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Introduction

PHYSIOLOGICAL CHANGES IN PERSISTENT PAIN

Excitatory Mechanisms
Pain may be roughly divided into two broad categories: 
physiologic and pathologic pain. Physiologic (acute, noci-
ceptive) pain is an essential early warning sign that usually 
elicits reflex withdrawal and thereby promotes survival by 
protecting the organism from further injury. In contrast, 
pathologic (e.g., neuropathic) pain is an expression of the 
maladaptive operation of the nervous system; it is pain as a 
disease.1 Physiologic pain is mediated by a sensory system 
consisting of primary afferent neurons, spinal interneurons 
and ascending tracts, and several supraspinal areas. Trigem-
inal and dorsal root ganglia (DRG) give rise to high-threshold 
A!! and C-fibers innervating peripheral tissues (skin, mus-
cles, joints, viscera). These specialized primary afferent neu-
rons, also called nociceptors, transduce noxious stimuli into 
action potentials and conduct them to the dorsal horn of the 
spinal cord (Fig. 51.1). When peripheral tissue is damaged, 
primary afferent neurons are sensitized or directly activated 
(or both) by a variety of thermal, mechanical, and/or chemi-
cal stimuli. Examples are protons, sympathetic amines, 
adenosine triphosphate (ATP), glutamate, neuropeptides 
(calcitonin gene-related peptide, substance P), nerve growth 
factor, prostanoids, bradykinin, proinflammatory cytokines, 
and chemokines.2 Many of these agents lead to opening (gat-
ing) of cation channels in the neuronal membrane. Such 

channels include the capsaicin-, proton-, and heat-sensitive 
transient receptor potential vanilloid 1 (TRPV1), or the ATP-
gated purinergic P2X3 receptor. Gating produces an inward 
current of Na+ and Ca++ ions into the peripheral nociceptor 
terminal. If this depolarizing current is sufficient to activate 
voltage-gated Na+ channels (e.g., Nav1.8), they too will 
open, further depolarizing the membrane and initiating a 
burst of action potentials that are then conducted along the 
sensory axon to the dorsal horn of the spinal cord.2,3

Transmission of input from nociceptors to spinal neurons 
that project to the brain is mediated by direct monosyn-
aptic contact or through multiple excitatory or inhibitory 
interneurons. The central terminals of nociceptors contain 
excitatory transmitters such as glutamate, substance P, and 
neurotrophic factors that activate postsynaptic N-methyl-
D-aspartate (NMDA), neurokinin (NK1), and tyrosine kinase 
receptors, respectively. Repeated nociceptor stimulation 
can sensitize both peripheral and central neurons (activity-
dependent plasticity). In spinal neurons such a progressive 
increase of output in response to persistent nociceptor exci-
tation has been termed “wind-up.” Later, sensitization can 
be sustained by transcriptional changes in the expression 
of genes coding for various neuropeptides, transmitters, ion 
channels, receptors, and signaling molecules (transcrip-
tion-dependent plasticity) in both nociceptors and spinal 
neurons. Important examples include the NMDA receptor, 
cyclooxygenase-2 (COX-2), Ca++ and Na+ channels, cyto-
kines and chemokines expressed by neurons and/or glial 
cells.2,3 In addition, physical rearrangement of neuronal 

"#"  The normal physiology of neuronal function, receptors, and ion channels is altered by persistent 
pain.

"#"  Because of the large number of sources and manifestation of chronic pain, classification must 
include cancer-related, neuropathic, inflammatory, arthritis, and musculoskeletal pain.

"#"  Interdisciplinary management of chronic pain must include specialists in psychology, physical 
therapy, occupational therapy, neurology, and anesthesiology.

"#"  Drugs used for chronic pain are multiple and include opioids, nonsteroidal antiinflammatory 
drugs and antipyretic analgesics, serotonin receptor ligands, antiepileptics, antidepressants, 
topical analgesics (e.g., nonsteroidal antiinflammatory drugs, capsaicin, local anesthetics, opi-
oids), and adjuvants such as local anesthetics, $2-agonists, baclofen, botulinum toxin, antiemet-
ics, laxatives, novel drugs such as cannabinoids, and ion channel blockers.

"#"  Interventional management of chronic pain includes the use of diagnostic blocks, therapeu-
tic blocks, continuous catheter techniques (peripheral, epidural, intrathecal), and stimulation 
techniques such as acupuncture, transcutaneous electrical nerve stimulation, and spinal cord 
stimulation.

"#"  Perioperative management of patients with chronic pain involves the following: the use of opi-
oid and nonopioid analgesics; evaluation for dependence, addiction, and pseudoaddiction; and 
practical considerations.
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circuits by apoptosis, nerve growth, and sprouting occurs 
in the peripheral and central nervous system.1 Both induc-
tion and maintenance of central sensitization are critically 
dependent on the peripheral drive by nociceptors, indicating 
that therapeutic interventions targeting such neurons may 
be particularly effective, even in chronic pain syndromes.3,4"
Inhibitory Mechanisms
Concurrent with the events just described, powerful endog-
enous mechanisms counteracting pain unfold. This was ini-
tially proposed in the “gate control theory of pain” in 19655 
and has since been corroborated and expanded by experimen-
tal data. In 1990, a “peripheral gate” was discovered at the 
source of pain generation by demonstrating that immune cell-
derived opioid peptides can block the excitation of nociceptors 
carrying opioid receptors within injured tissue6 (Fig. 51.2). 
This represented the first example of many subsequently 
described neuro-immune interactions relevant to pain.7-11 
Inflammation of peripheral tissue leads to increased expres-
sion, axonal transport, and enhanced G-protein coupling of 
opioid receptors in DRG neurons as well as enhanced per-
meability of the perineurium. These phenomena are depen-
dent on sensory neuron electrical activity, production of 

proinflammatory cytokines, and the presence of nerve growth 
factor within the inflamed tissue. In parallel, opioid peptide- 
containing immune cells extravasate and accumulate in the 
inflamed tissue.9,11 These cells upregulate the gene expression 
of opioid precursors and the enzymatic machinery for their pro-
cessing into functionally active peptides. In response to stress, 
catecholamines, corticotropin-releasing factor, cytokines, 
chemokines, or bacteria, leukocytes secrete opioids, which 
then activate peripheral opioid receptors and produce anal-
gesia by inhibiting the excitability of nociceptors, the release 
of excitatory neuropeptides, or both (see Fig. 51.2).9,11,12 The 
clinical relevance of these mechanisms has been shown in 
studies demonstrating that patients with knee joint inflamma-
tion express opioid peptides in immune cells and opioid recep-
tors on sensory nerve terminals within synovial tissue.13 After 
knee surgery, pain and analgesic consumption was enhanced 
by blocking the interaction between the endogenous opioids 
and their receptors with intraarticular naloxone,14 and was 
diminished by stimulating opioid secretion.15

In the spinal cord, inhibition is mediated by the release 
of opioids, %-aminobutyric acid (GABA), or glycine from 
interneurons, which activate presynaptic opioid- or 
GABA-receptors (or both) on central nociceptor terminals 
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Fig. 51.1 Nociceptive pathways. For details see text. (Adapted from Brack A, Stein C, Schaible HG. Periphere und zentrale Mechanismen des Entzünd-
ungsschmerzes. In: Straub RH, ed. Lehrbuch der klinischen Pathophysiologie komplexer chronischer Erkrankungen. vol. 1. Göttingen Vandenhoeck & Ruprecht; 
2006:183–192.203)
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to reduce excitatory transmitter release. In addition, the 
opening of postsynaptic K+ or Cl! channels by opioids or 
GABA, respectively, evokes hyperpolarizing inhibitory 
potentials in dorsal horn neurons. During ongoing noci-
ceptive stimulation spinal interneurons upregulate gene 
expression and the production of opioid peptides.16,17 
Powerful descending inhibitory pathways from the brain-
stem also become active by operating mostly through 
noradrenergic, serotonergic, and opioid systems. Key 
regions are the periaqueductal grey and the rostral ven-
tromedial medulla, which then projects along the dorso-
lateral funiculus to the dorsal horn.2,18 The integration of 
signals from excitatory and inhibitory neurotransmitters 
with cognitive, emotional, and environmental factors (see 
later) eventually results in the central perception of pain. 
When the intricate balance between biologic, psychologi-
cal, and social factors becomes disturbed, chronic pain can 
develop.19,20"
Translation of Basic Research
Basic research on pain continues at a rapid pace but trans-
lation into clinical applications has been difficult.4,21 Many 
obstacles have been discussed, including overinterpretation 
of data, reporting bias toward neglecting negative results, 

inadequate animal models, flawed study design, genetic 
and species differences.4,21-23 Notwithstanding, animal 
studies are indispensable, continue to be improved, and 
have successfully predicted adverse side effects of drug can-
didates.22,23 For ethical reasons, many models are restricted 
to days or weeks, while human chronic pain can last for 
months or years. Therefore, animal models may be more 
cautiously termed as reflecting “persistent” pain.21,23 Brain 
imaging is an area of intense research and numerous stud-
ies have investigated changes in patients with various pain 
syndromes. However, such studies have not yet provided 
reproducible findings specific for a disease or a pathophysi-
ologic basis for individual syndromes.22 Neuroimaging can 
only detect alterations associated with nociceptive pro-
cesses whereas clinical pain encompasses a much more 
complex subjective experience that critically relies on self-
evaluation. Thus, although recent data have provided valu-
able information on pain neurophysiology, current imaging 
techniques cannot provide an objective proxy, biomarker, 
or predictor for clinical pain.24,25 Genetics is another bud-
ding scientific field. However, with the possible exception 
of the metabolic enzyme CYP2D6, pharmacogenetics is not 
expected to serve as a guide to individualized (“personal-
ized”) clinical pain therapy any time soon.22,26-29"
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Fig. 51.2 Endogenous antinociceptive mechanisms within peripheral injured tissue. Opioid peptide–containing circulating leukocytes extrava-
sate upon activation of adhesion molecules and chemotaxis by chemokines. Subsequently, these leukocytes are stimulated by stress or releasing agents 
to secrete opioid peptides. For example, corticotropin-releasing factor (CRF), interleukin-1& (IL–1), and noradrenaline (NA, released from postganglionic 
sympathetic neurons) can elicit opioid release by activating their respective CRF receptors (CRFR), IL-1 receptors (IL-1R), and adrenergic receptors (AR) 
on leukocytes. Exogenous opioids (EO) or endogenous opioid peptides (OP, green triangles) bind to opioid receptors (OR) that are synthesized in dorsal 
root ganglia and transported along intraaxonal microtubules to peripheral (and central) terminals of sensory neurons. The subsequent inhibition of ion 
channels (e.g., TRPV1, Ca++) (see Fig. 64.3 and text) and of substance P (sP) release results in antinociceptive effects. (Adapted from Stein C, Machelska H. 
Modulation of peripheral sensory neurons by the immune system: implications for pain therapy. Pharmacol Rev. 2011;63:860–881.9)
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CLINICAL DEFINITIONS, PREVALENCE, AND 
CLASSIFICATION OF CHRONIC PAIN
Definitions
The International Association for the Study of Pain (IASP) 
defines pain as “an unpleasant sensory and emotional expe-
rience associated with actual or potential tissue damage, 
or described in terms of such damage.”30 This classifica-
tion further states that pain is always subjective and that 
it is a sensation in parts of the body. At the same time, it is 
unpleasant and therefore also has emotional/psychological 
components. Aside from malignant disease, many people 
report chronic pain in the absence of tissue damage or any 
likely pathophysiologic cause. There is usually no way to 
distinguish their experience from that due to tissue dam-
age. If patients regard their experience as pain or if they 
report it in the same ways as pain caused by tissue damage, 
it should be accepted as pain.31 Nociception is neurophysi-
ological activity in peripheral sensory neurons (nocicep-
tors) and higher nociceptive pathways and is defined by the 
IASP as the “neural process of encoding noxious stimuli.” 
Nociception is not synonymous to pain. Chronic pain is 
defined as “extending in duration beyond the expected 
temporal boundary of tissue injury and normal healing, 
and adversely affecting the function or well-being of the 
individual” by the American Society of Anesthesiologists.32 
The IASP subcommittee on taxonomy defined it in 1986 as 
“pain without apparent biological value that has persisted 
beyond the normal tissue healing time usually taken to be 
three months.”"
Prevalence
Beyond these general definitions there exists no common 
understanding about the characteristics of the chronic 
pain patient. This may be one reason why estimates of 
prevalence differ greatly from one publication to another. 
Heterogeneous populations, the occurrence of undetected 
comorbidity, different definitions of chronic pain, and differ-
ent approaches to data collection have resulted in estimates 
from 20% to 60%. Some surveys indicate a more frequent 
prevalence among women and the elderly. Chronic pain has 
enormous socioeconomic costs due to the need for health-
care services, disability compensation, lost workdays, and 
related expenses.31,33,34"
Classification
There is a tradition to distinguish between malignant 
(related to cancer and its treatment) and nonmalignant 
(e.g., neuropathic, musculoskeletal, inflammatory) chronic 
pain. Nonmalignant chronic pain is frequently classified 
into inflammatory (e.g., arthritic), musculoskeletal (e.g., 
low back pain), headaches, and neuropathic pain (e.g., 
postherpetic neuralgia, phantom pain, complex regional 
pain syndrome, diabetic neuropathy, human immunodefi-
ciency virus-associated neuropathy). Frequent symptoms of 
neuropathic pain include spontaneous lancinating, shoot-
ing, or burning pain; hyperalgesia; and allodynia.35 Cancer 
pain can originate from invasion of the tumor into tissues 
innervated by primary afferent neurons (e.g., pleura, perito-
neum) or directly into a peripheral nerve plexus. In the lat-
ter, neuropathic symptoms may be predominant. Pain may 
be underestimated by medical staff and family members, 

resulting in poor pain control.31 Many treatments for can-
cer are associated with severe pain. For example, cytore-
ductive radiotherapy or chemotherapy frequently causes 
painful oral mucositis, especially in patients with bone mar-
row transplantation.36"
Biopsychosocial Concept of Chronic Pain
Chronic pain is characterized by the complex interac-
tion of biologic (tissue damage), psychological (cognition, 
memory, conditioning), and environmental/social factors 
(attention, reinforcement). Studies have shown that mul-
timodal pain management programs rooted in this concept 
can lead to reduced pain, increased activity, and improved 
daily functioning.37 Therefore, it is of utmost importance to 
screen patients with ongoing pain for risk factors. Special 
attention should be paid to patients presenting with limited 
mobility, lack of motivation, depression, anger, anxiety, 
and fear of reinjury, which hamper the return to normal 
work or recreational activities. Such patients may become 
preoccupied with pain and somatic processes, which may 
disrupt sleep and cause irritability and social withdrawal. 
Other cognitive factors such as patients’ expectations or 
beliefs (e.g., perceived inability to control the pain) influ-
ence psychosocial and physical functioning. Pain behavior 
such as limping, medication intake, or avoidance of activ-
ity is subject to operant conditioning; that is, it responds 
to reward and punishment. For example, pain behavior 
may be positively reinforced by attention from a spouse or 
healthcare provider (e.g., by inadequate use of nerve blocks 
or medications). Conversely, such behavior can be extin-
guished when it is disregarded and incremental activity 
is reinforced by social attention and praise.19 Respondent 
learning mechanisms (i.e., classical conditioning) may also 
contribute to chronicity.20 Other issues often coexist, such 
as substance abuse problems, family dysfunction, and con-
flicts with legal or insurance systems. Consequently, care 
seeking is an integral feature of the pain experience, and 
excessive use of the healthcare system ensues. The interplay 
between these biologic, psychological, and social factors 
results in the persistence of pain and illness behaviors.19,20 
Treating only one aspect of this complex syndrome (“mono-
modal” therapy) is obviously insufficient. The biopsychoso-
cial concept was first described by Engel in 195938 but its 
implementation into daily practice has been tardy, espe-
cially concerning chronic pain patients.39,40 This concept 
helps to understand why chronic pain may exist without 
obvious physical cause or why pathologic somatic findings 
may remain unnoticed by the patient. Interestingly, the 
experience and regulation of social and physical pain may 
share a common neuroanatomic basis.41 In a multimodal 
approach, pain management simultaneously addresses 
physical, psychological, and social skills and underscores 
the patients’ active responsibility to regain control over 
life by improving function and well-being.20,37,42 Meth-
ods usually include (among others) cognitive-behavioral 
therapy, physical exercise, and medication management. 
Cognitive-behavioral therapy aims to correct maladaptive 
cognitive and behavioral patterns, such as catastrophizing 
and fear-avoidance-beliefs. It encourages patients to take a 
proactive versus passive role in their healing process, and 
to experience life mindfully through defusion, acceptance, 
and committed action.43,44 Functional restoration includes 
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occupational and physical therapy to help the patient gain 
confidence in physical activity. Activation per se seems to be 
more important than specific therapeutic techniques. Social 
support can affect pain intensity and mood by addressing 
employment and retirement issues as well as other con-
cerns such as financial and legal disputes."

INTERDISCIPLINARY MANAGEMENT OF 
CHRONIC PAIN

The anesthesiologist John J. Bonica was the first to appre-
ciate the need for a multidisciplinary approach to chronic 
pain. His early experiences in and after World War II con-
vinced Bonica that complex pain problems could be more 
effectively treated when different disciplines contribute 
their specialized knowledge and skills to the common goal 
of making a correct diagnosis and developing the most 
effective therapeutic strategy. The first multidisciplinary 
facility was put into practice at the Tacoma General Hos-
pital, followed by the University of Washington in 1960. 
From 1970 through 1990, the number of pain manage-
ment facilities continued to increase in North America and 
Europe, mostly directed by anesthesiologists. Such com-
prehensive pain centers should have personnel and facili-
ties to evaluate and treat the biomedical, psychosocial, and 
occupational aspects of chronic pain and to educate and 
teach medical students, residents, and fellows. Guidelines 
for characteristics of pain treatment facilities have been 
published by the IASP.45 Interdisciplinary and multimodal 
management results in increased physical and psycho-
social function, reduced health care use, and vocational 
rehabilitation. Such programs offer the most efficacious 
and cost-effective, evidence-based treatment of chronic 
nonmalignant pain.37,40 Treatment without an interdisci-
plinary approach is inadequate and may lead to misdiag-
noses. For example, overlooking psychological processes in 
a presumed discogenic back pain, or overlooking a somatic 
etiology in a presumed “psychogenic” pain disorder may 
lead to the wrong conclusions.46 Moreover, conventional 
monomodal approaches such as pharmacotherapy alone 
only perpetuate the expensive, futile, and endless search for 
medical solutions.40,42. A prominent example is the recent 
“opioid epidemic” with inadequate opioid medication as a 
monomodal therapy of chronic noncancer pain, which has 
significantly delayed appropriate diagnostic and therapeu-
tic management.47 The “current opioid misuse measure” 
questionnaire may be a useful tool to detect inadequate opi-
oid medication.48

The core team usually comprises a pain management 
physician (often an anesthesiologist with subspecialty 
training but could also be a physical medicine and rehabili-
tation physician or psychiatrist with appropriate training), 
a psychologist, a physical therapist, and an occupational 
therapist. Depending on the local circumstances, adminis-
trators, social workers, pain nurses, and/ or pharmacists 
can also be involved. The initial screening of the patient by 
members of the core team determines what other specialists 
will be needed for a complete assessment. After this evalu-
ation, the patient is presented to the entire core team and 
a comprehensive treatment plan is developed. This plan is 
tailored to the patient’s needs, abilities, and expectations, 
with a focus on achieving measurable treatment goals 

established with the patient. For some patients, education 
and medical management may suffice, whereas for others, 
an intensive full-day outpatient or inpatient rehabilitation 
program over several weeks may be needed. Early stratifica-
tion of the management according to the patient’s prognosis 
(low, medium, or high risk for persistent disability because 
of pain) results in significantly higher clinical and cost effec-
tiveness.49 To foster patient compliance, an open discussion 
of treatment goals with regard to the patient’s expectations 
is essential. Many patients expect the complete resolution 
of pain and the return to full function, a goal that may not 
be achievable. More realistic options are some reduction of 
pain, improvement of physical function, and/or return to 
work. Mood, sleep, active coping skills, and social function-
ing may also be improved.50,51 Thus, rehabilitation rather 
than cure is the most appropriate therapeutic option.40

Psychology
The role of the psychologist includes the initial assessment 
and treatment approaches such as education, cognitive-
behavioral therapy, and relaxation training. Assessment 
of the patient addresses the sensory, affective, cognitive, 
behavioral, and occupational dimensions of the pain prob-
lem. This includes an extensive biographic history and 
behavioral analysis along with the use of questionnaires. 
Most questionnaires include scoring systems for pain 
intensity (e.g., numerical or visual analog scales), but pain 
behavior (e.g., West-Haven-Yale Multidimensional Pain 
Inventory), multidimensional pain quality, cognitive cop-
ing, fear (e.g., State-Trait-Anxiety-Inventory), depression, 
and other associated symptoms are far more relevant. Indi-
cations for psychological pain management are relevant 
somatization, depressive disorders, inadequate coping, drug 
abuse, and high levels of pain behavior reinforced by the 
environment (e.g., family members). A key factor is moti-
vational change for acceptance of the complex therapeutic 
program.52 Some types of pain syndromes, such as chronic 
headache, inflammatory rheumatic pain, or unspecific 
back pain may specifically benefit from behavioral ther-
apy.20,40 This usually means a complete change of view for 
the patient, from a purely passive recipient of curative treat-
ment to an active, self-reliant approach to functional res-
toration, vocational rehabilitation, and reduced healthcare 
use despite pain. Thus, pain reduction alone is no longer the 
focus of therapy.37,40"
Physical Therapy
The role of the physical therapist includes initial evaluation 
of the musculoskeletal system, assessment of the patient’s 
workplace and home, education in active physical cop-
ing skills, and management of the physical rehabilitation 
process. An intensive exercise program emphasizing the 
patient’s responsibility for self-management is an integral 
part of comprehensive programs for chronic nonmalignant 
pain.37,40,53 Improving fitness, mobility, and posture coun-
teracts the effects of disuse and complements behavioral 
treatment. The physical therapist encourages the adoption 
of regular exercise into daily life, facilitates repeated expo-
sure to movement as much as possible despite pain, and 
reinforces education in the biopsychosocial model of pain 
management. Different techniques of exercise such as mus-
cle conditioning and aerobics are efficacious in improving 
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function, pain, disability, and fear avoidance behavior.54,55 
On the other hand, passive treatments like massage or chi-
ropractic interventions are not beneficial.56 The regimen of 
graded exercise follows the original concept of Fordyce.19 
Patients are instructed to find a baseline tolerance level for 
each exercise. Next, a program of improvement is negoti-
ated and agreed upon. Patients note improvements on a 
daily basis and are required to complete the exercise plan 
regardless of how they feel. Thus, the control over exercise 
behavior is contingent upon plan rather than pain, since 
exercise and pain are disconnected. Individual motivation 
is an important factor determining how well patients learn 
to manage pain.57"
Occupational Therapy
The occupational therapist teaches the patient to achieve 
life goals despite pain and to overcome the limitations 
imposed by pain. Occupational therapy assessment includes 
a history of working life and place, family life, and daily 
activities, as well as a physical examination to determine 
range-of-motion and the presence of movement disorders 
or deformities that might hinder performance. The primary 
therapeutic objectives are reduction of pain and associated 
disability, promotion of optimal function in everyday life, 
and the encouragement of meaningful family, social, and 
work relationships.58 An important target is supporting 
the patient’s return to work including specific work condi-
tioning.59 The chance of returning to work after a period 
of sick leave from low back pain, for example, apparently 
decreases over time, thereby generating enormous cost to 
society through wage compensation, social support, and 
loss of production.31 Barriers to return to work include job 
dissatisfaction and perceptions of the impact of work on the 
cause of pain. Together with the patient, the occupational 
therapist should develop a program to increase self-esteem, 
restore self-efficacy, and promote optimal occupational and 
recreational function despite pain."
Anesthesiology
The role of the anesthesiologist in the treatment of chronic 
pain has changed considerably over the last decades. “Nerve 
block practices” have been replaced by interdisciplinary pain 
management centers. In this context the anesthesiologist 
acts as both a physician-educator and a technical expert. The 
challenge is to optimally complement regional anesthesia 
skills and pharmacologic knowledge with the psychosocial 
components of chronic pain to render more comprehen-
sive pain management services. Anesthesiologists need to 
use their expertise in pharmacotherapy, nerve blocks, and 
skilled techniques within the broad-based biopsychosocial 
approach. The focus is not only on reducing pain but also on 
decreasing disability, improving quality of life, and increasing 
function. The conventional way of administering medication 
“as needed” or to use nerve blocks for short-term pain relief 
may risk reinforcement of pain behavior, and the patient’s 
belief in an underlying physical abnormality that is best 
managed by biomedical procedures.42 Moreover, false expec-
tations are maintained; for example, the patient cannot be 
the passive recipient, but must be an active participant in the 
process. Patients may believe that pain is the primary problem 
in the patient’s life. This neglects psychosocial factors, per-
petuates the expensive and futile search for unidimensional 

biomedical solutions, and promotes iatrogenic somatization, 
medicalization, and high health care use by chronic pain 
patients.42 The role of the anesthesiologist within the inter-
disciplinary team differs depending on the type of patient 
being treated. Cancer and acute pain management demand 
the full range of the anesthesiologist’s technical skills and 
pharmacologic knowledge. In chronic nonmalignant pain, 
the anesthesiologist’s abilities as an educator, coach, and 
motivator are far more important. As a member of the inter-
disciplinary team, the anesthesiologist has to reinforce and 
maintain the biopsychosocial focus, respond appropriately to 
somatic concerns, and manage medications. In concert with 
the other members of the team, the anesthesiologist uses 
motivational strategies to encourage the patient to attain 
self-managed reactivation goals in physical, psychosocial, 
recreational, and vocational domains. At the same time, the 
anesthesiologist’s presence provides “white coat credibility” 
and is essential to avoid the patient’s pejorative conclusion 
that the pain is “all in my head.” The anesthesiologist moni-
tors the patient’s physical status, potential development of 
new medical problems, and medications. In addition, the 
anesthesiologist provides real-time reassurance and edu-
cation regarding the absence of relevant abnormality, the 
minimal role of surgery, and conveys medical information to 
make informed choices. The anesthesiologist plays a crucial 
role within the multidisciplinary team to direct the patient 
toward a multimodal pain treatment plan and to coordinate 
this program. The majority of pain therapists worldwide are 
anesthesiologists. They work closely with other healthcare 
professionals in this setting, thereby gaining added recogni-
tion outside the operating room.42"

Drugs Used for Chronic Pain

Analgesic drugs interfere with the generation or transmis-
sion (or both) of impulses following noxious stimulation in 
the nervous system (nociception). This can occur at both 
the peripheral and central levels of the neuraxis. The thera-
peutic aim is to diminish the perception of pain. Analgesics 
aim at modulating either the formation of noxious chemi-
cals (e.g., prostaglandins) or the activation of neuronal 
receptors or ion channels transducing or transmitting nox-
ious stimuli (e.g., peptide, kinin, monoamine receptors, Na+ 
channels). Drugs currently used in chronic pain include 
opioids, nonsteroidal antiinflammatory drugs (NSAIDs), 
serotonergic compounds, antiepileptics, and antidepres-
sants (Table 51.1). Local anesthetics are used for local and 
regional anesthetic techniques. Mixed drugs combine dif-
ferent mechanisms, for example noradrenaline reuptake 
inhibition and opioid agonist effects (tramadol, tapent-
adol), or opioid agonist and NMDA antagonist effects (ket-
amine). Various routes of drug administration (e.g., oral, 
intravenous, subcutaneous, intrathecal, epidural, topical, 
intraarticular, transmucosal) can be used, depending on 
the clinical circumstances. In addition, placebo treatments 
have shown significant analgesic effects, mediated by opioid 
and nonopioid mechanisms.60 Chronic pain requires a mul-
tidisciplinary approach encompassing both pharmacologic 
and nonpharmacologic (psychological, physiotherapeutic) 
treatment strategies (see “Interdisciplinary Management of 
Chronic Pain”).
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OPIOIDS

Opioids act on heptahelical G-protein-coupled receptors. 
Three types of opioid receptors (µ, !, ') have been cloned. 
Several subtypes (e.g., µ1, µ2, !1, !2), possibly resulting from 
gene polymorphisms, splice variants, or alternative pro-
cessing have been proposed. Opioid receptors are localized 
and can be activated along all levels of the neuraxis includ-
ing peripheral and central processes of primary sensory 
neurons (nociceptors), spinal cord (interneurons, projec-
tion neurons), brainstem, midbrain, and cortex. All opioid 
receptors couple to G-proteins (mainly Gi/Go) and subse-
quently inhibit adenylyl cyclase, decrease the conductance 
of voltage-gated Ca++ channels, or open rectifying K+ chan-
nels, or any combination of these actions (Fig. 51.3a).61 
These effects ultimately result in decreased neuronal activ-
ity. The prevention of Ca++ influx inhibits the release of 
excitatory (pronociceptive) neurotransmitters. A promi-
nent example is the suppression of substance P release from 
primary sensory neurons, both within the spinal cord and 
from their peripheral terminals within injured tissue. At the 
postsynaptic membrane, opioids produce hyperpolariza-
tion by opening K+ channels, thereby preventing excitation 
or propagation of action potentials in second-order pro-
jection neurons. In addition, opioids inhibit sensory neu-
ron-specific tetrodotoxin-resistant Na+ channels, TRPV1 
channels, and excitatory postsynaptic currents evoked by 
glutamate receptors (e.g., NMDA) in the spinal cord. The 
result is decreased transmission of nociceptive stimuli at 
all levels of the neuraxis and profoundly reduced percep-
tion of pain. Endogenous opioid receptor ligands are derived 
from the precursors proopiomelanocortin (encoding 
&-endorphin), proenkephalin (encoding Met-enkephalin 
and Leu-enkephalin), and prodynorphin (encoding dynor-
phins). These peptides contain the common Tyr-Gly-Gly-
Phe-Met/Leu sequence at their amino terminals, known 
as the opioid motif. &-Endorphin and the enkephalins are 

potent antinociceptive agents acting at µ! and !!receptors. 
Dynorphins can elicit both pro- and antinociceptive effects 
via NMDA receptors and '!opioid receptors, respectively. 
A fourth group of tetrapeptides (endomorphins) with yet 
unknown precursors do not contain the pan-opioid motif 
but bind to µ!receptors with high selectivity. Opioid pep-
tides and receptors are expressed throughout the central 
and peripheral nervous system, in neuroendocrine tissues, 
and in immune cells.9,62 Extracellular opioid peptides are 
susceptible to rapid enzymatic inactivation by aminopep-
tidase N and neutral endopeptidase. Both peptidases are 
expressed in the central nervous system, peripheral nerves, 
and leukocytes and, among opioids, enkephalins are consid-
ered their preferred substrates. Preventing the extracellular 
degradation of endogenous opioid peptides by peptidase 
inhibitors, both in central and peripheral compartments, 
has been shown to produce potent analgesic effects in many 
animal models and in some small human trials.63,64

The commonly available opioid drugs (morphine, codeine, 
methadone, fentanyl and its derivatives) are µ!agonists. 
Naloxone is a nonselective antagonist at all three recep-
tors. Partial agonists must occupy a greater fraction of the 
available pool of functional receptors than full agonists to 
induce a response of equivalent magnitude. Mixed agonist/
antagonists (buprenorphine, butorphanol, nalbuphine, 
pentazocine) may act as agonists at low doses and as antag-
onists (at the same or a different receptor type) at higher 
doses. Such compounds typically exhibit ceiling effects for 
analgesia and they may elicit an acute withdrawal syn-
drome when administered together with a pure agonist. All 
three receptors (µ, !, ') mediate analgesia but differing side 
effects. µ-Receptors mediate respiratory depression, seda-
tion, reward/euphoria, nausea, urinary retention, biliary 
spasm, and constipation. '-Receptors mediate dysphoric, 
aversive, sedative, and diuretic effects. !-Receptors medi-
ate reward/euphoria, respiratory depression, convulsions, 

TABLE 51.1 Analgesic Drugs, Targets, Mechanisms, and Side Effects

Drugs Targets Mechanisms Functional Consequences Side Effects

Opioids G-protein coupled µ-, !-, 
'-receptors

( cAMP
( Ca++ currents
) K+ currents

( Excitability of peripheral and central 
neurons

( Release of excitatory neurotransmitters

µ, !: sedation, nausea, euphoria/
reward, respiratory depression, 
constipation

': dysphoria/aversion, diuresis,  
sedation

NSAIDs cyclooxygenases (COX-1, 
COX-2)

( prostaglandins
( thromboxanes

( Sensitization of sensory neurons
) Inhibition of spinal neurons

Nonselective: gastrointestinal ulcers, 
perforation, bleeding, renal  
impairment

COX-2: thrombosis, myocardial  
infarction, stroke

Serotonin 
agonists

G-protein coupled 5-HT 
receptors

5-HT3: ion channels

( cAMP (5-HT1)
) cAMP (5-HT4-7)
) PLC (5-HT2)

( Release of excitatory neuropeptides
( Neurogenic inflammation
) Vasoconstriction

Myocardial infarction, stroke,  
peripheral vascular occlusion

Antiepileptics Na+, Ca++ channels
GABA receptors

( Na+ currents
( Ca++ currents
) GABA receptor

activity

( Excitability of peripheral and central 
neurons

( Release of excitatory neurotransmitters

Sedation, dizziness, cognitive  
impairment, ataxia, hepatotoxicity, 
thrombocytopenia

Antidepressants Noradrenaline/5-HT  
transporters

Na+, K+ channels

( Noradrenaline/5-HT 
reuptake

( Na+ currents
) K+ currents

( Excitability of peripheral and central 
neurons

Cardiac arrhythmia, myocardial  
infarction, sedation, nausea, dry 
mouth, constipation, dizziness, 
sleep disturbance, blurred vision

NSAIDs, Nonsteroidal antiinflammatory drugs; GABA, %-aminobutyric acid (GABA).
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and constipation.65-67 Immunosuppressive effects of opioids 
were frequently proposed in experimental studies but have 
not been verified in clinical outcome trials.68,69

Tolerance describes the phenomenon that the magnitude 
of a given drug effect decreases with repeated administra-
tion of the same dose, or that increasing doses are needed 
to produce the same effect. Tolerance is not synonymous 
with dependence. Physical dependence is defined as a state 

of adaptation that is manifested by a withdrawal syndrome 
elicited by abrupt cessation, rapid dose reduction, and/or 
administration of an antagonist.70 All opioids produce clini-
cally relevant physical dependence, even when adminis-
tered only for a relatively short period of time.71 All opioid 
effects (e.g., analgesia, nausea, respiratory depression, seda-
tion, constipation) can be subject to tolerance development, 
albeit to different degrees. For example, tolerance to respira-
tory depression, sedation, and nausea often develops faster 
than to constipation or miosis.66,67,72,73 Incomplete cross- 
tolerance between opioids or genetic differences may explain 
clinical observations that switching drugs (“opioid rota-
tion”) is occasionally useful in patients with inadequate pain 
relief or intolerable side effects.74 Opioid-induced adapta-
tions occur at multiple levels in the nervous and other organ 
systems, beginning with direct modulation of opioid recep-
tor signaling and extending to complex neuronal networks 
including learned behavior. Proposed mechanisms involved 
in pharmacodynamic tolerance include opioid receptor-
G-protein uncoupling, decreased receptor internalization/
recycling, and increased sensitivity of the NMDA recep-
tor (see Fig. 51.3b).61 In addition, pharmacokinetic (e.g., 
altered distribution or metabolism of the opioid) and learned 
tolerance (e.g., compensatory skills developed during mild 
intoxication) as well as increased nociceptive stimulation 
by tumor growth, inflammation, or neuroma formation are 
possible reasons for increased dose requirements.72,75 There 
is a lack of carefully controlled studies that unequivocally 
demonstrate pharmacodynamic tolerance to opioid analge-
sia (i.e., reduction of clinical pain) in patients.76,77

There is an ongoing debate whether opioids may para-
doxically induce hyperalgesia. However, many studies 
have, in fact, shown withdrawal-induced hyperalgesia, a 
well-known phenomenon following the abrupt cessation 
of opioids.78-80 At high doses, occasionally encountered in 
extreme cancer pain, singular cases of allodynia have been 
observed and attributed to neuroexcitatory effects of opioid 
metabolites.81 There is no conclusive evidence that hyper-
algesia occurs during the perioperative or chronic adminis-
tration of regular opioid doses in patients.77,78,82,83

Opioids are effective in the periphery (e.g., topical or 
intraarticular administration, particularly in inflamed tis-
sue), at the neuraxis (intrathecal, epidural, or intracerebro-
ventricular administration), and systemically (intravenous, 
oral, subcutaneous, sublingual, or transdermal administra-
tion).18 The clinical choice of a particular compound or its 
formulation is based on pharmacokinetic considerations 
(route of administration, desired onset or duration, lipo-
philicity) and on side effects associated with the respective 
route of drug delivery.18 Dosages are dependent on patient 
characteristics, type of pain, and route of administration. 
Systemically and spinally administered opioids can produce 
similar side effects, depending on dosage and rostral/sys-
temic redistribution. For intrathecal application lipophilic 
drugs are preferred because they are trapped in the spinal 
cord and less likely to migrate to the brain within the cere-
brospinal fluid. Adverse side effects can be minimized by 
careful dose titration and close patient monitoring, or can 
be treated by co-medication (antiemetics, laxatives) or opi-
oid receptor antagonists (e.g., naloxone). No significant side 
effects have been reported for the peripheral (e.g., topical) 
application of small, systemically inactive doses of opioids.
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Fig. 51.3 Opioid receptor signaling and recycling. Upper panel: Opioid 
ligands induce a conformational change at the receptor which allows 
coupling of G proteins to the receptor. The heterotrimeric G-protein 
dissociates into active G$ and G&% subunits (a) which can inhibit adeny-
lyl cyclase and reduce cAMP (b), decrease the conductance of voltage-
gated Ca++ channels, or open rectifying K+ channels (c). In addition, 
the phospholipase C/phosphokinase C pathways can be activated (d) 
to modulate Ca++ channel activity in the plasma membrane (e). Lower 
panel: Opioid receptor desensitization and trafficking is activated by 
G protein-coupled receptor kinases (GRK). After arrestin binding, the 
receptor is in a desensitized state at the plasma membrane (a). Arres-
tin-bound receptors can then be internalized via a clathrin-dependent 
pathway, and either be recycled to the cell surface (b) or degraded in 
lysosomes (c). (Adapted from Zöllner C, Stein C. Opioids. Handb Exp Phar-
macol. 2007;(177):31–63.204)
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Opioids are considered the most effective analgesics 
for severe acute (e.g., postoperative) and cancer-related 
chronic pain. However, the long-term use of opioids in 
chronic noncancer (e.g., neuropathic, musculoskeletal, 
abdominal) pain is highly controversial. Randomized con-
trolled trials (RCTs) have only been conducted for a maxi-
mum period of 3 months. In meta-analyses, the reduction 
of pain scores was clinically insignificant and epidemio-
logical data suggest that quality of life or functional capac-
ity are not improved.84-86 A recent meta-analysis of RCTs 
of patients with chronic noncancer pain, evidence from 
high-quality studies showed that opioid use was associ-
ated with statistically significant but small improvements 
in pain and physical functioning, and increased risk of 
vomiting compared with placebo.86a In this meta-analysis 
comparisons of opioids with nonopioid alternatives sug-
gested that the benefit for pain and functioning may be 
similar, although the evidence was from studies of only 
low to moderate quality. Adverse side effects (nausea, 
sedation, constipation, dizziness, etc.) and lack of analge-
sic efficacy led to the dropout of high numbers of subjects, 
both in RCTs and in uncontrolled observational studies 
beyond 3 months.86 Psychosocial outcome variables were 
rarely investigated and showed only modest improve-
ment. Thus, consistent with the multifactorial nature of 
chronic pain, opioids alone probably cannot produce an 
analgesic response. Clearly, the entire patient must be 
evaluated, not just the pain.87 The target of intervention is 
not only the source of nociception (if at all identifiable) but 
suffering, dysfunction, psychosocial factors, and depen-
dence on the healthcare system. In addition, addiction has 
been reported in high numbers of patients treated with 
opioids for chronic pain, and overdoses, death rates, and 
abuse of prescription opioids have become a public health 
problem.84,88 Thus, the use of opioids as a sole treat-
ment modality in chronic nonmalignant pain is strongly 
discouraged.47"

NONSTEROIDAL ANTIINFLAMMATORY DRUGS 
AND ANTIPYRETIC ANALGESICS

NSAIDs and antipyretic analgesics (e.g., acetaminophen, 
phenazones) inhibit COX, the enzymes that catalyze the 
transformation of arachidonic acid (a ubiquitous cell com-
ponent generated from phospholipids) to prostaglandins 
and thromboxanes.89 Two isoforms, COX-1 and COX-2, 
are constitutively expressed in peripheral tissues and in the 
central nervous system. In response to injury and inflam-
matory mediators (e.g., cytokines, growth factors) both 
isoforms can be upregulated, resulting in increased con-
centrations of prostanoids. In the periphery, prostanoids 
(mainly PGE2) sensitize nociceptors by phosphorylation of 
ion channels (e.g., Na+, TRPV1) via EP receptor activation. 
As a result, nociceptors become more responsive to nox-
ious mechanical (e.g., pressure, hollow organ distension), 
chemical (e.g., acidosis, bradykinin, neurotrophic factors), 
or thermal stimuli. In the spinal cord PGE2 blocks glycin-
ergic neuronal inhibition, enhances excitatory amino acid 
release, and depolarizes ascending neurons. These mecha-
nisms facilitate the generation of impulses within noci-
ceptors and their transmission through the spinal cord to 
higher brain areas. By blocking COX, prostanoid formation 

diminishes. Subsequently, nociceptors become less respon-
sive to noxious stimuli and spinal neurotransmission is 
attenuated.

Less severe pain states (e.g., early arthritis, headache) are 
commonly treated with nonselective NSAIDs (e.g., aspirin, 
ibuprofen, indomethacin, diclofenac) or antipyretic analge-
sics (e.g., acetaminophen), mostly used orally. Some drugs 
are available for parenteral, rectal, or topical application. 
Over-the-counter availability and self-medication have 
led to frequent abuse and toxicity.89 Adverse side effects 
are attributed to COX-1-induced blockade of thromboxane 
production and impairment of platelet function (gastroin-
testinal and other bleeding disorders), decrease of tissue-
protective prostanoids (gastrointestinal ulcers, perforation), 
decrease of renal vasodilatory prostanoids (nephrotoxicity), 
and to formation of highly reactive metabolites (acetamino-
phen hepatotoxicity). The development of selective COX-2 
inhibitors was driven by the assumption that COX-2 expres-
sion is selectively induced in inflamed tissue and that the 
constitutive tissue-protective COX-1 would be spared. It has 
now become clear that COX-2 expression is constitutive in 
many tissues (e.g., gastrointestinal epithelium, vascular 
endothelium, spinal cord) and COX-2 inhibition may exac-
erbate inflammation, impair ulcer healing, and decrease 
formation of vasoprotective prostacyclin. COX inhibitors 
confer an increased risk of thrombosis, myocardial infarc-
tion, renal impairment, hypertension, stroke, and liver tox-
icity, and can cause rare anaphylactic reactions.

NSAIDs and antipyretic analgesics play a controversial 
role in chronic pain. For example, their uncontrolled use 
may result in medication overuse headache.90 In chronic 
degenerative musculoskeletal pain, their use is disputed91 
and they are not indicated in neuropathic pain.92"

SEROTONERGIC DRUGS

Serotonin (5-hydroxytryptamine; 5-HT) is a monoamine 
neurotransmitter found in the sympathetic nervous sys-
tem, in the gastrointestinal tract, and in platelets. It acts 
on 5-HT receptors expressed at all levels of the neuraxis 
and on blood vessels. Within the dorsal horn of the spinal 
cord serotoninergic neurons contribute to endogenous pain 
inhibition. With the exception of 5-HT3 (a ligand-gated ion 
channel), 5-HT receptors are G-protein coupled receptors. 
5-HT1B/1D agonists (triptans) have been studied extensively 
and are effective against neurovascular (migraine, cluster) 
headaches. Migraine is thought to be related to the release 
of neuropeptides (e.g., calcitonin gene-related peptide) 
from trigeminal sensory neurons innervating meningeal 
and intracranial blood vessels. This leads to vasodilation, 
an inflammatory reaction, and subsequent pain. Triptans 
inhibit neurogenic inflammation via 5-HT1D receptors on 
trigeminal afferents, with possible additional sites of action 
on thalamic neurons and in the periaqueductal grey. The 
activation of vascular 5-HT1B receptors constricts menin-
geal (and coronary) vessels. The latter effects have stimu-
lated a search for alternative approaches such as targeting 
calcitonin-gene-related-peptide or highly selective 5HT1F 
agonists.93 Triptans can be applied orally, subcutaneously, 
or transnasally and have been used in the treatment of 
migraine. All triptans narrow coronary arteries via 5-HT1B 
receptors at clinical doses and should not be administered 
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to patients with risk factors or coronary, cerebrovascular, 
or peripheral vascular disease. Many compounds have the 
potential for significant drug-drug interactions.93"

ANTIEPILEPTIC DRUGS

Antiepileptics are used in neuropathic pain resulting from 
lesions to the peripheral (e.g., diabetes, herpes) or central 
(e.g., stroke) nervous system and for migraine prophylaxis. 
Neuropathic syndromes have been attributed to ectopic 
activity in sensitized nociceptors from regenerating nerve 
sprouts, recruitment of previously “silent” nociceptors, 
or spontaneous neuronal activity (or any combination of 
these processes). These events may result in sensitization of 
primary afferents and subsequent sensitization of second- 
and third-order ascending neurons. Among the best studied 
mechanisms are the increased expression and trafficking of 
ion channels (e.g., Na+, Ca++, TRP) and increased activ-
ity at glutamate (NMDA) receptor sites. The mechanisms 
of action of antiepileptics include neuronal membrane 
stabilization by blockage of pathologically active voltage-
sensitive Na+ channels (e.g., carbamazepine, lamotrigine, 
topiramate), blockage of voltage-dependent Ca++ channels 
(gabapentin, pregabalin), inhibition of presynaptic release 
of excitatory neurotransmitters (gabapentin, lamotrigine), 
and enhancing the activity of GABA receptors (topiramate). 
The most common adverse effects are impaired mental 
(somnolence, dizziness, cognitive impairment, fatigue) and 
motor (ataxia) function, which limit clinical use, particu-
larly in elderly patients. Other serious side effects have been 
reported, including hepatotoxicity, thrombocytopenia, der-
matologic and hematologic reactions.94 Specific indications 
include trigeminal neuralgia for sodium- and diabetic neu-
ropathy for calcium-channel blockers.95"

ANTIDEPRESSANTS

Antidepressants are used in the treatment of neuropathic 
pain and headache. They are divided into nonselective 
noradrenaline/5-HT reuptake inhibitors (amitriptyline, 
imipramine, clomipramine, duloxetine, venlafaxine), prefer-
ential noradrenaline reuptake inhibitors (desipramine), and 
selective 5-HT reuptake inhibitors (citalopram, fluoxetine). 
The reuptake block leads to a stimulation of endogenous 
monoaminergic pain inhibition in the spinal cord and brain. 
Tricyclic antidepressants also have NMDA receptor antago-
nist, endogenous opioid enhancing, Na+ channel blocking, 
and K+ channel opening effects, which can suppress periph-
eral and central sensitization. Block of cardiac ion channels 
by tricyclics can lead to arrhythmias. In patients with isch-
emic heart disease, there may be increased risk of sudden 
arrhythmia, and in patients with recent myocardial infarc-
tion, arrhythmia, or cardiac decompensation tricyclics 
should not be used at all. Tricyclics also block histamine, 
cholinergic, and adrenergic receptor sites. Adverse events of 
antidepressants include sedation, nausea, dry mouth, con-
stipation, dizziness, sleep disturbance, and blurred vision.94"

TOPICAL ANALGESICS

The topical application of various analgesics is an area of 
considerable interest because many chronic pain syndromes 

depend on the peripheral activation of primary afferent 
neurons.3,4 The localized administration can potentially 
optimize drug concentrations at the site of pain generation, 
while avoiding high plasma levels, systemic side effects, 
drug interactions, and the need to titrate doses into a thera-
peutic range. Studies have demonstrated effectiveness for 
topical NSAIDs, tricyclic antidepressants, capsaicin, local 
anesthetics, and opioids.4,94,96,97

Topical NSAIDs are typical over-the-counter medica-
tions, widely advertised and used for acute and chronic 
pain. A large number of formulations (cream, gel, ointment) 
are commercially available. Meta-analyses concluded that 
topical NSAIDs have limited efficacy in chronic musculo-
skeletal pain.96 Topically applied capsaicin interacts with 
nociceptive neurons via the TRPV1 receptor. It causes an 
initial activation of these neurons with release of substance 
P. This is perceived as a burning or itching sensation with 
a flare response and occurs in a high number of patients.96 
After repeated application desensitization occurs, probably 
due to depleting sensory neurons of substance P. Another 
potential mechanism is a direct toxic effect on small- 
diameter sensory nerve fibers. Topical capsaicin was shown 
to provide pain relief in postherpetic neuralgia, postmas-
tectomy syndrome, osteoarthritis, and a variety of neuro-
pathic syndromes.98

Topical formulations of local anesthetics block Na+ chan-
nels in primary afferent neurons. Blockade of Na+ channels 
reduces impulse generation both in normal and in dam-
aged sensory neurons. Such neurons exhibit spontaneous 
and ectopic firing, possibly contributing to certain condi-
tions of chronic neuropathic pain. Under these conditions 
the altered expression, distribution, and function of ion 
channels along axons is associated with increased sensitiv-
ity to local anesthetics. Thus, pain relief may be achieved 
with local anesthetic concentrations lower than those that 
totally block impulse conduction.99 Some studies using 
lidocaine patches and gels showed reduction of allodynia 
in postherpetic neuralgia and other types of neuropathic 
pain.96

Topically applied or locally injected opioids produce anal-
gesia by activating opioid receptors on primary afferent 
neurons. This leads to inhibition of Ca++, Na+, and TRPV1 
currents, which are activated by inflammatory agents.9,62 
Subsequently the excitability of nociceptors, the propaga-
tion of action potentials, and the release of proinflammatory 
neuropeptides (substance P) from sensory nerve endings 
are inhibited. All of these mechanisms result in analgesia or 
antiinflammatory effects (or both).9,100 Other mechanisms 
accounting for the particular efficacy of peripheral opioids 
in pain associated with inflammation include upregula-
tion101 and accelerated centrifugal transport of opioid 
receptors in sensory neurons,102 enhanced G-protein cou-
pling of peripheral opioid receptors,103 and disruption of the 
perineural barrier facilitating access of opioid agonists to 
their receptors.104,105 Consistently, the perineural applica-
tion of opioids along uninjured nerves (e.g., axillary plexus) 
does not reliably produce analgesic effects.106 In addition, 
the production and secretion of endogenous opioid peptides 
from immune cells within injured tissue10,107 appears to 
produce additive/synergistic interactions108 rather than 
tolerance at peripheral opioid receptors.109 Peripheral opi-
oid administration is regularly used and well documented 
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in the case of perioperative intraarticular morphine.110-111 
Intraarticular morphine also produces analgesia in chronic 
rheumatoid and osteoarthritis where its effect was shown 
to be similarly potent to standard intraarticular steroids 
and long lasting, possibly due to morphine’s antiinflam-
matory activity.9,100 In numerous small studies, locally 
applied opioids (e.g., in gels) have shown analgesic efficacy 
in the treatment of skin ulcers, cystitis, cancer-related oral 
mucositis, corneal abrasion, and bone injury. No significant 
adverse effects have been reported.97"

OTHER ANALGESICS AND ADJUVANTS

Local anesthetics have been used orally, intravenously, in 
trigger-point injections, and in regional anesthetic tech-
niques for selected chronic pain syndromes (see later under 
“Interventional Methods Used in Chronic Pain” and other 
chapters on “local anesthetics”). Their systemic application 
exhibited mixed success in various neuropathies. Meta-
analyses indicate that local anesthetics produce moderate 
analgesic effects of questionable clinical significance in neu-
ropathic pain.94 Severe side effects including arrhythmias, 
dizziness, nausea, and fatigue limit the systemic application 
of local anesthetics.
$2-Adrenergic receptors are G-protein coupled and, simi-

lar to opioids, $2-agonists (clonidine) lead to opening of K+ 
channels, inhibition of presynaptic Ca++ channels, and inhi-
bition of adenylyl cyclase. Thus, like opioids, $2-agonists 
reduce neurotransmitter release and decrease postsynaptic 
transmission, resulting in an overall inhibitory effect.112 
Clonidine may exert analgesic effects in some neuropathic 
pain syndromes.94 However, its systemic use is limited by 
sedation, hypotension, and bradycardia.

Cannabinoids have been studied extensively and are cur-
rently in the focus of public interest. Animal and in" vitro 
models have shown that derivatives of tetrahydrocannabi-
nol produce antinociceptive effects and that cannabinoid 
receptors and their endogenous ligands are expressed in 
pain-processing areas of the brain, spinal cord, and periph-
ery. Peripheral cannabinoid receptors likely play a promi-
nent role in pain inhibition.9 Meta-analyses of human 
studies concluded that the analgesic effects of cannabinoids 
are modest, not superior to those of other analgesics, and 
of questionable clinical significance. Psychotropic side 
effects, sedation, dizziness, cognitive impairment, nausea, 
dry mouth, and motor deficits are limiting factors in clinical 
practice.113,114

Drugs reducing muscle spasm (e.g., benzodiazepines, 
baclofen) are often used in musculoskeletal pain but 
the available evidence does not indicate lasting benefi-
cial effects while drowsiness and dizziness are frequently 
encountered.115 Baclofen activates GABA-B receptors pre-
synaptically and postsynaptically, leading to a decrease in 
excitatory and an increase in inhibitory neurotransmission. 
In some reports it was found to exhibit analgesic effects in tri-
geminal neuralgia and central neuropathic pain. The most 
common side effects are drowsiness, dizziness, and gastroin-
testinal distress.116 Botulinum toxin inhibits acetylcholine 
release at the neuromuscular junction and may alleviate 
muscle spasticity. The use of botulinum toxin injections 
has produced inconsistent results in headaches and was 
not effective in myofascial trigger points, orofacial, or neck 

pain.94,117,118 Side effects include pain and erythema at the 
injection site and unintended paralysis of adjacent muscles.

The synthetic peptide ziconotide blocks N-type voltage-
sensitive Ca++ channels and thereby inhibits release of excit-
atory neurotransmitters from central terminals of primary 
afferent neurons in the spinal cord. It has been approved 
for intrathecal application but produces substantial side 
effects (dizziness, confusion, abnormal gait, memory impair-
ment, nystagmus, hallucinations, vertigo, delirium, apnea, 
hypotension) and, thus, is suitable for only a small subset 
of patients with otherwise intractable pain.119 Under the 
assumption of antiinflammatory activity, steroid injections 
are frequently used epidurally or perineurally, albeit with-
out convincing evidence for effectiveness (see the later sec-
tion, “Therapeutic Nerve Blocks”).

Antiemetics are used to treat nausea, a frequent side effect 
of analgesics (particularly opioids) and a frequent com-
plaint in cancer patients. Recommendations for the treat-
ment of postoperative nausea and vomiting cannot readily 
be extrapolated to the chronic pain patient. For example, 
in cancer patients, etiologies other than opioids have to 
be considered, such as radiotherapy and chemotherapy, 
uremia, hypercalcemia, bowel obstruction, and increased 
intracranial pressure. In addition, pain itself, as well as 
anxiety, can cause nausea. Management guidelines for the 
treatment of nausea and vomiting are available and the 
selection of antiemetics should be mechanism-based.67,120 
The medullary chemoreceptor trigger zone, gastrointestinal 
stimulation or failure, vestibular and cortical mechanisms, 
as well as alterations of taste and smell, may contribute to 
nausea and vomiting, particularly in cancer patients. Most 
recommendations for the choice of antiemetic medication 
include gastrointestinal prokinetics (metoclopramide), phe-
nothiazines (e.g., levomepromazine), dopamine receptor 
antagonists (e.g., haloperidol), serotonin antagonists (e.g., 
ondansetron), and antihistamines (e.g., cyclizine). In addi-
tion, the use of dexamethasone (unknown mechanism), 
anticholinergics (e.g., scopolamine), and neurokinin-1 
receptor antagonists has been reported. Combinations 
of antiemetics with different modes of action can be used. 
Many of these drugs cause undesirable side effects by them-
selves (e.g., sedation, drowsiness, confusion, extrapyra-
midal symptoms).67,120 The efficacy of cannabinoids and 
benzodiazepines is considered comparatively low and they 
are not recommended as first-line treatment.120,121

Laxatives are indicated when bowel movements are less 
than three per week, and are associated with difficulty or 
discomfort. Risk factors for constipation include opioid 
medication, older age, advanced cancer, hypokalemia, 
immobilization, as well as therapy with tricyclics, pheno-
thiazines, anticonvulsants, diuretics, and iron supplements. 
Opioid-related constipation is mediated through intesti-
nal and (partially) through central µ-receptors.66 It is the 
most commonly occurring side effect of opioid medication 
in cancer patients and frequently does not exhibit toler-
ance. Ample fluid intake, fiber-rich nutrition, and mobili-
zation are nonpharmacologic approaches to prophylaxis, 
but recommendations are mostly derived from anecdotal 
evidence.122 Laxatives include bulk forming, osmotic, and 
hyperosmolar agents; substances for colonic lavage; pro-
kinetic drugs; and opioid antagonists. Recommendations 
usually include lactulose, senna, or polyethylene glycol 

Downloaded for alex arman davidson (arman@amazingstudy.tk) at Florida International University from ClinicalKey.com by Elsevier on October 21, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.



*&� �� Management of the Patient With Chronic Pain 1615

as a first choice.67 However, lactulose should be avoided 
in patients with impaired fluid intake, such as the elderly 
and those with advanced cancer. If insufficient, the drugs of 
first choice may be combined with paraffin or anthraglyco-
sides (bisacodyl). Rectal sorbitol or contrast medium are the 
choices for the next more intensified step. Prokinetic drugs, 
such as metoclopramide, are sometimes added for refrac-
tory constipation. A possible alternative in opioid-related 
constipation are opioid antagonists. To avoid central effects 
reducing analgesia or producing withdrawal, oral naloxone 
and the peripherally restricted antagonists methylnaltrex-
one and alvimopan were developed. Their use in clinical 
practice is limited by relatively low response rates, adverse 
effects, and high costs.123"

DEVELOPMENT OF NOVEL ANALGESICS

Areas of intense research and examples emerging as poten-
tial drug targets include calcitonin-gene-related-peptide, 
Na+ channels expressed in peripheral nociceptive neu-
rons (Nav1.8, Nav1.7), voltage-gated Ca++ channels (e.g., 
Cav2.2), antibodies against nerve growth factor, the capsa-
icin receptor TRPV1, and the P2X receptors.21 Increasing 
attention is paid to augmentation of endogenous opioid and 
cannabinoid mechanisms, to (biased) opioid receptor sig-
naling, and to the activation of peripheral opioid receptors 
to avoid central side effects.11,62-64,124,125 However, failures 
in clinical phases of analgesic drug development are com-
mon and have been attributed to inappropriate animal 
models or nociceptive tests, species differences, publication 
bias, lack of mechanistic understanding, shortcomings in 
experimental design, randomization, blinding, and statisti-
cal analysis.21"

Interventional Methods used for 
Chronic Pain

The popularity of interventional methods has decreased 
over time. While early pain therapists (e.g., Leriche) were 
generally using “blocks” to treat pain, the biopsychosocial 
concept of chronic pain has led to a much more cautious 
and judicial use of such techniques (see earlier section, 
“Interdisciplinary Management of Chronic Pain”), par-
ticularly since most of these are not evidence-based. Block 
therapy alone is usually not curative, but it can facilitate 
participation in rehabilitation and therefore does have a 
role in the management of chronic pain. Regardless which 
procedure is considered, a consensus decision on its use has 
to be reached within the interdisciplinary team.

DIAGNOSTIC NERVE BLOCKS

Neural blockade is thought to be a useful tool to better 
understand the mechanisms underlying pain in an indi-
vidual patient and to provide a prognosis for planned 
neuroablative procedures (particularly in cancer pain). 
Differential blockade aims to selectively block either single 
peripheral nerves to identify an anatomical pain source, or 
to selectively block only one type of nerve fiber (autonomic 
vs. somatic).126 However, the clinical usefulness of these 
procedures could not be confirmed.127,128 In particular, the 

validity of diagnostic nerve blocks is limited by the com-
plexity of factors determining pain perception (see above 
section, “Biopsychosocial Concept of Pain” and “Interdisci-
plinary Management of Chronic Pain”). Furthermore, the 
assumption that local anesthetics can selectively produce 
conduction block of only one fiber type in a nerve is prob-
ably false.126 Nevertheless, experienced and observant cli-
nicians have found that such procedures may occasionally 
provide information that is helpful in guiding subsequent 
therapy, although systematic reviews had methodological 
limitations.129,130"

THERAPEUTIC NERVE BLOCKS

Cancer Pain
Therapeutic nerve blocks are used only in a minority of 
patients with cancer-related pain. Here, interventional 
treatment represents the fourth step in the World Health 
Organization analgesic ladder.131 About 90% to 95% of 
patients usually obtain adequate pain relief from pharma-
cologic management.132 A comprehensive biopsychosocial 
approach to pain management—as in chronic noncancer 
pain—and carefully balancing risks against benefits in indi-
vidual patients are prerequisites for successful use of inter-
ventional techniques.133 Therapeutic nerve blocks extend 
the treatment range when conservative methods fail to 
achieve tolerable pain or side-effect levels (or both). For 
example, neuropathic, incidental, or breakthrough pain 
are sometimes poorly controlled by systemic analgesics and 
may be indications for invasive therapy. Well evaluated 
interventional techniques like celiac plexus block, hypo-
gastric plexus block, and saddle blocks should not be with-
held from cancer patients in a palliative symptom control 
context.134

Sites for neurolyses are intercostal nerves (e.g., in rib 
metastasis), the superior hypogastric ganglion, the gan-
glion impar, and the lumbar sympathetic ganglia (e.g., for 
pelvic tumors). In perineal pain due to local infiltration of 
rectum cancer, intrathecal neurolysis may be considered 
if bladder and sphincter function are not of concern.134,135 
An indication for thoracic intrathecal or epidural neu-
rolysis might be advanced lung cancer.136 As a neurolytic 
agent, alcohol may be preferred due to its perceived higher 
success rate and longer duration of pain relief (3-6 months) 
compared to phenol (2-3 months), although no studies 
directly comparing these two agents are available. The lim-
ited period of pain reduction and the limited possibility of 
repeat injections are reasons why neurolysis is mostly used 
in patients with short life expectancy.137"
Non-Cancer-Associated Pain
Both the complexity of factors contributing to pain percep-
tion and perpetuation (see earlier in sections “Biopsychoso-
cial Concept of Pain” and “Interdisciplinary Management 
of Chronic Pain”) and the detrimental long-term effects of 
nerve destruction (neuropathic pain caused by spontane-
ous ectopic neuronal discharges, upregulation of neuro-
nal ion channels, and excitatory amino acid receptors, see 
earlier in sections “Physiological Changes in Persistent 
Pain” and “Antiepileptic Drugs”) caution against neuroab-
lative procedures in the noncancer patient. Nonetheless, 
many practitioners advocate radiofrequency ablations or 
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cryoneurolysis at facet joints, sacroiliac joints, and other 
destructive procedures. However, the IASP makes no con-
clusive recommendations due to the poor quality of avail-
able data.138

Nondestructive procedures include trigger point, epidural, 
perineural, and intraarticular injections of local anesthetics, 
or steroids (or both). Steroids are used under the assumption 
of antiinflammatory activity. For example, in chronic back 
or neck pain (the most common patient complaints), injec-
tions into facet (or zygapophyseal) joints or along the medial 
branch from the posterior ramus of the spinal nerve root are 
frequently performed, however, without convincing docu-
mented long-term results.139,140 Similarly, injections into 
sacroiliac joints, trigger points, or occipital nerve blocks 
show no consistent long-lasting effects.129,141,142 Epidural 
steroids are also used extensively for low back and neck 
pain,143 but they provide questionable long-term pain relief 
in RCTs.144 The same applies to lumbar transforaminal 
epidural steroid injections.145 Thus, the described invasive 
procedures should be limited to acute pain states in patients 
without biopsychosocial risk factors for chronification of 
pain, and only as an element within a physical rehabilita-
tion or multimodal treatment program.146 Sympathetic 
nerve blocks with local anesthetics, often carried out as a 
series, such as in herpes zoster-associated pain and complex 
regional pain syndrome, are commonly used but evidence 
from RCTs is lacking.147 Anecdotal reports have described 
sympathetic blocks for ischemic pain, such as in peripheral 
vascular or Raynaud disease."

CONTINUOUS CATHETER TECHNIQUES

Continuous drug delivery to the intrathecal or epidural space 
can be accomplished via programmable implanted pumps, 
implanted accessible reservoir systems, and tunneled exte-
riorized catheters. The principal benefit appears to be the 
reduction of systemic side effects. As with nerve blocks, the 
evidence of effectiveness of these approaches is stronger for 
cancer pain than for chronic nonmalignant pain.

Cancer Pain
Only a small minority of cancer patients require neuraxial 
(intrathecal, epidural) drug delivery due to intolerable side 
effects, but in patients refractory to systemic analgesics, 
such methods may be underused.148,149 The preponder-
ance of evidence supporting this mode of drug delivery is 
derived from nonrandomized, uncontrolled studies.150,151 
The advantage of the neuraxial technique is its ubiquitous 
availability in most anesthesia departments, but disadvan-
tages are the chance of inhomogeneous distribution of the 
analgesics, possible systemic absorption, and limited dura-
tion of therapy due to local granuloma formation and tech-
nical failures.151 Usually, morphine (1-15 mg, dependent 
on preceding systemic dosage) or hydromorphone are rec-
ommended as drugs of first choice for intrathecal catheter 
analgesia. For refractory pain, combinations with bupiva-
caine, clonidine, ziconotide, and other compounds have 
been used.150"
Non-Cancer-Associated Pain
No RCTs are available, but a number of observational 
reports describe continuous catheter techniques for chronic 

noncancer pain.151 Most of these studies used intrathe-
cal morphine, and some hydromorphone, baclofen, or 
ziconotide in patients with chronic low back pain. On aver-
age, these patients exhibited increasing daily morphine 
doses over time, and a high incidence (up to 25%) of com-
plications, such as catheter obstruction, catheter-tip granu-
loma formation, pruritus, urinary retention, and infection. 
Effectiveness of these techniques in relieving pain or improv-
ing function compared to placebo, natural history, or other 
treatments has not been shown151 or is limited.152"

STIMULATION TECHNIQUES

Stimulation techniques frequently used in pain manage-
ment include acupuncture, spinal cord (or dorsal column) 
stimulation (SCS), and transcutaneous electrical nerve 
stimulation (TENS). Acupuncture has been popular among 
patients for a long time and lately also within the medical 
community. Systematic reviews of sham-controlled stud-
ies in migraine prophylaxis and arthritic pain showed that 
using traditional Chinese concepts of meridians and speci-
fied classic points are as effective as the selection of acupunc-
ture points at random.153,154 There is inconclusive evidence 
that acupuncture may be of benefit in osteoarthritis154,155 
and chronic low back pain.156-158 SCS has gained new 
interest with the introduction of the high-frequency tech-
nique,159 but its superiority still has to be demonstrated.160 
So far SCS has not been validated by adequately powered 
and blinded RCTs in chronic pain.161,162 Unblinded studies 
suggest that selected patients with complex regional pain 
syndrome or back pain, especially with failed back surgery 
syndrome, might benefit from SCS, but controlled trials are 
needed.138,163"

Perioperative Management of 
Patients with Chronic Pain

CHARACTERISTICS OF CHRONIC PAIN PATIENTS 
IN THE PERIOPERATIVE PERIOD

In chronic pain patients, central sensitization or reduced 
endogenous inhibition may result in increased and pro-
longed pain after surgery.164 Altered opioid sensitivity due 
to long-term exposure to opioid medications also has to 
be considered.165 In addition, chronic pain patients may 
exhibit higher preoperative expectation of pain, anxiety, 
depression, or hypervigilance.166,167 It may be difficult to 
distinguish normal from maladaptive anxiety, but patients 
with cancer pain are more likely to be anxious than can-
cer patients without pain. In addition, the chronic pain 
patient, including the patient with cancer, is not as confi-
dent of recovery as other patients with chronic diseases.168 
Thus, difficult perioperative pain control and, possibly, an 
increased risk of chronic pain development after surgery 
have to be expected. However, chronic pain patients, with 
or without long-term opioid medication, opioid abuse or 
misuse, require and must receive adequate pain control.

The preanesthetic visit should therefore include ques-
tions regarding chronic pain and regular use of analgesics 
and adjuvant medication (also see Chapter 31). Although 
a number of characteristics including increased opioid 
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demand, underreporting of pain, and noncompliance are 
known, only few specific recommendations are available, 
such as adequate increase of opioid dose for analgesia, con-
tinuation of preoperative analgesics to prevent withdrawal, 
and intensive education to strengthen the patient’s coping 
potential. No differences between specific techniques for 
postoperative analgesia (e.g., systemic, patient-controlled, 
or regional analgesia) have been demonstrated so far. Fur-
thermore, preoperative intensity of pain alone, independent 
of the use of analgesics, correlates positively with postop-
erative pain.169 Chronic pain patients often suffer from 
prolonged inactivity or neurologic deficits (or both), which 
increase the risk for adverse events during the perioperative 
period. Some key issues are summarized in Box 51.1."

CHRONIC USE OF ANALGESICS AND ADJUVANT 
DRUGS

Chronic pain patients are often pretreated with opioids, 
COX inhibitors, antidepressants, or anticonvulsants (or 
combinations). Tolerance, drug interactions, and side 
effects may occur. In addition, inappropriate or excessive 
medication is commonly observed.47,170 Chronic pain 
patients tend to underestimate and underreport their med-
ication use.171 Thus, undertreatment in the perioperative 
period may be unnoticed and may induce a neuroexcit-
atory withdrawal syndrome and associated cardiopulmo-
nary strain.

Chronic opioid medication has been discussed thoroughly 
in the literature (see earlier in section “Opioids”). Together 
with aggressive marketing, this has gradually led to decreas-
ing reservations among practitioners toward the use of 
these drugs. As a result, opioids are used more frequently 
in both cancer and noncancer pain patients and the major-
ity of the latter are now prescribed opioid medication.47,170 

While this seems justified in cancer pain, opioids are usu-
ally not indicated in chronic noncancer pain (see earlier 
section “Opioids”). Nevertheless, anesthesia providers are 
increasingly confronted with patients receiving long-term 
opioid treatment. Such pretreatment can result in several-
fold increased and prolonged requirement for systemic and 
epidural analgesics in the perioperative period compared to 
opioid-naïve patients.73,172-174 Chronic pain patients with 
prior opioid consumption may also exhibit higher postoper-
ative pain scores.174 The increased postoperative analgesic 
demands may be due to lower pain thresholds or to a need 
for higher drug concentrations. In addition, opioid require-
ments can be influenced by gender, genetic predisposition, 
age, type of surgery, and preoperative pain levels.74,169 On 
the other hand, opioid-related side effects (e.g., nausea and 
pruritus) may be less dominant. Physicians and nurses may 
overestimate tolerance, addiction, and sedation, but under-
estimate dependence. A paramount concern is the mainte-
nance of adequate perioperative opioid dosing to prevent 
withdrawal (see Box 51.1).173,174

COX inhibitors are the most commonly used nonopioid 
analgesics. They produce serious side effects in the gastro-
intestinal tract, kidneys, cardiovascular and coagulation 
systems (see earlier section “Drugs Used for Chronic Pain”). 
Major concerns for the anesthesiologist are coagulation 
disturbances, renal impairment, and the increased risk for 
hematoma formation associated with spinal and epidural 
anesthesia.

Antiepileptic drugs can interfere with anesthesia in dif-
ferent ways. Sedation produced by anticonvulsant drugs 
may have additive effects with anesthetics, whereas drug-
induced enzyme induction could alter responses to or con-
tribute to the organ toxicity of anesthetics. Gabapentin has 
a favorable side effect profile, and its relative absence of 
drug interactions allow continuation and rapid titration in 
the perioperative period.175 Phenytoin and carbamazepine 
accelerate recovery from nondepolarizing muscle relax-
ants, but the mechanism is unclear. Preoperative exclu-
sion of toxic serum levels of phenytoin is recommended 
to reduce the risk of atrioventricular conduction block. 
States of disorientation, nystagmus, ataxia, and diplopia 
may be manifestations of excessive plasma concentra-
tions. Carbamazepine may produce sedation, ataxia, nau-
sea, and (rarely) bone marrow depression or hepatorenal 
dysfunction. Plasma sodium levels have to be monitored 
perioperatively to avoid hyponatremia. Oral valproic acid 
is commonly used for prophylaxis of migraine and intra-
venous valproic acid may be used to control episodic head-
aches.176 It may inhibit activity of hepatic microsomal 
enzymes and interfere with platelet aggregation.177 Anti-
epileptics should never be discontinued abruptly to avoid 
central nervous system hyperexcitability. Stable dosages 
need to be maintained throughout the perioperative period.

Antidepressants are frequently used for neuropathic pain 
and for associated depression. Adverse effects are numerous 
and include sedation, anticholinergic effects, and cardio-
vascular changes. Electrocardiographic changes, such as 
prolongation of PR-interval and widening of the QRS com-
plex, can occur but previous suggestions of increased risk of 
perioperative cardiac dysrhythmias have not been substan-
tiated in the absence of drug overdose.178 Therefore, antide-
pressants need not be discontinued before anesthesia, but 

"#"  Conventional perioperative analgesia regimens do not meet 
the needs of the chronic pain patient.

"#"  Unrelieved postoperative pain due to undermedication may 
provoke withdrawal.

"#"  Patients tend to underreport their medication.
"#"  With uncontrolled anxiety or fear of pain, patients tend to over-

estimate the effect of painful stimuli.
"#"  Epidural and intravenous (IV) opioid (including patient-con-

trolled analgesia [PCA]) requirements can be 2-4 times higher in 
opioid-consuming than in opioid-naïve patients.

"#"  Expect prolonged recovery and need for postoperative analge-
sia.

"#"  Anxiety and insufficient coping result in poor compliance with 
analgesic strategies.

"#"  Individual variations in response to opioids may necessitate 
selection of the optimal drug and dosing by sequential trials.

"#"  Individual titration of doses to find the optimal balance be-
tween analgesia and adverse effects is required.

"#"  Adjuvant medication may interfere with anesthesia and postop-
erative analgesia.

BOX 51.1 Risk Factors in the Perioperative 
Management of the Chronic Pain Patient

Adapted from Kopf A, Banzhaf A, Stein C. Perioperative manage-
ment of the chronic pain patient. Best Pract Res Clin Anaesthesiol. 
2005;19:59–76.202

Downloaded for alex arman davidson (arman@amazingstudy.tk) at Florida International University from ClinicalKey.com by Elsevier on October 21, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.



SECTION IV �� Adult Subspecialty Management1618

increased anesthetic requirements may be expected due to 
enzyme induction. Postoperatively, the likelihood of delir-
ium and confusion may be increased as a result of additive 
anticholinergic effects. Selective serotonin reuptake inhibi-
tors and atypical antidepressants like mirtazapin or venla-
faxine are less likely to interfere with anesthesia.

Ketamine is a mixed opioid agonist/NMDA antago-
nist that can produce analgesia at subanesthetic doses in 
selected patients with neuropathic pain.179,180 Very rarely, 
patients taking oral ketamine medication on a chronic basis 
will be encountered. In these cases, perioperative adminis-
tration of ketamine should be discontinued because correct 
conversion from oral to intravenous ketamine is difficult.181 
Within analgesic dose ranges, the risk of a withdrawal syn-
drome is small.180,182

Benzodiazepines are not analgesic and are rarely used 
in chronic pain, with the exception of palliative care situ-
ations.115,183 Nevertheless, since chronic pain is a predic-
tor of increased benzodiazepine use, this should be explored 
in the preanesthesia visit.184 Side effects relevant to anes-
thesia include sedation and skeletal muscle weakness. 
Due to their long half-life, delayed withdrawal should be 
anticipated and avoided by maintaining stable periopera-
tive dosage. Neuroleptics are also inappropriate, but some-
times used in chronic pain.185 In the perioperative period, 
patients treated with antipsychotic drugs can develop a 
neuroleptic malignant syndrome. Hyperthermia, hyperto-
nicity of skeletal muscles, fluctuating levels of conscious-
ness, and autonomic nervous system instability are typical 
symptoms."

DEPENDENCE, ADDICTION, AND 
PSEUDOADDICTION

Physical dependence is defined as a state of adaptation that 
is manifested by a drug class-specific withdrawal syndrome 
that can be elicited by abrupt cessation, rapid dose reduc-
tion, decreasing blood level of the drug, or administra-
tion of an antagonist.186 Dependence is not synonymous 
with tolerance (see earlier section “Opioids”). All opioids, 
benzodiazepines, and anticonvulsants produce clinically 
relevant physical dependence when administered for a pro-
longed period of time, but sometimes physical dependence 
can develop within hours of agonist exposure.71 Thus, all 
patients with continuous preoperative opioid intake should 
be considered at risk for withdrawal syndrome if adequate 
substitution of opioids in the perioperative period is with-
held. Opioid and benzodiazepine withdrawal syndromes, 
especially tachycardia and hypertension, may be detrimen-
tal for the high-risk cardiac patient. Rapid withdrawal from 
anticonvulsant drugs may trigger seizures, anxiety, and 
depression.

Addiction is a behavioral syndrome characterized by evi-
dence of psychological dependence (craving), uncontrolled/
compulsive drug use despite harmful side effects, and other 
drug-related aberrant behavior (e.g., altering prescrip-
tions, manipulating healthcare providers, drug hoarding or 
sales, unsanctioned dose escalation).186,187 The prevalence 
of opioid addiction is up to 34% in patients with chronic 
nonmalignant pain and about 8% in patients with cancer 
pain.187,188 Special considerations in the management of 
the drug-addicted patient are discussed elsewhere.173,174,189"

MANAGEMENT AND PRACTICAL 
RECOMMENDATIONS

Perioperative management has to address the risk of opioid 
withdrawal, the altered pain sensitivity, and the psycho-
logical alterations typical in the chronic pain patient popu-
lation. Most of the following recommendations have to be 
considered as “expert views” only.174,190,191

Preoperative Evaluation (also see Chapter 31)
Preanesthesia evaluation is necessary to educate patients, 
to organize resources for preoperative improvement of the 
patient’s physical function, to choose optimal anesthetic 
techniques, and to formulate plans for postoperative recov-
ery, including perioperative pain management.173 Mis-
conceptions about the surgical procedure, the role of the 
anesthesiologist in perioperative care, and postoperative 
pain treatment are common among patients.192 A thor-
ough history must be obtained to identify all preopera-
tive medications, including opioids, other analgesics and 
adjuvants, as well as signs of psychiatric comorbidity and 
aberrant drug-related behavior. Patients with spinal cord 
stimulators should be instructed to turn off the device. 
Screening tools and thorough education of the patient 
are recommended.167,193 Consultation of a pain specialist 
should always be considered. Pertinent issues and practical 
recommendations are summarized in Boxes 51.1 and 51.2."
Perioperative Management
To avoid opioid withdrawal, the preoperative systemic 
dosage should be continued throughout the perioperative 
period and mixed agonist/antagonists (buprenorphine, 
nalbuphine) must be avoided. If a neuraxial catheter with 
opioid medication is used, the flow and concentration of the 
opioid should be continued throughout the perioperative 
period as background analgesia.194 For minor and medium 
surgery, oral slow-release opioid medication may be contin-
ued at its regular intervals. For major surgery with postop-
erative restriction of enteral intake, oral opioids should be 
discontinued and replaced by equivalent doses of intrave-
nous opioids, which have to be continued for the entire peri-
operative period. This applies to general as well as regional 
anesthesia. The anesthesia technique should be selected on 
an individual basis considering the patient’s expectations 
since no data are available favoring general, regional, or 
combined anesthesia for this patient population.191 The 
frequency and extent of monitoring techniques should be 
adapted to the risk of patient instability.

Individually adapted regimens are usually superior to 
“conventional” analgesia, regardless of the specific anal-
gesia technique used.195 In minor and medium surgery, an 
opioid/NSAID combination should always be considered to 
enhance opioid effects. Since pregabalin and gabapentin 
can reduce postoperative pain and opioid consumption196 
and have anxiolytic effects,197 the chronic pain patient 
with anxiety might benefit. A dose range of 150 mg BID 
until the second or third postoperative day has been recom-
mended.190 Ketamine may also be applied as an adjunctive 
therapy,180 but there are no data to encourage its routine 
use for the chronic pain patient in the perioperative period. 
Support from a multimodal pain treatment facility or the 
acute pain service should be requested. Apart from the 
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choice of analgesia technique and adequate opioid medica-
tion, optimization of organizational structures is a key fac-
tor for improving perioperative analgesia.198 If addiction is 
suspected the patient should be re-evaluated for weaning or 
rehabilitation only after recovery from surgery and postop-
erative pain.199 Specific risk factors in chronic pain patients 
are summarized in Box 51.1."
Postoperative Regional Anesthesia
Although there is no strong evidence indicating superior-
ity of particular anesthetic techniques for postoperative 
analgesia in chronic pain patients, individual consider-
ations may favor regional anesthesia, particularly because 
these patients are prone to intensified postoperative pain 
experiences. Chronically opioid-consuming patients need 
their daily systemic dosage by the intravenous or oral 
route to prevent withdrawal.173 In addition, postopera-
tive analgesia with an epidural or plexus catheter may 
be accomplished with a combination of local anesthetics 
and opioids, similar to patients without chronic pain (see 

Chapters 45 and 46). However, higher doses of epidural 
opioids are recommended since cross-tolerance between 
orally and epidurally administered opioids has been 
described. Epidural lipophilic opioids (fentanyl, sufent-
anil) may provide better postoperative pain relief than epi-
dural morphine in chronically opioid-consuming patients, 
which has been attributed to the need of a lower receptor 
occupancy or incomplete cross-tolerance between mor-
phine and sufentanil.200"
Postoperative Intravenous Opioids
The total required opioid dose consists of the daily dose 
taken before and the dose made necessary by surgical stim-
ulation. A continuous perioperative intravenous opioid 
infusion equivalent to the regular daily dosage is recom-
mended if the oral route is unavailable.173,195 Additional 
bolus doses of opioid or nonopioid analgesics (or both) 
have to be titrated to individual needs to achieve adequate 
pain control in the postanesthesia care unit. Depending 
on the local circumstances, this may be patient-, nurse- or 
physician-controlled. The bolus size should be equal to the 
hourly dose of the background infusion. Once the patient 
demands less than four extra bolus doses per day, the back-
ground infusion may be reduced in daily steps of about 20% 
to 30%. For calculation of opioid dose equivalents, the rela-
tive potency, half-life, bioavailability, and route of adminis-
tration have to be considered.201 As soon as possible, oral 
medication should be resumed. Intravenous doses during 
the first 24 to 48 hours after surgery should be converted to 
oral dose equivalents. Half of the total dosage may be deliv-
ered as long-acting and half as short-acting breakthrough 
medication for on-demand use.173"
Perioperative Transdermal Opioids
Transdermal fentanyl patches are relatively reliable in 
administering controlled amounts of the drug to the cir-
culation over long periods. However, during surgery the 
amount of drug delivered to the patient may significantly 
shift. Changes in intravascular volume, body temperature, 
and volatile anesthetics alter skin permeability and perfu-
sion resulting in relatively large fluctuations in transdermal 
fentanyl passage. In addition, forced-air warming blan-
kets and heat packs applied onto the patch itself can lead 
to several-fold increases in fentanyl permeation through 
the skin.73 Thus, in major surgery, removal of transder-
mal systems is advisable to avoid unforeseen decreases and 
increases of systemic opioid uptake. The transdermal opi-
oid dose should be converted to intravenous morphine to 
be administered as a continuous background infusion.201 
Pertinent issues and practical recommendations are sum-
marized in Box 51.3.
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"#"  Take thorough history to identify all analgesic and adjuvant 
medications, risk factors, and comorbidity.

"#"  Educate the patient about the perioperative procedures, the 
potential for aggravated pain, and increased opioid require-
ments.

"#"  Communicate plans between the designated anesthesiologist 
in the operating room, the postanesthesia care unit, and the 
surgical and nursing personnel on the ward.

"#"  Differentiate between addiction, pseudoaddiction, and physical 
dependence in patients on long-term opioid medication.

"#"  Expect physical dependence in patients on long-term opioid 
medication.

"#"  Continue previous long-acting opioid analgesics for short pro-
cedures.

"#"  For major surgery calculate and order background infusion of 
an equianalgesic opioid dose for patients with NPO for >8 h to 
be started in the OR.

"#"  Order regular opioid medication on the morning of surgery.
"#"  Maintain anticonvulsant drugs and benzodiazepines at preop-

erative doses.
"#"  Discontinue all other adjuvants if NPO status remains >24 h.
"#"  Identify untreated depressive disorder with screening questions 

for disturbed sleep, lowered mood, reduced concentration, self-
confidence, and motivation.

"#"  Identify untreated anxiety disorder with screening questions for 
restlessness, irritability, difficulties to control anxiousness, and 
worrying.

"#"  Consider referral to pain specialist for evaluation.
"#"  Choose regional or general anesthesia based on individual 

considerations.

BOX 51.2 Preoperative Considerations and 
Recommendations in Patients With Chronic 
Pain

OR, Operating Room.
Adapted from Farrell C, McConaghy P. Perioperative management of 

patients taking treatment for chronic pain. BMJ. 2012;345:e4148; and 
Kopf A, Banzhaf A, Stein C. Perioperative management of the chronic 
pain patient. Best Pract Res Clin Anaesthesiol. 2005;19:59–76.191,202
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"#"  Start background opioid infusion immediately when patient 
arrives in the OR.

"#"  Remove opioid patch when major surgery is planned; in minor 
surgery patch may be continued without background infusion.

"#"  Every chronic pain patient has to be seen postoperatively tid to 
evaluate pain at rest, pain with exercise (e.g., coughing), nausea, 
sedation, mobilization, and sleep quality.

"#"  *onitor closely for signs of respiratory depression and of with-
drawal (e.g., unexplained tachycardia, restlessness, sweating, 
confusion, hypertension).

"#"  +ntegrate the patient in the acute pain service protocol if available.
"#"  ,itrate short-acting opioid for acute pain with 2-4 times the 

usual starting dose needed for an opioid-naïve patient.
"#"  -dd COX inhibitors, anticonvulsants, other adjuvants as 

needed.
"#"  .valuate demand-delivery-ratio of PCA frequently, adapt 

demand-dose in relation to background infusion (demand-dose 
equals hourly dose of background infusion).

"#"  +ncrease background infusion in PCA in relation to the cumula-
tive daily opioid demand dose (add 50%-75% of the daily 
demand-dose to background infusion).

"#"  Change technique of postoperative analgesia if inadequate use 
persists in spite of repeated patient education.

"#"  +n case of insufficient epidural analgesia with morphine, use 
epidural fentanyl or sufentanil.

"#"  +n case of IV opioid dose escalation consider spinal/epidural 
opioid application or switch IV agonist.

"#"  Reduce daily opioid doses after the second postoperative day 
stepwise to the preexisting dose.

"#"  Switch back to oral or transdermal medication as early as pos-
sible; use 50%-75% of last daily IV opioid dose as slow release 
oral or transdermal delivery plus the rest as demand dose.

"#"  When switching back to transdermal route consider 12-16 h 
delayed effects and supply patient for this period with sufficient 
on-demand analgesia.

"#"  Do not attempt to solve a chronic pain problem in the immedi-
ate postoperative period.

"#"  Use non-pharmacological techniques (distraction, relaxation) 
where appropriate and offer counselling in the pain unit after 
postoperative recovery.

BOX 51.3 Intra- and Postoperative 
Management Issues and Practical 
Recommendations

COX, cyclooxygenase; IV, intravenous; OR, Operating Room; PCA, patient-
controlled analgesia.

Adapted from Farrell C, McConaghy P. Perioperative management of 
patients taking treatment for chronic pain. BMJ. 2012;345:e4148; and 
Kopf A, Banzhaf A, Stein C. Perioperative management of the chronic 
pain patient. Best Pract Res Clin Anaesthesiol. 2005;19:59–76.191,202
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