based on health care provider obser-
vation of patient behaviors in an effort to diagnose presence
of pain and to determine efficacy of therapeutic interventions.
Behavioral/observational ratings have been shown to correlate
only moderately with patient self-assessment pain scores and
often underestimate pain intensity.*®”*8 Utilization of behav-
ioral/observational ratings should be reserved for patients who
have demonstrated an inability to self-report their experience.

There are disadvantages associated with the use of behav-
ioral/observational tools. These tools do not include less obvi-
ous or atypical behavioral manifestations, thereby reducing
their utility as comprehensive pain assessment methods. Also,
pain behavior checklists cannot be used for patients who
are unresponsive, heavily sedated, or pharmacologically para-
lyzed, and therefore cannot respond behaviorally to pain.**> For
behavioral/observational tools to be useful in the pain assess-
ment process, the patient must demonstrate some of the listed
behaviors.

Adjunctive Pain Assessment Tools

The use of adjunctive pain assessment tools may be indicated
in certain circumstances. An example of one such tool is the
Neuropathic Pain scale (NPS), a multidimensional measure of
neuropathic pain found in Figure 11.16. The NPS is brief, easy
for most patients to learn, requires about 5 minutes to complete,
is comprehensive, and is sensitive to effects of treatment.?> The
tool employs rating scales from 0 to 10 to measure different
qualities of neuropathic pain using the descriptors of intensity,
sharpness (eg, knifelike, jabbing, jolts), and hot (eg, burning,
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1. Please use the scale below to tell us how intense your pain is. Place an “X” through
the number that best describes the intensity of your pain

0 1 2 3 4 5

6 7 8 9 10
I

No
Pain

2. Please use the scale below to tell us how sharp your pain is. Sharp feelings include
words such as “knifelike, spiking, jabbing or jolts”

0 1 2 3 4 5

The most intense
pain imaginable

6 7 8 9 10
I

[
No Sharp

hot include “burning” and “on fire”

3. Please use the scale below to tell us how hot your pain feels. Words to describe

The sharpest
sensation
imaginable

The hottest
sensation
imaginable

Describe that background pain

Which of the following best describes the time quality of your pain?
() I feel background pain all the time, and occasional flare-ups

Describe this pain

() I'have a single type of pain all the time.

Describe this occasional pain

() I'have a single type of pain only sometimes. Other times | am pain free.

Figure 11.16: The Neuropathic Pain Scale. Modified from Galer B, Jensen M. Development
and preliminary validation of a pain measure specific to neuropathic pain: The Neuropathic

Pain Scale. Neurology. 1997;48:332—338.

on fire).%> One study in 159 subjects with diabetes-related foot
pain validated the use of the NPS for characterizing the complex
nature of the neuropathic pain experience and for detecting the
effects of analgesic therapy on different sensations and qualities
of neuropathic pain.*

Another tool that has reportedly been found useful in the
diagnosis of neuropathic pain is the Leeds Assessment of Neuro-
pathic Symptoms and Signs (LANSS) pain scale.’®>! A modified
version of the LANSS pain scale is the S-LANSS or self-report
LANSS pain scale. The LANSS pain scale has 7 items consisting
of 5 symptom and 2 examination items. The purpose of this
scale is to assess whether the experienced pain is predominantly
because of nerve damage. Both scales are scored based on a pos-
sible 24 points. A score of 12 or more is strongly suggestive of
neuropathic pain.

Assessing Patient Satisfaction and Comfort

Pain is an inherently subjective symptom, the experience of
which is conveyed primarily by patients’ verbal reports.®
There is no objective measurement for the pain experience.’>>*

Change in pain intensity and relief is measurable using con-
tinuous or ordinal instruments; however, assessing the quan-
titative intrinsic meaning of such change has not been clearly
defined.>**>* Caregivers can employ a simple 11-unit numerical
scale to assess satisfaction with pain control or satisfaction with
a particular form of analgesic therapy. Such “satisfaction scales”
are usually anchored with 0 indicating no satisfaction with anal-
gesic therapy and 10 indicating complete satisfaction with ther-
apy. It should be recognized, however, that satisfaction with
therapy represents a composite of analgesic effectiveness as well
as adverse events associated with therapy. Because of a high
incidence of nausea, vomiting, and other annoying side effects,
satisfaction scores with opioid analgesic therapy may be low
despite providing adequate pain relief.

Evaluating clinically meaningful changes in patient-reported
pain intensity has become increasingly more important when
interpreting data from the clinical care or research settings.
Use of standard pain intensity measurement scales to quantify
therapeutic intervention-associated levels of change that repre-
sent useful and clinically important improvements, particularly
from the patient’s perspective, has become a key area of interest.
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Although the findings of available research may not generalize
to all patients with acute pain, they do offer a frame of reference
on which future studies may be based. The minimum clinically
significant improvement in acute pain intensity measured on a
100-mm VAS has been reported to be a 13-mm reduction in the
VAS score,>*>® which corresponds to a 1.3-unit decrease on a 10-
unit NRS.*® In patients with severe acute pain, a single category
improvement on a standard ordinal 5-point Likert pain relief
scale (no relief, a little, moderate, a lot, or complete relief) corre-
sponds to the minimum clinically significant reduction in pain
intensity of greater than 1.3 on a 10-unit NRS.*® Farrar et al>2->
determined that the minimum clinically important improve-
ment on standard pain intensity scales for patients being treated
for acute breakthrough cancer pain episodes was a 33% change
in both percentage pain intensity difference (using a scale of 0%—
100%) and percentage of maximum total pain relief, a 2-point
difference in absolute pain intensity on a 10-unit NRS, or a pain
relief rating of 2 (moderate relief) on a 5-point standard Likert
scale.>2~>*

Although minimal clinically meaningful changes in pain
intensity scores are important response criteria, there is a grow-
ing need on the part of health care providers and investigators for
information regarding truly meaningful improvements in pain
from the individual patient’s perspective.’”>>® Because the ulti-
mate goal of pain management is to attain adequate pain relief,
achieving a patient acceptable symptom state, or a satisfactory
state beyond which the patient considers him or herself well, is
an important patient care goal.>’->

Patient-perceived satisfactory improvement (PPSI), a new
outcome measure for within-person improvement in pain
intensity, is assessed using patients’ judgments of satisfactory
change.’” The PPSI is a clinically relevant and stable concept that
can be used to assess true meaningful change in pain from the
patient’s perspective.”’ In one prospective study of 181 arthri-
tis patients treated with a local corticosteroid injection, PPSI
was associated with a minimal reduction of 30 mm or 55% on a
100-mm VAS for pain intensity, with a 5-point categorical rating
scale used as an anchor to assess PPSI.>’

An accurate picture of the patient’s actual pain experience
cannot be obtained by relying solely on pain intensity measure-
ments. “Observed reductions in pain intensity may suggest to
the nurses that the patient is experiencing less pain, whereas
such nurse-perceived improvements may be of no meaningful
significance from the patient’s perspective.”® Instead, caregivers
should strive to reduce postoperative pain to levels necessary to
maximize functional capacity and for patients to perceive that
they are receiving attentive analgesic care.>®

ASSESSMENT CHALLENGES IN
SPECIAL POPULATIONS

Unique challenges presented by distinct patient populations
affect the health care team’s ability to effectively and accurately
implement a pain management plan. The challenging patient
populations are outlined in Table 11.6. An awareness of these
barriers and the development of assessment strategies that over-
come them are essential to the careful and fair assessment of the
patient’s pain complaint in an effort to provide the best chance
of achieving satisfactory pain relief. A pain assessment, manage-
ment, and reassessment approach that openly acknowledges and
addresses the concerns unique to individual patients is essential.

Table 11.6: Challenging Patient Populations

Racial and ethnic minorities

Elderly individuals

Cognitively or emotionally impaired individuals
Nonverbal patients (eg, heavily sedated, intubated)
Critically ill patients

Persons with known or suspected addictive disorders

Individuals with linguistic, cultural, or educational barriers to
communication

Individuals with sickle cell disease
Individuals with HIV/AIDS

Neonates and younger pediatric patients

Pain Assessment Considerations
in Racial and Ethnic Minorities

Despite guidelines, educational interventions, and standards
aimed at optimizing pain management, the literature contin-
ues to report the undertreatment of pain, particularly among
patients who are racial and ethnic minorities.”® The Institute
of Medicine (IOM) of the National Academy of Sciences was
charged by the US Congress, in 1999, to evaluate the contribu-
tion of health care inequities to disparities in health care services
delivery among racial and ethnic minorities. The IOM Study
Committee report reviewed pain management as one of the
clinical areas in which disparities exist.>

Disparities in pain care among racial and ethnic minorities
receiving treatment for a variety of conditions in a variety of
treatment settings is being increasingly documented in the lit-
erature. Disparities have been acknowledged in the emergency
department setting, acute postoperative and cancer pain man-
agement settings, and for individuals receiving care for chronic
nonmalignant pain, sickle cell disease, HIV/AIDS, and work-
ers compensation-related conditions. It has been reported that
African American and Hispanic patients are more likely than
whites to be undertreated for pain.>¢->%-60-61

In a review of the literature regarding pain management
disparities, Green et al®® found that the use of analgesics in a
variety of health care settings is influenced by race and ethnicity.
Following is a brief synopsis of their review. Todd et al,>® in a
1996 retrospective study, reported that Hispanics with isolated
long-bone fractures were twice as likely as non-Hispanic whites
to receive no pain medication during their emergency depart-
ment visit. This disparity could not be explained on the basis
of gender, language, insurance status, severity of the fracture, or
the likelihood of associated alcohol or drug intoxication. Under-
treatment of pain in the African American group could not be
accounted for by significant differences in assessment of pain
between the groups. It was concluded that the disparity likely
occurred with the decision to administer analgesics.

Health care providers should also be aware that the terminol-
ogy used by patients to describe their pain varies with ethnicity.
In one study of six ethnic groups conducted in New England,
surrounding culture had an impact on pain responses within
an ethnic group.!® For example, most Chinese describe tooth
drilling as “sourish,” whereas Americans rarely used this term,
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and, although whites often describe muscle pain as “deep,” only
half of the Mandarin Chinese used this descriptor.'>

It must also be recognized that pain-related behaviors may
vary between patients of different cultural and ethnic back-
grounds. As a result of unfamiliarity of health care providers
with such behavioral nuances, patients in various minority pop-
ulations may be perceived as requiring less aggressive pain man-
agement because their behavior when experiencing pain may
not be perceived as pain-related behavior. Judging pain only by
clinician observation of patients’ behavior may result in under-
estimation of its severity. It is, therefore, imperative that health
care clinicians be aware of the unique needs and circumstances
of patients from various ethnic and cultural backgrounds when
assessing and managing pain. Employing pain assessment tools
appropriate for patients’ specific cultural and linguistic needs is
critical to optimizing assessment and management.

Pain Assessment Considerations in the Elderly

Older persons often have multiple medical problems and many
potential sources of chronic discomfort, making it difficult to
diagnose and treat pain in this patient population. The elderly
represent a particularly vulnerable and challenging patient pop-
ulation in whom pain is often inadequately recognized and
undertreated. As the population continues to age, the number
of elderly surgical patients will increase. As such, competency of
health care providers in pain assessment and management in the
elderly population is essential.

There exists a misconception that cognitively impaired older
persons do not experience pain as severely as persons who
are cognitively intact.** Although some studies have suggested
that elderly patients report lower pain intensity than younger
patients, other studies have not demonstrated age differences.**
It was noted in one study that the proportion of patients report-
ing pain did not change with the degree of dementia.*® It was also
noted in the same study that about 25% of the patients report-
ing pain were not receiving analgesics. Pain assessment in the
elderly may be complicated by concurrent illness, underreport-
ing of symptoms, decline in cognitive function, and age-related
physiologic changes.

A review of the pain management literature by Gibson
and Helme® uncovered age-related differences underlying neu-
rochemical, neuroanatomical, and neurophysiological mecha-
nisms of pain. Older persons may experience altered pain sensi-
tivity, a muted and delayed clinical pain perception, and altered
quality of pain sensation when compared to younger adults.*
It has been suggested by several studies that a lower intensity of
postoperative or procedural pain is reported by older compared
to younger adults.”” Elderly persons have demonstrated lower
ratings of sensory and affective dimensions of pain in McGill Pain
Questionnaire reports.**-% Evaluating the pain experience of the
elderly patient may be further complicated by differences in pain
symptom manifestation when compared to younger patients.
Reactions of the cognitively impaired person to painful stimuli
may differ from the typical response of a cognitively intact older
person. For example, pathologic conditions that produce clear
pain symptoms in younger patients may manifest as confusion,
restlessness, aggression, or fatigue in the elderly, resulting in
misdiagnosis and delays in treatment.*®-61-3

Poor pain management in the cognitively impaired patient
population has been attributed to many factors, the most con-
cerning of which is a failure of health care providers to recog-

nize pain in those who are not able to communicate their pain
experience.*** The severely cognitively impaired, as a result of
the loss of language skills, are unable to communicate their pain
experience in a way that is easily understood and may be unable
to assist health care providers in identifying pain etiologies.
Studies have shown that cognitively impaired elderly individuals
receive fewer analgesics than cognitively intact patients, although
they are as likely to experience pain.*®-1-6% Until there is scien-
tific evidence that patients with dementia actually experience
less pain, “we should assume that any condition that is painful
to a cognitively intact person would also be painful to those with
advanced dementia who cannot express themselves.”*

Selecting a pain rating scale for use in the elderly and cogni-
tively impaired population has presented challenges for health
care providers, although several recent studies have offered some
clarity on this issue through evaluation of the feasibility, reliabil-
ity, and validity of UPRSs. In two studies, Pautex and colleagues
evaluated the VRS, VAS, and FPS and concluded that the major-
ity of hospitalized elderly patients with mild or moderate demen-
tia, and many with severe dementia, can appropriately use at least
one of the scales to reliably self-report their pain experience.*®-4®
Patients with severe dementia demonstrated better comprehen-
sion for the VRS and FPS.***® Gagliese and colleagues®* evalu-
ated the NRS, VDS, VAS, and MPQ for assessing pain intensity
in younger and older (18 to 86 years of age) postsurgical, cogni-
tively intact patients.** In the study group, the NRS was selected
most frequently as the easiest and most preferred pain intensity
scale, whereas the VAS was rated as the least accurate and least
preferred for future use.**

Several behavioral/observational pain assessment tools have
been developed to interpret the expression of pain by focus-
ing on behavior in nonverbal older adults with more severe
dementia.®*~%* Because patients with dementia often present
with unique behavioral profiles that would typically not be sug-
gestive of pain in the cognitively intact person, it is important
to select an observational pain tool that is comprehensive and
assesses a broad range of possible pain behaviors.** Based on the
critique by Herr and colleagues,®* only one behavioral observa-
tion tool, the Checklist of Nonverbal Pain Indicators (CNPI), has
been tested with older adults in the acute care setting and can be
recommended for use in that clinical practice setting. The CNPI
is an itemized list of six behavioral pain indicators commonly
observed in cognitively impaired older adults, including non-
verbal vocal complaints, facial grimacing or wincing, bracing,
restlessness, rubbing, and verbal vocal complaints. Each item is
scored both at rest and on movement. A score of 1 or 0 indicates
the behavior is present or not present, respectively. The possi-
ble range of scores at rest and with movement is 0 to 6, with a
possible total score of 12.

Other similar scales include the Pain Assessment in Ad-
vanced Dementia scale (PAINAD) (Figure 11.12) and the Face,
Leg, Activity, Cry and Consolability Pain Assessment Tool
(FLACC) (Figure 11.13) that was originally developed for
neonates. These scales also incorporate lists of behavioral pain
indicators commonly observed in cognitively impaired older
adults. Total scores are ranked from 0, which indicates no pain-
related behavior, to 10, which indicates severe pain behavior. The
method of administration and scoring of these tools are simple
and time efficient. One disadvantage to the use of the PAINAD,
FLACC, and similar tools is that pain behavior checklists cannot
be used with patients who are unresponsive, heavily sedated, or
receiving neuromuscular agents.
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Pain Assessment Considerations
in Critically Ill Patients

Optimizing the care of postoperative, critically ill patients
requires effective treatment of pain following surgery. It has been
reported that 22% to 70% of intensive care unit (ICU) patients
recalled having moderate to severe pain during their ICU
stay.54=%> “One of the primary causes of inadequate pain man-
agement in the ICU is the lack of appropriate pain assessment.”®
Pain is considered a major physiologic and psychological stres-
sor among patients in the ICU setting. However, as reported by
Graf and colleagues, there are “no valid or reliable physiologic or
biochemical measures of pain appropriate for the ICU setting,
but pain associated behaviors often indicate the presence and
causes of pain.”®® Assessing pain in the ICU setting is particu-
larly challenging because of the complexity of the issues involved
in critical care.

Hemodynamic instability, delirium, anxiety, agitation, seda-
tion, anesthesia, cognitive impairment, particularly in the el-
derly, and comorbidities complicate the assessment of criti-
cally ill individuals. Also, patients in the ICU setting routinely
undergo procedures and treatments associated with discom-
fort and pain such as turning, endotracheal or nasogastric suc-
tioning, phlebotomy, chest tubes, endotracheal tubes, wound
care, dressing changes, and insertion and removal of invasive
lines.5>-%¢ Studies have shown that turning is the most painful
procedure and is closely followed by suctioning.®® Untreated or
intractable pain experienced by patients can result in anxiety and
agitation that may cause breathing difficulty, patient-ventilator
dyssynchrony, elevated heart rate and blood pressure, combative
behavior, and posttraumatic stress disorder.®’”

Communication with critically ill patients is often further
compromised by factors such as use of sedative and anal-
gesic agents, neuromuscular blockade, mechanical ventilation,
restraints, confusion, and changes in the level of conscious-
ness.®>’% The health care provider must be able to recognize,
prioritize, and treat these issues via pharmacologic and medical
interventions while balancing efficacy and patient safety. The
Society of Critical Care Medicine (SCCM) together with the
American Society of Health-System Pharmacists in 2002 issued
updated recommendations in its clinical practice guidelines for
the sustained use of sedatives and analgesics in adults to which
the reader is referred for a comprehensive overview.®”>”! Included
in these guidelines are the following recommendations regarding
pain assessment®’>71:

1 Ciritically ill patients that are agitated should be
sedated only after providing adequate analgesia.

2 Pain assessment and treatment should be done reg-
ularly, using the appropriate scale.

3 The self report should be used whenever possible.

4 Nonverbal patients should be assessed through sub-
jective observations and physiological indicators.

Sedatives and analgesics are the most popular pharmacological
interventions in clinical practice. It is important to recognize
that pain, delirium, anxiety, and agitation can similarly man-
ifest; however, they have different causes and require different
treatments.®” Therefore, the use of tools that have demonstrated
good reliability and validity in the ICU setting is recommended
to evaluate sedation and to differentiate among pain, delirium,
anxiety, and agitation.®’

Score Term Description
+4 Combative Overtly combative, violent,
immediate danger to staff
+3 Very agitated Pulls or removes tube(s) or
catheter(s); aggressive
+2 Agitated Frequent nonpurposeful
movement, fights ventilator
+1 Restless Anxious, but movements are not
aggressive or vigorous
0 Alert and calm
-1 Drowsy Not fully alert, but has sustained
awakening (eye opening and eye
contact) to voice (= 10 seconds)
-2 Light sedation Briefly awakens with eye contact
to voice (< 10 seconds)
-3 Moderate sedation | Movement or eye opening to Verbal stimulation
voice (but no eye contact)
-4 Deep sedation No response to voice, but has
movement or eye opening to
physical stimulation
-5 Unarousable No response to voice or physical | Physical
stimulation stimulation

Figure 11.17: The Richmond Agitation Sedation Scale (RASS). Mod-
ified from Sessler, et al., Am ] Repir Crit Care Med. 2002;166:1338—
1344.

Subjective sedation assessment scales include the Riker
Sedation-Agitation Scale, the Motor Activity Assessment Scale,
the Vancouver Interaction and Calmness Scale, and the Rich-
mond Agitation-Sedation Scale (Figure 11.17).5”%% Two tools
to monitor delirium are the Intensive Care Delirium Screening
Checklist and the Confusion Assessment Method for the ICU
(CAM-ICU).”? In accordance with the CAM-ICU, acute onset
or a fluctuating course of mental status changes and the presence
of patient inattention and disorganized thinking or an altered
level of consciousness is indicative of delirium.”*7*

Unrelieved acute pain, particularly in the ICU setting, is
associated with an increase of stress hormone and catecholamine
levels that may cause tachycardia, hypertension, and increased
oxygen consumption.”* As such, changes in physiologic vari-
ables, including heart rate, blood pressure, respiration rate, pupil
size, and diaphoresis, should be included in the pain assessment
process, but should not be relied on as primary indicators of
the presence or absence of pain due to a lack of sensitivity and
specificity to the nociceptive response.”>~7

A routine, comprehensive reassessment of the patient’s pain
experience is required to optimize patient care, particularly with
respect to pain management, and to prevent adverse patho-
logic or pharmacologic events. Pain intensity scores or behav-
ioral/observational ratings should be obtained both at rest and
after movement. It is recommended that pain be reassessed on a
regular basis, including within 15 to 30 minutes after a parenteral
analgesic intervention,® and more promptly following a patient
or caregiver report of pain or change in behavior.

For those critically ill patients who are able to verbalize their
pain experience, the standard unidimensional and multidimen-
sional pain assessment tools should be employed when appro-
priate. The American College of Critical Care Medicine recom-
mended in their 2002 clinical practice guidelines that the NRS
and the VAS be used in the assessment of pain for ICU patients
who can self-report their pain.®®

For critically ill patients who are mechanically ventilated
and unable to verbalize, yet are conscious, a basic patient self-
report of pain can be sought by health care providers. In such
circumstances, the patient may be asked to respond to questions
regarding existence, intensity, and location of pain via simple
gestures such as a yes or no nod of the head, blink of an eye,
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raising of an eyebrow, or hand gestures. For such patients, it is
possible for the health care provider to ascertain a pain intensity
level. For example, this can be accomplished by verbally describ-
ing the NRS and asking the patient to gesture when the number
that correlates to their present level of pain is spoken.

When critically ill patients are unable to self report, clinicians
must observe the patient for behaviors that are suggestive of the
presence of pain. Important to the care of critically ill patients
is to assume that pain is present if conditions, procedures, or
behaviors that normally cause or indicate pain are present. Two
behavioral assessment tools available to evaluate pain in nonver-
bal, critically ill patient are the Behavioral Pain scale (BPS)7*-74
and the Critical Care Pain Observation Tool (CPOT).”> The
validity and reliability of the BPS was demonstrated in the
unconscious sedated patient. The BPS (Figure 11.15) assesses
three categories of behavior, including facial expression, upper
limbs, and compliance with ventilation.®® The total score ranges
from 3 (no pain) to 12 (highest pain score). The CPOT demon-
strated acceptable validity and reliability in critically ill cardiac
surgery patients.”” Use of the CPOT has not been evaluated
in other critical care populations. The CPOT (Figure 11.14)
assesses four categories of behavior, including facial expression,
body movement, muscle tension, and either compliance with
the ventilator for intubated patients or vocalization for extu-
bated patients. The total score ranges from 0 to 8 with a higher
total score reflecting a greater degree of pain.”®

Inadequate pain control and analgesic undermedication are
particular concerns for the nonverbal patient who must rely
entirely on their health care provider(s) to appropriately assess
their pain experience using behavioral/observational assessment
tools. In one study,’® nurses responded comfortably when pain
was described as incisional or nociceptive in origin. However,
pain or discomfort associated with other etiologies such as proce-
dures or treatments routinely conducted in a postsurgical patient
were either ignored or not fully assessed until prompting from
the patient occurred. With this in mind, health care providers
must be aware of the intricacies in the process of pain assessment
and must place emphasis on making an appropriate assessment.
Toward this end, health care providers must use appropriate tools
and apply sound clinical judgement, especially for patients who
are unable to self-report pain. No single objective assessment
strategy is sufficient in itself. A systematic approach is encour-
aged for those critically ill patients who are intubated, heavily
sedated, cognitively impaired, delirious, and difficult to assess
overall. Some key clinical recommendations are provided in the
American Society for Pain Management Nurses position state-
ment on pain assessment in the nonverbal patient as outlined in
the Appendix of this chapter.

Pain Assesment Considerations in Patients
with Addictive Disorders

A past or present history of drug abuse presents physical and
psychosocial issues that can undermine pain management ther-
apy. It is estimated that one-third of the population in the United
States has used illicit drugs, and 6% to 15% have some form of
a substance abuse disorder.”” Treatment of pain in persons with
addictive disorders is challenging because of caregiver suspicions
that analgesics are either being diverted or abused. Because of
these fears, and restrictions in opioid dosing, this patient pop-
ulation is particularly vulnerable to inadequate assessment and
undertreatment of pain.

One study evaluated 73 patients with HIV-related pain and
a history of substance abuse and 100 patients with cancer pain
and no history of substance abuse.”” The results of the study
suggested that patients with substance abuse histories were more
likely to be undermedicated with opioids, experience greater
pain-related interference in daily functioning, and demonstrate
more aberrant drug-related behaviors than patients with cancer
pain. The investigators concluded that “treatment of substance
abusers with pain requires skills that complement best practices
in opioid prescribing.”

Lack of clarity regarding terms describing dependency and
addiction contribute to misunderstandings regarding pain as-
sessment and the use of opioid analgesics to manage acute pain.
Consequences of this lack of clarity include inadequate treat-
ment of pain, unnecessary suffering, increased health care costs,
and adverse physical, psychological, and social outcomes. Opti-
mizing management of pain in patients with addictive disor-
ders or substance abuse issues requires an understanding of the
concepts of addiction, pseudoaddiction, tolerance, and physical
dependence, the definitions of which are described in Chapter 34,
Acute Pain Management in Patients with Opioid Dependence and
Substance Abuse. The reader is also referred to the Appendix
for the American Society for Pain Management Nursing posi-
tion statement on and recommendations for managing pain in
patients with addictive disease.

Pain Assessment in Pediatric Patients

Historically, pain in pediatric patients was inappropriately
managed because of fears of overmedication and lack of effective
assessment tools. Children are capable of expressing their pain
but may require patience and understanding by their caregivers.
There are a number of tools that can be used to assess pain in
children; however, before employing a particular tool, caregivers
must always take into account the child’s age, cognitive abilities,
and communication skills. The NRS may be used in elementary
school patients who can grasp the meaning of increasingly
higher consecutive numbers reflecting a higher value or score.
In most settings, however, the OUCHER scale®”>*® and various
forms of the previously described FACES scale are the primary
pain assessment tools employed in pediatric care units. The
OUCHER scale that employs photographs of children ranging
from quiet to sobbing to screaming can be distressing to younger
children; however, the photographs can be customized to include
younger and older patients and patients from different racial and
ethnic groups. The child selects the face that best represents him-
or herself at the present time. The sad crying face, or number 5, is
selected by the child having the greatest pain, whereas selection
of the happy face, or 0, indicates he or she has no pain. The
FACES scale can be used in all verbal children, from 3 year olds to
adolescents.

For younger children, a body outline diagram can be
employed to localize pain and its intensity. The tool is a rep-
resentation of the front and back of a child’s body, and they
are instructed to use a crayon to color the area on the diagram
where they hurt. They can use any color; however, they can be
instructed that very bad pain can be depicted with a red crayon
and mild pain with an orange one.

Pain assessment in neonates and nonverbal children requires
the use of behavioral scores similar to those employed in un-
communicative adults. Although physiological changes in blood
pressure, heart rate, and respiratory rate are associated with
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Table 11.7: Barriers to Optimal Pain Management

Patient/family barriers

Reluctance to self-report pain and to take analgesics

Cognitive impairment; inability to communicate pain experience in an easily understood manner

Feeling of disempowerment because of health care structure and existing pain management

practices within the structure

Unfamiliarity with the health care setting, personal situation, and the severity of pain experienced may
encourage passivity and may translate to fear of speaking with health care providers about need for pain relief

Uncertainty about how to dialog with health care providers regarding pain management decisions.

Belief in stoicism; desire to be a good patient

False expectations for pain control

Health care provider barriers

Inadequate pain assessment

Inadequate staff knowledge regarding pain assessment and management

Exaggerated concerns about opioid tolerance, physical dependence, addiction, and adverse effects

Fear of polypharmacy and opiophobia

Inadequate understanding of correlation between pain behavior and pain intensity

Overestimation of low levels of pain and underestimation of high levels of pain by health care providers

More focus placed on curing the underlying disease than on treating pain

Lack of adequate knowledge regarding analgesic pharmacology and pain therapy (eg, analgesics given at
frequencies not consistent with the drug’s pharmacokinetic properties, prescribed in inadequate dosages or

administered in doses lower than those prescribed)

Underuse of nonpharmacologic methods for pain management

Lack of education, awareness, and/or empathy of health care professionals regarding the importance of

addressing patients’ particular pain management needs

Discrepancy between the patient’s and health care provider’s assessment of the extent to which pain is

interfering with daily activities.

Exaggerated concern about regulatory oversight

Health care systems barriers
Poor pain assessment practices

Absence of clearly articulated practice standards

Failure to make pain relief an organizational priority

Lack of accountability for pain management practices

Difficulty obtaining support from health care providers in authority positions who have responsibility

for translating pain policy into practice

Failure to adopt standard pain assessment tool(s) and patient population-specific tool(s)

Failure to provide staff sufficient time or chart space to document pain-related information

Sources: Joint Commission on Accreditation of Health Care Organizations (2000),® Ferrell (2005),* Berry et al
(2006),'! Herr and Decker (2004),* Green et al (2003),>® Hansson, Fridlund, and Hallstrom (2006),%
American Geriatrics Society (AGS) Panel on Persistent Pain in Older Persons (2002).%

increases in pain intensity, behavioral changes such as crying,
posturing, and level of agitation are more reliable indicators. The
Children’s Hospital of Eastern Ontario Pain scale (CHEOPS),
and the Pain Discomfort scale were among the earliest behav-
ioral observation scales used in pediatric settings. In addition to
crying, the CHEOPS assigned numerical scores to facial expres-
sions, torso turning, verbalizations, and response to touch. In
recent years, the previously described FLACC scale has become
the behavioral pain assessment scale utilized at many pediatric
care and neonatal units.

BARRIERS TO PAIN CONTROL

Inadequate pain management is a complex problem. Correct-
ing this problem requires knowledge of management strategies,
appropriate pain assessment and reassessment, and a treatment
plan tailored to meet the physical and psychological needs of
the patient.”” Numerous barriers (Table 11.7) must be overcome
to effectively assess and optimally treat patients’ pain. Existing
barriers include concerns of the patients, their family members,
health care providers, and health care systems (Figure 11.18).8
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Figure 11.18: Factors responsible for increased complaints of pain.
Despite improvements in pain assessment, analgesics, and analgesic
delivery systems, patient complaints of acute pain severity have not
decreased since the late 1990s. Factors responsible for this lack of
improvement are displayed.

Patient Barriers

Effective communication between health care providers and
patients is essential to a comprehensive pain assessment and
treatment strategy. The presence of dementia is one important
barrier to pain assessment. It has been demonstrated in a num-
ber of studies that cognitively impaired patients receive fewer
analgesics compared to cognitively intact patients with similar
pathology.*® Patients with serious medical illnesses may under-
report pain and pain severity. Reluctance to report pain may be
associated with a variety of patient misconceptions, including the
feeling that analgesics do not influence pain, a fear of becoming
addicted to analgesics, an idea that good patients do not talk
about pain, or a feeling that it is preferable to suffer from pain
than from analgesic-associated side effects.®>**=%” Some patients
feel that complaints about pain may distract the physician from
treating the real problem or that analgesics should be adminis-
tered only when pain is unbearable.?!-82

In the United States, pain is often regarded as an inevitable
part of life. Many individuals believe that it is a sign of weakness
to admit pain.”8%:82 For example, it has been identified that
patients with cancer often do not want to be labeled as com-
plainers, do not want to distract their physicians from treating
their cancer, or are afraid that pain means that their cancer is
progressing.®® Also, some individuals believe that pain must be
accepted as part of having cancer and choose to remain stoic.

The fear of addiction, developing tolerance to, or experi-
encing intolerable side effects to opioids may also have a nega-
tive impact on communication between patients and clinicians.
Patients are often uncomfortable talking to their health care
providers about their pain and may be reluctant to partici-
pate in treatment decisions because they feel inferior to their
health care provider. Additionally, ethnicity-related differences
between patients and their physicians have been cited as one rea-
son for patient unwillingness to communicate about their pain.®®
Patients may find it difficult to express themselves in terms the
health care provider can understand because of demographic,
language, and cultural discordance between them. %84

Finally, the impact of psychological alterations such as anx-
iety, depression, and pain perception is noteworthy. Increased
anxiety associated with hospital admission and the prospect of
surgery results in behavioral and cognitive sequelae that can

have a negative impact on recovery.*’ A study conducted by Carr
and colleagues*® explored the impact of anxiety and depression
on postoperative pain experience in 85 women having major
gynecological surgery. This study demonstrated that preopera-
tive anxiety and depression scores correlated with postoperative
pain and satisfaction scores. Findings of this study suggested, that
by postoperative day 4, anxiety and depression scores increased
as pain increased. It was suggested that patients’ expectations
about their pain and concerns about its continuation or effect
on their lives contributed to the degree of anxiety and depres-
sion. Significantly higher pain scores were observed in anxious
patients compared to patients who were less anxious and changes
in anxiety were significantly related to changes in pain. It has
also been demonstrated that younger patients with depression
are more likely to experience moderate to severe postoperative
pain.®

Health Care Provider Barriers

Health care providers have suggested poor pain assessment,
patient reluctance to report pain, inadequate staff knowledge
regarding pain management, and lack of staff time as major
barriers to optimal pain management.” Additional barriers to
effective assessment and optimal management of pain include
incomplete knowledge of pain management modalities, differ-
ing physician attitudes about pain management, misperceptions
regarding the adverse effects of opioid analgesics, and concern
regarding regulatory scrutiny of medical decision making.%-%

Physicians and other health care providers may consider
pain an accepted part of life or be influenced by patient culture,
ethnicity, gender, or age biases.””~% Ethnic or cultural disease
models and their interrelationship with patients’ approach to
expressing and dealing with pain may not be well understood.”
Health care providers may have a perception or a stereotype
of the patient’s race and ethnicity that may influence their
interpretation of patients’ symptoms and behaviors, as well as
their clinical decision-making process.?>#* This may be a par-
ticular issue in the emergency department where health care
providers and patients have no previously established relation-
ship.80-84:86

Another factor that may play a significant role in pain assess-
ment and management is the health care providers’ level of flu-
ency in the patient’s primary language because of its impact on
effective clinician/patient communication.” Also noteworthy,
is that pain intensity as assessed by physicians and other health
care providers may not be consistent with the patient’s assess-
ment. Nurses” assessments have reportedly been influenced by
patient age and type and stage of illness, with less physiologic
and physical suffering inferred in older patients and less intense
pain assessed in both patients with no sign of pathology and
those with chronic pain.®® The experience and personality of the
nurse may also influence assessment of patients’ pain.

Continuing deficiencies in physician education also con-
tribute to the high incidence of poorly controlled pain. There
exists no mandate or regulation dictating how much time should
be spent teaching students or residents how to accurately assess
and manage pain. Outside of the subspecialties of anesthesi-
ology and pain management, physicians receive little, if any,
formal training in treating pain. Yet, the majority of physi-
cians who practice in a surgical and primary care specialties will
encounter a significant number of patients experiencing moder-
ate to severe pain. Armed solely with knowledge gained from a
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medical school pharmacology lecture and dosing recommenda-
tions advocated by attendings and senior residents, junior staff
are generally ill equipped to adequately manage their patients’
pain. The system allows for the propagation of biased and
often incorrect views of pain intensity, analgesic pharmacology,
and analgesic prescription with each subsequent generation of
physicians.

Finally, health care system barriers, including a lack of
accountability for pain management, a historical absence of
clearly articulated practice standards, and a failure to make
pain relief a priority, are directly responsible for inadequa-
cies in assessment and analgesic administration.!! System bar-
riers include the failure of a health care organization to
adopt a standard pain assessment tool(s) for the general
patient population and specialized tools for the challenging
patient populations.®*-%0 Additionally, fragmented patient care
increases the risk of poor coordination of care across treatment
settings.”?

Patient Expectations

Since the late 1970s there has been a significant rise in the
level of patients’ expectations in regard to the health care they
receive. Through the use of various forms of media such as the
Internet, patients have become more self-informed than ever
before. They expect top-notch care along with successful out-
comes. Some of these patients may also develop false expecta-
tions, such as that minimally invasive surgeries are not painful or
that new analgesic/analgesic techniques will result in a pain free
recovery. Although there are some antianxiety benefits, in telling
patients that they will minimal to no pain following a surgical
intervention, studies show that false patient expectations can
lead to patient dissatisfaction.”-3* Despite a good surgical out-
come with appropriate pain intervention intraoperatively and
postoperatively, patients may feel unsatisfied with the care they
have received. A key to resolving this issue will be increasing the
communication between the health care practitioner and the
patient with the conversation focusing on the patient’s expecta-
tions, goals of the consultations, and things to be expected in the
postsurgical period.” 848 This conversation allows for patients
to gain some sense of control over their health situation and
empowers them to assist with the formulation of their treatment
plan.

Increasing Number of Chronic Pain Patients

According to the National Pain Foundation, about 75 mil-
lion Americans suffer from chronic pain. Compare this number
to the previous estimate of 49 million described in 1995. As the
population increases, the number patients suffering degenera-
tive diseases and persistent pain are increasing. These individuals
also represent a larger proportion of those patients undergo-
ing surgery or requiring hospitalization. As such, they present
new issues for health care professionals. For many chronic pain
patients, the use of COX-2 inhibitors and NSAIDs has been dis-
continued because of cardiac morbidity concerns and opioid
analgesics substituted. Continued opioid exposure predisposes
these individuals to tolerance development and dose escalation.
The fact that elderly and ill opioid-dependent patients often
require high doses of IV PCA morphine and oral opioids to
achieve adequate postoperative pain control may be worrisome
to many non—pain specialists.®” Concerns about oversedation
and risks of respiratory depression ultimately lead physicians to
undermedicate these patients despite complaints of moderate to
severe pain.

Overcoming the Barriers

Awareness of barriers that interfere with effective pain assess-
ment and management is important in developing treatment
plans that promote effective management and patient comfort.
Because unrelieved pain may have significant adverse physical
and psychological consequences, clinicians should encourage all
patients to report the presence of pain, particularly in individ-
uals who are often reluctant to discuss pain or who deny that
excessive pain is present.!! Health care providers must be aware
of any personal biases they have that may interfere with clin-
ical judgment, and they must apply knowledge in a rational,
scientific manner.

Correcting educational deficits may require mandatory rota-
tions or blocks within pain management for residents of all spe-
cialties, along with integration of pain lectures into the medical
school curriculum nationwide. However, these solutions will be
difficult to perform as both the medical school and residency
curriculum are currently maximized in terms of available teach-
ing time. Despite this difficulty, Yale Medical School students are
required to spend 2 days of the surgical/anesthesiology rotation
rounding with the pain management service. At other institu-
tions, revaluation of the existing curricula may be necessary to
determine if any topics can be deleted or minimized to allow
increase exposure to pain management.

Implementing organizational protocols, policies, and proce-
dures to guide the processes of pain assessment and management
is essential.®~*° The culture of health care organizations must
be such that effective pain assessment and optimal pain man-
agement are given priority status and are recognized as essential
components of quality health care.>38:3% Additionally, all health
care providers involved in the process of pain management must
be appropriately educated in the nuances of communicating
with patients about their pain experience and must understand
cultural differences and the impact thereof. An understanding of
the available treatment modalities and the adverse effect profiles
of opioid analgesics is also essential. Last, and as important, is a
rational understanding of legal and regulatory considerations.®®

CONCLUSIONS

It is well understood that unrelieved pain leads to unnecessary
suffering and delays in recovery and adds to the overall cost
of health care. It is also recognized that continual assessment
and optimal management has positive impact on the quality of
health care services and the quality of patients’ lives.

Pain is a highly complex experience with several quantifi-
able features, including intensity, time, course, quality, impact,
and personal meaning.!®> Many factors influence interindividual
variability in pain sensitivity, perception, and response to anal-
gesics. Among these factors are physiology of pain mechanisms,
psychological and environmental factors, genetics, gender, eth-
nicity, temperament,”® and emotional issues such as fear, anxi-
ety, and depression.*>¢”%° Frequent and accurate assessment of
pain intensity and associated qualitative variables is an essential
clinical responsibility necessary to provide optimal pain man-
agement and to appreciate the effectiveness of therapy. To state
that one particular method of pain assessment is best is as incor-
rect as saying that all patients experience the same degree of
pain following similar operative procedures. The patient’s self-
report of his or her pain experience remains the gold standard
of communication. Unidimensional NRS and VRS tools pro-
vide rapid, reliable, and objective measurement of acute pain
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intensity and localization. Multidimensional assessment scales
and questionnaires are generally reserved for more detailed
examination and management of more complex pain syndromes
and persistent pain. Ultimately, it is the patient’s cognitive and
communicative abilities that determine which assessment tool

APPENDIX

and pediatric patients.

American Society for Pain Management Nursing (ASPMN) Position Statements

Position Statement

Clinical Practice Recommendations

should be employed. To avoid biases, health care providers must
also appreciate nuances of assessment in a variety of patient pop-
ulations, including racial and ethnic minorities, critically ill and
cognitively impaired patients, those with addictive disorders,

Source: ASPMN Position
Statement

“It is within the scope of nursing practice for a
registered nurse (RN) to administer analgesia
to patients when indicated. The ASPMN
supports the role of the RN in the
management and care of patients receiving
analgesia by catheter techniques, including
but not limited to analgesia by the epidural,
intrathecal, intrapleural, and perineural
routes of administration, in patients of all ages
and in all care settings.”

“The ASPMN recognizes the need for prompt,
safe, and effective pain relief for all and
supports the use of Authorized Agent
Controlled Analgesia (AACA) for the patient
who is unable to self administer analgesics
using an analgesic infusion pump, due to
cognitive or physical limitations. The ASPMN
does not support the use of ‘PCA by Proxy’ in
which an unauthorized person activates the
dosing mechanism of an analgesic infusion
pump and delivers analgesic medication to the
patient, thereby increasing the risk for
potential patient harm.”

“The inability of nonverbal patients, including
elders with advanced dementia, infants and
preverbal toddlers, and intubated and/or
unconscious patients, to communicate pain
and discomfort because of developmental or
physiologic issues is a major barrier for them
being adequately assessed for pain and
achieving adequate pain management
interventions.”

“Patients with addictive disease and pain have
the right to be treated with dignity, respect,
and the same quality of pain assessment and
management as all other patients. This
includes maintaining a balance between
provision of pain relief and protection against
inappropriate use of prescribed medications.
Nurses are well positioned and obligated to
advocate for pain management across all
treatment settings for patients actively using
alcohol or other drugs, patients in recovery, or
those receiving methadone for opioid
dependence.”

The institution’s/health care facility’s policies, procedures and guidelines, and
the state board of nursing regulations shall define:

Education and training required for involved RNs.

Education needs for patients and families.

RN’s roles in management and monitoring of analgesia by catheter
technique, including comprehensive assessment of the patient’s
physiological and emotional care needs and response to analgesia (ie,
assessment of pain, side effects, complications)

Licensed independent practitioners (LIPs) who are trained and
authorized in catheter placement for analgesia by catheter techniques, test
dose administration and establishment of analgesic dosage parameters.
Communication between RN and LIP regarding patient status or changes
in status during therapy.

Record keeping requirements.

Quality improvement program.

The health care institution must have clear policies, procedures, and
guidelines that:

4.

5.

Outline conditions under which AACA practice may be implemented,
and a mechanism for communicating to all health care providers that a
patient is receiving AACA.

Outline monitoring procedures (assessment, management, reassessment,
and documentation)

Stipulate frequency of sedation and respiratory checks during therapy.
Provide for an AACA-specific prescribing mechanism that includes drug,
dosage, monitoring, and when not to activate the dosing button.
Provides for education of each authorized agent, patient, family members,
and other visitors regarding principles of AACA.

Provides for ongoing outcomes evaluation and QI activities.

. Use the Hierarchy of Pain Assessment Techniques established by

McCaffery and Pasero (1999)

Attempt patient self-report whenever possible.

Search for etiologies of the pain. Assume pain is present (APP).
Observe patient behaviors (baseline and ongoing) as indicators of pain.
Recognize that the behaviors may be due to causes other than pain.
Obtain report of patient’s pain and changes in behavior or activity
from family members or caregivers.

Attempt analgesic trial after estimating pain intensity (APP), and
titrate to effect.

Establish a procedure for assessing presence of pain and response to
therapy.

Use behavioral pain assessment tools/scales as appropriate for the
individual patient.

Apply physiologic indicators (changes in heart rate, blood pressure, and
respiratory rate) of pain when appropriate.

Reassess and document at regular intervals following intervention.

Recommendations for managing pain in patients with addictive disease
include:

Diagnose and treat addiction, symptoms of withdrawal, and pain.
Encourage patient use of external support systems.

Involve patient, family and significant others in pain management
planning.

Ensure that implementation of plan is consistent among all involved in
care.

Education regarding differences between addiction, physical dependence,
and tolerance.

Education regarding medication options.

Registered Nurse Management
and Monitoring by Catheter
Techniques (2006)'°

Authorized and Unauthorized
(“PCA by Proxy”) Dosing of
Analgesic Infusion Pumps
(2006)"7

Pain Assessment in the
Nonverbal Patient: Position
Statement with Clinical Practice
Recommendations (2006)'8

Pain Management in Patients
with Addictive Disease (2002)"

(continued)
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Position Statement

Clinical Practice Recommendations

Source: ASPMN Position
Statement

“Placebos should not be used by any route of
administration in the assessment and/or
management of pain in any individual
regardless of age or diagnosis. ASPMN
supports the use of placebos only in
Institutional Review Board (IRB) — approved
clinical trials.”

“Effective pain management requires careful
individual titration of analgesics that is based
on valid and reliable assessment of pain and
pain relief. A registered nurse, who is
competent in pain assessment and analgesic
administration, can safely interpret and
implement properly written “as-needed” or
“PRN” range orders for analgesic medications.
The ASPMN and the American Pain Society
support safe medication practice and the
appropriate use of PRN range orders for
opioid analgesics in the management of pain.”

“As representatives of the health care
community and law enforcement, we are
working together to prevent abuse of
prescription pain medications while ensuring
that they remain available for patients in
need.”

“The ASPMN supports the position
statements by the American Nurses’
Association (ANA) on active euthanasia and
assisted suicide that “Nurses individually and
collectively have an obligation to provide
comprehensive and compassionate end of life
care which includes the promotion of comfort
and the relief of pain, and at times, foregoing
life-sustaining treatments.” The ASPMN
opposes nurse participation in assisted suicide
or active euthanasia.”

“The ASPMN believes that it is an ethical
obligation for pain management nurses to
advocate and provide for effective pain relief
and symptom management to alleviate
suffering for the patient receiving end of life
care”

Selection and titration of analgesics based on pain assessment, side effects,
function, sleep, and mood. Be aware that higher than usual opioid doses
may be required. Utilize adjunctive therapy when appropriate.

Utilize the route of administration, dosage form and frequency
appropriate for the individual patient.

Identify, record, and discuss with the patient any behavior that suggests
inappropriate medication use or patient’s own acknowledgement of
misuse.

Minimize withdrawal symptoms by tapering opioids, benzodiazepines, or
other medications with a potential for physical dependence when
treatment is no longer needed.

For patients who are actively using define pseudoaddiction versus
addiction, assess and treat symptoms of withdrawal from alcohol and
other drugs, discuss patient-acknowledged inappropriate use of
medications, assess for and treat psychiatric comorbidities, avoid use of
opioid agonist-antagonist agents, provide information on treatment
options for addictive disease.

For patients in recovery, discuss risks of unrelieved pain, concerns about
relapse, and use of opioids and/or nonopioids as part of treatment plan.
For patients on methadone maintenance (MM) treatment include MM
provider, and either increase the daily dose and frequency of the
methadone for analgesia or initiate a new opioid agent in addition to the
daily MM dose.

Implement institutional policies to ensure that the use of placebo agents
to manage pain are prohibited in clinical practice unless in the context of
an approved IRB-approved clinical trial.

Institutional policies shall:

Define the processes required to ensure LIP competency in writing PRN
opioid dosage range orders with a fixed time intervals in accordance with
evidence-based clinical practice guidelines and nurse competency in
interpreting and implementing these orders. A comprehensive patient
history and a valid and reliable assessment of pain and pain relief, and
understanding of opioid pharmacokinetics and side effect profiles are
essential to safe and effective implementation of PRN range orders.
Provide for dosage ranges that are large enough to permit appropriate and
safe dose titration. The maximum dose within the range must be specified
and may not exceed four times the minimum dose.

Evaluate and document patient response to dose and interval.

Ensure patient comfort and adherence to safe medication practices.

Although pharmaceutical manufacturers and distributors, and health care
professionals must respect that opioid analgesics have an inherent abuse
potential, the legitimate use of these drugs when medically indicated must
also be respected.

Improved access for appropriate pain care that allows patients to die with
dignity and adequate relief of pain.

Advocate for improved access to ethical and effective pain management
services and other reliable treatment modalities that will benefit patients
with end stage disease, fostering humane and dignified care.

Position Statement on Use of
Placebos in Pain Management
(2004)%°

A Position Statement on the Use
of “As-Needed” Range Orders
for Opioid Analgesics in the
Management of Acute Pain:

A Consensus Statement of the
American Society of Pain
Management Nurses and the
American Pain Society (2006)?!

A Position Statement on
Promoting Pain Relief and
Preventing Abuse of Pain
Medications: a Critical
Balancing Act (2003)%?

ASPMN Position Statement
on Assisted Suicide?

ASPMN Position Statement on
Pain Management at the End of
Life (2002)**
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The Role of Preventive Multimodal Analgesia

and Impact on Patient Outcome

Scott S. Reuben and Asokumar Buvanendran

The primary goal of postoperative pain reliefis to provide subjec-
tive comfort, inhibit trauma-induced afferent pain transmission,
and blunt the autonomic and somatic reflex responses to pain.
By accomplishing this, we should enhance restoration of func-
tion by allowing the patient to breath, cough, and ambulate more
easily. Subsequently, these effects should improve overall post-
operative outcome. Despite our increased knowledge since the
late 1990s of the pathophysiology and pharmacology of nocicep-
tion, acute postoperative pain still remains a major problem.!
Patients continue to report that their primary concern before
surgery is the severity of postoperative pain.!'? This is justi-
fied, because a recent survey has revealed that 31% of patients
suffered from severe pain and another 47% from moderate
pain.!

Unrelieved postoperative pain may result not only in suffer-
ing and discomfort but may also lead to multiple physiological
and psychological consequences that can contribute to adverse
perioperative outcomes (Figure 12.1).> These are primarily
related to the surgical stress response to pain that is character-
ized by profound endocrine and metabolic changes resulting in
increased sympathetic activity and catabolic demands.* General
anesthesia is used to inhibit cortical responses to tissue injury,
and neuromuscular blocking agents prevent muscle spasm dur-
ing surgery. However, the sympathetic neuroendocrine and
biochemical responses to surgical trauma are not effectively
attenuated by general anesthesia alone.* This can potentially
contribute to a higher incidence of myocardial ischemia and
impaired wound healing*> and delay gastrointestinal motility,
resulting in prolonged postoperative ileus.® Further, unrelieved
acute pain leads to poor respiratory effort and splinting that
can result in atelectasis, hypercarbia, and hypoxemia, contribut-
ing to a higher incidence of postoperative pneumonia.®> Addi-
tional adverse effects include psychological distress and anxiety,
leading to sleeplessness and helplessness, and impaired post-
operative rehabilitation that may potentially have long-term
psychological consequences.” Finally, it has recently been rec-
ognized that unrelieved acute pain may contribute to a higher
incidence of chronic postsurgical pain.® Therefore, strategies
aimed at reducing acute pain may not only provide subjective
comfort for our patients but also may result in improved post-
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operative outcomes and a reduction in health care expendi-
tures.

PHYSIOLOGY OF PERIPHERAL
AND CENTRAL SENSITIZATION

Tissue injury leads to pain transmission by direct mechanical
and thermal damage to nerve endings, as well as the release of
inflammatory mediators. The inflammatory mediators include
prostaglandins that sensitize peripheral nerve endings, resulting
in hyperalgesia and thus facilitating pain transmission. The per-
ception of pain is not a hard-wired mechanism, wherein stimuli
are always transmitted and processed in an identical manner
each time as originally hypothesized in the 1640s by the French
philosopher Rene Descartes.’ In fact the central nervous system
(CNS) exhibits a great deal of plasticity.'? The processing of pain
signals is now recognized to be a complex physiological cascade
that involves dozens of different neurotransmitters and chemi-
cal substrates at several different anatomical locations. Operative
procedures produce an initial afferent barrage of pain signals and
generate a secondary inflammatory response, both of which con-
tribute substantially to postoperative pain. The signals have the
capacity to initiate prolonged changes in both the peripheral and
CNS, leading to the amplification and prolongation of postoper-
ative pain. Peripheral sensitization, a reduction in the threshold
of nociceptor afferent peripheral terminals, is a result of inflam-
mation at the site of surgical trauma.!! As a result of this periph-
eral sensitization, low-intensity stimuli that normally would not
cause a painful response prior to sensitization now become
perceived as pain, an effect termed allodynia (Figure 12.2).
In addition, patients develop hyperalgesia, which contributes
to an exaggerated pain response following nociceptive stim-
uli (Figure 12.2). Central sensitization, an activity-dependent
increase in the excitability of spinal neurons, is a result of persis-
tent exposure to nociceptive afferent input from the periph-
eral neurons.!? Taken together, these two processes (periph-
eral and central sensitization) contribute to the postoperative
hypersensitivity state (“spinal wind-up”) that is responsible for a
decrease in the pain threshold, both at the site of injury (primary
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Figure 12.1: Harmful effects of unrelieved acute pain.

hyperalgesia), and in the surrounding uninjured tissue (sec-
ondary hyperalgesia) (Figure 12.3).!* A more in-depth review
of peripheral and central sensitization is presented in Chapter 1
(Pain Pathways and Acute Pain Processing).

Prolonged central sensitization has the capacity to lead to
permanent alterations in the CNS that contribute to chronic
pain long after the acute stimulus has been withdrawn. Sus-
tained input from peripheral neurons can result in the death
of inhibitory neurons, replacement with new afferent excitatory
neurons, and the establishment of aberrant excitatory synap-
tic connections.!* These alterations result in a prolonged state
of sensitization, resulting in intractable postsurgical pain that
is unresponsive to many analgesics.!> The use of preemptive
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Figure 12.2: Nociceptive afferent input from trauma can sensitize
the nervous system to subsequent stimuli. The normal pain response
as a function of stimulus intensity is depicted by the curve on the
right. Following trauma, the pain response curve is shifted to the
left. As a result, noxious stimuli become more painful (hyperalgesia)
and nonpainful stimuli (yellow shaded region) now become painful
(allodynia).

multimodal analgesic techniques may be beneficial in reducing
postoperative pain and improving clinical outcomes following
operative procedures.

PREEMPTIVE ANALGESIA

Preemptive analgesia as a concept began in the early 1920s, when
Crile!® and Lower proposed that blocking noxious signals prior

Central sensitization

Spinal windup
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Purines, H+/K+ ions

Secondary
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Figure 12.3: Surgical trauma leads to the release of inflammatory
mediators at the site of injury, resulting in a reduction in the pain
threshold at the site of injury (primary hyperalgesia) and in the sur-
rounding uninjured tissue (secondary hyperalgesia). Peripheral sen-
sitization results from a reduction in the threshold of nociceptor
afferent terminals secondary to surgical trauma. Central sensitization
is an activity-dependent increase in the excitability of spinal neurons
(spinal wind-up) as a result of persistent exposure to afferent input
from peripheral neurons. CNS = central nervous system, 5-HT =
serotonin.
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Figure 12.4: The Anoci-association theory of Crile was the first
description of preventative analgesia. According to this theory: (I)
Surgical trauma pain transmission and perception incites postoper-
ative hyperactivity in the central nervous system leading to hemody-
mamic and metabolic instability. (II) General anesthesia attenuates
pain perception during surgery; however, CNS hyperactivity is still
observed. (IIT) Presurgical neural blockade prior to general anesthesia
and surgical trauma attenuates pain perception and prevents post-
surgical CNS hyperactivity. Crile GW. The kinetic theory of shock
and its prevention through anoci association (shockless operation).
Lancet. 1913;185:7-16.1¢

to a surgical incision may lead to some degree of CNS protection
against postoperative pain, although at that time the mechanism
remained unclear.®

Crile'® believed that a combination of local-regional blocks
and general anesthesia favorably influenced the postoperative
recovery compared to general anesthesia alone, especially when
the blocks were performed in advance of the painful stimu-
lus. He concluded that “patients given inhalational anesthesia
still need to be protected by regional anesthesia otherwise they
might incur persistent CNS changes and enhanced postopera-
tive pain” (Figure 12.4). The notion that the CNS “modulates”
afferent pain signals before being perceived by the individual
was further elucidated in 1965, when Melzack and Wall'° pro-
posed their gate theory. This landmark article suggested that
incoming pain signals are subject to inhibition by either com-
peting nonpainful afferent input at the same spinal level or from
supraspinal descending pathways. For example, rubbing one’s
foot after stubbing the toe lessens the perception of pain because
of the “closure” of a theoretical gate in the substantia gelatinosa
thatallows for only one type of afferent impulse to be transmitted
to the CNS. However, this theory did not incorporate long-term
changes in the CNS following nociceptive input and to other
external factors that impinge on the individual. It is now recog-
nized that nociceptor function is dynamic, and may be altered by
tissue injury. Repetitive stimulation of small-diameter primary
afferent fibers generates a progressive increase in action poten-
tial discharge and increased excitability of both peripheral and
CNS neurons, an event termed sensitization or wind-up. This

is the mechanism by which pain may be prolonged beyond the
duration normally expected with an acute insult. Further, this
increased excitability in the CNS has the capacity to permanently
alter spinal cord function, leading to the development of chronic
pain following an acute injury. Preemptive analgesia has been
proposed as a method of decreasing postoperative pain by the
prevention or attenuation of this wind-up phenomenon.

In 1988, Wall!” suggested that “we should consider the pos-
sibility that pre-emptive pre-operative analgesia has prolonged
effects which long outlast the presence of drugs.” Some of the
earliest experimental evidence supporting this theory noted that
a painful stimulus in rats resulted in a distinct biphasic excitatory
response in dorsal horn neurons — an immediate acute peak (at
0-10 minutes) and a subsequent, prolonged tonic phase lasting
20-65 minutes.!® The study concluded that intrathecal opiates
administered prior to the first-phase response but reversed with
naloxone before the expected onset of the second-phase response
were capable of preventing this latter stage. However, if the opi-
ates were administered after the painful stimulus, the inhibitory
effect on the second-phase pain response in the dorsal horn
was greatly diminished. This experimental model was also used
to investigate the role of local anesthetics in the dorsal horn
response to pain. Coderre et al'® showed that local anesthetics
applied either at the site of injury or intrathecally prior (but
not subsequent) to a subcutaneous formalin injection abolished
the expression of the second tonic phase of the pain response in
dorsal horn neurons.

Based on this scientific evidence, investigators'>!” hypothe-
sized that preemptive treatment will prevent the establishment
of central sensitization, decrease the incidence of hyperalgesia,
and subsequently decrease the severity of postoperative pain.
Since the late 1980s, hundreds of studies of varied quality have
been published relating to the efficacy and utility of preemptive
analgesic strategies. Unfortunately, many of these earlier stud-
ies choose a methodology whereby a preincisional strategy was
compared with a placebo treatment (eg, local infiltration into
the wound site before incision versus no infiltration). This study
design does little to address the question of whether “pre versus
post” makes a difference. Preemptive analgesia is defined when
the administration of an antinociceptive intervention before a
surgical incision is more effective than the same intervention
administered after surgery.’’ The focus on demonstrating that
pretreatment is more effective than the same treatment admin-
istered after incision or surgery has sidetracked progress because
inclusion of a control group (eg, placebo administered before
and after incision) has been ignored.?! Two group studies that
failed to demonstrate a superiority of the preincisional over
the postincisional analgesic treatment intervention are inher-
ently flawed, because it is not known whether the absence of an
effect reflects the relative efficacy of the postoperative blockade
or the inefficacy of preoperative blockade in reducing central
sensitization.?!

Despite elegant demonstrations of the effect of preemp-
tive analgesia in many animal models, there still exists some
degree of controversy regarding its validity in the clinical set-
ting. The consensus is far from clear, with different reviewers
reaching fundamentally dissimilar conclusions depending on
the particular intervention used, the choice of control, the out-
come measures, and the surgical model. This discrepancy has
been documented by two recent systematic reviews of the liter-
ature evaluating the value of preemptive analgesia for postoper-
ative pain relief.?>?* Moiniche et al*? reviewed the literature on
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Table 12.1: The Efficacy of Preemptive Analgesia

Number of Trials Time to First Supplemental
Analgesic (No of Patients) Pain Intensity Analgesic Analgesic Use
Epidural 19 (n=905) + + +
Local anesthesia 15 (n=671) ? + +
NMDA antagonists 7 (n=418) 0 ? ?
NSAIDs 16 (n=875) ? + +
Opioids 8 (n=1392) 0 ? ?

Abbreviations: 4+ = positive effect; 0 = no effect; ? = equivocal evidence.
NSAIDs = nonsteroidal anti-inflammatory drugs; NMDA = N-methyl-D-aspartic acid.

preemptive analgesia, including 80 randomized controlled trials
(RCTs) representing 3761 patients published from 1983 to 2000.
These authors analyzed the preemptive analgesic effects of nons-
teroidal anti-inflammatory drugs (NSAIDs), epidural analgesics,
local anesthetic wound infiltration, opioids, and N-methyl-D-
aspartic acid (NMDA) antagonists on pain scores within 24
hours of surgery. Only RCTs evaluating the preoperative versus
postoperative administration of these analgesic interventions
were included in this quantitative and qualitative systematic
review. The authors concluded that the timing of these anal-
gesics had no effect on the quality of pain control, indicating
that preemptive analgesia is no more effective than a postinci-
sional treatment.

In contrast, a more recent meta-analysis by Ong et al®* on
the efficacy of preemptive analgesia for acute pain challenged
the findings by Moniche et al.??> Ong et al** analyzed 66 RCTs on
preemptive analgesia for postoperative pain that were published
between 1987 and 2003 and consisted of data on 3261 patients
(Table 12.1). The preemptive analgesic effect of NSAIDs, epidu-
ral analgesics, local anesthetic wound infiltration, opioids, and
NMDA antagonists were evaluated on three outcome variables:
pain intensity scores during the first 24—48 hours of the postop-
erative period, time to first rescue analgesic, and total supple-
mental analgesic use. Based on this analysis, preemptive epidural
analgesia resulted in consistent improvements in all three out-
come variables. Preemptive local anesthetic wound infiltration
and NSAIDs administration improved analgesic consumption
and time to first analgesic request, but not postoperative pain
scores. The preemptive administration of NMDA antagonists
and systemic opioids provided equivocal findings.

PREVENTIVE ANALGESIA

Currently, the concept of preemptive analgesia has evolved
beyond the importance of only reducing the nociceptive affer-
ent input brought about by surgical incision. The term pre-
ventive analgesia®* was introduced to emphasize the fact that
central neuroplasticity is induced by pre-, intra-, and postop-
erative nociceptive inputs. The goal of preventive analgesia is
to reduce central sensitization that arises from noxious inputs
arising throughout the entire perioperative period, and not just
from those occurring during the surgical incision. Thus, pre-
ventive analgesia is a broader definition of preemptive anal-
gesia and includes any perioperative analgesic regimen able to

control the process of surgical-induced sensitization. Katz and
McCartney® analyzed 27 clinical studies evaluating preemptive
or preventive analgesia and reported a benefit with preventive
analgesia, but equivocal or no benefit from preemptive treat-
ment. These findings highlight the importance of administering
treatment modalities not only for the surgical incision, but also
for extending the analgesic effect into the postoperative period.
Adequate preventive analgesia should include multimodal anal-
gesic techniques aimed at attenuating peripheral and central
sensitization with a sufficient duration of treatment. Effective
preventive multimodal analgesic techniques may be useful in
reducing, not only acute pain, but also chronic postsurgical pain
and disability.?¢?/

MULTIMODAL ANALGESIA

Sufficient pain relief that allows normal function has been diffi-
cult to achieve following major surgical procedures without the
risk of side effects. Although opioids still play a major role in
the management of pain following surgery, they may contribute
to increased hospital morbidity and health care costs.?® Adverse
events associated with the use of opioids in the postoperative set-
ting include postoperative nausea and vomiting, ileus, respira-
tory depression, sedation, pruritus, urinary retention, and sleep
disturbances.?? In July 2000 the Joint Commission for Accredita-
tion of Health Care Organizations (JCAHO) introduced a new
standard for pain management, declaring pain level to be the
“fifth vital sign.”*” The Commission concluded that acute and
chronic pain were major causes of patient dissatisfaction in the
US health care system, leading to slower recovery times, creating
a burden for patients and their families, and increasing med-
ical costs.’® However, the increased efforts aimed at reducing
patients’ postoperative pain scores may have further increased
the risk of adverse effects when health care providers attempted
to achieve sufficient analgesia by opioids alone.?!~3

The concept of multimodal analgesia was introduced more
than a decade ago as a technique to improve analgesia and reduce
the incidence of opioid-related adverse events.** The rationale
for this strategy is the achievement of sufficient analgesia by
the additive or synergistic effects between different analgesics.
This allows for a reduction in the doses of these drugs, thus
lowering the incidence of adverse effects. Unfortunately, most
of the existing studies in acute pain management have utilized
single analgesic techniques. Such treatment cannot be expected
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Figure 12.5: Analgesic agents and sites used to provide analgesia
and attenuate nociceptive pathways. CNS = central nervous system,
DRG = dorsal root ganglion, NSAIDs = nonsteroidal anti-
inflammatory drugs, NMDA = N-methyl-D-aspartate.

to provide sufficient pain relief allowing normal function with-
out the risk of adverse effects.***> Most of the pain literature
fails to address the issue of pain during daily function (eg,
cough, ambulation, physical therapy). In addition to a lower
incidence of adverse effects and improved analgesia, it has been
demonstrated that multimodal analgesia techniques may pro-
vide for shorter hospitalization times, improved recovery and
function, and decreased health care costs following surgery.>¢=*°
Currently, the American Society of Anesthesiologists Task Force
on Acute Pain Management?® and the Agency for Health Care
Research and Quality*! advocate the use of a multimodal anal-
gesic approach for the management of acute pain. Because pain
in the perioperative period represents several nociceptive mech-
anisms, a rational approach to acute pain is to combine different
treatment modalities operating on different pain mechanisms
to improve analgesia and reduce side effects. Currently, a vari-
ety of multimodal analgesics, including NSAIDs, opioids, local
anesthetics, NMDA receptor antagonists, a, agonists (clonidine
and dexmetomidine), and o0 agonists (gabapentin and pre-
gabalin), are being utilized in an attempt to target the sen-
sitization process at one or more anatomical sites along the
nociceptive pathway, including the site of injury, peripheral
nerve axon, dorsal horn of the spinal cord, and cerebral cortex
(Figure 12.5).

PREVENTIVE MULTIMODAL ANALGESICS
o, Agonists (Clonidine, Dexmedetomidine)

Experimental research in animals supports analgesic actions of
ay-adrenergic agonists at the peripheral, spinal, and brainstem
sites. This is evidenced by the detection of a, adrenoceptors
located on primary afferent terminals, on neurons in the super-
ficial laminae of the spinal cord, and within several brainstem
nuclei.*? The precise mechanism by which clonidine exerts its
analgesic effect remains unknown. Clonidine enhances periph-
eral nerve blocks of local anesthetics by selectively blocking
conduction of A-3 and C fibers.***> Clonidine causes local
vasoconstriction, thereby reducing the vascular uptake of local

anesthetics.® This last mechanism, however, is controversial. A
previous study evaluating peak plasma concentrations of lido-
caine revealed significantly higher levels when clonidine was used
compared with epinephrine, leading the authors to conclude that
clonidine lacks a local vasoconstrictor effect.*’” Recently, animal
studies using clonidine for peripheral nerve blocks point the
mechanism of action to be mediated via the hyperpolarization-
activated cation current (Ih) and not via the a; adrenoceptors.*®
Clonidine may also produce an analgesic effect by releasing
enkephalin-like substances.*’ In addition, because sympathetic
neural activity may increase both somatic®® and sympathetically
maintained pain,?’ clonidine can reduce nociceptive pathways
by inhibiting the release of norepinephrine from prejunctional
o, adrenoceptors. a; adrenergic mechanisms of analgesia have
been utilized for over a century. Cocaine, the first spinal anes-
thetic, produces analgesia primarily by its local anesthetic action,
but it also inhibits norepinephrine reuptake and produces anal-
gesia, in part, by enhancing noradrenergic stimulation of o,
adrenoceptors.>!

When administered via the oral, intravenous, or transdermal
route, clonidine may reduce opioid requirement and improve
analgesia in the postoperative setting.’?">* Compared with cloni-
dine, dexmedetomidine is more selective for the o, receptor and
has a shorter duration of action.>? The perioperative administra-
tion of dexmedetomidine (loading dose of 1 p/kg over 10 min-
utes followed by 0.4 followed by 0.4 g/kg/h for 4 hours) reduces
morphine use by 66% in the early postoperative period follow-
ing major inpatient surgical procedures.® Despite their potent
sedative effects, the perioperative administration of o, agonists
for postoperative pain management has not been associated with
respiratory depression.

The addition of o, agonists to the local anesthetic solution
for neuraxial or peripheral nerve block may also enhance and
prolong analgesia.”® Central neuraxial block with local anes-
thetic and clonidine improves the quality of analgesia for total
joint arthroplasty.>>=® The combination of intrathecal cloni-
dine and morphine provided superior analgesia compared with
intrathecal morphine alone following total knee arthroplasty.>
Administration of clonidine with an epidural infusion of local
anesthetic and fentanyl improved analgesia and reduced the need
for rescue opioid medication following total knee arthroplasty.>®
Clonidine also results in improved postoperative analgesia when
added to local anesthetic epidural infusions®” and for combined
spinal-epidural anesthesia for total hip arthroplasty.>®

Clonidine has been shown to enhance peripheral nerve block
when added to a variety of local anesthetics.’! The addition of
clonidine (1 pg/kg) to lidocaine 0.5% for intravenous regional
anesthesia (IVRA) has been shown to significantly improve post-
operative analgesia during the first day after upper extremity
hand surgery.> The addition of 1 pwg/kg of clonidine was well
tolerated and exhibited no adverse effects (bradycardia, hypoten-
sion, hypoxemia, and/or sedation). In addition, the use of IVRA
clonidine has been shown to delay the onset time of tourniquet
pain in healthy, unsedated volunteers.®* The analgesic effect of
IVRA clonidine appears to be peripherally mediated and not
by central redistribution, as the same dose administered par-
enterally provided no further analgesia.”® Further, concentra-
tions of clonidine in plasma (0.12 ng/mL) obtained after tourni-
quet deflation®® were considerably lower than those required
for a central analgesic effect (1.5-2 ng/mL) when clonidine was
administered via the parenteral route to manage postoperative
pain.>



Preventive Multimodal Analgesia and Impact on Patient Outcome

177

CNS

Secondary

PGE,

NSAIDs

NS
Cyclooxygenamooxygenase

hyperalgesia g ' <:

Phospholipids
S:SSM\“//( R R B B

5\3)@5\3\ 6 666 66 €646 5646

Arachidonic acid

Endoperoxides Leucotrienes

l Thromboxane
Prostacyclln

Surgical
trauma

Primary hyperalgesia

Figure 12.6: Surgical trauma leads to initiation of a biochemical cascade in which membrane
phospholipids are converted to arachidonic acid and then to prostaglandins through the action
of the cyclooxygenase enzyme. NSAIDs are thought to reduce postoperative pain by suppressing
cyclooxygenase-mediated production of PGE, Prostaglandins, including PGE,, are responsible
for reducing the pain threshold at the site of injury (primary hyperalgesia), resulting in cen-
tral sensitization and a lower pain threshold in the surrounding uninjured tissue (secondary
hyperalgesia). CNS = central nervous system, NSAIDs = nonsteroidal anti-inflammatory drugs,

PGE, = Prostaglandin E,.

In addition to its effects when administered with local anes-
thetics, clonidine when administered alone showed analgesic
effects when given via the intra-articular route.®! Furthermore,
the addition of intraarticular clonidine to morphine and bupi-
vacaine enhanced the analgesic efficacy of both analgesics.®?
Peripheral administration of clonidine is a useful nonopioid
analgesic method that is currently playing an important role in
the multimodal management of acute postoperative pain.

Preemptive Analgesia with o, Agonists

Currently, no studies have evaluated the efficacy of admin-
istering preemptive o, agonists alone for the management of
postoperative pain.

Nonsteroidal Anti-Inflammatory Drugs
and Acetaminophen

Tissue injury leads to pain transmission by direct mechanical
and thermal damage to nerve endings, as well as the release
of inflammatory mediators.®> These inflammatory mediators
include arachidonic cascade metabolites that sensitize periph-
eral nerve endings, resulting in hyperalgesia and thus facilitat-
ing pain transmission (Figure 12.6). Prostaglandins, including
prostaglandin (PG) E,, are responsible for reducing the pain
threshold at the site of injury (primary hyperalgesia), resulting in
central sensitization and a lower pain threshold in the surround-
ing uninjured tissue (secondary hyperalgesia).!! Traditionally,

the primary site of action of NSAIDs have been attributed to their
inhibition of prostaglandin synthesis in the periphery, although
recent research indicates that central inhibition of cyclooxyge-
nase 2 (COX-2) may also play an important role in modulating
nociception.®*

NSAIDs inhibit the synthesis of prostaglandins both in the
spinal cord and at the periphery, thus diminishing the hyper-
algesic state after surgical trauma.®* NSAIDs are useful as the
sole analgesic after minor surgical procedures®® and may have
a significant opioid-sparing effect after major surgery.®® The
use of NSAIDs has become increasingly popular because of
the concern over opioid-related side effects. All NSAIDs have a
ceiling effect for analgesia, but they do not demonstrate a ceiling
effect with regard to side effects.” It is currently recommended
that NSAIDs be used in the multimodal analgesic approach for
the management of perioperative pain.‘>*! The recent prac-
tice guidelines for acute pain management in the perioperative
setting specifically state that “unless contraindicated, all patients
should receive an around-the-clock regimen of NSAIDs, Coxibs,
or acetaminophen.”°

Acetaminophen is a p-aminophenol derivative with anal-
gesic and antipyretic properties similar to those of aspirin. The
mechanism of action of acetaminophen is still poorly defined.
Recent evidence has suggested that it may selectively act as an
inhibitor of central prostaglandin synthesis in the CNS rather
than in the periphery.®® The theory that acetaminophen acts via
the COX-3 receptor® has not been supported by recent studies.”
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Figure 12.7: Effect of administration of nonsteroidal antiinflamma-
tory drugs (NSAIDs) in addition to patient-controlled analgesia
intravenous morphine after surgery on the relative risk of postop-
erative nausea and vomiting. From Marret E, et al. Anesthesiology.
2005;102(6):1249-1260.

In addition, there is evidence that serotonergic mechanisms are
involved in the antinociceptive activity of acetaminophen.”t A
metaanalysis of randomized controlled trials of acetaminophen
for postoperative pain revealed that this analgesic induced a
morphine sparing effect of 20% (9 mg) over the first 24 hours
postoperatively (95% CI, —15 to —3 mg), but did not reduce
the incidence of morphine-related adverse effects.”> A recent
qualitative review of acetaminophen, NSAIDs, and their com-
bination concluded that acetaminophen may provide analgesic
efficacy similar to other NSAIDs following major orthopedic
surgery.” It was concluded that acetaminophen can be a viable
alternative to NSAIDs in high-risk patients because of the lower
incidence of adverse effects.”? Further, it may be appropriate to
administer acetaminophen with NSAIDs or COX-2 inhibitors
because the combination can have additive or synergistic effects
and improve analgesia.”* Injectable forms of acetaminophen
(propacetamol and paracetamol) have been available in Europe
for several decades. Compared with oral formulations, par-
enteral acetaminophen has a more predictable onset and dura-
tion of action.”®

A recent metaanalysis examined whether there is any advan-
tage of multimodal analgesia with acetaminophen, NSAIDs, or
COX-2 inhibitors when added to patient-controlled analgesia
(PCA) morphine.”® The results suggested that all of the analgesic
agents provided an opioid-sparing effect; however, the decrease
in morphine use did not consistently result in a decrease in
opioid-related adverse effects. The use of NSAIDs was associ-
ated with a decrease in the incidence of postoperative nausea and
vomiting and sedation (Figure 12.7). However, the use of COX-2
inhibitors or acetaminophen did not decrease the incidence of
opioid-related adverse events when compared to placebo.

A systematic review of COX-2 inhibitors versus traditional
NSAIDs for postoperative pain concluded that these two anal-
gesics demonstrate equipotent analgesic efficacy after minor and
major surgical procedures.”” However, COX-2 NSAIDs may be
a viable alternative to traditional NSAIDs in the perioperative
management of pain. Because COX-2 inhibitors are associated
with reduced gastrointestinal side effects and an absence of

antiplatelet activity, they can be safely administered to surgi-
cal patients without the added risk of increased perioperative
bleeding, which has been reported with conventional NSAIDs.”*

Preemptive NSAID Administration

The preemptive analgesic effect of NSAIDs has been stud-
ied for a wide variety of surgical procedures and demonstrated
equivocal results.!*-22:2%78 Unfortunately, many methodological
problems were encountered in these studies.?’) Reuben et al”®
were the first investigators to examine the analgesic effects of
administering the same dose of NSAID either before or after
arthroscopic knee surgery. The results of this study demon-
strated that preoperative NSAID administration produced a
significantly longer duration of postoperative analgesia, less
24 hour opioid use, and lower incidental pain scores com-
pared with administering the same drug in the postoperative
period. A review of 18 randomized, single- or double-blinded
studies that used a NSAID as the target intervention revealed
that only 6 studies (33%) demonstrated a preemptive anal-
gesic effect.”® Furthermore, the beneficial effects of preemptive
NSAIDs observed in most studies were minimal. The review by
Moniche et al*? included 20 clinical trials comparing preinci-
sional with postincisional NSAID using a parallel or crossover
design. The authors concluded that some aspects of postoper-
ative pain were improved by preemptive treatment in 4 of the
20 trials. Overall, the data demonstrated preemptive NSAIDs to
be of no analgesic benefit when compared with postincisional
administration of these drugs. In contrast, Ong et al’s?® review of
16 randomized controlled trials with preemptive NSAIDs con-
cluded that these drugs improved analgesic consumption and
time to first analgesic request, but not postoperative pain scores.

NMDA Receptor Antagonists (Ketamine,
Dextromethorphan, Magnesium)

Nociceptive inputs from primary afferents are primarily medi-
ated at fast glutamatergic synapses onto second-order neurons
in the dorsal horn of the spinal cord through activation of the
NMDA receptor.®’ Because enhancement of excitatory synaptic
transmission in nociceptive pathways plays a central role in the
development of hyperalgesia and is a key neural substrate under-
lying chronic pain,®*-®! analgesics aimed at blocking the NMDA
receptor should play a pivotal role in perioperative pain man-
agement. In particular, many drugs or compounds that reduce
central glutamate excitation are antagonists of the NMDA sub-
type of glutamate receptor. There are multiple binding sites for
NMDA antagonists, and differences in pharmacological effect of
each drug are related to binding sites and receptor affinity.??

Ketamine

Ketamine has been used as a general anesthetic and anal-
gesic since the late 1970s. Although high doses (>2 mg/kg) of
ketamine have been implicated in psychomimetic effects (eg,
excessive sedation, cognitive dysfunction, hallucinations, night-
mares), subanesthetic or low doses (<1 mg/kg) of ketamine
have demonstrated significant analgesic efficacy without these
side effects.8®3* Further, there is no evidence to indicate that
low-dose ketamine exerts any adverse pharmacological effect on
respiration, cardiovascular function, nausea, vomiting, urinary
retention, and constipation/prolonged adynamic postoperative
ileus.®® Recent systematic reviews have concluded that low-dose
ketamine, when used as the sole analgesic agent, reduces pain
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following administration by the intravenous, intramuscular, or
subcutaneous routes.??8% In contrast, there is little evidence to
support low-dose epidural ketamine by itself for postoperative
analgesia.®® There is a growing body of evidence that low-dose
ketamine may have an important role in postoperative pain man-
agement when used as an adjunct to opioids, local anesthetics,
and other analgesic agents.®*-3 Ketamine in combination with
parenteral or epidural opioids not only reduces postoperative
opioid consumption but also prolongs and improves analge-
sia.333¢ However, despite the opioid-sparing effect, no reduc-
tion in opioid-related side effects were observed.33-3% Ketamine
when added to local anesthetic solutions for wound infiltration
can result in improved analgesia, which is mediated viaa periph-
eral mechanism. Ketamine is being used more frequently in the
management of postorthopedic surgical pain. A single intraoper-
ative injection of ketamine (0.15 mg/kg) improved analgesia and
passive knee mobilization 24 hours after arthroscopic anterior
cruciate ligament surgery®® and improved postoperative func-
tional outcome after outpatient knee arthroscopy.®” Low-dose
ketamine also increases postoperative pain relief for total knee
arthroplasty when used in conjunction with either epidural® or
continuous femoral nerve block.3? Patients receiving periopera-
tive ketamine for total knee arthroplasty also achieved an earlier
improvement in knee function.®

Dextromethorphan

The antitussive dextromethorphan, and its metabolite, dex-
trorphan, have been shown to antagonize NMDA receptors in
brain slices.”® Although dextromethorphan is an open-channel
blocker similar to ketamine, it produces fewer psychotomimetic
effects, probably because of its lower affinity for the NMDA
receptor.”! However, results of clinical trials evaluating the anal-
gesic efficacy of dextromethorphan have been contradictory. A
recent, qualitative systematic review analyzed 28 randomized,
double-blind, clinical studies of perioperative dextromethor-
phan in postoperative pain.” It was concluded that this drug has
the potential to be a safe adjuvant to opioids in postoperative
pain therapy, but the consistency of the potential opioid-sparing
and pain-reducing effects was questionable. Consequently, the
authors did not recommend the clinical use of dextromethor-
phan routinely for postoperative pain.®?

Magnesium

Magnesium has been shown to be an antagonist of the
NMDA receptor and in vitro data indicate that extracellular
magnesium protects cerebellar neurons against the toxicity of
the NMDA agonist glutamate.®> Tramer et al** were the first clin-
icians to examine the role of magnesium sulfate in postoperative
analgesia. Their studies revealed that a perioperative infusion
of magnesium resulted in reduced analgesic requirements, less
discomfort, and better quality of sleep without adverse effects
on the postoperative management of patients undergoing lower
abdominal surgery. Subsequent studies evaluating perioperative
magnesium have given conflicting results with some demon-
strating a beneficial effect,” =% whereas others showing no anal-
gesic efficacy following surgery.'%°~192 These differences may in
part be related to the administration of different doses of magne-
sium in the perioperative period. Because the ability of periph-
erally administered magnesium to penetrate the blood-brain
barrier is limited in the normal brain,'® the dose used may
play a key role in antinociception. In fact, it has been demon-
strated that an inverse correlation exists between cerebral spinal

fluid magnesium concentration and cumulative postoperative
analgesic use following surgery.'%!

NMDA Antagonists and Preemptive Analgesia

NMDA receptor antagonists in preemptive analgesia have
yielded equivocal analgesic efficacy. The systematic review by
Moniche et al*? examined 8 trials comparing preincisional with
postincisional ketamine or dextromethorphan in a variety of
surgical procedures. It was concluded that there was no improve-
ment with preemptive ketamine and the data on dextromethor-
phan was too sparse to reach a definitive conclusion. In the meta-
analysis by Ong et al,” 7 trials comparing the analgesic effect of
preincisional versus postincisional systemic NMDA antagonists
were included for analysis. The authors concluded that preemp-
tive NMDA antagonists failed to yield analgesic effects consistent
enough to draw conclusions regarding clinical utility. A quali-
tative systematic review of the role of NMDA receptor antago-
nists in preventive analgesia included 40 clinical trials evaluating
ketamine (n = 24), dextromethorphan (n = 12), or magnesium
(n = 4) for analysis.'% The authors concluded that the evidence
in favor of preventive analgesia was strongest for dextromethor-
phan and ketamine, with 67% and 58%, respectively, of studies
demonstrating a reduction in pain or analgesic consumption or
both. In contrast, none of the 4 studies examining magnesium
demonstrated preventive analgesia.

Local Anesthetics/Regional Analgesia

The use of regional anesthetic techniques for the perioperative
management of pain is not a new concept. Crile!® believed that
a combination of local regional blocks and general anesthesia
favorably influenced postoperative recovery compared to gen-
eral anesthesia alone, especially when the blocks were performed
in advance of the painful stimulus.'® In 1913, Crile!® concluded
that “patients given inhalational anesthesia still need to be pro-
tected by regional anesthesia otherwise they might incur persis-
tent central nervous system changes and enhanced postoperative
pain.

Wound Infiltration

Infiltrating local anesthetics into the skin and subcutaneous
tissue prior to making an incision may be the simplest approach
to preemptive analgesia. It is a safe procedure with few side
effects and low risk for toxicity. Although the benefit of local
wound infiltration has been documented, controversy exists as
to the appropriate timing of administering local anesthesia for
surgery. In a meta-analysis by Moiniche et al,> 14 random-
ized trials (736 patients) that compared pre- versus postinci-
sional wound infiltration for a variety of surgical procedures
demonstrated no difference in analgesic efficacy between the
two techniques. In contrast, Ong et al** reviewed 15 random-
ized trials (671 patients) that compared preemptive local infil-
tration with postincisional infiltration and concluded that the
former technique improved analgesic consumption and time
to first analgesic request, but it did not achieve statistical sig-
nificance with respect to reducing pain intensity. It remains
unclear from these data whether local anesthetic infiltration
into the wound provides long-term prevention of chronic inci-
sional pain. Most of the studies terminated their assessment of
effect at 24-48 hours, well before the abatement of the acute
postoperative pain. With the recent technologic improvements
in nonelectric disposable infusion pumps,'®> continuous local



180 Scott S. Reuben and Asokumar Buvanendran

anesthetic wound infusion techniques are increasing in popular-
ity for both hospitalized and outpatient surgeries.!® However,
some concerns about local anesthetic infusion include the pos-
sibility of local anesthetic toxicity, myotoxicity, chondrotoxicity,
and infection.!®’~110 In a study evaluating the efficacy of contin-
uous infusions of bupivacaine for hand surgery, the investigators
reported that 2 of 100 (2%) subjects developed infections at the
cannula insertion site after 1 week.!% Further, recent data from
animal studies show that infusion of bupivacaine for 48 hours
can lead to profound histopathologic and metabolic changes in
articular cartilage.!'® These investigators concluded that caution
against the use of continuous infusion devices in smaller joints
is warranted. Future large-scale studies in humans are needed
to address the efficacy and safety of continuous local anesthetic
wound infiltration before this technique becomes widely appli-
cable for managing postsurgical pain.

Peripheral Nerve Block

Peripheral nerve blocks are an attractive method of providing
postoperative analgesia for many surgical procedures. Periph-
eral nerve blocks provide superior pain relief with movement
(incidental pain) and may reduce surgical stress and improve
rehabilitation.!%®-!!! Because these techniques provide for site-
specific analgesia, they are associated with fewer side effects com-
pared with other analgesic techniques.!!! The use of peripheral
nerve blocks for orthopedic anesthesia has been associated with
superior same-day recovery and decreased hospital readmission
compared with general anesthesia.!% Although single-injection
regional anesthesia provides early analgesic efficacy, it does not
provide long-term benefit compared with general anesthesia.!!?
In contrast, continuous regional anesthetic techniques may pro-
long the benefits, thus providing for long-term efficacy fol-
lowing surgery. A recent meta-analysis''® showed that continu-
ous peripheral analgesic techniques provided superior analgesia,
reduced opioid consumption, and reduced opioid-related side
effects (nausea/vomiting, sedation, pruritus). However, several
unresolved issues remain concerning this technique.''* Insuffi-
cient number of subjects in these studies do not allow a proper
evaluation of the safety of these techniques. The general appli-
cability of these techniques is uncertain because of the required
level of technical skill and infrastructure necessary to manage
the catheters, especially on an outpatient basis. Current ran-
domized trials are relatively small and heterogeneous, making
conclusions about optimal technique for individual surgical pro-
cedures more difficult. Finally, there is insufficient evidence to
determine the effectiveness of continuous peripheral analgesic
techniques on long-term functional outcomes.

Epidural Block

Similar to peripheral neural blockade, epidural analgesia
provides for significant incidental pain relief and reduces the
neuroendocrine stress response that follows surgery that can
contribute to adverse perioperative outcomes.* In contrast, par-
enteral opioids do not result in an adequate reduction in this
stress response following surgery'!®> and provides inferior anal-
gesia when compared to epidural techniques for the manage-
ment of postoperative pain.!'® Epidural analgesia is superior
to either peripheral nerve block or PCA in blunting the surgi-
cal stress response following orthopedic surgery.!'> As a result,
epidural analgesia may result in several benefits, including accel-
erated recovery, decreased complications, and improved patient-
oriented outcomes such as quality of life and satisfaction.!''®

Further, appropriately administered epidural analgesia can im-
prove many clinically oriented outcomes, such as reduction in
the incidence of pulmonary complications, myocardial infarc-
tion, deep venous thrombosis, and pulmonary embolism.!1°
However, some meta-analyses and systematic reviews!!” have
reported conflicting results. These controversial findings may be
a result of poorly designed studies that used ineffective epidu-
ral analgesic techniques. Optimal epidural analgesia includes
catheter placement appropriate to the dermatomal incision
site (eg, thoracic epidural for thoracic and upper abdominal
surgery), utilization of a predominantly local anesthetic-based
rather than opioid-based epidural solution, and the postoper-
ative administration of epidural analgesics for more than 24
hours.

It is now recognized that the inflammatory response to sur-
gical trauma may not be effectively modified by neuraxial or
peripheral neural blockade alone.!!® Peripheral inflammation
has been shown also to induce a widespread increase in COX-2
and PGE synthase expression in the CNS.! The proinflamma-
tory cytokine interleukin 18 (IL-IB) is upregulated at the site of
inflammation and plays a major role in inducing COX-2 in local
inflammatory cells by activating the transcription factor nuclear
factor-«kB.'2% IL-1 is also responsible for the induction of COX-
2 in the CNS in response to peripheral inflammation. Inter-
estingly, these events are not the consequence of either neural
activity arising from the sensory fibers innervating the inflamed
tissue or of systemic IL-If in the plasma. Instead, peripheral
inflammation produces some other signal molecule that enters
the circulation, crosses the blood-brain barrier, and acts to ele-
vate IL-1B, leading to COX-2 expression in neuronal and non-
neuronal cells throughout the CNS.!?! Thus, there appear to be
two forms of input from peripheral inflamed tissue to the CNS
(Figure 12.8). The first is mediated by electrical activity in sensi-
tized nerve fibers innervating the inflamed area, which signals the
location of the inflamed tissue as well as the onset, duration, and
nature of stimuli applied to this tissue.?! This input is sensitive
to peripherally acting COX-2 inhibitors and to neural blockade
with local anesthetics, as with epidural or spinal anesthesia.'??
The second is a humoral signal originating from the inflamed
tissue, which acts to produce a widespread induction of COX-2
in the CNS. This input is not affected by regional anesthesia and
will be blocked only by centrally acting COX-2 inhibitors.! 18121
One implication of this is that patients who receive neuraxial
anesthesia for surgery might also need a centrally acting COX-2
inhibitor to optimally reduce postoperative pain and the post-
operative stress response. Although IL-1B has been implicated as
the main mediator of central COX-2 upregulation, it is based on
animal studies. In postoperative pain, it is believed that IL-6 is
probably the main mediator for upregulation of COX-2 in the
CNS.!22 This was evident in a recent study that demonstrated
that central PGE, concentrations were more likely to be reduced
with the administration of parecoxib, a centrally acting COX-2
inhibitor, compared to ketorolac, a peripherally acting COX-2
inhibitor.!'® Whether this finding has any implications in the
future management of acute pain is yet to be determined.

Preemptive Analgesia with Local Anesthetics

Moniche et al* studied the analgesic efficacy of 18 trials that
evaluated presurgically versus postsurgically initiated epidural
analgesic regimens. These could be divided into trials of single-
dose analgesic regimens and trials of continuous analgesic reg-
imens extending 24-72 hours into the postoperative period.
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Figure 12.8: Surgical trauma induces nociceptive pathways leading to activation of the neuroendocrine
stress response, which can contribute to adverse perioperative outcomes. There appears to be two forms of
input from peripheral inflamed tissue to the CNS. The first is mediated by electrical activity in sensitized
nerve fibers innervating the inflamed area (red arrow). This input is sensitive to peripherally-acting COX-2
inhibitors and to neural blockade with local anesthetics. The second is a humoral signal originating from
the inflamed tissue (yellow arrows), which lead to the induction of cytokines that produce a widespread
induction of COX-2 in the CNS. This input is not affected by regional anesthesia and will only be
blocked by centrally-acting COX-2 inhibitors. COX = cyclooxygenase, NSAIDs = nonsteroidal anti-
inflammatory drugs, ACTH = adrenocorticotropic hormone, antidiuretic hormone, growth hormone,

thyroid stimulating hormone, IL = interleukin, TNF = tumor necrosis factor.

Neither preemptive epidural analgesic regimen demonstrated
overall improvement in postoperative pain relief. In contrast,
after reviewing 13 trials comparing preincisional versus postinci-
sional epidural analgesia, Ong et al** concluded that preemptive
epidural analgesia resulted in consistent improvements in pain
intensity, supplemental postoperative analgesic requirements,
and time to first rescue analgesic. Moniche et al? also evaluated
20 trials comparing preemptive with postincisional application
of peripheral local anesthetics (wound infiltration, peripheral
nerve block, and intraperitoneal infiltration). None of these
3 regimens demonstrated improved pain relief when admin-
istered preemptively for a wide variety of surgical procedures.
Ong et al® reviewed 11 trials comparing preincisional versus
postincisional peripheral local anesthetic wound infiltration. A
meta-analysis of this data revealed that preemptive local anes-
thetic wound infiltration improved analgesic consumption and
time to first analgesic request but not postoperative pain scores.

Opioids (Peripheral and Central)

Although opioids are effective for moderate to severe pain, their
use is limited by dose-related adverse effects, including nausea
and vomiting, ileus, respiratory depression, sedation, pruritus,

urinary retention, and sleep disturbances, all of which may
contribute to a delayed recovery.?® Although opioids admin-
istered via an intravenous PCA system improve patient satisfac-
tion, they do not reduce hospital stay or improve postoperative
morbidity.'?* The inability of opioids to reduce the perioperative
neuroendocrine stress response that follows surgical trauma'!®
may be a contributing factor for the lack of improved outcomes
observed with postoperative opioid therapy alone. This may
also explain the observation that preemptive administration of
systemic opioids fails to result in improved postoperative pain
control.?2%

Another concern regarding the perioperative use of opi-
oids is the development of tolerance'?*~!2¢ and opioid-induced
hyperalgesia.'?”>1?8 In fact, clinically relevant tolerance can occur
within hours of opioid use, resulting in a reduction in their anal-
gesic efficacy.!?47126 Further, the larger the intraoperative opioid
dose, the greater the postoperative opioid requirement.'?* There-
fore, the clinician should be aware that an apparent decrease in
the analgesic efficacy of postoperative opioid therapy may be
related to a decrease in its efficacy (pharmacological tolerance)
or from an enhancement in pain sensitivity (opioid-induced
hyperalgesia). If this is the case, a reduction in opioid therapy
or a switch to an alternative opioid (opioid rotation) may be
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more beneficial. Further, the use of multimodal adjuvant drugs
may not only contribute to an opioid-sparing effect but also
may potentially result in a reduction in opioid-induced hyper-
algesia. Experimental and clinical studies suggest that opioids
activate both NMDA!?® and COX'® pronociceptive systems,
leading to hyperalgesia. Therefore, the perioperative adminis-
tration of NMDA antagonists and NSAIDs is not only useful
in multimodal analgesia for postoperative pain, but also may
contribute to a reduction in the incidence of opioid-induced
tolerance and hyperalgesia. Further, an adequate timing seems
to be of particular importance for the antihyperalgesic effect
of COX-2 inhibitors. Opioid-induced hyperalgesia was reduced
only with the preemptive but not the simultaneous adminis-
tration of a COX-2 inhibitor and an opioid.!*® This additional
data further supports the importance of administering NSAIDs
before rather than at the completion of surgery.

The administration of opioids via the peripheral route may
represent an effective analgesic technique that avoids many of the
adverse side effects reported with conventional opioid therapy.
Recent studies have revealed that under conditions of inflam-
mation, these analgesics can produce significant antinocicep-
tion through peripheral mechanisms.!*! This has led to a grow-
ing number of clinical studies examining the analgesic efficacy
of opioids applied locally through intraarticular, interpleural,
intraperitoneal, perineural (ankle, axillary, dental), intravenous
regional, or intravesicular routes.!*>1%> The most consistent
clinical results in humans concerning the analgesic efficacy of
peripherally applied opioids have come from studies involving
the intra-articular administration of morphine during arthro-
scopic knee surgery.!33134

Preemptive Opioid Administration

The preemptive administration of systemic opioids are inef-
fective in improving pain.?>?*> Although the preemptive periph-
eral administration of opioids have demonstrated analgesic effi-
cacy in both animal'®® and human!*®-!%7 surgical models, the
data are too sparse to reach a definitive conclusion.

;-0 Ligands (Gabapentin, Pregabalin)

Both gabapentin and pregabalin are alkylated-aminobutyric acid
analogs that were first developed clinically as anticonvulsants.
These drugs bind to the a,-8 subunit of voltage-gated calcium
channels, thus preventing the release of nociceptive neurotrans-
mitters, including glutamate, substance P, and noradrenaline.'?®
Putative sites of action include peripheral neuron, primary affer-
ent neuron, spinal neuron, and supraspinal sites.'* These anti-
convulsants can enhance the analgesic effect of morphine,'*
NSAIDs,'*! and selective COX-2 inhibitors.!*? In addition to
being effective analgesics for neuropathic and chronic pain syn-
dromes, recent evidence suggests that these anticonvulsants also
provide effective postsurgical analgesia when they are admin-
istered preemptively before surgery.'**=*> The role of certain
neural changes common to both neuropathic and postsurgical
pain may explain these recent observations.!!>!? Further, because
these drugs can interact synergistically with NSAIDs to pro-
duce antihyperalgesia,'!-14? the use of NSAIDs and ;-3 ligands
together may provide for more effective analgesia. The combina-
tion of pregabalin and celecoxib was recently shown to be supe-
rior to either single agent for postoperative pain following spinal
fusion surgery.!® This was evidenced by a significant reduction

in pain scores, morphine use, and fewer side effects during the
first 24 postoperative hours with the perioperative administra-
tion of both celecoxib and pregabalin. Similar to analgesic studies
with gabapentin,!43~145 pregabalin was found to be more effec-
tive than morphine in reducing movement-related pain.

The most common side effect reported with gabapentin and
pregabalin are somnolence and dizziness. A meta-analysis of
perioperative gabapentin treatment indicated that gabapentin
was only associated with a modest increase in sedation.'*
Although sedation can be interpreted as a negative outcome of
gabapentin use, its occurrence in the perioperative setting may
be beneficial in contributing to anxiolysis.'*” Future large-scale
studies are necessary to determine the optimal timing, dura-
tion, dosages, and impact on chronic persistent pain following a
variety of surgical procedures.

Preemptive a,-8 Ligand Administration

Although there are studies!*~%> evaluating the analgesic
efficacy of preoperative gabapentin or pregabalin, there are no
reports comparing the effects of preincisional with postinci-
sional administration of these analgesics.

MULTIMODAL ANALGESIA AND CLINICAL
OUTCOMES

The ideal multimodal analgesic technique should reduce the
perioperative surgical stress response, decrease movement-
related or dynamic pain, enhance postoperative convalescence,
and improve clinical outcomes while reducing adverse analgesic-
related side effects.

Although improvements in postoperative analgesia have
been reported with the use of multimodal analgesic techniques,
recent literature reviews have failed to document a concomitant
reduction in analgesic-related adverse effects.! 1+ 148-150 One crit-
icism of these findings is that many of the studies relied exclu-
sively on spontaneous reports of patients’ adverse events, which
may be less than rates obtained through direct assessment.!>!
The use of an opioid-related symptom distress scale is a valuable
instrument for the evaluation of symptom frequency, severity,
and distress following surgery.!>? Utilizing this scale for patients
receiving COX-2 inhibitors following laparoscopic cholecys-
tectomy,!> it became evident that a linear relationship exists
between opioid dose and clinically meaningful opioid-related
adverse events.!>? Analysis of available data suggests that once a
threshold 24-hour morphine dose is reached, every additional
3- to 4-mg increase in morphine requirement is associated
with one more clinically meaningful opioid-related symptom.
This linear correlation identifies for the first time a connec-
tion between opioid-sparing effects and reduction of adverse
effects. Further, many of the studies assessing opioid-related
adverse effects used methodology that does not accurately reflect
conditions in actual clinical practice. Adjuvant analgesic drugs,
including NSAIDs, are more likely to be used in multiple doses,
rather than single doses, for the management of postoperative
pain. In addition, a more comprehensive multimodal approach
(eg, combinations of regional analgesic techniques, NSAIDs,
other adjuvant analgesics, and opioids), rather than bimodal
therapy, is probably needed to demonstrate a reduction in
opioid-related adverse events and improvement in functional
outcomes.



Preventive Multimodal Analgesia and Impact on Patient Outcome 183

The importance of utilizing a multimodal rather than a
bimodal approach for postoperative pain management was
recently demonstrated for spinal fusion surgery.'® This study
revealed that the administration singly of either celecoxib or pre-
gabalin reduced morphine use, without a concomitant reduction
in opioid-related side effects. However, the combination of these
two analgesics provided both a reduction in morphine use and
opioid-related side effects. The use of an opioid-related symp-
tom distress scale for these patients confirmed the beneficial
effect of utilizing both rather than one of these analgesics for
spinal fusion surgery.!>* This study also revealed a significant
reduction in both the incidence and severity of opioid-related
side effects with the combination of celecoxib and pregabalin.
Further, unlike patients receiving either drug alone, no patients
receiving a combination of the two analgesics reported symp-
toms that were categorized as moderate or severe in nature.

The beneficial effects of utilizing preventive multimodal
analgesia also have been demonstrated for major knee
surgery.”’39 In a randomized, placebo-controlled, double-
blinded trial, Buvanendran et al’” evaluated the effect of regional
anesthesia/analgesia combined with a preoperative and 13-day
postoperative course of a COX-2 inhibitor on opioid consump-
tion and outcomes following total knee arthroplasty. The study
reported a reduction in epidural analgesic use, in-hospital opi-
oid consumption, pain scores, postoperative vomiting and sleep
disturbance, and an increase in patient satisfaction in patients
administered COX-2 inhibitors compared to placebo. In addi-
tion, improved knee range of motion was observed both at dis-
charge and 1 month after surgery in the group receiving sustained
perioperative COX-2 inhibition.

Although preventive multimodal analgesic techniques are
effective in blunting the perioperative surgical stress response
and decreasing movement-related pain, an additional prerequi-
site to improving surgical outcome and convalescence is through
the implementation of “accelerated recovery programs.”*® Such
programs require collaboration among the patient, surgeon,
anesthesiologist, surgical nurse, and physiotherapist. The effi-
cacy of utilizing a preventive multimodal analgesic technique in
conjunction with an accelerated recovery program has recently
been demonstrated for anterior cruciate ligament surgery.*®
Patients, who were administered a regimen of perioperative
acetaminophen, rofecoxib, intraarticular analgesics (bupiva-
caine/clonidine/morphine), femoral nerve block, and postop-
erative cryotherapy in conjunction with an accelerated rehabil-
itation protocol, demonstrated a reduction in the incidence of
pain, opioid use, postoperative nausea and vomiting, recovery
room length of stay, and unplanned admission to the hospital. In
addition, this multimodal regimen was effective in reducing the
incidence of long-term patellofemoral complications, including
anterior knee pain, flexion contracture, quadriceps weakness,
and complex regional pain syndrome.*

In addition to orthopedic surgery, preventive multimodal
analgesic techniques in conjunction with accelerated rehabilita-
tion protocols are also beneficial in major abdominal, vascular,
and urological surgeries.*® These “fast track” programs empha-
size the optimal use of regional anesthetic techniques and bal-
anced analgesia, opioid-free or opioid-reduced analgesia, and the
avoidance of drains, tubes, catheters, and restriction.!>® Patients
enrolled in these clinical pathways have demonstrated improved
pain control, reduced hospital length of stay, decreased postop-
erative morbidity and mortality, and a shorter time of convales-
cence.’® 15

The authors thank Rebecca Reuben of the Massachusetts College
of Art for creating the illustrations utilized in this chapter.
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Oral and Parenteral Opioid Analgesics

for Acute Pain Management

Raymond S. Sinatra

Opioids represent a class of analgesics that provide powerful
dose-dependent pain relief for patients suffering moderate to
severe pain. The class includes a large number of compounds
with variable pharmacokinetics and pharmacodynamics, no
hepatorenal toxic effects, and no ceiling effect for achievable
pain relief. Opioids also offer dosing versatility and are mar-
keted for oral, nasal, parenteral, transmucosal, transdermal, and
neuraxial administration.

When defining this class of analgesics the term opioidis more
precise than the overly broad definition narcotic, which includes
other central-acting compounds such as cannabis, cocaine, and
barbiturates.!=* Opioid analgesics include natural derivatives of
opium, such as morphine; substituted semisynthetics, such as
oxycodone; complex synthetics, including meperidine, fentanyl,
and methadone; and endogenous ligands, such as enkephalin
(Figure 13.1).12

Opioid use predates recorded history; however, earliest refer-
ences describing opium extracts for pain control were associated
with Egyptian and Sumerian cultures dating back to 3000 Bc.' 3
The active component of opium is morphine, named after Mor-
pheus, the god of dreams. Morphine was isolated in the 1850s.!>2
The use of morphine and intravenous syringes during the U.S.
civil war (1860s) greatly improved pain management; however,
misuse and overuse led to excessive rates of dependency and
addiction.!~* Over 150 years later, misuse remains a problem,
as the search for the opioid “holy grail,” or compounds offering
effective analgesia with reduced risk of abuse and serious adverse
events, has been unsuccessful.

Historically, the use of opioids for pain management has
oscillated from broad indiscriminate use a century ago to
severe restrictions that left too many patients without adequate
analgesia.!® Fears of opioid addiction were responsible for
the establishment of the U.S. Narcotic Control Acts of the early
1900s that limited opioid distribution and use.!? Since the
late 1980s, regulatory easements and greater medical acceptance
have dramatically increased opioid dosing for patients suffering
moderate to severe pain.>® The Agency for Health Care Pol-
icy and Research and American Society of Anesthesiology have
established pain treatment guidelines, and the Joint Commission
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on Accreditation of Health Care Organizations has included
pain treatment in its evaluation of hospitals and health care
providers.® Nevertheless, because of highly publicized cases
of diversion and abuse, the pendulum has started to swing
back toward increasing restriction, as evidenced by high-profile
court cases and Food and Drug Administration/Drug Enforce-
ment Administration statements discouraging high-dose opioid
prescriptions.'

Despite the drawbacks of respiratory depression, other
annoying adverse effects, and risk of misuse, parenteral and oral
opioids remain the foundation of surgical and chronic pain man-
agement and essential therapy for managing moderately severe
to severe pain. The benefits and drawbacks of opioid analgesics
are outlined in Table 13.1.

OPIOID PHARMACOLOGY
Opioid Receptors

Opioids interact with specific transmembrane G-protein cou-
pled binding sites termed opiate or opioid receptors. These recep-
tors are located primarily in spinal dorsal horn, central gray,
medial thalamus, amygdala, limbic cortex, and other regions
of the central nervous system (CNS) that process affective and
suffering aspects of pain perception.!~*11:12 Conversely, opi-
oid receptors are not concentrated in the somatosensory cortex
or other regions responsible for pain localization.!=*!! Opioid
receptors serve as binding sites for endogenous ligands, includ-
ing endorphins and the enkephalins, which naturally modulate
pain transmission and perception.!->!1-12 Naturally occurring
opiates and synthetic opioids have structural/chemical simi-
larities that enable them to bind and activate opioid recep-
tors resulting in powerful, dose-dependent analgesia.!*>"1? As
analgesics, opioids are highly selective in that they reduce or
eliminate the suffering aspects of pain while preserving nox-
ious localization.!®"!! With appropriate dosing, patients can
precisely identify the site of tissue injury yet are less trou-
bled by it.!"!%!* Analgesic selectivity is also related to fact
that opioids block noxious sensation without affecting other
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Table 13.1: Oral and Intravenous Opioid Analgesics

Benefits

1.

Rapid onset of analgesia for moderate, severe, and very severe
pain

. Highly effective analgesia: (no analgesic dose ceiling)

. Selective analgesia: reductions in pain suffering, minimal effects

on pain localization

4. No effects on key organs: cardiac, renal, hepatic, and hemostatic
safety

5. Multiple agents and routes of administration are available

6. Relatively inexpensive (morphine, oxycodone)

Drawbacks

1. Annoying side effects: Nausea, pruritus, sedation, constipation

. Clinically significant effects: ileus, bowel obstruction, severe

vomiting, confusion, dysphoria

. Life threatening effects: Airway obstruction, respiratory

depression, respiratory arrest

. Social effects: Dose escalation, physical dependence, diversion

and abuse, addiction

. May be expensive (sustained release opioids, oral buccal

preparations

forms of sensory perception, such as light touch, pressure, and
temperature, 21112

Three principal opioid receptor subtypes, designated as .,
k, and 9, have been isolated and characterized. A fourth sub-
type, termed o, is no longer characterized as a selective opi-
oid receptor.""? A newer receptor classification system uses the
labels OPR;, OPR;, and OPR3, which correspond to w, k, and
d receptors, respectively.!»>11:12 | receptors (OPR;) mediate
supraspinal analgesia, as well as respiratory depression, nau-
sea and vomiting, miosis, and bowel hypomotility. w receptors
also mediate euphoria and physical and psychological depen-
dence and are responsible for increased release of prolactin and
growth hormone.!»?"!2 Primary p. agonists include 3-endorphin
and morphine.

k receptors (OPR;) are believed to mediate spinal analge-
sia, visceral analgesia, and sedation but have a minimal effect on
respiration.!*® Peripheral k receptors have been identified in kid-
ney, gastrointestinal tract, skin, muscle, and connective tissues.
Receptors localized in kidney are associated with antidiuresis
and clinically significant oliguria.""?> The primary endogenous
ligand for k receptors is dynorphin®*1214; however, k agonists
are being developed that can activate peripheral receptors yet
cannot penetrate the blood-brain barrier (BBB). These ligands
may offer highly selective peripheral k-mediated analgesia with-
out central effects such as excessive sedation, euphoria, and res-
piratory depression.

Narcotics: Agents that alter CNS activity, and lead to
habituation, physical and psychological dependence

| Cannabinoids Opioids

Cocaine

Barbiturates |

|

| Opioids: Drugs that bind opioid receptors and have morphine like activity |

} '

! A

Opiates Semi-synthetics
Derivatives of Opium Substituted derivatives of

morphine or codeine

Synthetics Endogenous Opioids
Non morphinians Natural peptides

v A 4

| '

N

Morphine Hydromorphone
Codeine Oxymorphone
Thebaine Levorphanol
Oxycodone
Hydrocodone

v

Agonist/Antagonists
Nalbuphine,
Butorphanol.
Pentazocine,

Partial Agonist
Buprenorphine

Antagonists
Naloxone

Naltrexone

Enkephalin
Phenylpipiridines | Endorphin
Dynorphin
Meperidine
Fentanyl
Sufentanil
Alfentanil Complex Analgesics
Remifentanil
v Tramadol
Tapentadol

Diphenylpropylamines

Methadone
Propoxyphene
Dextromethorphan

Figure 13.1: An overview of opioid compounds, including naturally occurring, semisynthetic, synthetic, and

endogenous compounds.
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Table 13.2: Opioid Receptor Subtypes and Binding of
Selected Agonists®

Opioid n K ) o NMDA o
Morphine ++ + + + — _
Hydromorphone ++ + + — — —
Oxymorphone ++ + — — —
Oxycodone ++ + + — — _
Fentanyl +++ — — - — —
Sufentanil +++ - — — — _
Butorphanol — ++ + + — _
Buprenorphine + + + — _ _
Methadone ++ ? + - + +
Tramadol + — _ _ ~ +

“ Based on information presented in Reisine and Pasternak (1997),!
Gutstein and Akil (2002),% Pasero et al (1999),> Way et al (2004).'*

dreceptors (OPR3) are not as well characterized but appear to
facilitate p-receptor activity and enhance spinal and supraspinal
analgesia. The primary ligand for  receptors is enkephalin.!-!?
An additional, poorly characterized, receptor subtype, desig-
nated the oy receptor, is activated by pentazocine. o1 receptors
are no longer considered true opioid receptors because ligand
binding is not antagonized by naloxone and other opioid antag-
onists. o1 receptors are believed to mediate opioid-related dys-
phoria, hallucinations, and confusion. Opioid receptor subtypes
and sites of opioid activity are presented in Table 13.2.

Of all subtypes, the . receptor has been most studied.!-2-12-14
W receptorsare located at pre- and postsynaptic contacts between
nociceptive cells and function to limit release of noxious trans-
mitters and reduce neuronal excitation. The p-receptor complex
is activated following precise stereospecific attachment of ago-
nist chemical groups, including a negatively charged hydroxyl
group, the phenolic ring, and tertiary nitrogen to complimen-
tary regions on the extramembrane binding site (Figure 13.2).1:2
12,14 Receptor activation is followed by secondary activation of
intracellular G proteins and an associated effector protein com-
plex. Effector proteins inhibit adenylate cyclase and influence the
activity of phosphokinases and other second messengers. These
alterations decrease cyclic adenosine monophosphate (cAMP),
limit potassium and calcium ion flux, and hyperpolarize noci-
ceptive cells (see Chapter 1, Pain Pathways and Acute Pain Pro-
cessing).!>14

Pharmacokinetics

Physiochemical and structural differences between opioid ago-
nists can influence affinity and binding kinetics at p receptors,
as well as their ability to activate G proteins and other trans-
ducer molecules.!"*!%!* Receptor binding affinity influences
agonist association/disassociation kinetics as well as pharma-
cological onset and duration of activity. The intrinsic efficacy of
a given opioid agonist is related to its ability to activate coupled
G proteins.!»>1%1* In general, potent opioids, such as fentanyl
and sufentanil, have greater intrinsic efficacy at . receptors than
naturally occurring opiates such as morphine and codeine.!** In
clinical settings,” pharmacokinetic variables, such as lipid sol-
ubility, degree of ionization, and volume of distribution, play

Table 13.3: Pharmacological and Physiological Factors That
Influence Onset, Duration, and Effectiveness of Opioid
Analgesics

Pharmacological Correlates of Opioid Activity

Potency High Lipid solubility

Onset Low degree of ionization, High CNS penetration, High
receptor affinity

Duration  High water solubility (CSF trapping), High receptor
binding kinetics, Low hepatic/renal clearance, Active
metabolites, Large volume of distribution

Safety Mu receptor specificity, Lack of active of toxic
metabolites

Efficacy Multiple receptor specificity, high receptor affinity, high

intrinsic efficacy

key roles in determining agonist potency, onset of effect, and
analgesic duration (Table 13.3).1-2:12:14 Analgesic onset is deter-
mined by the ability of an agonist to enter the CNS compartment
and distribute into gray matter, where receptors are primarily
localized. Drugs that are highly lipophilic and un-ionized easily
enter the CNS and have a very rapid onset of effect. In con-
trast, hydrophilic, highly ionized opioids, such as morphine,
have difficulty penetrating the BBB and have a delayed onset.!**
Opioid analgesic potency, or the amount of drug required to
achieve an analgesic effect, is closely related to the octanol:water

The Opioid Receptor

Morphine

OH

Extra-membrane
portion of mu OPR1

Tertiary Nitrogen
Binding Site

G-protein

Anio

ic
Binding Flat Phenolic
Site Binding Site
Effector
Proteins

Figure 13.2: A schematic diagram of the extramembranous portion
of the p.-opioid receptor and its interaction with morphine and asso-
ciated effector proteins. Morphine and other opioid agonists attach to
specific portions of the receptor, including an anion site, a flattened
surface site that accepts the phenolic group, and a tertiary nitro-
gen attachment site. Attachment at the tertiary nitrogen binding site
appears to be important for receptor activation and subsequent acti-
vation of the G protein. G proteins in turn activate other effector
proteins within the complex that influence second messengers and
neuronal ion flux. Opioid antagonists bind with high affinity to por-
tions of the receptor; however, a bulky methyl or allyl group added to
the tertiary nitrogen prevents receptor activation.
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Opioid Pharmacokinetics (IV Bolus Administration)

T1/2n

Excessive
Sedation

Redistribution in Plasma)

Morphine 0.15 mg/kg
Fentanyl 4 mcg/kg
Methadone 0.15 mg/kg

'-‘~

A R

; :
\
\

Effective T

Analgesia

T1/2a

.

Cp T

Perceptible

(Redistribution in VRG)

~L

(Elimination)

T1/2p

Analgesia

Time (min)

200

Figure 13.3: Plasma kinetics of selected opioid agonists following intravenous administration. Differences
between perceptible and effective analgesia are dependent on plasma concentration (C,). Following bolus
administration, plasma levels at T, represent drug redistribution thoughout the plasma compartment, Ty,
o represents plasma concentration following redistribution into the vessel rich group, and Ty, B reflects
plasma concentrations following hepatic elimination of free drug. Morphine and fentanyl have different lipid
solubilities; however, their volume of distribution, Ty, &, and Ty, B redistribution kinetics are similar. Onset of
analgesia with lipophillic opioids is related to time to maximum plasma concentration, Ty,.. Morphine’s delay
in onset reflects its difficulty in penetrating the BBB, not time to achieve Ty, Methadone has a more prolonged
duration of effect as related to its very large volume of redistribution and delayed T/, elimination kinetics.

coefficient (lipophilicity vs hydrophilicity) and intrinsic efficacy
of the agonist.">!>!4 As a rule, highly lipophilic opioids have
significantly greater potency than less lipophilic or hydrophilic
agents, 314

Analgesic duration is related to several factors, including
receptor dissociation kinetics, redistribution, elimination kinet-
ics, and volume of distribution. Lipophilic opioids, including
fentanyl and sufentanil, have dose-related durations of activity.
With low doses duration is dependent on rapid Tj,; « redis-
tribution kinetics and is limited (Figure 13.3). With higher
doses, duration correlates with Ty, B metabolism/elimination
kinetics, which are dependent on enterohepatic reuptake, hep-
atic blood flow and extraction, and protein binding. Because
T2 B kinetics are time and enzyme dependent, administration
of higher doses can markedly extend analgesic duration.!-*!*
Morphine and methadone have unique attributes that also
affect analgesic duration. Morphine’s hydrophilic properties
slow BBB egress and favor its sequestration in the cerebral
spinal fluid (CSF). These factors prolong its duration despite
declines in plasma morphine concentration. The formation
of active metabolites (morphine-6-glucoronide) also tends to
increase its duration of effect."*1* Methadone’s large volume
of distribution leads to a progressive prolongation in analgesic
duration with repeated doses. After achievement of steady state,
drug sequestered in peripheral compartments is taken up by the
vasculature and maintains minimal effective plasma concentra-
tions.

Opioid Tolerance and Hyperalgesia

Continued patient exposure to opioid analgesics leads to toler-
ance development and clinical manifestations such as physical
dependence. Tolerance is defined as the progressive increases
in dose required to maintain a desired pharmacological effect
and is characterized by a shift to the right in the classic dose-
response curve."* This physiological adaptation is observed in
patients prescribed opioids for pain management, as well as
those abusing this class of drug. Tolerance develops rapidly to
the euphoric, sedative, and respiratory depressive effects of opi-
oids, more slowly to their analgesic effects, and rarely to their
inhibition of bowel function and constipatory effects.!~* Toler-
ance development has been related to upregulation of metabolic
enzymes, enhanced drug elimination, downregulation of recep-
tors, and receptor endocytotic efficacy. Endocytosis of p-opioid
receptors counteracts receptor desensitization and opioid toler-
ance by inducing fast reactivation and recycling. Opioid agonists
have differing abilities to initiate endocytosis and regulate surface
receptor concentrations.'> Development of tolerance is delayed
with opioids having high endocytotic efficacy; however, these
compounds are associated with a more rapid onset of physical
dependence.'”

Intracellular changes associated with tolerance development
include p-receptor phosphorylation, G protein decoupling, acti-
vation of cAMP response element-binding protein, and com-
pensatory upregulation of the cAMP pathway.!'!® Receptor
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endocytosis also plays a role in cAMP pathway upregulation.
Cyclic AMP upregulation counteracts opioid analgesic effects,
increases neuronal excitation, and plays a role in physical depen-
dence and withdrawal.!® Physical dependence is a normal and
commonly observed phenomenon in opioid-tolerant patients.
On abrupt discontinuation of opioids, the cAMP pathway
is further upregulated and parasympathetic tone is markedly
increased.!® Patients experience unpleasant, but rarely life threat-
ening, withdrawal symptoms termed the abstinence syndrome,
which includes sweating, shaking, cramping, and diarrhea.

Psychological dependence includes drug-seeking behavior
and drug administration for purposes other than pain control.
Addiction is a term describing an extreme form of psychological
dependence where patients demonstrate impaired control, crav-
ing, compulsive use, and continued use despite harm. Although
opioid addiction is driven primarily by psychological maladap-
tations, such behavior is also reinforced by physical dependence
and fears of withdrawal.!~>!* Unlike physical dependence, opi-
oid addiction is rarely observed in patients suffering moderate
to severe acute pain.

A second clinical alteration observed in patients treated with
opioids is termed opioid-induced hyperalgesia (OIH).\” This phe-
nomenon is characterized by paradoxical increases in pain inten-
sity (hyperesthesia), the development of new pain complaints,
and alterations in pain characteristics (allodynia) in response to
continued administration or increased dosing of opioid anal-
gesics.

Opioid-induced hyperalgesia is most often observed in tol-
erant patients but has also been observed in naive individ-
uals exposed to rapid-acting/short-duration opioids, includ-
ing remifentanil and alfentanil. Mechanisms responsible for
opioid-induced analgesia are not completely understood; how-
ever, glutamate-induced activation of N-methyl-D-aspartic acid
(NMDA) receptors and upregulation of cholecystokinin (CCK)
and dynorphin that have antianalgesic excitatory effects have
been proposed.!” Excitatory effects of opioid metabolites (eg,
morphine-3-glucoronide, hydromorphone-3-glucoronide) may
also play a role in the development and progression of OIH.
Early recognition of this clinical entity is the key to reestablish-
ing effective pain control. Treatment of OIH includes discon-
tinuation or dose reduction of the offending opioid/metabolite;
opioid rotation, including administration of methadone; and
administration of NMDA receptor antagonists.

GENETIC POLYMORPHISMS THAT INFLUENCE
OPIOID ACTIVITY

Historically, leaders in pharmacology have believed that there
were more similarities than differences between opioid anal-
gesics used in clinical practice.!”>'* The marked interindividual
variations in opioid dose response, agonist efficacy, side-effect
profile, and rate of tolerance development underscores the inac-
curacy of this statement. In recent years, opioid receptor phar-
macogenomic research has uncovered significant p-receptor
polymorphisms with over two dozen different genetic variants
detected.’®2! Differences in p-opioid receptor gene (OPRMI)
expression do not effect ligand binding kinetics at the extracel-
lular membranous portion of the receptor but appear to influ-
ence subsequent activation of associated proteins and second
messengers.! 1819

In the first “bench-to-bedside” evaluation of .-opioid recep-
tor polymorphism, OPRM]I genotypes of patients undergoing

Table 13.4: A Variety of Genetic, Pharmacologic, and
Pathophysiologic Factors Influence Patient Response to
Opioid Analgesics®

Patient Variability in Opioid Response

1. Genetic polymorphisms
a. OPRM1 encoding mu-opioid receptor
b. Enzymes responsible for opioid metabolism (CYP450)

c. Genes modifying receptor activation (transporter
P-glycoprotein COMT)

. Receptor endocytotic efficacy

. Incomplete cross-tolerance

. Extremes in patient age

. Exposure to drugs that compete for metabolic enzymes

. Exposure to drugs that increase CNS depression

N N U W

. Patient comorbidity (hepatic failure, CNS lesions, renal failure)

4 Modified from Mogil JS (1999)," Pan (2005).%°

total knee arthroscopy were analyzed preoperatively.? Seventy-
four patients (62%) were homozygous for the A118 variant,
33 patients (27%) were heterozygous A118 and G118, and 13
patients (11%) were homozygous for the G118 variant. The
authors found that patients homozygous G118 self-administered
significantly more morphine during the first 48 hours follow-
ing surgery (homozygous AA [25 mg], heterozygous AG [26
mg], homozygous GG [40 mg]).?? This genetic variability was
also observed in cancer pain management, with homozygous
GG patients requiring an average morphine dose that was 93%
higher than that needed by homozygous AA patients.?’

Genetic variability of the catechol-O-methyl transferase
(COMT) gene also influences morphine dose requirements.
Patients homozygous for the Val:Val genetic variant required
63% more drug than Met:Met variants. Heterozygous Val: Met
variants required 23% more. When the two genes are taken into
account the AA Met/Met genotype required the least amount of
morphine to maintain equivalent analgesic.?* The transporter P-
glycoprotein (ABCB1) system influences opioid clearance from
cerebrospinal fluid. In a recent article, Park and coworkers®
reported that genetic polymorphism in this enzyme system
significantly influenced respiratory rate in patients exposed to
2.5 pcg/kg of fentanyl. Genetic variations of this enzyme system
affect the clearance of morphine, methadone, and fentanyl, but
not meperidine.?®

The above-mentioned receptor polymorphisms and genetic
variations in enzymes involved in metabolism and clearance,
contribute to the wide range of patient responses to opioid
analgesics.!>"?’ If the clinician has been unable to achieve ade-
quate pain control with acceptable adverse effects, an alternative
opioid medication should be considered. At the present time,
opioid rotation is the only method available to determine which
patient will respond best to a particular drug.?®-3° Factors influ-
encing patient responses to opioid-based analgesia are presented
in Table 13.4.

Opioid Classification

According to their binding affinities and intrinsic activity
at receptor subtypes, opioids are classified as either ago-
nists, partial agonists, mixed agonist-antagonists, and complete
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Figure 13.4: Dose-response curves of commonly employed agonists,
partial agonists, mixed agonist-antagonists, and antagonists. Agonists
all achieve maximum effect; however, dose requirements are depen-
dent on potency. Mixed agonist-antagonists and partial agonists may
have higher potency than agonists at low doses; however, analgesic
efficacy is limited and maximum effect is not achieved. Antagonists
have high affinity and can competitively displace agonists; however,
they have no efficacy.

antagonists.' > Opioid agonists include compounds such as
morphine or fentanyl that bind receptors with moderate to
high affinity, activate G proteins, and are capable of produc-
ing a maximal response following receptor activation. Partial
agonists such as buprenorphine bind w receptors with higher
affinity than morphine, but activate the receptor and associated
G proteins incompletely. The analgesic efficacy curve of partial
agonists is bell shaped such that low doses provide increasing
levels of analgesia to a point after which additional doses either
do not increase pain relief or slightly diminish it.!* 4

Agonist-antagonist-type opioids include butorphanol and
nalbuphine. These compounds bind p and k receptors subtypes,
but differ in activation efficacy. Generally they behave as agonists
at k receptors and antagonists at . At low doses, the analgesic
properties of mixed agonist-antagonists are comparable to that
of weak agonists, such as propoxyphene and codeine; however,
at higher doses no additional analgesia is achieved.!=>-14-2? This
phenomenon, termed the analgesic ceiling effect, restricts their
use to patients with mild to moderate pain.

Antagonists such as naloxone and naltrexone bind to all
receptor subtypes with high affinity but do not activate the
receptor and G proteins. Antagonists competitively block the
activity of agonists by preventing or displacing their binding
to the receptor. Although antagonists provide no direct anal-
gesic effects, when administered in low dose they may alter
receptor conformation and increase the intrinsic efficacy of opi-
oid agonists.>!* In this regard, a low-dose continuous infu-
sion of naloxone (0.25 mcg/kg/h) reduced concomitant patient-
controlled analgesia (PCA) morphine dose requirements while
maintaining equivalent analgesia in patients recovering from
hysterectomy.>! Dose-response curves for opioid agonists and
mixed agonists are presented in Figure 13.4.

COMMONLY ADMINISTERED OPIOIDS
Morphine

Morphine remains the standard of comparison of all opioid
analgesics and the most widely employed worldwide for acute
and chronic pain management.!=%14:3%:32 Morphine is a non-
specific agonist that binds to -, k-, and d-receptor subtypes.
Clinically, it has moderate analgesic potency, a slow onset to

peak effect, and an intermediate duration of ac‘[ivity.l’z’30 Mor-
phine’s delayed onset of analgesia has been related to the fact
that it is extremely hydrophilic and has difficulty penetrating
the BBB.!>!* Morphine has a variety of uses, including intra-
venous (IV) sedation, postoperative analgesia, posttrauma pain
management, and chronic pain,2324:30-33

Morphine is associated with clinically significant dose-
dependent adverse effects.!*>?* These include annoying side
effects, such as nausea, vomiting, and pruritus, and serious,
occasionally life-threatening side effects such as excessive seda-
tion and respiratory depression. Oral and IV doses of mor-
phine release histamine, which may precipitate hypotension and
bronchospasm.!*>?*> Morphine also increases smooth muscle
tone, and may induce or exacerbate biliary, tubular, and ureteral
colic. Like other opioid agonists, morphine’s effect on respiratory
drive will increase Paco, and may raise intracranial pressure.

Morphine undergoes enterohepatic recirculation and is pre-
dominately metabolized in the liver via glucoronidation (uri-
dine diphosphate-glucuronosyl transferase).** Only 20%-30%
of an oral dose of morphine is absorbed from the gastroin-
testinal tract. The principal hepatic metabolite morphine-6-
glucoronide is renally excreted. This metabolite has significant
analgesic and respiratory depressant activity and can accumu-
late and cause adverse events in patients with moderate to severe
renal failure.>*3>** Morphine is available as an oral liquid, oral
tablets, controlled release (CR) tablets (MS contin’ Kadian™,
Avinza™), and parenteral injectable.!»?-3033

Oxycodone

Oxycodone is a semisynthetic p-receptor agonist that is widely
prescribed for postoperative pain management.!=>2*3> There
is some evidence to suggest that oxycodone is primarily a
Kk agonist.*® Oxycodone has high oral bioavailability because
of rapid gastrointestinal absorption and limited enterohepatic
metabolism.!*2-* In clinical practice, oxycodone does not release
significant amounts of histamine and may cause less seda-
tion than equivalent doses of morphine.!"** Oxycodone, like
codeine and hydrocodone, is primarily metabolized through the
P450 microsomal cytokine P3A4 (CYP3A4) and/or CYP2D6
pathways."2 The use of concomitant medications interacting
with these pathways may affect the plasma levels of oxycodone,
resulting in reduced analgesia or adverse events. Although most
metabolites are inactive, up to 12% of oxycodone is 3-O-
demethylated and converted to oxymorphone, a highly active
compound.!*>*” Oxycodone is a versatile compound, available
as an oral tablet, elixer (oxyIR), In Europe, an injectable form
of oxycodone is available. Compounds containing oxycodone
provide greater analgesic effects than oxycodone alone and in-
clude those containing acetaminophen (paracetamol), such as
percocet and lortab, or ibuprofen (Combunox™).3¥ Controlled-
release preparations of oxycodone (CR oxycodone, Oxy-
contin™) are available and offer prolonged and uniform anal-
gesia, avoiding troughs of effect observed with immediate release
(IR) oxycodone. Controlled-release oxycodone has a unique
composition, containing an outer rapid-acting component and
slow-release inner matrix that provides up to 12 hours of pain
relief.”

Hydrocodone

Hydrocodone is a p.-selective opioid agonist that is commonly
prescribed for inpatient and outpatient acute pain management.
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This semisynthetic derivative of codeine provides greater
potency and analgesic efficacy, as well as improved tolerability,
over that of the parent compound.!*?-*® Although hydrocodone’s
oral analgesic potency is equivalent to that of oxycodone, many
clinicians in the United States consider it to be a weaker
drug with lower abuse potential. Hydrocodone tablets up to
15 mg and total 150 mg/d are less controlled (schedule III)
than other semisynthetic opioids and generally do not require
triplicate scripts. This lower level of regulation together with
hydrocodone’s reliability in relieving moderate pain explains
why it is so widely prescribed.!**” Hydrocodone undergoes hep-
atic O-demethylation by CYP2D6 into the more active opioid,
hydromorphone, which is eventually glucoronidated and renally
excreted."2-3 Patients who are extensive CYP2D6-hydrocodone
metabolizers report greater analgesic benefits and fewer “bad
opioid effects” than poor metabolizers.?”

Hydromorphone

Hydromorphone is a semisynthetic, p.-selective opioid agonist
developed in the 1920s and used for treatment of moderate
to severe pain. Except for a ketone substitution at the 6 posi-
tion of the phenanthrene ring, hydromorphone’s chemical struc-
ture and molecular weight are similar to those of morphine.'
Hydromorphone is less hydrophilic than morphine, and its abil-
ity to penetrate the BBB is greater. It has an analgesic potency
5-6 times greater than that of morphine, and its onset of effect
is more rapid.10-4!

Hydromorphone is associated with less histamine release
than morphine and is less likely to precipitate hypotension and
bronchoconstriction. In the United States, hydromorphone is
often substituted for morphine in postsurgical settings. It is
particularly useful in patients with severe pain unresponsive to
morphine, individuals with high-grade opioid tolerance, and
patients suffering adverse events with morphine.>3340:41

Hydromorphone provides useful IV sedation, postoperative
analgesia, and epidural analgesia.****4! Its side-effect profile is
similar to that of other opioids and includes dose-dependent
nausea, sedation, and respiratory depression. Hydromorphone
appears to have a lower incidence of pruritus and excessive seda-
tion than morphine.**-4!-42

Hydromorphone’s elimination half-life is about 2.5 hours
and the parent compound is primarily metabolized in liver by
N-demethylation and glucuronidation.>3:43:4* Free drug as well
as hydromorphone-3-glucuronide are excreted in urine. Drug
accumulation and exaggerated effects can be expected in set-
tings of hepatic and renal failure; however, its principal metabo-
lite, hydromorphone-3-glucoronide, is inactive as an opioid.
For this reason hydromorphone may be cautiously adminis-
tered to patients with renal failure, with an increased are under
the curve.* Hydromorphone is available as oral tablets, oral
elixer, and parenteral injectable (Dilaudid). In some counties a
controlled release preparation is also available.

Fentanyl

Fentanyl is a synthetic phenylpiperidine class, p-specific opi-
oid agonist related to meperidine.!*? It is highly potent (35-60X
morphine) and has a rapid onset and variable dose-dependent
duration of effect. Fentanyl’s onset is related to its lipophilic-
ity and its ability to rapidly penetrate the BBB and bind opioid
receptors in CNS.!~® Fentanyl is associated with minimal effects

on cardiac output or blood pressure. Because of its hemody-
namic stability, it is safer than morphine for patients clini-
cally significant cardiac and cerebral disease.>*>3%%> Fentanyl’s
side-effect profile is lower than that observed with morphine;
however, dose-dependent nausea, sedation, and pruritus are
commonly observed. Major adverse effects include rapid and
profound respiratory depression and chest wall rigidity. Fen-
tanyl is available as an injectable analgesic, transdermal patch,
and transmucosal formulations such as the oral lozenge (Actiq™
oralet) and rapidly disintegrating tablet (Fentora™).!:2

Oxymorphone

Oxymorphone is a semisynthetic p-selective opioid agonist
related to thebane. Its parenteral potency is high, equivalent to 10
that times of morphine.!?"*® As a result of poor gastrointestinal
absorption and high enterohepatic metabolism, its oral potency
is reduced to one-tenth that of IV oxymorphone, and 3 times
that of oral morphine. Like morphine, oxymorphone is primar-
ily metabolized by hepatic glucoronidation.!~3%¢ Available data
indicate that oral oxymorphone neither inhibits nor induces
CYP450 metabolic pathways nor is it significantly metabolized
by CYP450 enzymes!"?* These properties may offer clinical
advantages over oxycodone and codeine for patients requiring
nonanalgesic medications metabolized by this pathway.*-33-4647
Oxymorphone is available as an oral tablet and parenteral anal-
gesic (Opana IR™, opana injectable). It is also available as a
sustained release analgesic that provides a reliable 12-hour dura-
tion of effect (Opana ER™).%7 Sustained release oxymorphone
is not recommended for surgical pain unless it is expected to be
very severe and of prolonged duration.*’

Methadone

Methadone is a synthetic phenylpropylamide-type opioid ago-
nist with approximately 1.5-2 times the potency of morphine.
Following chronic morphine exposure, the relative potency of
oral morphine to methadone changes. With low doses, the rel-
ative potency is 3 to 1 (<100 mg/d of morphine) but increases
to 12:1 with doses of morphine greater than 300mg /d.!>? Fol-
lowing oral administration, methadone is well absorbed, having
a bioavailability that approaches 80%."> It also has a large vol-
ume of distribution and a very prolonged but variable (12 to
120 hours) plasma elimination half-life.!-2-3:3

Methadone dosing is complicated and over- and under-
dosage is common. Despite its prolonged elimination half-life,
methadone’s redistribution half-life and duration of effect are
more limited. Initial doses provide up to 6 hours of analge-
sia; however, as the drug accumulates in the tissues, analgesic
duration and risk of overdosing may increase substantially.*33-48
For this reason, it should only be employed by pain specialists
or experienced caregivers. Some clinicians recommend initial
once daily or three times daily administration for several days
until effective plasma concentrations are achieved.?*1%-33 There-
after, dosing is twice daily. In addition to its activity at opioid
receptors, methadone appears to provide additional analgesic
effects via interactions with NMDA and o-adrenergic recep-
tors. Methadone has similar dose-dependent side effects as other
opioids, particularly sedation, confusion, nausea, and vomit-
ing, but it does not release significant amounts of histamine.
Methadone blocks potassium channels expressed in myocardial
cells. Therapeutic plasma levels are associated with time-related
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prolongation of the QTc interval and may initiate or exacerbate
torsades de pointes and Wolff-Parkinson-White-type arrhyth-
mias.!~%3* To minimize QTc interval prolongation, it is recom-
mended that intravenous doses of methadone be given as a slow
infusion rather than as a bolus.* A screening electrocardiogram
may be necessary to evaluate the QTc interval when methadone
doses exceed 60 mg/d.

Parenteral doses of methadone may be effective for patients
with opioid tolerance and others suffering severe acute pain
who are poorly responsive or unresponsive to morphine and
hydromorphone.*** Methadone may be employed as an adju-
vant or as primary therapy. Adjuvant doses of 0.1-0.15 mg/kg
provide rapid analgesic effects that may dramatically improve the
pain relief provided by primary opioids. In acute pain settings,
methadone doses of 0.25-0.3 mg/kg employed as monotherapy
provide prolonged and highly effective analgesia for up to 24
hours, with many patients not requiring IV PCA opioids.>!->?
Following lower abdominal surgery, patients administered par-
enteral methadone (20 mg) intraoperatively followed by “as
needed” (PRN) doses on the postanesthesia care unit reported
less pain and need for supplemental opioids than others treated
with similar doses of morphine.>! In a very large 3954-inpatient
series, methadone was effective for patients suffering prolonged
and very painful postsurgical and medical-related acute pain.*
Methadone is also advocated for patients suffering nerve injuries
and neuropathic pain, as well as individuals who are highly opi-
oid dependent or opioid hyperalgesic.!**3*>*5> Plasma concen-
trations following an IV bolus dose of methadone as compared
with morphine and fentanyl are presented in Figure 13.4.

Methadone is metabolized by the hepatic microsomal
enzyme system undergoing N-demethylation or deamination
into inactive compounds. Methadone is available as an injectable
(Dolophine™), oral elixir, or 20- to 40-mg oral tablet.

Meperidine

Meperidine is a weak phenylpiperidine-type opioid agonist with
oral and parenteral potencies equivalent to one-tenth that of
morphine.l"2*%7 Tts analgesic onset is slightly more rapid than
morphine; however, its duration of effect is only two-thirds
as long. Meperidine was initially developed as an anticholin-
ergic and provides a smooth muscle relaxing effect.!»2:13:50
For this reason, it was initially advocated for controlling vis-
ceral pain and associated spasms. Meperidine is less commonly
used in the United States as its renally cleared metabolite,
normeperidine, is associated with anxiety, tremors, myoclonus,
and seizures.">%”%0 It should never be considered for chronic
pain management.** Doses exceeding 1 gm/d or administra-
tion in patients with renal failure may result in neurotoxicity
secondary to rising plasma concentrations of normeperidine.
Meperidine elevates serotonin levels and can precipitate a sero-
tonergic crisis when combined with other drugs that elevate
serotonin such as monoamine oxidases.’® Meperidine is avail-
able as an injectable or immediate release tablet (demerol).

Codeine

Codeine is a naturally occurring opiate-derived analgesic that
is one-third to one-fourth as potent as morphine.'®> Codeine
is used primarily in patients recovering from dental and ear-
nose-and-throat (ENT) surgery. It offers no clinical advan-
tages over semisynthetic ketone-substituted derivatives such as

hydrocodone and oxycodone. Its analgesic efficacy is inferior to
that of oxycodone, whereas its side-effect profile, particularly
nausea and vomiting, is higher.!=>3%” Codeine is a prodrug
that must be metabolized to morphine by CYP2D6 to achieve
analgesic effect.!*>1>? This enzyme is very polymorphic, with
most patients being rapid or intermediate metabolizers.!:>%’
Approximately 20% of individuals are poor codeine metaboliz-
ers who are at have a high incidence of analgesic failure. Other
patients may be extensive metabolizers who have an increased
risk of excessive sedation and respiratory depression. Codeine
is primarily administered as an oral tablet compounded with
acetaminophen (Tylenol #3).

Butorphanol

Butorphanol is a synthetic mixed agonist-antagonist-type opi-
oid. Low doses ranging from 2 to 4 mg are twice as potent as
similar doses of morphine; however, higher doses are progres-
sively less effective and are associated with increased sedation
and dysphoria.!"2"13-?” In the United States, butorphanol is used
as a substitute for meperidine in patients complaining of mod-
erate pain. Butorphanol and other mixed agonist-antagonists
appear to be more effective in female patients and are primarily
prescribed for visceral pain and headache.>! It is used to control
pain associated with ureteral and gall stones and is also employed
for labor and delivery analgesia. Butorphanol is available as an
injectable (Stadol™) or nasal spray (Nasal Stadol™).! Other
mixed agonist-antagonists, such as nalbuphine and pentazocine,
offer no clinical advantages over butorphanol, are rarely used,
and are not discussed.

Tramadol

Tramadol is a weak p-receptor opioid agonist with equivalent
potency to codeine. Tramadol also has a-adrenergic analgesic
effects that complement opioid-mediated effects.!»213:3%52 It is
not recommended for severe acute pain, but, is used for mild
to moderate discomfort following minor surgery. In acute pain
settings, doses of tramadol should not exceed 300 mg/d, and
it should not be prescribed to patients taking monoamine oxi-
dase inhibitors as it may induce psychotic behavior.!=3%* Tra-
madol is metabolized by CYP2D6 into an active metabolite
that is 5 times as powerful as the parent compound. This O-
demethylated metabolite has 200 times greater p.-receptor affin-
ity, 2—4 times greater potency, and a longer half-life.!-2:27:33:53:54
Like codeine, approximately 20% of individuals have CYP2D6
enzyme polymorphisms that result in poor metabolism. These
patients cannot form the active metabolite, and are at increased
risk for analgesic failure.!-2-33-5% In the United States, tramadol is
available only as an oral immediate release and controlled release
preperations (Ultram™).

Sufentanil

Sufentanil is a synthetic w-specific opioid agonist related to fen-
tanyl with extremely high potency, 500 to 700 times greater than
that of morphine.!*>?” Sufentanil has high lipid solubility and
opioid receptor affinity. It has an extremely rapid onset, pow-
erful analgesic effect, and variable dose-dependent duration of
effect. Sufentanil is associated with the least cardiac depression
and has minimal to mild effects on blood pressure. For this rea-
son it may offer a safer alternative to morphine for patients with
cardiac and cerebral disease. This powerful opioid should be
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reserved for painful procedures/dressing changes or IV sedation
and pain control in ventilator-dependent patients.

Buprenorphine

Buprenorphine is a partial agonist-type opioid that has been
widely used as an intravenous analgesic in the EU. It exerts
its analgesic effect via high affinity binding to . receptors and
very slow dissociation.!"2:13->4 Nearly 100% of available p.-opioid
receptors may be occupied following administration of 16 mg
of sublingual buprenorphine.!*> As a result of buprenorphine’s
high receptor affinity and occupation rate, greater than normal
doses of agonists or antagonists are required to displace it from
opioid receptors.

A sublingual formulation of buprenorphine is commonly
used as maintenance therapy for opioid-dependent patients.
Patients presenting for surgery should continue taking this for-
mulation during the perioperative period in addition to pain
control provided by either neuraxial or regional techniques
and nonopioid analgesics. Alternatively, patients treated with
buprenorphine can be converted to 30-40 mg of methadone per
day 1 week prior to surgery to prevent withdrawal and to avoid
antagonism of standard opioid analgesics.’*

Buprenorphine is supplied as a parenteral analgesic that can
be administered subcutaneously IV and intramuscularly (IM).
Buprenorphine is not available as an oral analgesic, as it is very
poorly absorbed from the gastrointestinal tract, but a sublingual
tablet is available. Analgesic doses for a variety of opioid agonists
is presented in Table 13.4.

PARENTERAL OPIOID THERAPY

Because oral analgesics generally have low bioavailability and
delayed onset and are poorly tolerated during the immediate
postoperative period, parenterally (IV) administered opioids
are commonly prescribed for pain management.”> There are
several situations where parenteral opioids are employed: (1)
They are useful for patients advancing from IV PCA or epidural
opioid based analgesia, who have moderate to severe discom-
fort, but have yet to tolerate oral diets. Parenteral dosing is of
particular importance in patients who are nauseous or vomit-
ing and therefore who might not absorb oral agents. (2) Sev-
eral subsets of patients, including the elderly, the cognitively
impaired, and overly dependent individuals, are poor candi-
dates for IV PCA and may achieve better pain control with
intravenous/intramuscular opioids administered by the clock
or PRN. In these individuals, parenteral opioid requirements
during early postoperative intervals may be used to provide
a conversion guide for oral analgesic dosing that follows.>>~>’
(3) Patients treated with continuous neural blockade or epidu-
ral analgesia may require occasional PRN doses of parenteral
opioids for breakthrough pain control. The amount of opioid
required during the first 24 hours of recovery may be so low
as not to justify initiating IV PCA. Thereafter, patients may
be advanced to oral opioids if required for breakthrough pain.
Exceptions to this rule are opioid-dependent patients with sig-
nificant tolerance development who, in addition to epidural or
peripheral neural blockade for surgical pain, may require both
IV PCA or parenteral opioid infusions for baseline pain man-
agement. (4) Patients recovering from ambulatory procedures
generally require intravenous boluses of fentanyl, morphine, or

hydromorphone until stabilized and advanced to oral opioids.
(5) High-risk patients and others who recover in the surgical
intensive care unit (ICU) often require hemodynamic stabiliza-
tion and postoperative ventilation and may not be candidates for
IV or epidural PCA. These individuals may be treated with intra-
venous infusions of fentanyl, sufentanil, or hydromorphone that
provide surgical analgesia, sedation, and improved tolerability
of endotracheal intubation.>®->’

Morphine remains the standard parenteral opioid anal-
gesic for control of acute pain following surgical and traumatic
injuries.!>2-27>3% Ten milligrams of parenteral morphine is gener-
ally recommended as a starting dose for acute pain management
in patients with a body weight over 50 kg.!~> More recent guide-
lines suggest that the initial bolus dose should be smaller (3-5
mg) and repeated in rapid succession until the patient is more
comfortable.> Onset of analgesia with IV morphine is noted
within 5-15 minutes, whereas duration ranges from 1 to 3 hours,
depending on dose administered. We often employ small doses
of IV morphine (2-5 mg every 1-2 hours) for breakthrough
pain in patients treated with continuous regional blockade and
epidural analgesia.*® Parenteral boluses of morphine may also be
administered to patients who were initially treated with IV PCA
morphine or epidural analgesia yet remain nil per os (NPO).

Hydromorphone, oxymorphone, and, to a lesser extent,
meperidine offer therapeutic alternatives for patients experi-
encing inadequate pain control with morphine or intolerant of
its adverse effects. Meperidine’s parenteral potency is one-tenth
that of morphine with a duration of effect that is only two-thirds
as long, thus doses of 100 to 120 mg may be required every
3 hours."'>?”3 As mentioned previously, anecdotal reports
suggest that meperidine is most effective in controlling vis-
ceral cramping and colicky pain. In this regard, we occasion-
ally administer doses ranging from 75 to 150 mg to patients
recovering from open cholycystectomy, ovarian and tubular
procedures, and bladder surgery.”® Despite its smooth muscle
relaxation effects, meperidine is reported to be no more effica-
cious in treating biliary tract spasm than comparable doses of
other p opioids.'~® Nevertheless, we have found that, in some
patients, low doses of meperidine (50-100 mg) are more effec-
tive than morphine in controlling visceral discomfort associated
with acute pancreatitis and cholelithiasis.*

Intravenous hydromorphone has a more rapid onset of anal-
gesia, a lower incidence of adverse effects, and a slightly shorter
duration of effect than morphine.!~*13-5 Following IV adminis-
tration, analgesic onset is noted in 2—5 minutes and peak effect in
10-15 minutes and duration averages 3.5 hours.!*>” Parenteral
doses of hydromorphone are a better choice than morphine for
patients with very severe pain and offer a logical transitional
analgesic for patients treated with IV PCA hydromorphone.*®
Because of the high concentration of marketed solutions
(2-4 mg/mL), hydromorphine may also be administered subcu-
taneously with minimal discomfort to patients.

Oxymorphone has been available since the early 1960s and
is currently marketed as a 1-mg vial for acute pain management.
Oxymorphone’s onset to peak effect is more rapid than that
of morphine and its overall analgesic efficacy is superior.*¢-3%:>
Intravenous oxymorphone may be effectively employed in the
postanesthesia care unit (PACU) for patients experiencing very
severe pain. Rather than spending considerable time titrating
repetitive doses of morphine to patients with high-grade opioid
tolerance and others recovering from extremely painful pro-
cedures, 1-2 mg of IV oxymorphone can be administered to
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rapidly establish a powerful level of analgesia.*® Onset is noted
with 5 minutes, and, unlike fentanyl, the duration of effect may
be prolonged for several hours.”” For this reason it has been
nicknamed the “fire extinguisher” by our PACU nurses.*®

Parenteral doses of methadone are also advocated for
patients with opioid tolerance and others suffering severe acute
pain that is poorly responsive or unresponsive to morphine and
hydromorphone. Methadone may be employed as an adjuvant or
as primary therapy. Adjuvant doses of 0.1 mg/kg or less provide
rapid analgesic effects that can augment the pain relief provided
by primary opioids. In acute pain settings, methadone doses of
0.25-0.3 mg/kg employed as monotherapy provide prolonged
and highly effective analgesia for up to 12 hours, with patients
requiring little to no supplementation with IV PCA opioids.®-6!
Following lower abdominal surgery, patients treated with par-
enteral methadone (20 mg) intraoperatively followed by PRN
doses in PACU reported less pain and need for supplemental
opioids than others treated with similar doses of morphine.®
Methadone was highly effective (85% achieving satisfactory pain
relief) for patients suffering prolonged and very painful postsur-
gical and medical-related acute pain.®* Methadone is also advo-
cated for patients suffering nerve injuries and neuropathic pain,
as well as individuals who are highly opioid dependent or opioid
hyperalgesic.2~%* Theoretical plasma concentrations following
an IV bolus dose of methadone as compared with morphine and
fentanyl is presented are Figure 13.4.

Fentanyl is best employed in patients with marked hemo-
dynamic instability or well-documented allergies to naturally
occurring or semisynthetic morphinians.!=#:33-6> It is employed
in two primary settings: (1) Doses of 50-200 p.cg are commonly
administered to patients recovering from ambulatory surgery
and provide analgesia of rapid onset but short duration. Simi-
lar doses offer effective pain relief for patients requiring closed
reductions and dressing changes.*® (2) Intravenous infusions of
fentanyl (0.5-5 pcg/kg/h) may be used to provide sedation and
pain control for ventilated patients in the surgical ICU. In this
setting, IV fentanyl infusions (1-2 pcg/kg/h) are often employed
asasubstitute for IV PCA in sedated, hemodynamically unstable,
and ventilator-dependent patients.>® Infusion rates are increased
or diminished in response to inadequate pain control or to min-
imize adverse events. In addition, bolus doses of fentanyl (25—
50 mcg), hydromorphone (0.5-1 mg), or methadone (5 mg) may
be administered for breakthrough pain. The quality of analge-
sia provided by IV fentanyl infusions is excellent and equiva-
lent to comparable doses administered epidurally, but with less
pruritus.®®

Fentanyl has recently been formulated as a patient-controlled
transdermal system (Ionsys PCTS) that employs a low-intensity
current to electrophorese the drug onto the skin, where it diffuses
into the local circulation (see Chapter 20, Novel Analgesic Drug
Delivery Systems for Acute Pain Management).

Buprenorphine is employed as a parenteral analgesic in
the EU.1»5%00:67 In an evaluation of PCA buprenorphine and
morphine, both drugs provided adequate postoperative anal-
gesia with no differences in visual analog pain scores, adverse
events, and hospitalization period. Intravenous bolus doses of
buprenorphine range from 5 to 15 mcg/kg.*’>® Buprenorphine
can also be administered intramuscularly. With this route anal-
gesic onset is noted at 15 minutes, peak effect occurs at 1 hour,
and the duration of action is 6 hours. Buprenorphine is also an
effective analgesic when given subcutaneously and is particularly
useful in patients with poor intravenous access.

The analgesic effectiveness of parenteral opioids may be
potentiated with small doses of anticholinergic/antihistaminics,
such as phenergan and vistaril; however, increased levels of seda-
tion should be expected.!"?313:33 QOther complications asso-
ciated with parenteral opioids include respiratory depression,
nausea and vomiting, pruritus, and postoperative bowel dys-
function.

ORAL ANALGESIC DOSING

Moderate to severe pain can persist for several days to weeks
following major surgery. During the immediate postoperative
period, anesthetic and surgical alterations in gastrointestinal
function and perfusion markedly reduce the reliability and effec-
tiveness of oral analgesics.!~>*% Once patients are able to toler-
ate a liquid diet they should be advanced to oral opioids, which
should be continued during the convalescent and rehabilitative
periods following surgery. Oral administration offers a safe, con-
venient, noninvasive, and cost-effective method of controlling
acute pain that should always be considered in patients who
continue to experience moderate to severe pain.*®

Oral opioids, including morphine, meperidine, hydroco-
done, and oxycodone, and compounded preparations contain-
ing acetaminophen, aspirin, and ibuprofen provide effective
relief for patients complaining of moderate to severe pain. Orally
administered morphine and meperidine are poorly absorbed
and undergo significant enterohepatic metabolism. When com-
pared to parenteral dosing, onset is delayed, duration is less
predictable, and dose requirements are increased. In this regard,
equianalgesic oral morphine and meperidine doses are 2—3 times
higher than parenteral requirements.!~>1333 McCormack and
colleagues® evaluated the efficacy and tolerability of oral versus
IM morphine in patients recovering from total hip arthroplasty.
Patients in the oral and IM group received a 20-mg loading dose
followed by 10 mg every 4 hours in blinded fashion. Although
the incidence of adverse events was similar in both groups,
patients treated with oral morphine reported lower pain inten-
sity scores and required significantly less breakthrough med-
ication during the first 48 hours.® Because oral morphine is
inexpensive and effective, the authors suggested that it be con-
sidered an analgesic option for patients able to tolerate a liquid
diet. In our experience, morphine oral elixir (20—40 mg) every
3—4 hours is generally more effective and better tolerated dur-
ing the immediate postoperative period than similar doses of
morphine tablets

Oxycodone and hydrocodone are more reliably absorbed
than morphine, undergo limited first-pass glucoronidation, and
have active metabolites that are more potent than their parent
compounds.!=*%770 Although parenteral forms of oxycodone
are available in the EU,”° only oral forms of administration
have been approved for use in the United States.!> Following
oral administration, both oxycodone and hydrocodone have
a rapid and predicable onset at 35 minutes, a peak effect at
60 minutes, and a duration of 3.5—4 hours.!**> Oral compounds
containing oxycodone or hydrocodone with acetaminophen
offer more effective analgesia than either opioid administered
alone."? These preparations are well tolerated by patients
recently advanced to oral diets and generally provide a smooth
analgesic transition from IV PCA. They are also among the
most widely prescribed analgesics for pain following hospital
discharge. Nevertheless, the potential hepatotoxicity associated
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with acetaminophen-containing compounds places restrictions
on the number of tablets that can be taken as well as total opioid
dose. As a result, opioid dose can be subtherapeutic in selected
patients.

Oral forms of oxycodone and hydrocodone compounded
with ibuprofen have recently been formulated. The oxycodone
compound (Combunox™) contains oxycodone (5 mg) and
ibuprofen (400 mg) and is approved for short-term (7 days or
less) management of acute and postoperative pain.**>”! In a con-
trolled evaluation of women recovering from abdominal surgery,
compounded oxycodone plus ibuprofen provided superior pain
relief, decreased the need for rescue opioids, and reduced the
incidence of nausea and vomiting when compared to either oxy-
codone or ibuprofen alone. Oxycodone plus ibuprofen also had
a more rapid onset of analgesia (22 min), and more prolonged
duration of effect (7 hours) than either of its constituents.”! The
authors concluded that reductions nausea may be the result of
opioid sparing, that is, a reduced need for rescue oxycodone, as
well as ibuprofen’s ability to block prostaglandin E, synthesis in
the brainstem emesis center.

An oral compound containing hydrocodone (7.5 mg) plus
ibuprofen (200 mg) is also available for short-term acute pain
management and provides superior analgesia than hydrocodone
alone. In a randomized controlled trial, this preparation was
compared to an oxycodone (10 mg) plus acetaminophen
(325 mg) compound and placebo for pain control following
gynecologic surgery.”? Patients treated with hydrocodone/
ibuprofen experienced analgesia equivalent to those treated with
higher doses of oxycodone and superior to individuals treated
with placebo. One possible drawback of this preparation is
that a 200-mg dose of ibuprofen may be inadequate to con-
trol the inflammatory aspects of acute surgical pain. A second
potential drawback of this compound, as well as the previously
mentioned oxycodone/ibuprofen preparation, is its nonselec-
tive nonsteroidal anti-inflammatory drugs (NSAID) compo-
nent, which can increase risks of postsurgical bleeding and renal
failure in susceptable patients.”?

Oral immediate-release oxymorphone (Opana™) has
recently been approved and is indicated for the relief of moderate
to severe acute pain where the use of an opioid is appropriate.**”
Immediate-release oxymorphone was clinically evaluated in over
550 patients experiencing moderate to severe acute pain follow-
ing abdominal and orthopedic surgeries.”*”> In these trials, oxy-
morphone provided effective pain relief and was generally well
tolerated. Absorption was rapid following oral administration
with median time to peak concentration (Tp,y) of 0.5 hours.
Its elimination half-life of 7 to 9 hours makes it well suited
for dosing every 6 hours.*’>’* In a clinical trial of 300 patients
recovering from orthopedic surgery, doses of immediate-release
oxymorphone (10 and 20 mg) provided superior pain con-
trol and a more prolonged duration of effect than oxycodone
(7.5 mg) or placebo.”

Sustained-release opioid preparations, including morphine
(MS-contin), oxycodone (Oxycontin™), and oxymorphone
(Opana ER™), offer several advantages, including less fre-
quent administration intervals, avoidance of peak and trough
plasma levels, and greater analgesic uniformity (Figure 13.5).
These preparations provide 8—12 hours of pain relief and are
best suited for patients suffering severe and prolonged postop-
erative pain.””’®77 Although not specifically approved for this
indication, CR oxycodone has been prescribed for patients with
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Figure 13.5: Plasma concentrations of oral IR oxymorphone and ER
oxymorphone. The IR preparation was associated with a rapid onset
to peak plasma concentration, Ty,,,. The ER preparation avoided a
high maximum concentration (Cy,.) and resulted in a more uniform
plasma level for an extended duration of time. (McIlwain H, Ahdieh
H. Safety, tolerability, and effectiveness of oxymorphone extended
release for moderate to severe osteoarthritis pain: a one-year study.
Am ] Ther. 2005;12:106-112.)

severe pain during rehabilitation and for patients with significant
opioid tolerance. In a randomized, open-label, multiple-dose
study, patients treated with CR oxycodone administered every
12 hours following outpatient anterior cruciate ligament surgery
benefited from more effective analgesia with fewer adverse effects
than others receiving IR oxycodone prescribed either as fixed
doses or PRN.”® In a postoperative dose conversion study, Gins-
berg and colleagues” evaluated the analgesic equivalency of CR
oxycodone in patients discontinuing IV PCA. They found that
the initial dose of CR oxycodone needed to maintain effective
pain control was only 1.3—1.5 times higher than the prior day’s
dose of morphine (Table 13.5). We have found that the relation-
ship is closer to 1:1, that is, if on the previous day the patient
required 40 mg of IV morphine, the initial dose of CR oxycodone
is 40 mg/d or 20 mg twice a day.>®

An additional opioid preparation that may be considered
for patients who cannot tolerate oral analgesics but continue
to experience brief episodes of severe pain is fentanyl oralet
(Actiq™). Fentanyl oralet releases between 100 and 400 p.cg of
fentanyl within 15 minutes with high bioavailability. Although
not approved for acute pain management, this preparation can
provide effective acute pain control when given 20-30 min-
utes prior to short painful procedures, such as closed reduction,
dressing changes, and chest tube placement.>®

Less potent opioid analgesics, such as tramadol and codeine,
may be prescribed to patients recovering from dental and ENT
surgeries and medical procedures associated with mild to mod-
erate pain. A newer compounded form of tramadol (Ultracet™)
provides greater effectiveness than tramadol. Ultracet is an oral,
multimodal analgesic containing tramadol plus acetaminophen,
approved for the short-term management of acute pain.
In clinical trials tramadol (37.5 mg) plus acetaminophen
(325 mg) compound was found as effective as hydrocodone
(10 mg) and acetaminophen (650 mg), and superior to placebo
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Table 13.5: Initial CR Oxycodone Dose and Current Pain Intensity at Baseline and 6 Hours after Initial CR Oxycodone Dose®”

Current Pain Intensity

IV Morphine in Prior Initial CR Oxycodone Dose
Surgery Type n 24 Hours (mg) (mg Every 12 Hours) Baseline 6 h Postdose P Value*
Abdominal 44 51+ 4 27 +2 43+04 29404 .0014
Orthopedic 42 5946 34+3 42+04 3.54+0.4 .1096
Gynecologic 29 39+4 26+ 3 39405 33+04 1444
All 116 51%3 29 + 4.1+0.2 33£0.2 .0003

 Results are presented as mean + SE.

b For those patients with both baseline and hour 6 pain intensity assessments only. Patients assessed pain intensity using an 11-point numerical

scale of 0 = no pain to 10 = worst possible pain.

¢ Paired ¢ test of change from baseline to hour 6. Modified from Ginsberg B et al (2003).”

in reducing pain following molar extraction surgery.®® Tra-
madol/acetaminophen was better tolerated, having a lower inci-
dence of nausea (19% vs 36%) and vomiting (12% vs 30%).
When combined with an NSAID this compound offers signifi-
cant multimodal benefits including p-opioid, a-adrenergic, and
acetaminophen-mediated analgesia as well as anti-inflammatory
effects. These potentially additive analgesic effects may obviate
the need to administer more potent opioids.

When initiating oral opioid therapy, the clinician should
select a dosage and frequency based on the intensity of post-
surgical pain, patient age, the presence of comorbid med-
ical conditions, any concomitant therapy, and chronic opi-
oid exposure.®*13-27-33 Dosing and frequency recommendations
should also be consistent with the manufacturer’s prescribing
information.

One may categorize parenteral opioids as first-tier agonists,
such as hydrocodone, which are generally effective for opioid-
naive patients with moderate to severe pain; more potent second-
tier agonists, such as morphine and hydromorphone, for severe
pain; and third-tier agonists, like oxymorphone, methadone,
and fentanyl, for poorly controlled severe to very severe pain
and for highly tolerant individuals.

The clinician must have a firm understanding of opioid
dose equivalency and how to calculate parenteral to oral dose
conversions. Equianalgesia refers to differences in opioid dose
requirements necessary to provide equal levels of analgesia.***%!
Equianalgesic dosing tables have been developed to aid with dos-
ing conversions; however, they offer only approximate guide-
lines. Values provided in these tables are primarily based on
single-dose evaluations and do not compensate for drug accu-
mulation or active metabolites.!:**8! In postoperative settings,
when converting from parenteral opioid such as hydromor-
phone to a different oral opioid, such as oxycodone, the clin-
ician must compensate for differences in potency prior to calcu-
lating parenteral to oral dose equivalency. As a general rule,
it is prudent to administer an initial IV to oral conversion
dose somewhat 25%-33% lower than the calculated dose.**»>
This more conservative approach offers greater patient safety
by compensating for progressive reductions in postsurgical
pain intensity and opioid requirements, as well as potentially
greater analgesia efficacy gained by switching opioids (opioid
rotation). An opioid potency and equianalgesic dosing table
used by the Yale Pain Management Service®® is presented in
Table 13.6.

Short-acting oral opioids agents, such as IR morphine, IR
hydrocodone, IR hydromorphone, IR oxycodone, and IR oxy-
morphone, may be favored initially because they are easy to
titrate.?”>3> These agents are best employed in opioid-naive
patients recovering from uncomplicated procedures that require
relatively limited durations of treatment. Following extensive
surgery with severe discomfort and prolonged and painful con-
valescence, sustained-release opioids may be considered. Short-
acting opioids are characterized by a rapid rise and fall in serum
opioid levels, whereas serum levels of sustained-release opi-
oids increase slowly to therapeutic levels, remain there for an
extended period, and then decline slowly (Figure 13.5).”® With
extensive and painful surgeries, we advance patients from epidu-
ral analgesia to CR oxycodone or CR morphine (10-15 mg twice
a day) as well as IR oxycodone for breakthrough pain.*® Such
therapy is maintained for 3—7 days and is more likely to be effec-
tive than PRN doses of IR oxycodone or morphine alone. We
also employ CR opioids to facilitate weaning opioid-dependent
patients off of IV PCA.>® Most opioid-dependent patients are
treated with PCA for surgical pain plus a basal opioid infusion
that controls their baseline chronic pain. Prior to weaning we
initiate oral CR opioids in doses equivalent to the basal infusion.
The basal infusion is discontinued and the patient is allowed
to use PCA for an additional 8-24 hours. After this interval,
PCA is discontinued and equivalent doses of IR oxycodone,
hydrocodone, or morphine are substituted and administered
PRN. Generally we are conservative when switching from IV to
oral dosing and actually prescribe only one-half to two-thirds
the equianalgesic dose.*’” For example, if after starting CR opi-
oids, the patient has self-administered an additional 40 mg of
morphine over 24 hours the equivalent dose of oral morphine
required to replace PCA needs would be 120 mg over 24 hours
(based on a 3:1 oral to IV dosing ratio). To assure patient safety,
consider dosing only 60-90 mg morphine. If pain relief is inad-
equate, additional morphine may be provided as needed.

OPIOID-RELATED ADVERSE EVENTS

In settings of acute pain, most opioid-related adverse events are
transient and tend to resolve with ongoing treatment.>>:73:74
Common adverse events associated with parenteral and orally
administered opioids and their active metabolites include nau-
sea, vomiting, sedation, pruritus, and constipation. In sensitive
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Table 13.6: Equianalgesic Dosing Table

Dosing Guidelines for Oral and Parenteral Opioids

Opioid Route Potency Dose (mg) Onset Duration Metabolism Comments
Morphine PO 0.3 30 (15-45) 45 min 4-5h Glucoronidation Poor oral effect
Morphine v 1.0 10 (5-15) 10 min 3.5-4h Glucoronidation Histamine release
Meperidine PO 0.02 200 (1-300) 45 min 3.5h N-demethylation Toxic Metabolite
Meperidine v 0.1 100 (75-125) 10 min 3h N-demethylation For visceral pain
Hydrocodone PO 0.6 15 (7.5-15) 35 min 4-6h CYP450 Similar to oxycodone
Oxycodone PO 0.8 10 (5-15) 30 min 4-6h CYP450 Good oral analgesic
Codeine PO 0.2 50 (30-70) 45 min 3.5h CYP450 High side effect profile
Methadone PO 1.0 10 (7.5-15) 10-20 min 6-8h Demethylation Prolonged elimination
Methadone v 1.5 7.5 (5-10) 5-10 min 6-8h Demethylation Difficult to titrate
Hydromorphone PO 1.5 15 (7.5-15) 35 min 3.5-4h Glucoronidation Well tolerated
Hydromorphone v 5.0 2 (1-3) 10-15 min 35-4h Glucoronidation Useful for severe pain
Oxymorphone PO 1.0 10 (5-15) 30 min 5-6h Glucoronidation Useful for severe pain
Oxymorphone v 10 1(0.5-2) 5-10 min 4h Demethylation Useful for severe pain
Fentanyl PO 40 0.2-0.4 mcg 5-10 min 60 min Demethylation Rapid onset

Fentanyl v 70 0.1-150 mcg 3-5 min 30 min Demethylation Very rapid onset
Tramadol PO 0.1 100 (1-125) 40 min 4-6h O-demethylation For mild-moderate pain

Note: Values listed represent approximations based on single dose calculations. According to this conversion scheme, IV morphine is assigned a
potency of 1, whereas oral morphine is considered 0.3, because of its poor bioavailability and higher dose requirement. Methadone values
represent single dose effects, accumulation of drug and duration of action will increase with continued dosing. To calculate oral to oral dose
conversions, determine the prior 24-hour opioid dose (both scheduled and rescue doses) and then dose the new opioid according to the PO
equianalgesic dose and potency listed above. Use the following proportion: potency of current opioid over 24 hour dose of current opioid vs
potency of the new opioid over 24 hr dose of the new opioid (X). Solve for X by cross multiplying. Divide the 24-hour dose and administer as
increments according to the duration of action of the new drug. For patient safety, we recommend using Y, to ' less drug than the amount

calculated. To calculate approximate IV to oral equianalgesic dose, use the table and multiply the potency of the currently used IV opioid by the
prior 24-hour dose in milligrams and then divide this value by the potency of the PO opioid the patient will be converted to. This value is
administered in divided doses based on the duration of the oral opioid. To provide greater patient safety divide this calculated dose by ' to !,
and gauge its effectiveness. Subsequent dosing may be increased or decreased as necessary. Adapted from Reisine and Pasternak (1997),!
Gutstein and Akil (2002),? Pasero et al (1999), Fine and Portenoy (2004),%* Mahler and Forrest (1975),%° Palangio et al (2000),”* Gordon et al

(1999).81

individuals, the incidence and severity of these adverse events
(AEs) may be so annoying and distressing that patients self-
limit or discontinue opioid dosing and suffer poor pain control.
Patients recovering from abdominal and gynecological surgery
are generally at risk for opioid-induced bowel dysfunction and
ileus, mandating that such therapy be supplemented with stool
softeners, bulk laxatives, and occasional enemas. Most opioid-
related AEs are dose dependent, which is why it is important
to initiate therapy with the lowest effective dose and to utilize
a multimodal analgesic approach. Some opioid-related AEs are
often treated symptomatically, for example, by prescribing an
antiemetic for nausea or a laxative for constipation.®? Other side
effects, such as sedation and pruritus, are typically addressed
by decreasing the opioid dose rather than by treating the
symptom.32-8% In addition to dose reductions, other strategies
that can be employed to minimize opioid-related AEs include
changing the route of administration, switching to a different
opioid or providing specialized pharmacologic therapy. Opioid-
induced nausea and vomiting is perhaps the most troubling AE
observed with oral and parenteral dosing.>#*> We recommend
aggressive treatment in highly symptomatic individuals, includ-
ing opioid rotation and treatment with parenteral or rapidly
disintegrating lingual ondansetron in doses of 4-8 mg.2”-33:84

FUTURE DIRECTIONS WITH ORAL AND
PARENTERAL OPIOIDS FOR ACUTE PAIN

In the near future improved and more selective opioid analgesics
may be developed that better suit individual patient needs.3

1 Translation of research describing opioid receptor polymor-
phisms and genetic variations in metabolic enzymes!'$-22
may spur the clinical development of novel agonists that pro-
vide optimal pain control with lowest side effect for patients
with differing genetic profiles.

2 Rapidly disintegrating and readily absorbed lingual and buc-
cal preparations avoid gastric absorption and first-pass hep-
atic and offer advantages of convenience and rapid anal-
gesic onset. Although originally developed for breakthrough
chronic pain, these routes of delivery may become available
for acute pain management. Nasal and pulmonary delivered
opioid preparations offer similar advantages as well as con-
venience and may displace the need for IV dosing and possi-
bly IV PCA in patients who remain NPO.* It is not known
whether these preparations will be associated with nasal irri-
tation, epistaxis, or bronchospasm. The use of a morphine
metabolite, morphine-6-glucoronide (M6G), may become
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available as an alternative to morphine.?” In a recent clinical
trial in patients recovering from knee replacement surgery,
doses of M6G provided significant morphine PCA-sparing
effects with high tolerability and safety.”

3 Improved formulations may provide analgesic potentiation
and opioid-sparing effects by compounding mixtures of
opioids with NSAIDS, a, reuptake inhibitors (tapentadol),
and a,-3 antagonists. Peripherally acting k-receptor ago-
nists have been proposed that could provide effective relief
of visceral pain (Ob-GYN, GU-renal colic), with low risk of
p-mediated respiratory depression.

4 Opioids formulated in crush-resistant, water-insoluble
tablets may provide a lower risk for diversion, adulteration,
and abuse (eg, snorting, injecting). Tablets containing mix-
tures of an agonist plus an antagonist, which are released if
the tablet is adulterated are also being studied.

CONCLUSION

Parenteral and oral opioids remain the foundation for optimal
acute pain management. Although more technologically sophis-
ticated and invasive modalities, such as neuraxial and PCA-
administered opioids, may provide superior analgesic efficacy
the majority of patients experiencing acute pain are treated with
oral or parenteral opioids.

Existing parenteral and oral analgesics offer effective pain
relief; however, no agonist provides the optimal combination
of high efficacy and low side effect profile for all patients. The
application of new knowledge in receptor polymorphisms, novel
delivery systems for existing opioids, and future development of
new compounds will provide the pain specialist, surgeon, and
primary care physician with powerful new tools for controlling
moderate to severe pain.
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Intravenous Patient-Controlled Analgesia

Pamela E. Macintyre and Julia Coldrey

The concept of intravenous (IV) patient-controlled analgesia
(PCA) as a technique that allows patients to self-administer
intravenous opioids as required dates back to the mid-1960s,
when it was shown that small IV doses of opioids could pro-
vide more effective pain relief than conventional intramuscular
(IM) opioid regimens.! A little later, an “on-demand” system of
analgesic administration was used as a measure of assessing a
patient’s pain,? as “pain can be described in terms of analgesic
demand.” In this study, IV doses of the opioid were given by a
nurse-observer at the patient’s request.” It was noted that anal-
gesic demands varied considerably within and between patients.

To more easily allow a patient access to repeated small IV
doses of opioid (that is, without the need for a nurse to be
readily available), an electronic device was developed that deliv-
ered 1 mL of the opioid solution after the patient pressed a
demand button.? The opioids used in this study were morphine
and meperidine (pethidine), and both were given in doses that
would be considered small by today’s standards (morphine 0.2
or 0.5 mg/mL and meperidine 2.0 or 5.0 mg/mL). However, PCA
appeared to be a very effective way to treat postoperative pain.

Other early systems included the Demand Dropmaster and
the Demanalg and the first commercially available PCA pump,
the Cardiff Palliator.? This latter pump was developed for use
on the labor wards. Although it preceded the microproces-
sor era, it was able to deliver drugs at a variety of rates and
with adjustable parameters that were very similar to those of
modern-day machines.’ This device was used in various studies
to show that pain relief and side effects were similar for mor-
phine, meperidine, and nalbuphine.*

Another device, the on-demand analgesia computer
(ODAC), incorporated monitoring of the patient’s respiratory
rate and limited the dose if a decrease in rate was detected.® The
ODAC system, an early microprocessor-operated device, allowed
the use of more complex PCA regimens.” It was also used to com-
pare opioids such as alfentanil, fentanyl, and meperidine and to
show that patients preferred PCA compared with previous expe-
riences with conventional postoperative analgesia techniques.*
Other devices developed in the early phases of PCA use in a clin-
ical setting included the Prominject, Harvard PCA, and Abbott
PCA machines.”
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Over the years, further improvements were made to the
design of PCA devices. These have resulted in increases in secu-
rity and data output capacity, introduction of error reduction
programs, and a choice of mains or battery power. In addition,
a variety of disposable delivery systems are now available.

Discussion of the basic principles and features of the var-
ious PCA systems available, both programmable and dispos-
able, is included in Chapter 21 (Nonselective Nonsteroidal Anti-
Inflammatory Drugs, COX-2 Inhibitors, and Acetaminophen
in Acute Perioperative Pain). The major advantage of pro-
grammable pumps is their flexibility of use, as adjustments can
easily be made to parameters such as the size of the bolus dose
and rate of delivery of both the bolus dose and a background
infusion (if used). In addition, access to the syringe (or other
drug reservoir) and the microprocessor program is possible only
using a key or access code.

Disposable devices, however, have the advantages of being
portable and simple to use, eliminating programming errors,
and they may not require IV access (eg, some enable nasal
and transdermal methods of drug delivery).® However, they
do not allow as much flexibility in use and possible security
issues may arise as the drug reservoirs for these devices are
more readily accessible.® In addition, cost per patient may be
high.

Although many studies were performed using PCA in the
earlier years, the use of the technique in clinical practice did not
become widespread until after the introduction of Acute Pain
Services, first proposed and developed by Ready in the 1980s.°
PCA has now become an accepted part of everyday safe and
effective pain relief in the acute pain setting and, as such, the
number of studies investigating it as a technique have declined
significantly over recent years.

The overall effectiveness of any analgesic technique depends
on both the degree of pain relief that can be achieved and the
incidence of side effects or complications (ie, safety). Therefore,
this chapter will cover the following:

Analgesic efficacy of IV PCA, including comparison with
other methods of pain relief and other routes use for PCA,
and the various analgesic agents used
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m  Other patient outcomes, including satisfaction and effects
on postoperative morbidity

m  The preparation required before PCA is used in a clinical
setting, including education of patients and staff, the pro-
vision of appropriate procedure protocols and orders, and
the need to understand the influence of variations in the
PCA “prescription” as well as how some patient factors
(eg, psychological characteristics and concurrent comor-
bidities)

m Potential complications of IV PCA and the drugs used

The various types of equipment that can be used and the associ-
ated economic issues are also important; these are discussed
in Chapters 21 (Nonselective Nonsteroidal Anti-Inflammatory
Drugs, COX-2 Inhibitors, and Acetaminophen in Acute Periop-
erative Pain) and 43 (Quality Inprovement Approaches in Acute
Pain Management), respectively

ANALGESIC EFFICACY OF IV PCA
Comparisons with Other Analgesic Techniques

Conventional Opioid Analgesia

Dolin and Cashman' reviewed data obtained from many
different kinds of published studies (cohort and case-controlled
studies, audit reports and randomized-controlled trials) and
concluded that IV PCA provided better pain relief than inter-
mittent IM opioid analgesia. The incidence of moderate-severe
pain and severe pain was 67.2% and 29.1%, respectively, for
IM analgesia, whereas 35.8% of patients with IV PCA reported
moderate-severe pain and 10.4% reported severe pain.' These
authors also reviewed the incidence of side effects with these
techniques — see later.

Three metaanalyses confirm these results. In two of
them,!12 the magnitude of the difference in analgesia was small
(5.9' and 8.0'2 on a pain scale of 0-100). In the third," no dif-
ference in pain scores was found: analgesia with PCA was better
only if all pain outcomes (pain relief, pain intensity, and need
for rescue analgesia) were considered.

However, it is possible, especially in settings where there
are high nurse to patient ratios and where it might be eas-
ier to provide analgesia truly on-demand (ie, follow the “PCA
principle”'*), that conventional forms of opioid administration
may be as effective as IV PCA. A recent meta-analysis com-
paring the use of PCA versus nurse-administered analgesia fol-
lowing cardiac surgery!® found no difference in analgesia at
24 hours, but significantly better pain relief with PCA at 48 hours.
Similar results have been found in an emergency department
setting, where IV PCA was as effective as nurse-administered
IV bolus doses of opioid,'® IM opioid analgesia after hysterec-
tomy!” and intermittent IV opioid administration after cardiac
surgery.'8

The ongoing popularity of PCA may seem at odds with the
underwhelming results of Ballantyne et al,'! Walder et al,'® and
Hudcova et al.!? It is possible, under study conditions when
greater attention is paid to the technique by investigators and
staff alike, that conventional opioid analgesia may be effective.
It is also possible, that the way in which PCA was used did not
adequately allow for interpatient variations (eg, fixed program
parameters) and significantly limited the flexibility, and thus
efficacy, of the technique."’

Although opioid consumption may be higher with IV PCA
compared with conventional opioid analgesia,'> !> there appears
to be no difference in the incidence of opioid-related side
effects,!>1%15 50 that total opioid dose may be relatively unim-
portant.

Epidural Analgesia

Two recent meta-analyses have concluded that IV PCA is less
effective than continuous epidural and patient-controlled epidu-
ral analgesia.’®! The exception to this is the use of a hydophilic
opioid alone for epidural analgesia, when pain relief is no bet-
ter than with IV PCA.?! For more information on epidural and
patient-controlled epidural analgesia, see Chapter 17 (Regional
Anesthesia).

Comparisons with PCA Using Other Systemic Routes
of Administration

Other routes that have been used with PCA include the subcuta-
neous (SC),2>?? oral,?* intranasal,>>?° and transdermal® routes.

Subcutaneous PCA

Data on the effectiveness of SC PCA compared with IV PCA are
inconsistent. Both significantly better?>3! and comparable?*3%33
pain relief has been reported, as well as the same?>2>%*3! and a
higher incidence®? of nausea and vomiting. Compared with IV
PCA, SC PCA may****? or may not*® result in higher opioid
use.

Intranasal PCA

Metered-dose patient-controlled intranasal analgesia (PCINA)
devices are available that allow the intranasal administration
of a fixed dose of opioid. The opioid most commonly stud-
ied for use in PCINA is fentanyl. Toussaint et al*> compared
PCINA fentanyl (bolus dose = 25 pg) with IV PCA fentanyl
(bolus dose = 17.5 pg), both with lockout intervals of 6 min-
utes, and found no difference in pain relief. The bioavailability
of fentanyl via the intranasal route is 0.7,2”28 therefore a PCINA
bolus dose of 25 g is equivalent to an IV PCA bolus dose of
17.5 ug.

Similar results have been noted by Paech et al** using a
formulation that allows the delivery of larger bolus doses of
fentanyl in a smaller volume (300 pg/mL fentanyl; 54 pg/180 pL
dose). Ithasbeen suggested that the maximum volume given into
each nostril should not exceed 150 pL.>” Early PCINA devices
delivered spray doses of a reasonable dose but large volume (eg,
25 pg fentanyl/0.5 mL**%) or smaller volume, but with smaller
doses than commonly used with IV PCA (eg, 9 ug fentanyl/180
uL3®). The formulation developed by Paech et al** with a higher
concentration of fentanyl allows delivery of a larger dose in a
volume close to the suggested 150 pL limit. Patient satisfaction
has also been assessed and was greater with PCINA fentanyl than
nurse-administered analgesia after orthopedic surgery.?’

Other drugs that have been administered by PCINA in-
clude diamorphine?® and meperidine (pethidine).?” Intranasal
diamorphine was not as effective as IV diamorphine,”® but
PCINA meperidine was more effective than SC pethidine injec-
tions.”’
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Transdermal PCA

An iontophoretic transdermal PCA fentanyl system (Ionsys) is
now available — see Chapter 22 (Perioperative Ketamine for Better
Postoperative Pain Outcome) for more details. It uses a low-
intensity electric current to drive the drug from the reservoir
through the skin and into the systemic circulation.’®

The Ionsys PCA system, which delivers a 40-pg-bolus dose
over 10 minutes, has been shown to be more effective than
placebo for pain relief after major surgery, when withdrawal from
the study because of inadequate analgesia was the end point,>**°
and as effective as IV PCA morphine (1-mg bolus dose), when
patient satisfaction with the technique was the primary end
point.*’

In a study of pain relief after total hip arthroplasty, Hartrick
et al*! reported that pain relief and the incidence of side effects
were similar with IV PCA (1 mg morphine, 5-minute lockout)
and iontophoretic fentanyl PCA.

Comparison of the Different Opioids Used with IV PCA

On a population basis, little if any difference has been shown in
the efficacy or incidence of side effects of the different opioids
used with IV PCA,*? although the results of individual studies
are inconsistent.

For example, in comparisons of meperidine with morphine,
various authors have noted less effective pain relief on move-
ment with meperidine,*>*4~*¢ with no difference in nausea and
Vomi‘(ing43’45’46 but less sedation?* and pruritus.**” This result,
combined with the high incidence of adverse drug reactions,*®4
including normeperidine (norpethidine) toxicity and seroton-
ergic syndrome,*>? suggests that meperidine should not be
used routinely for IV PCA.*>0 Similarly, there appears to be
no difference between morphine and fentanylin terms of pain
relief'”>5 or the incidence of side effects),*”>>* with the exception
of pruritus, which is higher with morphine.?’

Other comparisons with morphine include hydromorphone
(no difference in pain relief or side effects),” tramadol (similar
pain relief with an increase in nausea and vomiting> or no dif-
ference in side effects®®), oxycodone (no difference in pain relief
or side effects),”” a morphine-alfentanil combination (again, no
difference in analgesia or side effects),’® and piritramide (equally
effective, with similar side effects).”

Differences in cognitive function may be seen when different
opioids are used in elderly patients. Herrick et al*® reported that
use of IV PCA fentanyl in elderly patients resulted in less depres-
sion of postoperative cognitive function and less confusion com-
pared with IV PCA morphine. A retrospective audit of 1544
patients over the age of 65 years given morphine or fentanyl IV
PCA after surgery reported that the incidence of postoperative
confusion increased with age but that it was less likely to occur in
patients prescribed fentanyl.®! Overall, the incidence of confu-
sion was 3.85% with fentanyl and 15.6% with morphine, but the
differences were more marked the older the patient. In patients
aged 65-75 years, the incidences of confusion with fentanyl and
morphine were 2.6% and 10%, respectively; in patients aged 75—
85 years these had increased to 3.8% and 20.5%, and in the oldest
patients (85-95 years) the risk of confusion with fentanyl had
increased to 8%, whereas 43% of patients receiving morphine
became confused.®!

Ng et al®? reported no difference in postoperative cogni-
tive function with tramadol and fentanyl. However, this might

not have been a fair comparison, because the bolus doses used
were not equianalgesic (tramadol 20 mg, fentanyl 10 pg) — not
surprisingly, patients given tramadol had better pain relief with
movement on the first day after surgery.

More recently, remifentanil has been used with IV PCA.5%6
It has been found to provide at least equivalent analgesia com-
pared with morphine®>% and fentanyl PCA®* and may be asso-
ciated with less nausea and vomiting.5>% It has potential advan-
tages as an analgesic because of its very rapid onset/offset of
action and lack of accumulation with repeated dosing. Con-
cerns about respiratory depression with remifentanil (because
of its potency) are not supported by the current literature.®>-

Even though on a population basis there are minimal differ-
ences between the different opioids, individual patients may gain
benefit from one opioid over another. In a three-way crossover
double-blinded randomized controlled trial comparing mor-
phine, fentanyl, and pethidine, Woodhouse et al*’ showed that,
whereas overall analgesia was equivalent for all three drugs, sub-
jectively some patients found that they were better able to tolerate
one or more of the opioids better than the other(s).

Individual patient responses to the PCA opioid may also
be influenced by pharmacogenetic differences. Increased PCA
morphine requirements in the postoperative period have been
associated with polymorphism of the p-opioid receptor at the
118 nucleotide position, encoding for a GG homozygote,*®¢
and other polymorphisms at genes encoding for morphine
metabolism and transport across the blood-brain barrier have
also been found to have an influence on the clinical efficacy of
morphine.®® Patients who have absent activity of the CYP2D6
enzyme have a poorer response to tramadol compared with those
with normal enzyme activity.®

Efficacy of Other Drugs Added to PCA Opioid Regimens

Over the years, many drugs have been added to opioids in PCA
in an attempt to either reduce side effects, improve analgesia, or
both. Most of the literature relates to addition of ketamine and
naloxone, but there is also some evidence for addition of other
drugs (see Table 14.1).

Ketamine

The use of low-dose (ie, subanesthetic doses) ketamine run as
a separate infusion in addition to PCA morphine or added to
the PCA morphine solution, reduced morphine requirements
in the first 24 hours after surgery as well as the incidence of
postoperative nausea and vomiting.”” No comment could be
made regarding the best dose regimen, because of consider-
able variation in the doses of ketamine used in the included
trials.

Of the four studies included in this metaanalysis that
involved the addition of ketamine to the PCA morphine
solution,”'~7* two showed a significant opioid-sparing effect,”>”*
and three noted lower pain scores.”’>’* The amount of
ketamine added to PCA morphine varied from 0.75 mg to 2 mg
per IV PCA bolus dose; side-effect profiles were similar.

Other authors have found that the incidence of pruritis may
be reduced by the addition of ketamine,” and that there might
be an increased incidence of dysphoria,”! vivid dreams, and
poor performance in cognitive testing.”> However, the clinical
significance of these results are questionable as there was a low
rate of termination of the treatment because of these side effects.
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Table 14.1: Efficacy of Analgesic Drugs Added to IV PCA Morphine

Drug Comments Reference
Ketamine Morphine-sparing and improved pain relief Burstal et al (2001), Javery et al (1996),
Unlugenc et al (2003)71:72:74
Naloxone Effect depends in dose used — see text Cepeda et al. (2002, 2004)7%77
Tramadol Morphine-sparing, but not better pain relief Stiller et al (2007)"¢*
Clonidine Significantly less nausea and vomiting without an increase in sedation Jeffs et al (2002)'%
Lower pain scores up to 12 hour
Higher patient satisfaction
Magnesium Morphine-sparing and better pain relief Unlugenc et al (2003)™
Ketorolac Opioid-sparing but no difference in pain relief or adverse effects Chen et al (2005)'%
Earlier time to first bowel movement and first ambulation
Lidocaine No difference in pain relief, opioid use or nausea and vomiting Cepeda et al (1996), Chia et al (1998)1¢7:168
Higher sedation scores in lidocaine group
Naloxone hospital.!!=131517:86 Comparisons of patient outcomes between

As naloxone may inhibit the excitatory opioid receptors that are
involved in the development of hyperalgesia, and may possibly
reduce the incidence of opioid-related side effects, it has also been
added to PCA morphine (1 mg/mL) in varying doses. “Ultra-
low” doses of naloxone (0.6 ng added to 1 mg PCA morphine)
led to a lower incidence of nausea (not vomiting) and pruritus,
with no change in pain relief or morphine use,”® but a 10-fold
increase in dose (6 pg added to 1 mg PCA morphine) resulted
in increased pain and higher morphine requirements.”” Sartain
etal,”® using a solution of 60 mg morphine and 800 pg naloxone
in 30 mL (bolus dose = 1 mL) compared with morphine alone
(1-mg bolus dose) were unable to show any difference in either
pain relief or adverse effects.

PATIENT OUTCOMES
Patient Satisfaction

The evaluation of satisfaction appears to be complex as satis-
faction scores may be more likely to indicate satisfaction with
overall treatment or a reluctance to criticize treatment rather
than reflect satisfaction with pain relief only.”# Preoperative
expectations for analgesia also appear to have an effect on post-
operative satisfaction.! However, in the three metaanalyses by
Walder et al,'* Ballantyne et al,!! and Hudcova et al,'? patient
satisfaction was significantly higher with IV PCA compared with
conventional methods of opioid administration. High satisfac-
tion may be correlated with lower pain ratings,5>% although
some patients will report high levels of satisfaction and high pain
scores’8485 There is an additional, but definite, preference for
PCA by nurses. They may feel that it reduces their workload®® and
helps to make the patient responsible for their own analgesia.*’

Postoperative Morbidity

While epidural analgesia is the pain-relieving technique most
likely to lead to lower postoperative morbidity (see Chapter 17,
Regional Anesthesia), use of IV PCA may decrease the risk of
postoperative pulmonary complications compared with con-
ventional methods of opioid administration.!*%” However, use
of PCA has not been shown to reduce average length of stay in

IV-PCA and other analgesic techniques are discussed in the rel-
evant chapters of this book.

REQUIREMENTS FOR THE SAFE
AND EFFECTIVE USE OF PCA

Before PCA can be used safely and effectively in a clinical setting,
there are a number of issues that need to be considered. These
include the following:

m  education of patients and all medical and nursing staff
involved with the use of PCA

m the provision of appropriate procedure protocols and orders

m  a good understanding the influence of variations in the IV
PCA “prescription,” including programmable variables and
how these can be adjusted to better suit individual patients

m agoodunderstanding of how some patient factors may influ-
ence the success or otherwise of IV PCA

Education

One of the reasons for suboptimal management of acute pain is
inadequate education of medical, nursing, and allied health staff
and students, patients, and their families.®® Inadequate knowl-
edge, misconceptions, and the persistence of some of the myths
that surround pain management continue to result in barriers
that prevent optimal analgesia in many patients, even in those
prescribed conventional forms of analgesia. If better pain relief
is to be obtained, better education of all groups is needed. This is
especially true if more sophisticated methods of pain relief (such
as patient-controlled and epidural analgesia) are to be managed
safely and effectively.

Patient Education

To enable patients to use PCA effectively, they should be given
instructions about the technique before use. Information should
be given to each patient and tailored to the needs of that patient.

Information can be presented in a number of ways: verbally,
in a booklet, or on a video. It has been shown that providing
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patients with written information®?° or information on CD?!

significantly improves their knowledge and understanding of
PCA compared with verbal instruction alone. It is known that
most patients remember only a small part of any information
presented at one time. Therefore, it will need to be repeated a
number of times, including during treatment.

Patients should be made aware of a number of general factors
important to their pain relief, including the following:

m treatment goals and benefits

m options available for the treatment of acute pain and possible
side effects and complications

m  how they will be monitored

the need to communicate inadequate analgesia or side effects

m  specialized education about IV PCA, including how to use
the machine, safety aspects (eg. programming of the lockout
interval, requirement for patient only to press button)

An example of an information sheet given to patients is in the
Appendix.

Current literature regarding the benefits or otherwise of
patient education gives conflicting results. Although use of a
multimedia CD educational package may lead to improved pain
relief,”! better analgesia may not follow use of written®**%%2 or
standardized verbal information.?®%3 Similarly, structured pre-
operative patient education may®* or may not®="*? reduce the
amount of IV PCA opioid consumed.

Lack of patient education was believed to be associated
with fears held by patients about the risk of addiction (22% of
patients) and overdose (30%) in a study where 43% of patients
received no preoperative education and 24% received no instruc-
tion at any time during the study.”” In later work by the same
group,®? it was found that, although the patients receiving
written information were better informed about PCA, there was
no difference in postoperative anxiety levels or fears of addiction
and overdose. Preoperative anxiety levels, however, may be less
in patients who receive preoperative education.’?

Staff Education

Education of all staff involved in the use of PCA is also important
if the technique is to be used safely and effectively. Education of
junior medical staff needs to cover all aspects of the management
of acute pain. In particular, they must be aware of the detrimen-
tal effects that unrelieved pain can have on patient well-being
and outcome after trauma and surgery. Although they would
not usually be directly responsible for more advanced, newer
methods of pain relief, they must have a sound working knowl-
edge of them and be aware of possible complications and drug
interactions.®®

Ward nurses are directly involved in the management of all
forms of pain relief and play a key role in ensuring that anal-
gesia, whether simple or sophisticated, is safely and effectively
managed. Education and accreditation programs are therefore
essential.

Many institutions require a nurse to complete an accredita-
tion program before they can assume responsibility for a patient
whose pain is being managed using IV PCA. Such programs often
consist of verbal and written information (eg, lectures or work-
shops and booklets), written assessment (eg, multiple-choice
questionnaires), and a practical assessment (eg, demonstration
of ability to program IV PCA machines).%

The level of knowledge that nursing staff have about IV
PCA may influence its effectiveness. Introduction of an APS
nurse, whose role included staff and patient education, led to a
50% reduction in moderate to severe pain with PCA, a marked
improvement in patient satisfaction, and significantly fewer side
effects.®> Similarly, when PCA was supervised by an APS com-
pared with the primary service a year earlier, patients used sig-
nificantly more opioids, the incidence of side effects was almost
halved, and PCA bolus doses were altered more often to suit the
individual patient.”

Standard Orders and Nursing Procedure Protocols

Standard Orders

To maximize both efficacy and safety, consideration should
be given to standardizing a number of aspects of pain relief
using IV PCA. As well as education of nursing and medical staff
and patients, this would ideally include standardization of the
following®:

m the drugs used — analgesic and nonanalgesic (eg, for the
treatment of nausea and vomiting)

m  drug doses and drug concentrations

nondrug treatment (eg, supplemental oxygen)

m  monitoring requirements (regular assessments of adequacy
of analgesia and adverse effects)

m the response to inadequate analgesia

m the recognition and treatment of side effects

Many institutions incorporate all of these elements on specific
preprinted orders (see example in the Appendix in Chapter 16,
Neuraxial Analgesia with Hydromorphone, Morphine, and Fen-
tanyl: Dosing and Safety Guidelines).

As with all guidelines, the aim is to try and improve the
quality of clinical decision-making and reduce unnecessary vari-
ations in clinical practice — not to dictate practice. Standardized
orders allow appropriate alterations to be made so maximum
analgesia can be obtained with minimum possible side effects.
For example, such orders may allow nursing staff to increase
the bolus dose if pain scores are high, and to recognize and
then treat common or serious side effects. Staff should also be
required to reduce the bolus dose if there is increasing and exces-
sive sedation.®®

Nursing Procedure Protocols

Nursing procedure protocols should also be standardized. Key
elements include the following®®:

m statement of the institution policy toward accreditation for
nursing staff responsible for PCA and who is responsible for
PCA orders

m  guides to the location of keys for the PCA machines and
mechanisms for checking and discarding PCA opioids

m guidelines for the suitability of patients for PCA and instruc-
tions for patient education

m  monitoring and documentation requirements as well as how
to manage side effects and complications related to IV PCA

m  detailed instruction on setting up and programming the PCA
pump and the management of equipment faults and alarms

m the requirement for one-way antireflux and antisiphon
valves
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m instructions for the checking of the PCA settings against the
prescription and the amount of drug delivered against the
amount remaining in the syringe

m  who to call if assistance or advice is required

Monitoring Requirements

In addition to regular assessments of the effectiveness of pain
relief (usually using pain scores), patients should be monitored
for the inset of any side effects related to the IV PCA opioid. Most
importantly, impending respiratory depression must be picked
at an early stage so that opioid doses can be reduced.

Traditionally, in patients receiving opioids, respiratory rate
has been monitored and used as an indicator of respiratory
depression. However, a decrease in respiratory rate has been
found to be a late and unreliable sign of respiratory depression:
conversely, a normal respiratory rate may coexist with marked
rises in blood carbon dioxide levels® — see discussion under
Complications of PCA later in this chapter.

Regular monitoring of oxygen saturation levels is also rec-
ommended. However, oxygen saturation readings may be unre-
liable indicators of an underlying problem if the patient is receiv-
ing supplemental oxygen, as is standard with for many patients
receiving parenteral opioids.%

The PCA “Prescription”

The flexibility of use for electronic PCA pumps results from the
variations that are possible in the parameters programmed into
the device as part of the PCA “prescription.” If both the efficacy
and safety of PCA is to be maximized, a good understanding
of the role of these variable parameters and the rationale for
choosing a particular setting is important.

Loading Dose

Prior to commencing PCA, it is important for the patient to
be adequately “loaded” — that is, they should be given enough
opioid to be comfortable before they begin to take control of
their own pain relief. Most if not all current electronic PCA
machines have a “loading dose” facility that allows automatic
administration of the dose before PCA proper starts. However,
a set dose is unlikely to be effective for all patients because of
enormous interpatient differences. It is preferable to titrate the
loading for each patient prior to starting PCA.%

Bolus Dose

The size of the bolus dose (the amount of analgesic drug the
patient receives after a successful demand) can influence the
effectiveness or otherwise of PCA. A dose that is too small may
mean that the patient is unable to achieve good pain relief; a
dose that is too big may lead to excessive side effects and reduced
safety.

The “optimal” PCA bolus dose is one that provides reliable,
effective analgesia without producing excessive or dangerous side
effects. However, evidence regarding the appropriate size of this
dose is very limited.

Owen et al’® studied patients randomly prescribed 0.5, 1, or
2 mg morphine. Patients prescribed 2-mg PCA bolus doses had
a higher incidence of respiratory depression and most patients
who self-administered 0.5 mg doses were unable to achieve good

pain relief. The authors concluded that a “dose of 1 mg was the
best increment under the conditions of this study.”

Another group?” randomized patients to receive bolus doses
of 1, 1.5, and 2 mg morphine and adjusted the lockout interval
for these patient groups to 6, 9, and 12 minutes, respectively.
This was so that the maximum amount of morphine each group
could receive in 1 hour was 10 mg. They found no difference
in pain relief or side effects between the groups but noted that
patients receiving the 1-mg bolus dose recorded a higher number
of demands within the lockout period and adjustments to the
dose were required more often.%”

In another attempt to determine an optimal morphine PCA
dose, patients were allowed to choose among 0.5-, 1-, or 1.5-mg
bolus doses of morphine using a specially designed handpiece.”®
Compared with a standard PCA machine, there were no differ-
ences noted in analgesia, total morphine doses, patient satisfac-
tion, quality of sleep, or nausea and vomiting.

Different doses of fentanyl have also been investigated. Camu
etal®® compared the effectiveness and incidence of side effects of
three different demand doses (20, 40, and 60 pg) delivered over
10 minutes. They concluded that 40 pg was the optimal dose as
the frequency of adverse respiratory events was highest in the
60- g group and the 20-pg group made more missed attempts.”’
Patient global assessment of “very good” or “excellent” and the
absence of severe side effects was dose dependent and highest
in the 60-ug group. However, delivery of an IV bolus dose over
10 minutes is not common clinical practice (the dose would
usually be delivered over about 30 seconds). This may have lim-
ited the ability of the 20-pg dose to provide good analgesia and
would be reflected in higher unsuccessful demand rate that was
seen.

Another study looked at four different demand doses of
fentanyl (10, 20, 30, and 40 pg ) used for the management of
pain during burn-dressing changes, pain relief was significantly
better with the 30- and 40-p.g doses; no patient became sedated
or experiences nausea and vomiting.'%

In clinical practice, relatively standard IV bolus doses such as
morphine (1 mg), fentanyl (10-20 pg), tramadol (10 mg), and
hydromorphone (0.2 mg) are commonly prescribed. However,
it has been shown that postoperative PCA opioid requirements
decrease markedly as patient age increases.'*1~1% The reasons for
this decrease have not yet been fully elucidated, but it is probably
due more to changes in pharmacodynamic factors related to
aging than age-related changes in pharmacokinetics.'® It may
therefore be reasonable to use a lower bolus dose in the older
patient (eg, half the “standard” bolus dose in patients older than
70 years).%

If the prescribed dose is not “optimal” and as long it is
not too small, the patient will be able to compensate to some
degree by changing their demand rate.”® However, they will only
compensate to a certain degree. In the study by Owen et al,%¢
patients who complained of pain made an average of only 4
demands per hour, even though they could have pressed the
PCA button more frequently. It is possible that patients will
not continue to activate the demand button if they do not feel
they are getting good pain relief from a given bolus dose. This
means that the size of the bolus dose will need to be increased or
decreased according to subsequent reports of pain or the onset of
any side effects. By making appropriate alterations to the bolus
dose, PCA can be tailored to suit the individual patient.

It may be best to aim, in most patients, for a bolus dose size
that requires the patient to administer, on average, no more that
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2-3 bolus doses per hour. If analgesia is inadequate, and if they
are averaging more than 2—3 doses each hour, it may be better to
increase the size of the bolus dose rather than to encourage the
patient to increase their rate of demand.®® It follows that decreas-
ing the lockout interval is unlikely to be of much benefit. Equally
important is the need to reduce the size of the bolus dose should
the patient become excessively sedated.®® As Ftches'® observed,
PCA is neither a “one size fits all” or a “set and forget” form
of pain relief, and appropriate alterations need to be made if
maximum effectiveness and safety with PCA are to be obtained.

BOLUS DOSES IN OPIOID-TOLERANT PATIENTS

In patients who are opioid tolerant, there is no one “optimal”
size for the bolus dose. It is known that these patients have
markedly higher PCA opioid requirements in the postoperative
period compared with opioid-naive patients, as well as higher
pain scores, % However, there is little good evidence on which
to base the choice of bolus dose used and judging what dose to
give can be difficult.

In an elegant study using pharmacokinetic simulation, Davis
etal'% calculated the size of the postoperative PCA fentanyl bolus
doses according to preoperative requirements of fentanyl. The
patients were given high-dose fentanyl infusions before surgery
at a dose that led to a respiratory rate of less than 5 breaths
per minute. From this, the effect site concentration required to
reduce the respiratory rate to this level was used to calculate
the postoperative effect site concentration for analgesia and the
amount of fentanyl that would be needed. Half of this amount
was then given as a background infusion and halfas divided bolus
doses; the doses were adjusted postoperatively so that patients
required around 2-3 doses per hour.

Another method is to use a simple conversion so that the
equivalent of the patient’s usual opioid is given as the background
infusion (if they cannot take it as normal) as the same figure is
used as the starting bolus dose.?® For example, if a patient is
taking 150 mg of a controlled-release morphine preparation
orally, this is equivalent to about 50 mg of parenteral morphine
or approximately 2 mg/h. So a background infusion of 2 mg/h
could be ordered (unless the patient can take his or her usual
oral morphine dose) and a bolus dose of 2 mg of morphine
prescribed.

Duration of Dose Delivery

Some PCA machines enable changes to be made in the rate at
which the bolus dose is delivered. This can be useful if PCA bolus
doses are given via the subcutaneous route when delivery of the
dose can be painful if given too quickly.3

To investigate whether a slower rate of delivery might resultin
less nausea and vomiting, Woodhouse and Mather!® compared
the effects of different rates of delivery in patients after hysterec-
tomy. Patients were allocated to receive either 1 mg morphine (in
1 mL) over 5 minutes using a 1-min lockout period or the same
amount of morphine over 40 seconds with a 5-minute lockout
interval. They reported no difference in pain relief or morphine
use, but delivery over 5 minutes led to a significantly higher
number of emetic episodes. Of interest, the overall incidence
was surprisingly high with 90% of patients with the 40-second
delivery and 100% patients with a 5-minute delivery reporting
nausea. The only antiemetic used was metoclopramide, which is
known to be much less ineffective than some other antiemetics
in the postoperative setting — see later.

Lockout Interval

In clinical practice, lockout intervals (the time following the
end of the delivery of one dose until the patient is able to suc-
cessfully obtain another dose) of 5-10 minutes are commonly
prescribed for IV PCA, regardless of the opioid used. This is
despite the fact that the full effect of the opioid used most com-
monly in IV PCA (morphine) may not be seen for 15 minutes
or more.'” If the lockout interval is there to help prevent the
patient demanding an excessive dose of opioid, it should be an
indication of the time necessary for the patient to feel the effect
of one bolus dose before another can be delivered. Therefore, this
would vary according to the drug used and the time to peak effect
of that drug. However, there are no studies showing that chang-
ing the lockout interval affects the efficacy of IV PCA. Ginsberg
et al'” investigated the differences between lockout intervals of
7 and 11 minutes for morphine and 5 and 8 minutes for fen-
tanyl and reported no differences in analgesia, anxiety, or side
effects.

In some centers, the practice is to decrease the lockout inter-
val in response to patient reports of inadequate analgesia. How-
ever, as noted earlier, Owen et al®® found that patients who
complained of pain still made an average of only 4 demands per
hour, even though they could have pressed the PCA button more
frequently. Therefore, reductions in lockout interval, especially
if intervals of 5 or 6 minutess are used, are probably going to be
less effective than an increase in the size of the bolus dose.

Background Infusion

Conventional wisdom has it that the use of background (contin-
uous) infusions with PCA in addition to patient demand reduces
the safety of the technique. Indeed, most studies investigating the
effect of background infusions have concluded that this practice
results in higher opioid consumption!!®!':112 and an increased
risk of respiratory depression.!!>113 Use of a night-only back-
ground infusion was also shown to increase the risk of pro-
gramming errors as well as increase the incidence of hypoxia.!!!
Introduced in the hope that it would improve pain relief, partic-
ularly at night, by reducing the frequency of demands required to
maintain an analgesic plasma concentration, background infu-
sions in general neither improve the effectiveness of analgesia'!?
nor sleep!!! and do not reduce the number of demands made.!!!

A recent study of patients after cardiac surgery found that
the addition of a background infusion did improve analgesia, as
well as increase opioid consumption.'!* However, the parame-
ters used — a lockout interval of 15 minutes and a bolus dose of
just 0.015 mg/kg (ie, about 1 mg in an average 70 kg patient) —
are not those commonly used with PCA and might have lim-
ited the effectiveness of IV PCA using patient demand mode
only.

For the reasons noted above, the routine use of background
infusions in adults is usually not recommended. However, their
relative safety may be improved if a patient’s opioid requirements
are already known. For example, it may be suitable in patients
who are opioid-tolerant, when it can be used to replace the
patient’s normal maintenance opioids, and may also be appro-
priate in patients requiring high doses of PCA opioid who are
waking in pain at night'"> (anecdotal reports suggest that this
is effective in many patients). To minimize risk, it is suggested
that the background infusion comprise no more than 50% of
the patient’s total 24-hour hour requirement.!!®
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Dose Limit

Interpatient opioid requirements vary enormously and there is
no reliable method of determining how much opioid a patient
will require for analgesia, far less how much will result in dan-
gerous side effects. Although it is possible, in most pumps, to
program a dose limit (commonly hourly or 4-hourly) that caps
the total amount of drug that can be administered within a given
time. Limits are sometimes placed on the dose that can be deliv-
ered over a set interval in an attempt to improve the safety of
PCA. However, there is no good evidence to show that its use
has resulted in a decrease in side effects related to PCA.'"

Influence of Patients Factors

Psychological Factors

Patients using IV PCA are able to balance the degree of pain
relief achieved against the severity of any side effects that may
occur. That is, PCA affords patients a significant measure of
control over both these aspects of their care — analgesia and
analgesic-related adverse effects.

Some studies have shown a significant relationship between
perceived control and higher satisfaction with lower pain
ratings,’”%? whereas others have failed to show any benefit.!'®
In fact, the opposite may be true in some circumstances. Taylor
etal''® reported that some patients found the element of control
disturbing, as it meant that they were also responsible for the
production of unpleasant side effects.

PCA may have an important impact on the nurse-patient
relationship. For example, patients may appreciate not having to
call or bother the nurses. This may include that they preferred
to be alone, that they felt the nurses were too busy, or that delays
in getting nurse-administered pain relief were often too long.!!
These authors have also questioned whether the patient is really
in control or is heavily influenced by medical and nursing staff,
for whom PCA has certain advantages.

It is possible that different psychological factors, such
as anxiety and depression, may influence the patient’s sat-
isfaction with IV PCA and the effectiveness of the tech-
nique, although results are inconclusive.?>11® A recent study
looked the correlation between a number of psychological
factors and postoperative pain reports as well as analgesic
consumption.'!® Emotional support and religious-based coping
showed a positive correlation with postoperative morphine con-
sumption; preoperative self-distraction coping correlated pos-
itively with pain while in the hospital; and preoperative dis-
tress, religious-based coping, behavioral disengagement, and
emotional support positively predicted pain levels 4 weeks after
surgery.!t

Patient anxiety may also influence the efficacy of IV PCA. It
has been shown that high anxiety levels are significantly related
to higher pain scores and analgesic requirements in patients
using PCA34118:120.121 and that anxiety may be associated with
more frequent unsuccessful demands (ie, demands during the
lockout period).8*-120

Patient Comorbidities

It is not uncommon for studies looking at acute pain techniques
and drugs to exclude certain groups of patients. However, it
is often in these groups of patients that additional considera-
tions are required if they are to obtain safe and effective pain

relief using IV PCA. Examples of such groups include pediatric,
elderly, and opioid-tolerant patients (acute pain management of
these patient groups is covered in detail in other chapters of this
book), and those with obstructive sleep apnea (OSA) or renal
impairment.

PATIENTS WITH OBSTRUCTIVE SLEEP APNEA SYNDROME

It is commonly believed that patients with obstructive sleep
apnea are at increased risk of respiratory depression when given
opioids.!?> Concerns about the potential risks associated with
administration of opioids in patients with OSA have led to sug-
gestions that nonopioid or opioid-sparing acute pain manage-
ment techniques should be used where possible.'?>!2* However,
good evidence comparing effects of various analgesic techniques
in these patients is lacking.!%

Case reports have led to conclusions that patients with OSA
are at increased risk of respiratory depression when using IV
PCA.126-12% However, it is worth reading these reports in detail,
as it would appear that there was an overreliance on the use of
respiratory rate as an indicator of respiratory depression; the
onset of respiratory depression was missed as vital signs were
reported to be normal. The significance of increasing sedation
(noted with these patients) as the better clinical indicator of early
respiratory depression (see earlier) was not recognized.

As discussed later, it is wise to monitor patient sedation
levels in all patients receiving opioids, including those pre-
scribed IV PCA, and the PCA bolus dose should be reduced
in any patient who becomes excessively sedated — preferably at
a stage where they are still easy to rouse but have difficult stay-
ing awake rather than once they become unconscious.®® This is
especially important as many patients with undiagnosed OSA
will be given opioids. The prevalence of OSA in the adult pop-
ulation is surprisingly high: it is said that up to 20% of adults
have at least mild OSA, 7% have moderate to severe OSA, and
that up to 75% of patients who could benefit from treatment
remain undiagnosed.'*® Therefore, the chance of unknowingly
giving opioids to a patient with OSA is significant.

Morbid obesity is significantly associated with OSA.!*° The
use of PCA (without abackground infusion) in these patients has
been investigated and reported to be a safe and reasonably effec-
tive method of providing analgesia,'*'~!% although the number
of patients in these studies was small.

PATIENTS WITH RENAL IMPAIRMENT

Most opioids used on acute pain management are metabo-
lized in the liver and their metabolites, as well as varying pro-
portions of unchanged drug, are excreted by the kidney.

Patients with renal impairment may have reduced excre-
tion of morphine-6-glucuronide (M6G) and morphine-3-
glucuronide (M3G). M6G is an opioid agonist at least as potent
as morphine, but its effects can be insidious as it crosses the
blood-brain barrier very slowly.!** Respiratory depression has
been reported following IV PCA morphine in patients with
renal impairment,'*> and the onset of this may be significantly
delayed.'*® The 3-glucuronide (main) metabolites of morphine
(M3G) and hydromorphone (H3G) are thought have neuroex-
citatory effects and may also accumulate in patients with renal
disease.!* Accumulation of normeperidine (norpethidine) in
patients with renal impairment has led to normeperidine (nor-
pethidine) neurotoxicity.!*” As fentanyl has no active metabo-
lites, it is suitable for use in patients with renal impairment*? and
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Table 14.2: Examples of Operator-Related Complications

Programming errors

Wrong cassette

Wrong drug

Leading to patient death:

Incorrect concentration!4!:16%:170

Leading to over-sedation and respiratory depression:

Incorrect bolus dose size'”!172

Incorrect background infusions!'”

Programming of background infusions when none were prescribed!*-!7*

Cassette with wrong concentration of drug placed into PCA machine, leading to death; patient had been
noted to be unrousable and snoring, but nothing was done as the nurse “considered the vital signs to be
normal” (respiratory rate was 20 breaths per minute)'*!

Syringe of bupivacaine and fentanyl intended for an epidural infusion in another patient placed in PCA

pump — patient noticed to be “twitchy.

Inappropriate patient selection
or selection of opioid

Use of a background infusion in a patients with obstructive sleep apnea

Inappropriate prescription of
concurrent medications

Use of morphine in patients with renal failure leading to respiratory arres

Use of meperidine in patients with renal impairment leading to normeperidine toxicity.

»174
t135
137

127

Inappropriate prescriptions of supplementary opioids (by other routes) or sedatives, including
benzodiazepines and antihistamines (often involving inadequate knowledge about the risks of PCA and/or
prescribing by more than one team) leading to oversedation and respiratory depression

126,140,175,176,177

is probably the preferred opioid for use with IV PCA in these
patients.!!>

An alternative opioid for use with IV PCA in these patients
may be oxycodone, which is available for parenteral adminis-
tration in many countries. The metabolites of oxycodone have
very little clinical analgesic activity.'*® The major metabolite is
noroxycodone, but this only has very weak analgesic activity and
really plays no part on the pain-relieving effects of oxycodone;
oxymorphone, on the other hand, is a potent opioid agonist,
but it is produced in such small amounts that it has very little
analgesic effect overall.!*

COMPLICATIONS OF PCA

In general, complications relating to the use of PCA can be
divided into four categories as follows:

operator-related errors
patient-related errors

problems due to the equipment used
side effects of the PCA opioid

Two large studies have looked at the type!*® and incidence!? of
operator-related and patient-related complications. The most
common of the 5377 PCA-related errors examined by the
United States Pharmacopeia (USP) were improper dose/quantity
(38.9%), unauthorized drug (18.4%), omission error (17.6%),
and prescribing error (9.2%); other errors included wrong
administration technique, wrong drug preparation, wrong
patient, and wrong route.'** In the prospective survey of 3785
patients using IV PCA published by Ashburn et al,'*® 14 criti-
cal events were reported. These were 8 programming errors (all
associated with the setting of a continuous infusion); 3 occa-
sions when family members activated the PCA machine; 1 case
of patient tampering; and 3 errors of clinical judgment. Other,
more specific, examples of operator-related and patient-related
errors as well as examples of problems involving the equipment
used are given in the following sections.

Operator Errors

Operator errors include the following:

m those related to programming

m  wrong drug

m inappropriate patient selection or selection of inappropriate
opioid for a particular patient

m inappropriate prescription of concurrent medications

Although the mortality resulting from PCA programming errors
is thought to be low (1 in 33 000 to 1 in 338 000),'*! around
30% of all PCA errors are believed to result from incorrect pro-
gramming of PCA pumps.'*? This is twice as likely to result in
injury or death than errors involving general-purpose infusion
pumps and lead to more harm than errors from other types of
medication administration.!*? These reports have led to sugges-
tions that drug concentrations should be standardized within
institutions.'*?

Examples of programming and other operator-related errors
are given in Table 14.2. Changes that have been introduced in
response to such problems include dose error reduction systems
that use internal software to check the doses programmed against
preset limits and then alert the programmer to inappropriate
dose or continuous infusion settings.'*? Preset “standard” dosing
protocols also can be used.!*?

Another innovation has been the introduction of integrated
bar code readers that can identify the drug and drug concen-
tration being used and, in some cases, automatically select the
appropriate dosing protocol.'*?

Patient-Related Errors

Patient-related errors (see Table 14.3) include the following:

failure to understand the technique adequately

initiation of a demand by someone other that the patients
(“PCA by proxy”)

m tampering of the PCA machine by the patient
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Table 14.3: Examples of Patient-Related Complications

Table 14.4: Examples of Equipment-Related Complications

Failure to Confusion between the nurse call and PCA

understand PCA  demand button has been reported!’>178

PCA by proxy Unauthorized activation of the demand
button by nurses'>*'” or family or
visitors!!3:140:153.180=182 Jea ding to respiratory
depression

Tampering Could lead to administration of excessive opioid

dose!®

Most patients manage PCA well after just some initial education,
but others may need reminding about its method of use. In
addition, patients may have problems with some PCA demand
buttons as some are small and not easy for elderly or disabled
patients to use. In these patients, it may be possible to used a
foot-activated'* or breath-activated device (eg, attaching plastic
tubing to the machine in place of the handset and asking the
patients to blow into the tube'4*!%%), allowing activation by the
patient blowing into the tube.

As access to the syringe (or other drug reservoir) and the
microprocessor program in electronic PCA pumps should only
be possible using a key or access code, successful tampering
would usually leave obvious signs of damage to the pump casing.
However, this may not always be the case. Access to the syringe
in a locked pump without a key has been reported.!4¢

Problems Related to Equipment

Problems related to PCA equipment include the following:

m  spontaneous delivery of opioid

m incorrect use of, or failure to use, antireflux and/or anti-
syphon valves

m incorrect placement of, or damage to, syringe/cartridge

In general, modern PCA pumps have a high degree of reliability.
However, problems continue to be reported, as well as problems
related to the disposable items required for each patient (see
Table 14.4).

The routine inclusion of one-way antireflux valves and anti-
siphon valves as integral parts of the infusion system has been
recommended,'*’ the former because retrograde flow of opioid
along the intravenous line is a potential hazard and the latter
because if the syringe or cassette is not correctly placed into the
syringe carriage, there is a risk that the contents of the syringe
may empty by gravity (siphon) into the patient.

Complications Related to the PCA Opioid

Recent meta-analyses have shown that the risk of side effects
from opioids administered by PCA is similar to the risks related
to traditional methods of systemic opioid administration (IV,
IM, or SC).1>13

Wheeler et al'®® reviewed randomized-controlled trials
reporting postoperative opioid-related adverse effects. When
PCA was compared with IV/IM opioids combined, the respective
incidences were respiratory depression (1.8% and 2.4%), gas-
trointestinal (mainly nausea and vomiting; 37.1% and 28.2%),
and pruritus (14.7% and 17.5%), respectively.!4®

Spontaneous delivery
of drug

Runaway pumps (machine unexpectedly
changes the program and delivers an
unprescribed dose of drug) when main
electricity leads become loose or
disconnected'”®!%

Spontaneous triggering'®

Triggering as a result of an electrical short
circuit (frayed wire in the demand
apparatus)'®

Use in unusual
environment

Inability to reprogam PCA machine in
hyperbaric chamber!#

Incorrect use of, or
failure to use,

Failure to incorporate an antireflux valve
leading to respiratory depression'®’

antireflux valves Wrongly connected Y-piece leading to
respiratory depression!®!

Uncontrolled Uncontrolled siphoning of syringe

siphoning of syringe contents has been reported in association

contents with:

A syringe plunger not engaged in its
carriage'8

A damaged drive mechanism failing
to retain the syringe plunger'®

Improper cassette attachment'®’

191,192

Cracked glass PCA syringes

A later review of published cohort studies by Cashman
and Dolin, case-controlled studies, and audit reports, as well
as randomized-controlled trials, found reasonably similar inci-
dences associated with the use of PCA: respiratory depression
(1.2% to 11.5%; using hypoventilation and oxygen desaturation,
respectively, as indicators), nausea (32%), vomiting (20.7%),
and pruritus (13.8%).!4>15° The incidences reported for IM opi-
oid analgesia were respiratory depression (0.8% to 37%; again
using hypoventilation and oxygen desaturation, respectively,
as indicators), nausea (17%), vomiting (21.9%), and pruritus
(3‘4%)'149,150

Respiratory Depression

The true incidence of respiratory depression associated with
PCA is very difficult to determine because of the variety of def-
initions used in published studies, including respiratory rate,
hypercarbia, low oxygen saturation, and use of naloxone. Most
commonly, when authors report on the incidence of respira-
tory depression, they use a decrease in respiratory rate as the
indicator. However, there is still considerable debate as to the
best way to monitor for opioid-induced respiratory depression
in patients receiving opioids via IV PCA or other routes of
administration.

A workshop convened by the Anesthesia Patient Safety Foun-
dation (APSF) to discuss this issue in response to concerns about
the safety if IV PCA recommended “the use of continuous moni-
toring of oxygenation (generally pulse oximetry) and ventilation
in nonventilated patients.”'?? This was despite recognizing the
limitations of currently available monitors and despite the low
sensitivity of continuous pulse oximetry in patients given sup-
plemental oxygen (common in many countries).!??
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Another example of the low sensitivity of continuous pulse
oximetry can be seen when the article referenced earlier by Cash-
man and Dolin,'*® which reports a much higher incidence of oxy-
gen desaturation associated with IM analgesia (37% of patients)
compared with PCA (11.5% of patients), is examined in con-
junction with a later article by the same authors that reports on
effectiveness of PCA and IM opioid analgesia. The much higher
number of patients reporting moderate-to-severe or severe pain
with IM opioid analgesia'® would suggest that lower opioid
doses were used in these patients, so it is highly unlikely that
they also had a higher incidence of respiratory depression than
patients using PCA. Unfortunately, monitoring of a patient’s
level of sedation, with an appropriate response to increasing
sedation, was not among the recommendations from the APSF
workshop.

A decrease in respiratory rate, often used as an indicator
of decreasing ventilation, may be a late and unreliable sign of
respiratory depression. Vila et al'®! described their results before
and after the hospital-wide introduction of pain management
standards. Only 3 of 29 patients reported to have respiratory
depression exhibited a fall in respiratory rate, compared with
27 of the 29 who experienced a decrease in conscious state!>!
Thus, the best early clinical indicator of respiratory depression
is increasing sedation, which can be monitored using a simple
sedation score.8%!>! Monitoring for opioid-related respiratory
depression is covered in more detail in Chapter 28 (Acute Pain
Management in the Community Hospital Setting).

The incidence of respiratory depression associated with the
use of IV PCA is probably somewhere in the range of 0.1% to
1%.'%2 As noted above, Cashman and Dolin'*’ reported an inci-
dence of PCA-related respiratory depression of 1.2% to 11.5%
(depending on definition used). However, the incidence of seda-
tion, reported by the same authors in a later article looking
at other opioid-related side effects, was found to be just over
5%.15% A more recent audit of 700 patients who received PCA
for postoperative pain relief, reported that 13 patients (1.86%)
developed respiratory depression; all had respiratory rates of
<10 breaths per minute and 11 also had sedation scores of 2
(defined as “asleep but easily roused”).!>?

A number of risk factors for respiratory depression have been
identified. These include the use of concurrent (background)
infusions, concurrent administration of sedatives or additional
opioids, use in the elderly patient, nurse- or physician-controlled
analgesia, inappropriate use of PCA by patients, and if the patient
becomes hypovolemic,!05113:140.153,154

It maybe possible to reduce the risk of respiratory depression.
It has been shown that concurrent administration of NSAIDs
significantly reduces PCA opioid requirements and the inci-
dence of excessive sedation as well as opioid-related nausea and
vomiting.'>>

Nausea and Vomiting

Although recent meta-analyses reported no difference in the
incidence of nausea and vomiting with PCA compared with con-
ventional methods of opioid delivery,'>!* the review by Dolin
and Cashman'° referred to earlier, looking at published cohort
studies, case-controlled studies, and audit reports, as well as
randomized-controlled trials, reported that the incidence of
nausea was higher with PCA (32%) than following IM opioid
analgesia (17%) but there was no difference in the incidence of
vomiting.!*

It is possible that some of these differences may be related
to opioid dose as the risk of nausea and vomiting is known to
increase with increasing dose.!>>1%¢ Concurrent administration
NSAIDs leads to a reduction in PCA opioid requirements and a
decrease in the incidence of nausea and vomiting.'>> However, a
similar decrease is not seen when acetaminophen is added to the
PCA opioid regimen, even though it too is opioid sparing.'”’

MANAGEMENT OF NAUSEA AND VOMITING ASSOCIATED
WITH PCA OPIOID ADMINISTRATION

A detailed discussion of opioid-related nausea and vomiting
and its management is outside the scope of this chapter (details
are contained in Chapter 27 (The Acute Pain Management Ser-
vice: Organization and Implementation Issues). However, there
are some studies where antiemetics have been added to the PCA
opioid (usually morphine) solution, and the benefits or other-
wise of this strategy (some results conflict) are summarized in
Table 14.5.

The antiemetic that has most commonly been studied as
an additive to the PCA opioid solution is droperidol. Although
it is effective in the prevention of both nausea and vomiting
when administered in this way,!*!> it may be more effective
for nausea.'®® Adverse effects of droperidol are more likely when
higher doses are administered. 58160

The practice of adding antiemetics to PCA remains contro-
versial, as the risk of side effects may increase with increased
use of PCA. In addition, although addition of antiemetics to the
PCA opioid solution may provide effective prophylaxis against
nausea and vomiting, separate administration of droperidol'®!
and 5-HT; antagonists'®? can be just as effective.

Pruritus

The incidence of pruritus, thought to be a result of a p-receptor-
mediated mechanism rather than histamine release,'®® is sig-
nificantly higher in patients given PCA compared with those
receiving systemic opioids by other routes.!? Dolin and Cash-
man'*® found that the incidence of pruritus was higher with
PCA (13.8%) compared with IM/SC opioids (3.1%).

MANAGEMENT OF PRURITUS ASSOCIATED WITH PCA
OPIOID ADMINISTRATION

A detailed discussion of opioid-related pruritus and its man-
agement is outside the scope of this chapter (details are contained
in Chapter 27). However, there are some studies where antiemet-
ics have been added to the PCA opioid solution. Both naloxone
and droperidol have been shown to be effective in the preven-
tion of opioid-induced pruritus.!®® The same is true when larger
doses of droperidol (15 and 50 pg but not 5 pg added to 1 mg
morphine) are added to PCA morphine solutions,'®® but not
when 0.8 mg naloxone was added to 60 mg morphine.”®

Normeperidine Toxicity

Reports of normeperidine (norpethidine) toxicity in patients
using PCA meperidine started to appear in the early 1990s.%
It has been suggested that no more than 600 mg meperidine
should be given each day, for no more than a few days to reduce
the risk of normeperidine toxicity, and that the drug should
be avoided in patients with renal impairment.>3$42 In addi-
tion, because meperidine offers no benefit in terms of anal-
gesic effect or incidence of adverse effects compared with other
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Table 14.5: Effects of Different Antiemetics Added to PCA Morphine

Antiemetic Effect Reference
Droperidol Decreased incidence nausea and vomiting Tramer and Walder (1999)!%
NNT for nausea = 2.7; NNT for vomiting = 3.1
No dose response for antiemetic effects
Minor adverse effects more likely if >4 mg/d
Decreased incidence nausea and vomiting Lo et al (2005)'*°
Dose-response noted when added to 1 mg morphine: 5 pg no effect; 15 pg effective Culebras et al (2003)'%°
for nausea only; 50 g effective for both nausea and vomiting
NNT for nausea = 3.7; NNT for vomiting = 8.31
Increased risk of sedation with higher dose (50 pg)
Ondansetron Effective for prophylaxis of both nausea and vomiting Cherian and Smith (2001)!%?
Antivomiting but no antinausea effects Tramer and Walder (1999)'>8
Promethazine Reduced the incidence of nausea and vomiting Silverman et al (1992)'*
Diphenhydramine Reduced the incidence of nausea and vomiting without increasing side effects such as Lin et al (2005)'*
sedation and dry mouth
Cyclizine Comparable incidences of severe nausea and vomiting compared with droperidol Laffey and Boylan (2002)'%
(50 ng) added to 1 mg PCA morphine
Propofol No benefit Bree et al (1998)'%°
Nalmefene Reduced the incidence of nausea and vomiting but did not reduce analgesia Joshi et al (1999)!7
Naloxone No decrease in the incidence of nausea and vomiting (0.8 mg naloxone added to Sartain et al (2003)7®

60 mg morphine)

opioids used in PCA, it has been recommended that its use
be discouraged.*>>°

CONCLUSIONS

The technique of IV PCA has grown rapidly, from its initial
development in the 1970s and increasing clinical use in the
1980s and 1990s, to one that is now a “standard” method of
safe and effective acute pain management in the clinical setting.
Although other forms of PCA are now available and increasing
in popularity, the inherent flexibility of IV PCA as a method of
administering systemic opioids means it will probably maintain
a key role in the management of acute pain for some years to
come.

APPENDIX: PATIENT GUIDE TO
PATIENT-CONTROLLED ANALGESIA, ACUTE
PAIN SERVICE, ROYAL ADELAIDE HOSPITAL
(REPRODUCED WITH PERMISSION OF THE
ROYAL ADELAIDE HOSPITAL)

Patient-controlled analgesia (or PCA for short) means that you
have control over your own pain relief. A machine called a
PCA pump can be used to give you a small dose of a strong
pain-relieving drug such as morphine or fentanyl. Usually this
machine will be attached to the drip (intravenous line or IV) in
your arm. If you are uncomfortable, you press a button and the
machine will pump a small dose of the drug into your drip. You
can do this whenever you are uncomfortable — you do not need
to tell the nurse first. The amount of pain medicine delivered
by the machine each time you press the button, as well as other

settings on the machine, will be ordered by the anaesthetist from
the APS. The PCA machine will be programmed by your nurse
according to these orders.

How Often Can I Press the Button?

You can press the PCA button whenever you feel uncomfort-
able. However, once the button has been pushed and the PCA
machine has delivered the dose, built-in timers in the machine
will “lockout” further pushes for 5 minutes. This means that if
you push the button within this time, the PCA machine will not
deliver another dose. This is so that you have time to feel the
effect of one dose of pain relieving drug before getting another
dose. Remember, the aim is to make you comfortable — it is not
always possible to be completely pain free.

Who is Allowed to Press the PCA Button?
The patient is the ONLY person allowed to press the button.
Do not allow ANY hospital staff, relatives or friends to do so.

Will the Pain-Relieving Drug Work Immediately?

No. These drugs need to get to the brain and spinal cord so
it may take 5 minutes or longer to get the full effect. If you are
about to do something that you know will hurt, like coughing or
moving, press the PCA button about 5 minutes before doing it.

What If the Pain Medicine Doesn’t Work?

If you are pressing the PCA button quite frequently and
are still uncomfortable, tell your nurse. They will firstly check
that the IV is running properly. As long as you are not having
problems staying awake, your nurse may increase the amount of
pain medicine you get when you press the button. If necessary,
your nurse will contact the APS.
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Can I Overdose?

PCA is probably one of the safest ways of giving strong pain-
relieving medicines. The dose that you get with each press of
the button is very small. If you were getting just a little too
much you would feel sleepy. This means that you would not
press the button again. Your nurse would also notice this and
would reduce the amount of drug delivered with each push of
the button and, if necessary, treat the sleepiness.

How Long Will I Use PCA For?

When your doctors on the ward allow you to drink it means
that your IV may soon be removed. PCA will usually stop at this
time. You will be ordered other pain-relieving medicines should
you need them.

More Information

While you have PCA, you will be seen at least once a day
by an anaesthetist and nurse from the Acute Pain Service (APS)
in addition to the doctors and nurses on your ward. The APS
is part of the Department of Anaesthesia at the Royal Adelaide
Hospital. Anaesthetists are the doctors who look after you during
your anaesthetic, but they also specialise in pain relief. The APS
also has an anaesthetist on-call 24 hours a day to help with pain
control.

There is more information about the general management
of acute pain in the information sheet about anaesthesia. Please
read this as well as the information in this pamphlet.
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Clinical Applications of Epidural Analgesia

Daniel B. Maalouf and Spencer S. Liu

The use of epidural analgesia has shifted from a purely obstetrical
practice to managing pain in patients undergoing multiple types
of surgery, including thoracic, gastrointestinal, urologic, gyneco-
logic, orthopedic, and vascular procedures. Epidural analgesia
is the second most common form of pain management used
in the United States after systemic opioids. More importantly,
epidural analgesia has been shown to provide superior postoper-
ative analgesia both at rest and with activity compared with sys-
temic opioid administration. Epidural infusion provides more
consistent pain relief resulting in a lower overall consumption
of opioid and decreased related side effects.! Patients mobilize
faster, are less sedated, and have improved respiratory functions
compared to those receiving systemic analgesia only.> Optimal
clinical application of local anesthetics, opioids, and other med-
ications into the epidural space overcomes some of the potential
disadvantages of this technique, including the increased nurs-
ing care, peaks and valleys in pain control, and increased cost.
Epidural analgesia can be administered as a continuous infusion,
demand only, or both. The advent of patient-controlled infusion
pumps has allowed for more flexibility in infusion settings and
resulted in an overall decrease in medication use and related
side effects. This chapter discusses the application of epidural
analgesia in the management of postoperative pain in patients
undergoing thoracic, abdominal, urologic, gynecologic, ortho-
pedic, and vascular surgery.

FACTORS AFFECTING EFFICACY OF
EPIDURAL ANALGESIA

Epidural Catheter Location

The location of the epidural catheter placement affects the effi-
cacy of epidural analgesia and influences patient outcomes.’
Epidural catheters inserted in a location congruent to the inci-
sional dermatome provide equal or superior analgesia compared
to catheters placed at dermatomal levels away from the surgi-
cal site. This results in improved postoperative outcome and
reduced incidence of side effects.*~” Thoracic epidural catheters
placed for patients undergoing upper abdominal surgery and
thoracic surgery provide a segmental blockade of the thoracic
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dermatomes corresponding to the incision site. As a result, lesser
volumes of the local anesthetic will be required, possibly improv-
ing the side-effect profile, including hypotension, urinary reten-
tion, and lower extremity weakness.2~1° Discrepancy between
epidural catheter insertion level and incision site may lead to an
increased rate of side effects secondary to an increased infusion
rate and increased volumes of local anesthetics used. This may
prompt a reduction in the amount of medication administered
in the epidural space and subsequently an interruption of anal-
gesia. Inadequate pain relief can lead to early termination of
epidural analgesia or mask the potential beneficial effects from
epidural analgesia.!!~!®

Epidural Analgesics

Choice of Analgesic Agents

The choice of analgesic agents administered in the epidural
space play a significant role in the achievement of optimal
analgesia. The most common agents used are opioids and local
anesthetics. These agents can be administered alone or in combi-
nation with other agents or adjuvants. Other agents used include
clonidine (a,-receptor agonist)'71¢ neostigmine (acetylcho-
linesterase inhibitor), adenosine (nucleotide by-product of
ATP), isoproterenol (B,- and B,-receptor agonist)!” verapamil
(calcium channel blocker),'® buprenorphine (partial mu
receptor agonist), ketamine (N-methyl-D-aspartate [NMDA]
receptor antagonist),'>?° midazolam, and epinephrine.

Opioids

Opioid receptors are present in the dorsal horn of the spinal
cord. Opioids have both presynaptic and postsynaptic effects
in the dorsal horn and affect the modulation of nociceptive
input but do not cause motor or sympathetic blockade.?! Drugs
placed in the epidural space will diffuse along a concentration
gradient and into the surrounding tissues. The diffusion rate is
determined by the Fick principle, which states that:

Q/t = KA[(C1 — C2)/D],

where Q/t = rate of diffusion, K = diffusion constant, A = sur-
face area available for exchange, C1 = concentration of free drug
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in epidural space, C2 = concentration of free drug in blood or
cerebrospinal fluid (CSF), and D = thickness of the diffusion
barrier. The diffusion constant (K) of the drug depends on the
physicochemical characteristics of the drug such as lipid solu-
bility, degree of ionization, and molecular size. Consequently,
hydrophobic opioids, such as fentanyl and sufentanil, diffuse
preferentially into epidural fat as opposed to CSE. Alternatively,
hydrophilic opioids in the epidural space, such as morphine,
diffuse preferentially into the CSF and have greater bioavailabil-
ity for spinal opioid receptors compared with their hydrophobic
counterparts. The rate of diffusion, however, depends also on
the nature and thickness of the diffusion barrier. The spinal
meninges include the dura mater, the arachnoid mater, and the
pia mater.

The dura mater is composed primarily of collagen and
elastin fibers arranged longitudinally and circumferentially.??
It is largely acellular, except for a layer of cells with a rich cap-
illary network that forms the border between the dura and the
arachnoid mater.”® This capillary network acts to clear some of
the opioid dose as it diffuses from the epidural space. Hydropho-
bic opioids may be cleared to a greater extent than are hydrophilic
opioids because the former are much more permeable across
capillary endothelial cell membranes. Further evidence of the
importance of drug clearance taking place at the dura capillary
network comes from animal studies demonstrating that epidu-
ral epinephrine reduces dura mater blood flow?* in parallel with
epinephrine’s ability to reduce clearance of epidurally adminis-
tered drugs.?

The arachnoid mater is composed of overlapping layers of
epithelial cells with tight junctions, occluding junctions, and
connective tissue fibers.?® The arachnoid mater accounts for
more than 90% of the resistance to drug diffusion.?” There is
a biphasic relationship between the rate of permeability of the
drug and the rate of diffusion across the arachnoid mater. Drugs
crossing the arachnoid must repeatedly partition into lipid bilay-
ers of the arachnoid mater cells, diffuse across the lipid bilayer,
and then partition into the aqueous extra or intracellular space.
Hydrophobic opioids cross the lipid bilayer easily and their dif-
fusion is halted in the aqueous layer. Similarly, hydrophilic drugs
have the opposite problem, which slows their diffusion.?

The pia mater is adherent to the spinal cord and is com-
posed of cells similar to those of the arachnoid mater. However,
it is only one cell thick and does not contain occlusive intracel-
lular junctions. The pia mater presents very little resistance to
diffusion.

Cerebrospinal Fluid

Drugs move in the CSF by two mechanisms: simple diffusion
and bulk flow. Pulsatile flow of blood into the CNS transiently
increases the volume of the brain and to a lesser extent the spinal
cord. The pulsating brain acts like a plunger forcing CSF down
the dorsal surface of the spinal cord and up the ventral surface.
The CSF flow carries with it any suspended drug molecules.?®
The principle cause of drug spread in the CSF is, therefore, the
movement of the CSF itself. Opioid molecules are spread almost
at the same rate, corresponding to the CSF flow and regard-
less of their hydrophilic or hydrophobic properties. The clear-
ance rate is the determining factor in the clinical manifestation
associated with rostral spread of opioid molecules in the CSFE.
Rapidly cleared drugs are in low concentration to cause signifi-
cant supraspinal side effects (eg, sedation, respiratory depres-
sion) by rostral spread in the CSE? However, hydrophobic
opioids do cause supraspinal side effects, because they are rapidly

cleared into plasma and redistributed to the brainstem via the
blood stream.

Opioids in the CSF must diffuse into the spinal cord to reach
targeted opioid receptors. Herz and Teschemacher®® adminis-
tered radiolabeled morphine, dihydromorphone, and fentanyl
into the CSF of the lateral ventricle of rabbits. At approximately
7 minutes, all 3 opioid molecules had penetrated to a 700-pm
depth. However, as time progressed, fentanyl never penetrated
any deeper into the brain and was completely cleared by 120
minutes. However, morphine and hydromorphone continued to
move deeper and reached a depth of 3000 wm at 5 hours. More
importantly, fentanyl demonstrated a pronounced preference
for fiber structures (white matter), whereas hydrophilic opioids
preferentially diffused into gray matter. White matter consists
of approximately 80% lipids secondary to myelination of the
axons. Gray matter lacks myelin and is relatively hydrophilic. As
aresult, hydrophobic opioids demonstrate a large volume of dis-
tribution and partition into white matter. Hydrophilic opioids
remain in the extracellular fluid or diffuse into the gray matter
and hence are bioavailable for a longer duration.*!

All opioids administered into the epidural space produce
analgesia, some of them for no other reason than that they dif-
fuse into the capillaries and are redistributed to brainstem opioid
receptors. As a result, analgesia obtained after an epidural dose
of opioids is not proof, in and of itself, that the opioid has
selective spinal site of action. To justify epidural administration
of a drug, given the potential risks and increased expense of
epidural dosing, one must prove that epidural opioids produce
superior analgesia compared to equivalent doses administered
intravenously (IV), intramuscularly, subcutaneously or trans-
dermally, and result in fewer side effects, or both.

Epidural Morphine

Morphine is a hydrophilic opioid that has an analgesic effect
that is primarily spinal.’ It is usually administered as a sin-
gle dose into the epidural space; however, continuous epidural
infusion of morphine has been described in the treatment of
post-thoracic surgery pain.* It has a slower onset but a longer
duration of action and a higher incidence of side effects com-
pared to hydrophobic opioids.*® This may be due in part to a
greater cephalad spread in the CSE3* As a result, hydrophilic
opioids do not produce a segmental block when administered
epidurally. They are transported rostrally in the CSF and bind
receptors that may be some distance from the site of administra-
tion. Sedation and respiratory depression are seen when opioid
molecules reach the brain stem.

Epidural morphine displays marked spinal selectivity as evi-
denced by dose sparing when compared to systemic administra-
tion. In a randomized clinical trial in women who had under-
gone cesarean section, epidural morphine was shown to provide
better postoperative analgesia at a lower dose compared to intra-
venous and intramuscular morphine.?> Women in the epidural
group used one quarter the amount of morphine compared to
the intravenous group, and they reported significantly better
analgesia than women in both the intravenous and intramus-
cular groups. In patients undergoing more painful total joint
replacement surgery, the relative potency of epidural morphine
compared to self titrated IV PCA was 10:1.%

Epidural Hydromorphone

Hydromorphone is a hydrophilic ., selective opioid ago-
nist. Its structure and molecular weight are similar to that
of morphine. Previous studies demonstrate modest spinally
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selective analgesia with a potency ratio of approximately 2:1
between epidural:systemic administration.’’

Doses of 1-2 mg, epidurally, have been shown to relieve
visceral and somatic pain after thoracic, abdominal, or pelvic
surgery.>® Continuous epidural infusion of hydromorphone has
been used with decreased incidence of rostral spread of the opi-
oid when compared to that encountered with bolus adminis-
tration.

Epidural patient controlled analgesia using hydromorphone
offers a greater advantage over intermittent boluses or continu-
ous infusion mode. This setting reduces patients’ opioid require-
ments while minimizing side effects and increasing patient
satisfaction.’®*0 The incidence of pruritis is higher when hydro-
morphone is administered epidurally compared to the intra-
venous route. Clinical application of epidural hydromorphone
is described in Chapter 16 (Neuraxial Analgesia with Hydromor-
phone, Morphine, and Fentanyl: Dosing and Safety Guidelines).

Epidural Fentanyl

The evidence for a spinal rather than a systemic action
of fentanyl is conflicting. One body of evidence suggests that
(1) fentanyl has an equivalent potency when given epidurally
and intravenously, (2) that doses of fentanyl given epidurally
and intravenously have equal blood levels and analgesic effects,
and (3) that fentanyl does not provide a segmental analgesia
when given epidurally. This suggests that when given epidurally,
fentanyl is absorbed systemically and is redistributed via the
bloodstream to supraspinal centers.

The second body of evidence suggests that fentanyl has a
spinal site of action because (1) there is an increased potency
of the molecule when given epidurally compared to intravenous
administration, (2) there is a segmental analgesic effect when
fentanyl is given epidurally, and (3) that there is a lack of corre-
lation between the analgesic effect and the plasma concentration
of fentanyl when given epidurally. Newer research suggests that
this discrepancy may be related to the mode of administration
of fentanyl into the epidural space. Although bolus administra-
tion provides a larger concentration gradient for the fentanyl
molecules and enhances their diffusion into the CSF where they
will act on the spinal opioid receptors, an infusion of fentanyl
molecules does not achieve the same concentration gradient and
the fentanyl molecules diffuse into the blood stream instead and
act on supraspinal sites.*!

Epidural Sufentanil

Sufentanil is significantly more hydrophobic than fentanyl.
The analgesic effect of sufentanil is mediated by systemic uptake
from the epidural space and redistribution to the brainstem
opioid receptors.*? A spinal site of action for sufentanil has not
been demonstrated and, as a result, epidural administration of
sufentanil is probably unwarranted.

Epidural Alfentanil

Alfentanil was not proven to have a spinal site of action. Stud-
ies suggest that alfentanil in the epidural space diffuses into blood
vessels and is transported to the brainstem, where it exercises its
effects. Because of its high lipid solubility, it is rapidly redis-
tributed into tissues after initial administration and is cleared
very rapidly into the plasma.*®

Epidural Liposomal Morphine
Recently approved by the Food and Drug Adminstration
for epidural analgesia, morphine encapsulated within liposomes

provides extended release of morphine molecules and, sub-
sequently, prolonged analgesia. It is administered as a single
injection and has been shown to provide analgesia up to 48
hours postoperatively, following hip arthroplasty and cesarean
section.** The advantages of such a formulation include a con-
stant analgesia that is not affected by interruption of the epidu-
ral infusion. The analgesic gaps are fewer in number and are
managed more easily with rescue medications. The need for
epidural infusion pumps and catheters, maintenance, and cost
is eliminated. The incidence of hypotension was less than that
in the epidural local anesthetic group. Anticoagulation ther-
apy can be initiated postoperatively without the associated risks
of indwelling epidural catheters. The adverse events associated
with using epidural liposomal morphine for postoperative anal-
gesia include decreased oxygen saturation, hypotension, uri-
nary retention, vomiting, nausea, constipation, pruritis, pyrexia,
headache, and dizziness. Patients should be monitored postop-
eratively for respiratory depression for at least 24 hours because
90% of respiratory depression episodes occurred within the first
24 hours. The elderly and debilitated patients are at increased
risk. Another major disadvantage associated with the admin-
istration of a long-acting medication is the prolonged mani-
festation of the side effects if they occur. Patients may have to
endure side effects such as nausea or pruritis, which occur at
significant rates, for 24 to 48 hours or longer. The need for
monitoring for respiratory depression, and the potential for a
prolonged manifestation of the side effects, should be taken
into account when using liposomal morphine for postoperative
analgesia.

Epidural Local Anesthetics

Local anesthetics bind to the sodium channels in nerve fibers,
inhibit sodium conductance, and reduce action potential depo-
larization and subsequent nerve stimulus propagation. In the
epidural space, local anesthetics penetrate axonal membranes
of the nerve roots as they emerge from the spinal cord. As a
result, epidural analgesia is segmental in nature and is affected
by the location of the epidural catheter. It is also affected by
the volume and dose of medication given. The larger the volume
administered into the epidural space, the greater the spread, both
cephalad and caudad. Increasing the dose of epidural medica-
tion will increase the concentration of the local anesthetic and
result in a denser block that may include autonomic, sensory,
and motor fibers. The effect of local anesthetics on nerve fibers
is selective only for size and not type of nerve. Thinner nerve
fibers are affected by lower concentrations of local anesthetics
and both autonomic and somatic nerves are affected equally.
Autonomic and pain fibers, C fibers, are the thinnest and are
blocked first. As the concentration of local anesthetics increases,
preganglionic sympathetic fibers, B fibers, are blocked, followed
by touch, pressure sensation, and motor fibers, A fibers.*> As
a result, epidural local anesthetics block afferent and efferent
signals to and from the spinal cord and consequently suppress
the surgical stress response and may reduce perioperative mor-
bidity and mortality.*® Systemic absorption of local anesthetics
from the epidural space may facilitate the return of gastroin-
testinal motility,47 diminish inflammation, and decrease blood
viscosity.48

Local anesthetics are not widely used as the sole agent in
postoperative epidural analgesia because of the associated motor
block and hypotension. To achieve effective analgesia using local
anesthetics alone, patients will require higher concentrations
of the drugs that will result in hypotension and motor block.
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Table 15.1: Recommended Location for Epidural Catheter
Placement for Surgical Procedures

Vertebral Level

for Catheter Location of Incision Example of Surgery
T4-8 Thoracic Thoracotomy

T6-8 Upper abdominal Esophagectomy

T8-12 Mid-lower abdominal ~ Colectomy

L1-4 Lower extremity Total knee replacement

Adapted from Etches et al (1997)%® and Schug et al (1996).%

Infusion of bupivacaine (37.5-50 mg/h) via a thoracic epidu-
ral in postoperative thoracic surgery patients resulted in 80%
hypotension and 30% inadequate analgesia.*’ Similar results
were found when bupivacaine (24-45 mg/h) or ropivacaine
(10-30 mg/h) were infused after upper and lower abdominal
surgery.>0=>2

Nevertheless, epidural infusion of local anesthetics alone
may be warranted in situations in which the side effects of opi-
oids are troublesome to the patient.> Side effects from local
anesthetics may be minimized by correct matching of epidural
catheter site with location of incision (see Table 15.1).

The most commonly used local anesthetics in epidural anal-
gesic preparations are bupivacaine, ropivacaine, and levobupi-
vacaine. At low doses, these agents show a preferential sensory
with minimal motor blockade.’*~>® The newer more expensive
ropivacaine and levobupivacaine may be less cardiotoxic; how-
ever, this advantage may not be clinically important because of
the relatively low doses of local anesthetics used for postoperative
analgesia.

Local Anesthetics, Opioid Combination

Epidural analgesia is usually achieved using a combination
of local anesthetics and opioid with or without an adjunct.
Compared with epidural local anesthetics or opioids alone, a
local anesthetic-opioid epidural provides superior postopera-
tive analgesia.’” Epidural local anesthetics decrease the inci-
dence of postoperative gastrointestinal paralysis, PONV and
pain after abdominal surgery compared to opioid-based anal-
gesic regimens.?!*>’->® Clinical observations suggest that the
combination of local anesthetics and opioids limit the regres-
sion of the sensory block seen with local anesthetics alone.*
Whether the analgesic effects of local anesthetic-opioid com-
binations are synergistic or additive is not clear, but experi-
mental studies imply a synergistic effect.® In addition to the
superior analgesia provided by epidural local anesthetic-opioid
combinations, a decreased dose requirement of each of the
drugs used is also observed. The decrease in dose require-
ment leads to a decreased rate of side effects when compared
to epidural local anesthetics and/or opioids alone. Side effects
include hypotension and urinary retention when local anesthet-
ics are used or pruritis, nausea, and vomiting in case of opioid
use.

Many epidural combinations of opioids and local anes-
thetics have been used in clinical practice with clinically sig-
nificant improvement in analgesia compared to intravenous
opioid analgesia or epidural plain local anesthetic or opioid
infusion. Table 15.2 shows randomized clinical trials comparing

local anesthetics and opioid combination to plain local anesthet-
ics or opioids. Epidural infusions containing dilute bupivacaine
plus hydromorphone have been shown to provide effective anal-
gesia and a favorable safety profile for parturients of varying
parity and stages of labor and may prove effective in providing
postoperative analgesia for surgical patients.”?

Delivery Modes of Epidural Analgesia

Epidural analgesia can be achieved via different modes of deliv-
ery, including continuous infusion, demand only, or both.
Patient-controlled epidural analgesia with a background infu-
sion (PCEA) is the setting of choice. PCEA individualizes
postoperative analgesic requirements, resulting in many advan-
tages such as increased patients’ satisfaction, superior analgesia,
decreased amount of drug used, and decreased drug side effects.’
Typical epidural analgesia solutions and PCEA settings are pro-
vided in Table 15.3.

Choice of Adjuvants

A number of agents have been used as adjuvants to improve
the efficacy and/or safety of epidural analgesia. These include
epinephrine, clonidine, ketamine, neostigmine, adenosine, iso-
proterenol, verapamil, buprenorphine, and midazolam. The
most commonly used adjuvants are epinephrine and clonidine,
however. Clinical studies comparing local anesthetic-opioid
combinations with or without epinephrine and clonidine have
shown that patients experienced better pain relief when the adju-
vants are used (see Table 15.4).

The site and mode of action of adjuvants must be taken into
account. Epinephrine is a vasoconstrictor that was associated
with decreased resolution of the sensory block in patients and
therefore markedly improving analgesia. However, the use of
clonidine as an adjuvant in the epidural space was associated
with improved analgesia and hypotension. The mechanism of
action of clonidine may be through its diffusion and spread in
the blood, and it may not have an advantage when administered
epidurally compared to the intravenous route.

RISKS OF EPIDURAL ANALGESIA

The use of epidural analgesia is associated with potential com-
plications or adverse effects, some of which are side effects of
the medications being used, whereas others are related to the
placement, migration, or removal of epidural catheters. Adverse
effects from epidural medication include hypotension, motor
blockade, respiratory depression, nausea, pruritis, and urinary
retention.

Complications Related to the Placement,
Migration, or Removal of the Catheter

Permanent neurological damage has been reported as a result of
epidural catheter placement; its incidence ranges from 0.005%
to 0.006%.77-78 Auroy et al,” in a prospective study in France
involving 30,413 epidurals inserted over a 5-month period,
revealed an incidence of severe complications of 0.04%. The
latter included 3 cardiac arrests, 4 convulsions, and 6 neurolog-
ical injuries.”
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Table 15.2: Randomized Clinical Trials Comparing the Effect of Epidural Local Anesthetic-Opioid Combinations with
Epidural Opioids or Local Anesthetics Alone on Dynamic Pain Relief
Type of Surgery/ Dynamic Pain Relief
Reference Epidural Regimen Site of Epidural Control Compared with Control
Scott et al (1989)%° Morphine 500 pg/h, 0.5% Upper 0.5% bupivacaine 25 mg/h  Combination more
bupivacaine 25 mg/h abdominal/thoracic effective
Dabhl et al (1992)°! Morphine 200 pg/h, 0.25% Major Morphine 200 pg/h Combination more
bupivacaine 10 mg/h abdominal/thoracic effective
Crews et al (1999)%2 Morphine 200 pg/h, 0.25% Major Morphine 200 pg/h Combination more
levobupivacaine 10 mg/h abdominal/thoracic effective for the first
8 hours
Lowson et al (1994)% Diamorphine 250-600 w.g/h, Upper Diamorphine 250— Combination more
0.167% bupivacaine 5-12 mg/h abdominal/thoracic 600 wg/h effective
Etches et al (1996)% Pethidine 1 mg/mL, Thoracic/thoracic Pethidine NS difference
0.1% bupivacaine
Paech et al (1994)% Fentanyl 40 pg/h, 0.1% Major Fentanyl 40 pg/h Combination more
bupivacaine 4 mg/h abdominal/thoracic effective for the first
24 hours
Torda et al (1995)% Fentanyl 50 g + bupivacaine Major Fentanyl 50 p.g NS difference
12.5 or 25-mg bolus doses abdominal/thoracic
Mahon et al (1999)” Fentanyl 50-100 p.g/h, Thoracic/thoracic Fentanyl 50-100 p.g/h NS difference after the
0.1%—0.2% bupivacaine first 2 hours
5-20 mg/h
Kopacz et al (1999)® Fentanyl 4 pg/mL, Arthroplasty/lumbar ~ Fentanyl 4 wg/mL or Combination more
levobupivacaine 0.125%, PCEA 4 levobupivacaine 0.125% effective
mL/h + 2 mL/10 min bolus PCEA
Scott et al (1999)°8 Fentanyl 1-4 pg/mL, 0.2% Major Ropivacaine 0.2% Combination more
ropivacaine PCEA 8 mL/h + 4 abdominal/thoracic effective
mL/30 min bolus
Mourisse et al (1992)®°  Sufentanil 0.8 pg/mL, 0.125% Thoracic/thoracic Sufentanil 0.8 pg/mL Combination more

Wieblack et al (1997)7°

Kampe et al (1999)7!

bupivacaine 6-12 mg/h

Sufentanil 1 pg/mL, 0.17%
bupivacaine PCEA 5 mL/h 42
mL/20 min bolus

Sufentanil 5-9 wg/h, 0.1%
ropivacaine 5-9 mg/h

Thoracic, abdominal

Orthopedic/lumbar

0.17% bupivacaine

0.1% ropivacaine

effective

Combination more
effective

Combination more
effective

Transient neuropathy with eventual full recovery occurs

Table 15.3: Typical Solutions and Settings for
Patient-Controlled Epidural Analgesia for Nonobstetric Use

Demand Background
Bolus Lockout Infusion
Solution (mL) (min) (mL/h)
0.05% bupivacaine®+ fentanyl 2 10 4-6
4 mcg/mL
0.2% ropivacaine 4+ fentanyl 2 20 5
5 mcg/mL
0.05% ropivacaine + fentanyl 2 10 4-6
4 mcg/mL
0.06% bupivacaine + 4 10 4

hydromorphone 10 mcg/mL

¢ Levobupivacaine may also be used in identical concentrations to
bupivacaine.””*-7

more frequently, but is still relatively uncommon. Its incidence
has been reported to range from 0.012% to 0.023%.%!

Dural Puncture

The reported incidence of dural puncture is 0.32%—1.23% of
epidural placement and can result in the development of a
postdural puncture headache. In rare circumstances, a sub