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From the use of opium poppy extracts and cannabis sativa millennia ago
to the development of novel analgesics, our knowledge of the pharmacology of pain has evolved considerably. Most of this improved knowledge
has occurred in the past few years. Indeed, improved understanding of the
mechanisms of pain at cellular, molecular, and synaptic levels has allowed
the development of analgesics acting on new targets, providing new hope
for better pain management and improved quality of life in millions of
patients worldwide.
There are many chapters and textbooks devoted to opioids but few on
other analgesics, the so-called “adjuvant analgesics.” These drugs include
analgesic antidepressants and anticonvulsants that are recommended as
first-line therapy for neuropathic pain (gabapentinoids, tricyclic antidepressants, duloxetine), cannabinoids, topical analgesics, local anesthetics, antihyperalgesics. We therefore felt that a new book was needed to fill a gap
in the literature—a book that would offer a comprehensive review of the
pharmacology of adjuvant analgesics that would be useful for clinicians and
clinical researchers, either physicians or other health professionals. To facilitate use for clinical purposes, we also included chapters on clinical entities
such as neuropathic pain, cancer pain, postoperative pain, and fibromyalgia.
Each chapter provides a detailed review of the current state of knowledge on a specific topic and offers a framework for considering future
developments on that topic.
In preparing this book, we faced two main challenges. The first was to
cover a very broad area but still provide detailed information on each topic
for the practicing physician without exceeding a reasonable number of
pages. The second challenge we encountered was to provide reviews that
would still be timely after the book was published, given the rapid evolution of knowledge in this field. We are confident that we have succeeded
in meeting both challenges, mainly because all chapters were authored by
leading experts on the topic covered. We are very fortunate that we were
able to include so many world-renowned experts on the pharmacology
of pain in this book. We therefore extend our gratitude to all those who
agreed to take up the challenge of providing this state-of-the-art review of
such rapidly evolving fields. Our gratitude also goes to Andrea Knobloch
and all the Oxford University Press staff, for their patience and help during
the publication process. Finally, we thank Dr. Russell K. Portenoy, Editor of
this Oxford Pain series, for his guidance throughout the process.
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Chapter 

Overview of Pain
Management
Pain, especially chronic persistent pain, is a multidimensional experience
defined as “An unpleasant sensory and emotional experience associated with
actual or potential tissue damage, or described in terms of such damage”
[]. As such, it responds better to a multimodal, multidimensional, interdisciplinary approach. Pain management should not only focus on decreasing the
noxious stimuli but also address the multiple dimensions and aim to minimize
impact on mood, function, and quality of life. To achieve these goals, treatment should combine nonpharmacological (physical, psychological), pharmacological, interventional, and specific approaches to pain management [2].

Nonpharmacological approaches
to pain management
Nonpharmacological approaches are traditionally categorized as physical and
psychological approaches.
Physical approaches include passive therapies such as transcutaneous
electrical nerve stimulation, ultrasounds, massage, and shock-wave therapies. Although these therapies can usually provide some short-term relief,
response is usually better and more sustained when active therapies are used,
such as exercises (aimed at increasing strength, tone, or flexibility) and rehabilitation practices. When managing pain, the goal should always be to ensure
that the patient has an active role and is fully involved in the therapeutic plan.
To achieve this goal, psychological approaches are used as an essential component of the pain-management strategy. Psychological approaches include
cognitive-behavioral therapy, strategies based on emotional disclosure, and
mind-body interventions (eg, yoga, mindfulness) [3]. The most appropriate
strategy for a given patient can be determined based on the nature and characteristics of the patient’s pain, comorbidities, personality traits, and previous
response to other treatments.

Interventional approaches
Interventional approaches to pain management include various techniques
aimed at reducing pain depending on the location and type of pain such
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as spinal blocks (epidural or facet), intra-articular blocks, peripheral nerve
blocks, coeliac block, or sympathetic block. Invasive routes of delivery
of analgesics, such as intrathecal, can also be used in patients who do not
respond to conventional oral or transdermal routes.

Specific approaches
Rather than treating pain, it is preferable to treat the cause of the pain, whenever possible. For example, the following surgeries may be performed to
treat pain: joint replacement in a patient with osteoarthritis, laminectomy and
fusion for a patient with spinal stenosis, and gamma knife ablation for patients
with trigeminal neuralgia.

2

Pharmacological approaches
The World Health Organization (WHO) Analgesic Ladder, first published in
2006, recommends treating pain based on severity [4](Figure .). Mild pain
should be treated with nonopioid analgesics (acetaminophen or nonsteroidal anti-inflammatory drugs), moderate pain should be treated with “weak”
opioids, and severe pain should be treated with “strong” opioids. Adjuvants
can be combined with analgesics for the treatment of pain of any severity,
depending on the nature of pain (see Chapter 2). Although it was first proposed for the treatment of cancer-related pain, the WHO pain ladder was
soon extrapolated to chronic nonmalignant pain.
Several authors have proposed modifications to the WHO pain ladder
in recent years, due to developing scientific evidence. Eisenberg et al [5]

Freedom from
cancer pain
Opioid for moderate to severe pain
+/– Non opioid
+/– Adjuvant

3

Pain persisting
or increasing
2

Opioid for mild to moderate pain
+/– Non opioid
+/– Adjuvant
Pain persisting
or increasing
Non opioid
+/– Adjuvant

Figure . WHO analgesic ladder [4].
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proposed to eliminate weak opioids for the treatment of cancer pain, because
low doses of strong opioids have been shown to provide better and faster
pain relief, with greater patient satisfaction [6]. Invasive procedures should be
considered at any stage, as an alternative or an adjunct to pharmacotherapy.
Vargas-Schaffer [7]proposed to keep steps –3 unchanged and add a
fourth step for managing the crises of chronic pain, comprising nerve block,
epidurals, patient-controlled analgesia pump, neurolytic block therapy, and
spinal stimulators. The treatment should also be adapted to the nature and
acuteness of pain, using a “step up” approach for chronic pain, nonmalignant
pain, and cancer pain and a “step down” approach for acute pain, chronic pain
without control, and acute crises of chronic pain.
Although evidence is still limited, there is proof that pain is better controlled, with fewer adverse effects, when using a combination of diverse
classes of analgesics [8](see Chapter 4 for examples). It is clinical experience derived from clinical practice. Therefore, when clinicians select the most
appropriate analgesics for a given patient, they should combine various analgesics with different mechanisms of action for a better pain relief.

Acetaminophen is recommended as first-line therapy to treat mild to moderate pain, especially of musculoskeletal origin, because of the rarity of toxicity
and adverse effects when used at therapeutic doses. Recent evidence and
most guidelines recommend a maximal daily dose of 3200 mg when acetaminophen is used for more than 0 days in patients with risk factors for toxicity and 2600 mg in patients with other risk factors (polypharmacy, advanced
age, alcohol abuse, liver impairment). When used to treat acute pain of less
than 0-day duration, the traditional 4000 mg maximal daily dose can be used.
When acetaminophen is administered on a chronic basis, frequent monitoring
of liver function tests should be done to avoid liver toxicity.
Nonsteroidal anti-inflammatory drugs and selective cyclooxygenase-2
inhibitors are indicated for the treatment of inflammatory diseases
(eg, rheumatoid arthritis) or for the treatment of acute pain. Nonsteroidal
anti-inflammatory drugs are associated with significant adverse effects, including acute kidney injury, hyperkalemia, gastric toxicity, fluid retention, congestive heart failure, and possibly increased cardiac mortality; therefore, they
should be used with caution, especially in older patients or those with several
comorbidities or polypharmacy, with frequent monitoring for the occurrence
of adverse effects.

Opioids
As indicated earlier, opioids should be used for the treatment of pain of
moderate or severe intensity. Treatment should be initiated with a low dose
and increased progressively based on analgesic response and tolerability.
Responses to various opioids can vary depending on the patient and type of

3
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pain. Opioid rotation can be done when pain does not respond to a specific
opioid. When prescribing an opioid, it is always important to first evaluate
the risk of medication abuse and diversion and then frequently reassess these
issues.

Conclusion
This chapter provides a very brief overview of pain management. To ensure
optimal pain management, a combination of various pain relief strategies
should be used, with a multimodal and interprofessional approach, combining nonpharmacological, pharmacological, interventional, and specific
approaches. Pharmacotherapy should also include various classes of analgesics with different mechanisms of action, for better pain relief and tolerability.
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Chapter 2

Classification of Analgesics
David Lussier and Pierre Beaulieu

The definition and concept of adjuvant analgesics have evolved considerably.
In the initial World Health Organization (WHO) pain ladder [], adjuvants
were recommended “to calm fears and anxiety,” that is, to treat accompanying symptoms, rather than as analgesics per se. The WHO later modified
the definition of an adjuvant analgesic, distinguishing “coanalgesics” (anticonvulsants and antidepressants) and “adjuvant medicines” (steroids, muscle
relaxants, and bisphophonates) [2]. This latter category corresponds to the
accepted definition of an “adjuvant drug” as “a substance added to a drug
to aid its action.” After this definition was established, “adjuvants” were not
considered as analgesics but were used to treat either a cause or contributing factor to pain; for example, steroids were used to treat inflammation and
muscle relaxants were used to treat muscle spasms.
The definition and use of adjuvant analgesics have evolved with time.
Nowadays, terms “adjuvant analgesic” and coanalgesic are often used interchangeably, and they have been defined as “any drug that has a primary indication other than pain, but is analgesic in some painful conditions” [3]. However,
both adjuvant analgesic and coanalgesic terms have become obsolete with
accumulating scientific evidence and evolution of prescription practices. Most
drugs that are currently considered as adjuvant analgesics do not correspond
to these definitions. They are often used alone rather than combined with
an analgesic (eg, gabapentinoids or tricyclic antidepressants for neuropathic
pain), and pain is an approved indication for some (eg, pregabalin, duloxetine).
This finding has lead some authors, including ourselves in a previous publication [4], to propose to completely abandon the terms and concept of
adjuvant analgesics and simply consider them as analgesics if they have been
shown to possess analgesic properties.

Existing classification of analgesics
Analgesics can be categorized based on different criteria, including severity
of pain, type of pain, therapeutic classes of analgesics (eg, antidepressants,
anticonvulsants), mechanisms of action, or a combination of different criteria.
Several classifications have been proposed (Table 2.).
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Table 2. Categories of Classifications of Analgesics
Based on pain severity
WHO pain ladder []
Based on clinical efficacy
Lussier and Portenoy [3]
Based on therapeutic class
Based on pain mechanisms (mechanistic approaches)
Marchand [5]
Costigan and Woolf [6]
Lussier and Beaulieu [4]

World Health Organization classification
The first classification of analgesics, which remains classic, was presented by
WHO for the treatment of cancer pain and was later extrapolated for noncancer pain (Table 2.2) []. In this classification, known as the WHO pain
ladder, the treatment is based on pain severity. Nonopioid analgesics (acetaminophen or nonsteroidal anti-inflammatory drugs [NSAIDs]) are used for
mild pain, whereas “weak” opioids (hydrocodone, codeine, low-dose oxycodone) are used for moderate pain and “strong” opioids (morphine, hydromorphone, high-dose oxycodone, fentanyl, methadone) are used for severe
pain. Adjuvant drugs are recommended to calm fears and anxiety. A more
recent but less known WHO classification categorizes analgesics as nonopioids, opioids, coanalgesics (antidepressants, anticonvulsants, ketamine, local
anesthetics), or adjuvants (steroids, muscle relaxants, bisphosphonates) [2].

Table 2.2 World Health Organization Pain Ladder []
Analgesics for Mild Pain
Nonopioids
Acetaminophen
Nonsteroidal anti-inflammatory drugs (NSAIDs)
Analgesics for Moderate Pain
“Weak opioids”
Hydrocodone
Codeine
Low-dose oxycodone
Analgesics for Severe Pain
“Strong opioids”
Morphine
Hydromorphone
High-dose oxycodone
Fentanyl
Methadone
Adjuvant Analgesics

Classification of Analgesics

Classification based on therapeutic class
Adjuvant analgesics are then categorized based on their original therapeutic
class and indication, for example, antidepressants, anticonvulsants, muscle
relaxants, antiarrythmics. This categorization can often be misleading because
it might imply that either all drugs from the class have analgesic properties or
all drugs from the same class have similar mechanisms of action, neither of
which is true. It can also be misleading to patients, who may believe they are
prescribed an antidepressant to treat depression.

Chapter 2

Classification based on clinical efficacy
The most commonly used and clinically relevant classification of adjuvant
analgesics is based on clinical efficacy, for example, multipurpose, neuropathic
pain, bone pain, and musculoskeletal pain [3](Table 2.3). The pitfall of this
type of classification is the evolving knowledge on analgesic efficacy of various
drugs, which would require frequent modifications to the classification.

Table 2.3 Classification Based on Clinical Efficacy, From Lussier
and Portenoy [3]
Multipurpose Adjuvant Analgesics
Antidepressants
Corticosteroids
α2-Adrenergic agonists
Adjuvant Analgesics Used for Neuropathic Pain
First Line:
Gabapentinoid anticonvulsants
Antidepressants
Corticosteroids
Other drugs:
Oral and parenteral sodium channel blockers
N-methyl-D -aspartate (NMDA) receptor blockers
Cannabinoids
Baclofen
Adjuvant Analgesics Used for Bone Pain
Calcitonin and bisphosphonates
Radiopharmaceuticals
Corticosteroids
Adjuvant Analgesics Used for Bowel Obstruction
Anticholinergics
Octreotide
Corticosteroids
Adjuvant Analgesics Used for Musculoskeletal Pain
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Rather than classifying analgesics based on their clinical efficacy or therapeutic
class, these classifications, called “mechanistic approaches”, divide analgesics
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depending on which pain mechanism they act on or even on the molecular
targets. According to Marchand [5], the most appropriate analgesic can then
be determined based on the specific mechanism of the patient’s pain, for
example, nociceptive (somatic, visceral, inflammatory) or neuropathic (complex regional pain syndrome, peripheral and central neuropathic pain, spinal
cord injury, functional pain) (Table 2.4).
In contrast to Marchand [5], Costigan and Woolf [6] have divided pain
mechanisms into peripheral sensitization, ectopic discharge, sympathetically
maintained pain, central sensitization, and reduced inhibition or increased
transmission (Table 2.5). Moreover, each mechanism is further divided in various molecular targets of analgesics.
Finally, in a previous publication, we have proposed a taxonomy of
analgesics inspired by previously existing classifications and based mainly
on mechanisms of analgesia [4](Table 2.6). It completely eliminates the
term “adjuvant analgesic” and considers them as analgesics, on the same
level as nonopioids and opioids. Investigational drugs can be easily added to
the classification based on their mechanism of action, which should eliminate the need for frequent modifications to the taxonomy with evolving
knowledge.

Table 2.4 Mechanistic Classification of Pain, From
Marchand [5]
Type of Pain

Nociceptive

Neurogenic

Mechanisms

Somatic
(tissue injury)

Mechanical,
thermal, or
chemical stimuli

Visceral
(irritable bowel,
cystitis)
Inflammatory
(musculoskeletal)

Visceral
distension

Causalgia
(neuralgia,
radiculopathy, CNS
lesions)
Functional
(fibromyalgia,
thalamic syndromes,
irritable bowel)

Example of
Pharmacologic
Treatments
Acetaminophen
Sodium channel
blockers
NSAIDs
Steroids
Opioids
NSAIDs
Antispasmodics

Associated
with localized
inflammation
Peripheral or
CNS lesions

NSAIDs
Steroids

Dysregulation
of excitatory
or inhibitory
mechanisms in
CNS

Antidepressants
Anticonvulsants
Opioids
Cannabinoids

Anticonvulsants
Opioids
Antidepressants

Abbreviations: CNS, central nervous system; NSAIDs, nonsteroidal anti-inflammatory drugs.

Drug
Capsaicin

TTXs Na+ -VGSC
TTXr Na+ -VGSC

Sympathetically
maintained pain
Central sensitization

α-receptor

Sodium channel
blockers
Carbamazepine
Lamotrigine
Mexiletine
Lidocaine
Phentolamine
Guanethidine block
NMDA antagonists
Ketamine
Dextromethorphan
COX-2 selective
inhibitors
µ-opioid agonists,
gabapentin, clonidine,
tricyclic antidepressants

NMDA receptor
COX-2

Reduced inhibition
Increased
transmission

Receptors
MOR, α2, GABA,
N-type
Ca2+ channels

Abbreviations: α/α2, adrenergic receptor subtypes; COX-2, cyclooxygenase
subtype 2; GABA, γ-aminobutyric acid; MOR, µ-opioid receptor;
NMDA, N-methyl-D -aspartate receptor; TRPV, vanilloid receptor subtype ;
TTXr Na+ -VGSC, tetrodotoxin-resistant-voltage-gated sodium channel;
TTXs Na+ -VGSC, tetrodotoxin-sensitive-voltage-gated sodium channel.

Table 2.6 Mechanistic Taxonomy of Analgesics, From
Beaulieu and Lussier [4]
Antinociceptive Analgesics
Nonopioids
Acetaminophen
NSAIDs
Opioids
Cannabinoids
Antihyperalgesics
NMDA antagonists
Gabapentinoids (gabapentin, pregabalin)
Levetiracetam
Lamotrigine
Nefopam
Nitrous oxide
Coxibs
Modulators of Descending Inhibition or Excitation
Tricyclic Antidepressants
SNRIs

(continued)

Classification of Analgesics

Target
TRPV

Chapter 2

Mechanism
Peripheral
sensitization
Ectopic discharge
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Table 2.5 Drug Treatment Based on Pain Mechanism
Molecular Targets, From Costigan and Woolf [6]
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Table 2.6 Continued
SSRIs
α2-adrenergic agonists
Modulators of Peripheral Transmission or Sensitization
Local anesthetics
Carbamazepine
Oxcarbazepine
Topiramate
Capsaicin
Mixed: Antinociceptive Analgesics and Modulators of Descending Inhibition
or Excitation
Tramadol
Tapentadol
Other
Calcitonin
Bisphosphonates
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Abbreviations: Coxibs, selective cyclooxygenase-2-inhibitors; NMDA,
N-methyl-D -aspartate; NSAIDs, nonsteroidal anti-inflammatory drugs; SNRIs,
serotonin-norepinephrine reuptake inhibitors; SSRIs, selective serotonin reuptake
inhibitors.
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Chapter 3

Antidepressants
C. Peter N. Watson
“I do believe,” said Alice at last, “that they live in the same house!”
LEWIS CARROLL, Through the Looking Glass

The quotation refers to both the independent analgesic action and the dual
action on inhibitory monoaminergic neurotransmitters of some antidepressants. Antidepressants are one of the oldest pharmacological treatments for
chronic pain, and they have been subjected to many randomized controlled
trials (RCTs) for chronic noncancer pain (CNCP) []. More than a quarter
century of investigation has resulted in a large amount of literature on this
topic. This chapter is based on systematic reviews of quality RCTs in chronic
non-cancer pain [–5]. Historically, these RCTs first examined tricyclic antidepressants (TCAs) such as amitriptyline based on published observational
data and because of their putative action on potentiating pain-inhibitory
mechanisms involving serotonin and noradrenaline. Because of limitations
in efficacy and concern about adverse effects, attention turned to the more
selective serotonin re-uptake inhibitors (SSRIs) such as fluoxetine and others
and the more noradrenergic (N) agents such as maprotiline, desipramine, and
nortriptyline. More recently, because of disappointing results regarding the
superiority of most of these more specific antidepressants (except the more
N TCA nortriptyline [6]), recent research has explored new drugs such as the
serotonin noradrenaline re-uptake inhibitors (SNRIs) venlafaxine, duloxetine,
and milnacipran, which, similar to amitriptyline, have an effect on both serotonin and noradrenaline with the hope of fewer adverse effects and better
analgesia.
This chapter reviews () pharmacological aspects (dose, duration, pharmacodynamics, adverse effects) of these drugs (Table 3.) and (2) the
evidence-based data concerning clinical meaningfulness regarding efficacy
and safety in CNCP (arthritis, fibromyalgia [FM], headache, low back pain,
miscellaneous chronic pain, and particularly neuropathic pain [NP]) (Table
3.2). The TCAs, SSRIs, and combined SNRIs are considered here. There is
evidence of an analgesic action of some of the antidepressants by RCTs and
the relief of different components of NP in particular; that is, steady pain,
jabbing, and evoked pain (allodynia). Other analgesics can now be regarded
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Table 3. Analgesic Antidepressants (Dose, Duration, Pharmacodynamics, Adverse Effects)
Drug

Therapeutic
Range for
Pain
(mg/24 h)

Half-life (h)

Tricyclics
Amitriptyline

0–50*

Doxepin

0–50*

Trimipramine

Neurotransmitter Most Common Side Effects (%)
Profile
NA

5-HT

Sedation Orthostatic Weight Dry
Constipation GI
hypotension gain
mouth
distress,
nausea,
diarrhea

0–46

+++

+++

>30

>0

>30

>30

>0

>2

8–36

+++

++

>30

>0

>0

>30

>0

<2

0–50*

7–30

++

+

>30

>0

>0

>0

>0

<2

Imipramine

0–50*

4–34

+++

+++

>0

>30

>0

>30

>0

>0

Clomipramine

0–50*

7–37

+++

++++

>2

>0

>0

>30

>0

>0

Desipramine

0–50*

2–76

+++++

++

>2

>2

>2

>0

>2

>2

Nortriptyline

0–00*

3–88

++++

++

>2

>2

>2

>0

>0

<2

++

++++

>0

>0

<2

>0

>0

>30

+++++ >0

<0

<2

>0

>0

>0

Serotonin/Noradrenaline Reuptake Inhibitors
Venlafaxine
Effexor
37.5–225
3–7 (parent)

Duloxetine

Cymbalta

60–20

9–3
(metabolite)
0
++++

Abbreviations: GI, gastrointestinal; NA, not applicable; 5-HT, 5-hydroxytryptamine.
*The therapeutic range for depression is up to 200 mg/24 h for nortriptyline and to 300 mg/24 h for the remaining tricyclic antidepressants; in general, these doses are not required for an
analgesic effect, and the usual dose will consist of 75 mg/24 h or less.
Adapted from Reference 5 with permission.

NNT
“Benefit”

NNT “Minor
Harm”

NNT “Major Number
Harm”**
of
Studies+
20.4
30.5
6
.4
3.7
4
2.4
5.2
3
.4
–
3
No dichotomous 8.7

data available
8.9
7

Amitriptyline
Imipramine
Desipramine
Nortriptyline
Clomipramine

2.4
2.
2.4
2.6
2.

Average TCAs

2.3

Venlafaxine

4.0

2

SSRIs

6.7

3
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Table 3.2 Average NNT Among Placebo-Controlled Trials
Examining TCAs, and Serotonin and Noradrenaline Reuptake
Inhibitor Antidepressants for Neuropathic Pain for Benefit
(50% or More Reduction of Pain), and Minor and Major Harm

Abbreviations: NNT, numbers needed to treat; SSRIs, selective serotonin re-uptake inhibitors;
TCA, tricyclic antidepressants.
*References for several sources of NNT figures are found in Reference 5.

This column refers to the number of studies for which there was adequate information with
which to calculate an average NNT. Please note that these figures derive from studies using
different methodologies, different data analyses, with different numbers of patients. There are
few comparative trials, and the external validity may be poor because of selection that goes into
trials. Thus, the NNT data are a rough guide only.
+

Adapted from Reference 5 with permission.

as first-line therapy (the gabapentinoids), but there is no good evidence for
abandoning TCAs as an initial choice. Evidence is provided for the lesser utility of more selective serotonergic (S) and N agents and SNRIs [7]. There are
few head-to-head RCTs [8], and comparative data are predominantly based
on number-needed-to-treat (NNT) and number-needed-to-harm (NNH)
figures [3] (Table 3.2). Evidence-based guidelines from different countries
(Canada, United States, and Europe) [9–4] have reasonable concordance.
The limited external validity (generalizability to ordinary practice) [5] of
these drugs and the limited efficacies of drugs often lead to the need for
combinations of antidepressants with anticonvulsants and opioids in many
patients. Finally, we provide practical guidelines for the use of antidepressants in chronic pain.

Mechanism of action
Randomized controlled trials have repeatedly and clearly demonstrated the
separation of the analgesic and antidepressant effects [6, 7]. An early concept of the mechanism of antidepressant analgesia was that this analgesia
occurred via pain-inhibiting systems that descend from the brainstem on to
the dorsal horn of the spinal cord [8]. This model involves an endorphin

13
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link from the periaqueductal gray area to the medullary raphe nucleus and
then an S connection from the raphe to the dorsal horn of the spinal cord.
However, another inhibitory system extends from the locus coeruleus in the
lateral pons to the dorsal horn, which involves noradrenalin. More recently,
descending facilitation by an S mechanism has been described [9]. This may
explain the lesser or lack of efficacy of selective S drugs such as the SSRIs.
Randomized controlled trials have demonstrated that the selective S drugs
are either not effective [20] or less effective than N agents and those with
a mixed effect on S and N (TCAs, SNRIs). The more effective antidepressants for chronic pain seem to be the TCAs desipramine, amitriptyline and its
metabolite nortriptyline. Antidepressants are relatively “dirty drugs” that act
on multiple receptors and have multiple effects (dopamine potentiation, the
anticholinergic effect, an antihistaminic effect, an anti-inflammatory effect due
to the inhibition of prostaglandin synthetase, an opioid-mediated effect, K+
channel activation, GABAB potentiation, substance P reduction, or a calcium
channel blocking action). Recent attractive ideas, in light of current thinking,
are that these drugs may be N-methyl-D -aspartate antagonists or sodium
channel blockers. In this chapter, we will focus on the monoamine descending
inhibition model and use this model to categorize and explain the efficacy of
the analgesic antidepressants. Aggressive pharmaceutical marketing of newer
SNRI antidepressants for both NP and FM has created an impression among
clinicians that those are the first-line pharmacotherapy for these indications;
however, the evidence base does not support this assertion [7].
Acute and cancer pain
Use of antidepressants for acute and cancer pain is discussed in Chapters 9.4
and 9.2, respectively, as well as in Reference [].
Neuropathic pain
The definition, assessment methods, and most common etiologies of NP are
provided in Chapter 9.1. Most antidepressant research has been carried out
in NP, and 80% of NP RCTs have been done in painful diabetic neuropathy
(PDN) and postherpetic neuralgia (PHN). Sixty-one RCTs of 20 antidepressants in NP were identified []. Seventeen were conducted in PDN,  in
PHN, and 33 in other NP conditions, which included facial pain, NP with cancer, central poststroke pain, human immunodeficiency virus (HIV) neuropathy, spinal cord injury, cisplatin neuropathy, painful polyneuropathy, phantom
limb pain, and chronic lumbar root pain. Of the trials of oral drugs, 3 antidepressants in 36 RCTs showed a significant effect. With TCAs, six drugs tested
favorably, including amitriptyline, imipramine, nortriptyline, desipramine, and
nortriptyline. Of SNRIs, venlafaxine and duloxetine were superior to placebo.
Selective serotonin re-uptake inhibitors yielded favorable results over placebo
with paroxetine, citalopram, and escitalopram. The tetracyclic, N maprotiline
(3 RCTs), and the N/dopaminergic bupropion (one RCT) also have shown a
significant effect compared with placebo. These RCTs have repeatedly shown
an analgesic effect independent of an effect on depression and the relief of
the different pain qualities seen in NP, including steady pain, jabbing pain, and
skin pain (allodynia or pain on touch). Randomized controlled trials results in
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PDN and PHN are reasonably similar, but negative trials in such NP disorders
as lumbar root pain, HIV and cisplatin neuropathies, and spinal cord injury
may reflect the greater intractability of these NP problems.
A significant difficulty for the clinician lies in interpreting the results of these
many RCTs for translation to clinical practice in deciding which drug to use.
One problem is the lack of clinical meaningfulness data in most studies such
as the number of subjects with satisfactory relief [5]. Another issue is the
paucity of comparative data (most RCTs are a comparison with placebo) [8].
To address these deficiencies, NNT figures for 50% or more relief and NNH
figures for withdrawal for NP RCTs have been calculated for both antidepressants and other analgesic classes [3] (Table 3.2). In NP, these data indicate
that balanced N/S TCAs are superior to N TCAs and SNRIs, which in turn
are superior to SSRIs. In addition, TCA NNTs are about equal to the opioids
morphine and oxycodone and superior to gabapentinoids (gabapentin, pregabalin), the opioid-like drug tramadol, and cannabinoids. These data are helpful in placing the different drugs in a treatment algorithm for NP [9], which
places TCAs as a first choice along with gabapentinoids and SNRIs as a second
choice.

A systematic review of the effectiveness of antidepressants in FM in 2008
[2] was based on 26 RCTs. The authors concluded that amitriptyline (0–50
mg/day) reduced pain, fatigue, and depression in FM and improved sleep and
quality of life. They also found that some SSRIs and the SNRIs duloxetine and
milnacipran were effective but that long-term data were lacking.
A meta-analysis [22] of 8 RCTs of antidepressants concluded that antidepressants were associated with improvements in pain, depression, fatigue,
sleep, and health-related quality of life in patients with FM. Results of the analysis also indicated large effect sizes for TCAs (mostly amitriptyline), a medium
effect size for monoamine oxidase (MAO) inhibitors (moclobemide, pirlindole), and a small effect size for SSRIs (fluoxetine, citalopram, paroxetine) and
SNRIs (duloxetine, milnacipran).
The literature review for this chapter []found further favorable results
for three trials of the SNRIs duloxetine (20–20 mg/day) and four RCTs of
milnacipran. As a class of drugs, dual uptake inhibitors improved pain, depression, sleep, and quality of life in several of these studies.

Headache
Four antidepressants were favorable in 6 RCTs in tension-type headache,
migraine, and medication-induced and chronic daily headache [, 4]. Of the
commercially available drugs, those with a mixed effect on serotonin and noradrenaline (ie, amitriptyline, venlafaxine, and mirtazapine) were superior in
both migraine and tension headache, but amitriptyline was superior in only
one RCT in drug withdrawal headache. The SSRIs were found to be no more
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effective than placebo in migraine and less effective than TCAs in chronic
tension-type headaches [, 4]. Thus, the TCA amitriptyline, the tetracyclic
mirtazapine, and the SNRI venlafaxine all seem useful for headache prevention of both migraine and tension-type headaches. Most RCTs report a reduction in duration and frequency of headache and, less commonly, of severity.

Low back pain
Three antidepressants were favorable for low back pain (amitriptyline, nortriptyline, and doxepin) [, 3].

Arthritis
Amitriptyline, imipramine, and trimipramine were found to be favorable for
different arthritis conditions (osteoarthritis, rheumatoid arthritis, ankylosing
spondylitis) [].
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Adverse events
Table 3. summarizes monoamine profiles and common side effects for some
commonly used antidepressants, and more details are available elsewhere
[, 23]. If insomnia accompanies pain, a sedating TCA may be chosen (such
as amitriptyline) and given in a single nightime dose, which may also mitigate
unwanted daytime drowsiness. The presence of a seizure disorder precludes
the use of bupropion. Allergic reactions are generally uncommon. Withdrawal
reactions may occur and gradual withdrawal is prudent. Number-needed-toharm figures for TCAs do not indicate a worse side-effect profile in RCTs
than other drug choices for CNCP such as gabapentinoids (Table 3.2) [3].
Most SNRIs are unlikely to cause severe anticholinergic, adrenergic, and antihistaminic side effects, severe sedation, hypotension, and weight gain. They
may cause gastrointestinal upset (commonest), insomnia, dry mouth, drowsiness, sweating, anxiety, agitation, headache, sexual dysfunction, and tremor.
A central S syndrome and an increased risk of gastrointestinal bleeding have
been reported. Serotonin norepinephrine re-uptake inhibitors may aggravate
hypertension, exacerbate seizures, and trigger mania. More common are nausea, anorexia, weakness, drowsiness, nervousness, dizziness, and dry mouth.
Drug interactions are a consideration with all antidepressants, and the safety
of most antidepressants in pregnancy and lactation has not been established.

Drug Selection
There are numerous largely placebo-controlled RCTs in CNCP, indicating
that a variety of antidepressants are superior to placebo in many conditions.
These trials may leave the clinician in a state of confusion as to the appropriate choice of agent because there are few head-to-head comparative trials

Approach to therapy
In selecting an antidepressant such as a TCA for CNCP, it is important to
() individualize therapy, (2) obtain a complete assessment, and (3) focus
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and sparse data on the clinical meaningfulness of results in individual RCTs in
terms of the number of subjects obtaining satisfactory relief. The few headto-head RCTs most commonly indicate the superiority of nonselective TCA
antidepressants over SNRIs and SSRIs [8]. To further judge the relative efficacy and safety of these drugs in comparison with each other and with other
analgesics such as gabapentinoids and opioids, NNTs for 50% or more relief
and NNHs for RCT withdrawal have been calculated in NP where there are
substantial numbers of RCTs [5] (Table 2). This helps to rank these drugs in
terms of NNT values in RCTs in NP trials as balanced S/N TCAs > N antidepressants > SNRIs > SSRIs. For comparison with other analgesics, NNT
values for gabapentinoids are 5. for gabapentin, 4.2 for pregabalin, 2.5 for
opioids (morphine, oxycodone), and 4 for the dual mechanism agent tramadol. Number-needed-to-harm figures for withdrawal from RCTs for TCAs
are 4.7, 26.2 for gabapentin, and .7 for pregabalin. Treatment algorithms
suggested for NP often recommend a TCA such as amitriptyline or nortriptyline or a gabapentinoid (gabapentin, pregabalin) as first choice (depending
on age, concomitant disorders, and side effects) and an SNRI (venlafaxine,
duloxetine) as second choice. Due to lack of sufficient evidence, other antidepressants are recommended for NP refractory to other therapies (see
Chapter 9.1).
In FM, effect size data suggest that TCAs (amitriptyline) are superior to
the medium effect size of the MAO inhibitors (moclobemide, pirlindole) and
the small effect size of the SSRIs and SNRIs (duloxetine, milnacipran) studied
[2]. Of commercially available drugs for migraine and tension headaches,
balanced drugs such as the TCA amitriptyline, the SNRI venlafaxine, and the
tetracyclic mirtazapine may be useful prophylactically. For chronic low back
pain, arthritis, and the miscellaneous CNCP group, general guidelines such as
those for NP seem reasonable because there are few studies.
An important issue is the generalizability (external validity) of data from
RCTs where patients are usually selected according to many inclusion and
exclusion criteria [5]. Most of the antidepressant research in NP has been
carried out in PHN and PDN, which have proven to be good clinical experimental models, but it is unclear whether this model can be applied to other
NP or other causes of CNCP. An RCT NNT result of 2 or 3 will almost
certainly not be achieved in ordinary practice where patients are older, are
on other drugs, and have other disorders. The results of all analgesics in RCTs
in CNCP indicate a moderate effect at best in the selected subjects chosen.
Currently, for antidepressants, it seems that either we have not struck the
right balance of serotonin and noradrenaline or that descending monoamine
systems are only one component of pain inhibition. Combinations of drugs
may be necessary (tricyclics, gabapentinoids, opioids, cannabinoids) unless a
“magic bullet” is found, but this solution does not seem to be imminent.
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on issues that may preclude these drugs such as advanced age, heart disease
(recent myocardial infarction, conduction defects), urinary retention, glaucoma, other medications, and alcohol intake. In deciding on antidepressant
therapy, a history of failed antidepressant usage should not dissuade one from
a careful trial because many failures result from high initial dosing, noncompliance, or an inadequate trial (too low a dose or too brief a trial). It is important
to carefully explain the goals of treatment and adverse effects to patients.
They need to understand that complete relief is possible but unlikely and
that the aim of treatment is to take the pain from severe or moderate to mild
(occurs in 50%–60% in RCTs). Patients also need to know that the starting
dose will be low and will be slowly increased (every week or so) until satisfactory relief occurs or an intolerable adverse effect is experienced. It is important to inform them that the effect of a dose increase may not be experienced
for one week or more and that, if stopped, side effects are probable (the most
common with TCAs being dry mouth, constipation, and drowsiness) and that,
if stopped, drug withdrawal should be gradual. A sedating TCA (amitriptyline)
may be useful with the total dose at bedtime if insomnia is a problem or to
avoid daytime drug-induced drowsiness. Weight gain may occur with some
agents, in which case diet and appropriate weight monitoring are important,
particularly in the already overweight population. Sexual dysfunction may be
more important in the younger age groups. Less common adverse effects
are allergic reactions such as rash, tachycardia (usually supraventricular), and
paradoxical insomnia. If possible, it is prudent to eliminate all other ineffective
analgesics and sedating drugs so that drug interactions (such as sedation and
constipation) are minimized. Antidepressants may interact with other nonanalgesics such as those that either prolong the QT interval (eg, methadone)
or interfere with hepatic metabolism (via cytochrome P450), possibly causing ventricular tachycardia (antiarrythmics, antiretrovirals, antifungals, calcium
channel blockers, macrolide and quinolone antibiotics, SSRIs, antipsychotics,
tamoxifen, and cisapride) (see Chapter 10).
Useful baseline tests are blood pressure measurement supine and standing, hematology, liver and kidney function, electrolytes, and an electrocardiogram. A good general principle is to “start low and go slow,” keeping
in mind that with TCAs the analgesic effect occurs at lower doses than the
antidepressant effect (mean, 50–75 mg). If treatment is started with a TCA
such as nortriptyline (less significant adverse events) or amitriptyline, it is
reasonable to begin with 0 mg for patients over 65 and 25 mg for those
under 65 and then slowly increase the dose every week or two by similar
amounts until an end point of satisfactory pain relief or a significant adverse
event. It may be helpful to try different antidepressants and move from TCAs
(nortriptyline, amitriptyline, desipramine, imipramine) to the SNRIs (venlafaxine and duloxetine) because individual differences in pain inhibitory mechanisms may mean that one drug is more efficacious for an individual patient.
In addition, close follow-up (every 2 weeks initially) is important to supervise
compliance, dose increments, and to deal with adverse effects. Preemptive
prescription of a stool softener and an artificial saliva mouth spray are useful
routine measures. There is no therapeutic range of blood levels for antidepressants, but they can be useful to check compliance and as a guide to dose
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increments in some patients who require higher doses. In some patients,
good relief and therapeutic blood levels may be achieved with low doses
of 0–20 mg, but it is important to note that this response may not always
be age-related. A three-month treatment trial is reasonable; combination
therapy is reasonable and necessary in refractory cases (gabapentinoids, opioids, cannabinoids, topical agents).
In CNCP, head-to-head RCTs, NNT figures, and effect size data generally
indicate the superiority of the TCAs (amitriptyline, nortriptyline, imipramine,
desipramine) and a lesser effect of the SNRIs (venlafaxine, duloxetine, milnacipran) and SSRIs.

This chapter provides information about the pharmacology of antidepressants, guidelines and data regarding efficacy and safety from recent systematic
reviews concerning antidepressants and pain and individual quality RCTs. Of
particular interest in these studies are the clinical meaningfulness of the results
and how the drugs compare with the standard therapy of the more specific
subclass of TCAs and other analgesics. An important concern is the limited
external validity or generalizability of trial data to the same disorders in ordinary practice. There are few head-to-head RCTs that compare different antidepressants with other analgesics. Indirect comparative measures such as
NNT and NNH values are a useful additional means of comparison. Despite
the increase in placebo-controlled RCTs of antidepressants in painful conditions, there has been no striking advance or “magic bullet” for monotherapy.
There continues to be a need for comparative effectiveness research of new
antidepressants by quality head-to-head RCTs comparing new drugs with old
drugs to guide the clinician. Because of deficiencies in this area and because of
evidence for poor generalizability, combinations of the useful antidepressants
with other analgesic drugs need to be considered for many patients.
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Chapter 4

Anticonvulsants
David Lussier

Several anticonvulsants have been shown to possess analgesic efficacy to
various degrees and for different diseases. Historically, carbamazepine was
used as early as 962 for the treatment of trigeminal neuralgia. However, the
gabapentinoids gabapentin and pregabalin are anticonvulsants that have been
the most studied for analgesic activity, and they have been shown to be effective for neuropathic pain as well as for fibromyalgia. Other anticonvulsants
have very limited evidence of analgesic efficacy, and they are only limited to
neuropathic pain.

Mechanisms of action
The analgesic activity of most anticonvulsants results from a combination of
diverse actions on the central nervous system, all decreasing central sensitization. These include sodium channel blockade, calcium channel blockade, suppression of glutamate release, and action on N-methyl-D -aspartate (NMDA)
receptors [].

Gabapentinoids
Gabapentin and pregabalin are thought to exert their analgesic action
mostly via modulation of the α2δ- protein of the N-type calcium channel.
Gabapentin also acts on NMDA receptors, protein kinase C, and inflammatory cytokines [2]. A recent placebo-controlled study suggests that pregabalin
reduces insular glutamatergic activity, which reduces the increased functional
connectivity seen in chronic pain; neuroimaging markers predict analgesic
response to pregabalin [3].
Gabapentin and pregabalin are both minimally bound to proteins and are
not metabolized by the liver, and they are thereby devoid of pharmacokinetic
drug-drug interactions. Pregabalin possesses a significant advantage over gabapentin, because it does not require active transporters to be absorbed, and
therefore it has linear pharmacokinetics, which makes dose titration easier and
allows twice-daily dosing [4]. Gabapentin, the saturable absorption process of
which makes its bioavailability lower at higher doses (35% for 600 mg three
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times daily vs 60% for a single 300 mg dose), requires administration 3–4 times
daily [4]. However, the newer formulations of gastroretentive gabapentin and
gabapentin enacarbil allows a once- and twice-daily administration, respectively. Pregabalin has a faster onset of action than gabapentin [5].
Gabapentin greatly expanded the use of anticonvulsants in pain management, due to several studies supporting its efficacy and its better tolerability
than older anticonvulsants. Similarly to antidepressants, diabetic neuropathy
[6, 7] and postherpetic neuralgia [8, 9] are the neuropathic conditions for
which the analgesic efficacy of gabapentin has been the most studied, with
several randomized controlled trials (RCTs) supporting it. Its use in acute herpes zoster [0], spinal cord injury [], postthoracotomy pain [2], and lumbar spinal stenosis [3] is also supported by at least one RCT. Although limited
to open-label trials, evidence also suggests it might be effective to treat pain
from complex regional pain syndrome [4], human immunodeficiency virus
(HIV) neuropathy [5], and multiple sclerosis [6], as well as cancer-related
neuropathic pain (see Chapter 9.2). As explained in Chapter 9., comparative
trials of analgesics of different classes for the management of neuropathic
pain are very rare. When compared with amitriptyline, gabapentin was shown
to be either equally [7] or more effective [7]and better tolerated [7] to treat
diabetic neuropathy, whereas it was equally effective but better tolerated
than nortriptyline to treat postherpetic neuralgia [8]. Albeit limited, there
is some evidence that gabapentin might relieve pain from fibromyalgia [9].
Two new formulations of gabapentin have recently been introduced but
are not yet marketed in all countries. A gastroretentive formulation, the
pharmacokinetic properties of which allow daily administration of a 800 mg
dose, seems equally effective at similar doses, is better tolerated. and has a
shorter titration period than immediate-release gabapentin [20], with efficacy
and safety assessed for up to 24-week treatment [2]. Gabapentin enacarbil is an actively transported prodrug of gabapentin that provides sustained,
dose-proportional exposure to gabapentin, allowing a twice-daily administration. Relief of pain associated with postherpetic neuralgia seems to occur at
doses similar to gabapentin [22]. Evidence is supporting recommendation to
use gastroretentive gabapentin as first-line therapy for postherpetic neuralgia,
but it is still insufficient for gabapentin enacarbil [23].
Pregabalin, which possesses the same mechanism of action as gabapentin
with better pharmacokinetic properties, has also been extensively studied and
shown effective for diverse types of neuropathic pain, including painful diabetic
neuropathy [24, 25] and postherpetic neuralgia [5]. Similarly to gabapentin,
pregabalin was shown effective to treat central pain from spinal cord injury [26].
More importantly, prolonged 5-month benefits have been shown for neuropathic pain refractory to other adjuvant (gabapentin, antidepressants) and opioid analgesics [27]. In a meta-analysis of 7 RCTs evaluating 7 oral medications
for chronic peripheral neuropathic pain and comprising close to 6000 subjects,
600 mg/day pregabalin had the largest beneficial effects along with 60 or 20
mg/day duloxetine [28]. Scientific data of its efficacy in fibromyalgia is sufficient
to make it a first-line recommended analgesic (see Chapter 9.3). It can also
relieve pain from irritable bowel syndrome and has been used for chronic pancreatitis [29]. Compared with a twice-daily administration of 300 mg, a single

Carbamazepine and oxcarbazepine
Carbamazepine is still recommended as first-line therapy for trigeminal neuralgia, mostly for historical reasons [36] and based on old studies
that suggested efficacy in trigeminal neuralgia (only for lancinating rather
than continuous pain) [37] but also for painful diabetic neuropathy [38].
However, due to frequent adverse effects, including some potentially lethal
such as leukopenia and Steven-Johnson syndrome, carbamazepine is very
rarely used.
Oxcarbazepine, a metabolite of carbamazepine that was predicted to possess similar analgesic efficacy with better tolerability, did indeed show some
effect in painful diabetic neuropathy [39] and postherpetic neuralgia [40],
including in patients refractory to gabapentin [40]. However, other clinical
trials in painful diabetic neuropathy and radiculopathy have failed to illustrate
any benefit [4]. Furthermore, although most adverse effects are mild to
moderate, serious adverse effects are not uncommon [4] (Table 4.).
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300-mg night dose exerts similar analgesic effect in fibromyalgia-related pain,
with reduced total adverse effects, however not specific to a particular adverse
effect [30]. This supports clinical experience that a nightly administration is
equally effective and better tolerated than a twice-daily dosing.
In one of the very few trials comparing analgesic efficacy of gabapentin
and pregabalin, results showed that they were equally effective in treating
painful peripheral neuropathy in hemodialysis patients, when given after each
hemodialysis session, at doses of 300 and 75 mg, respectively [3]. Numbers
needed to treat for gabapentin and pregabalin, compared with various antidepressants in neuropathic pain, are provided in Chapter 3.
There is accumulating evidence supporting a potential role for gabapentinoids in the perioperative period, to decrease either postoperative acute
pain or opioid requirements (see Chapter 9.4). Perioperative administration
of gabapentinoids might also reduce chronic postsurgical pain. Concomitant
administration of 75 mg of pregabalin and 00 mg of celecoxib twice daily,
started 4 days prior to a total hip arthroplasty and continued up to 3 weeks
after hospital discharge, reduced movement-evoked pain and improved physical function [32]. However, according to a recent Cochrane meta-analysis of
0 and five RCTs of gabapentin and pregabalin, respectively, their administration before, during, or after surgery, or both, does not reduce the incidence
of chronic pain 3 months after surgery [33].
Adverse effects, which are very similar for both drugs, are detailed in Table
4.. Although uncommon, serious adverse effects have been reported, mostly
neuropsychiatric, as well as hepatitis associated with gabapentin and hematological adverse effects associated with pregabalin [34]. Lethal adverse effects have
been reported in obstetrical situations, which warrants caution in this patient
population [34].
According to a recent Cochrane Database Review, only pregabalin and
gabapentin have sufficient good quality evidence of an analgesic efficacy in
neuropathic pain, using painful diabetic neuropathy and postherpetic neuralgia as models of neuropathic pain [35].
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Table 4. Mechanism of action, dosing recommandations, contraindications and adverse effects of anticonvulsants most
commonly used for pain management
Drug

Mechanism of Action

Starting Dose

Gabapentin
immediaterelease

Modulation of the alpha2-delta- protein of the
N-type calcium channel,
which decreases central
sensitization

00–300 mg daily;
titrate by 00–300
mg every one to
three days to an
effective dose
300 mg qd, titrate
up to 800 mg qd
over 5 days
600 mg qd, titrate
to 600 mg bid
after 3 days
25–75 mg qd
00–200 mg
qd-bid

Gastroretentive
gabapentin
Gabapentin
enacarbil
Pregabalin
Carbamazepine

Blockage of voltage-gated
sodium channels → ↓ cell
excitability

Usual Effective
dose
300–200 mg tid

800 mg qd

Precautions and
Contraindications
Decrease dose in patients with renal
dysfunction (avoid in severe renal
dysfunction).
Rapid discontinuation may result
in headache, nausea, insomnia, and
diarrhea.

Commonly Reported
Adverse Effects
Sedation, dizziness, tremor,
peripheral oedema, weight
gain, nausea, headache

• Contraindicated in bone marrow
depression, or within 4 days of
MAOI use.
• Caution in patients with cardiac
disease, hepatic or renal dysfunction.
• Potentially fatal blood dyscrasias
have been reported; monitor CBC,
platelets, renal and liver function,
and serum sodium.
• Potentially fatal severe dermatologic
reactions (eg Stevens-Johnson
syndromes) are rare.

Somnolence, dizziness, blurred
vision, headache, confusion,
speech and memory
difficulties, cardiovascular
abnormalities (eg arrhythmia,
bradycardia, hypertension,
AV block), rash, SIADH,
nausea, urinary retention,
hematologic abnormalities
(eg aplastic anemia, bone
marrow suppression,
thrombocytopenia), increased
liver enzymes, hepatic failure

600 mg bid

50–300 mg bid
300–800 mg bid

Oxcarbazepine2

Idem as carbamazepine

50 mg qd; titrate 50–600 mg bid
by 50–300 mg
every 3–5 days to
an effective dose

Clinically significant hyponatremia can
develop: monitor serum sodium at
baseline, during the first 3 months and
periodically

Dizziness

Lamotrigine

) Blockage of
voltage-gated sodium
channels → ↓ cell
excitability
2) ↓ glutamatergic
neurotransmission via
glutamate receptors
3) ↑ GABAergic
neurotrasmission

25 mg qd; titrate
by 25 mg every
7 days to an
effective dose

00–200 mg bid

Black box warning: severe and
potentially life threatening skin rashes
have been reported

Headache, dizziness, ataxia,
somnolence, tremor, nausea,
diarrhea, blurred vision,
insomnia

Topiramate

) Blockage of
voltage-gated sodium
channels → ↓ cell
excitability
2) ↑ GABAergic
neurotrasmission

25–50 mg qd;
00–400 mg bid
titrate by 25 mg
every 5–7 days to
an effective dose

• May significantly decrease serum
bicarbonate; monitor serum
bicarbonate at baseline and
periodically.
• Often poorly tolerated: high rate of
withdrawal due to adverse effects

Somnolence, dizziness, ataxia,
psychomotor slowing, speech
and memory difficulties,
decreased serum bicarbonate,
metabolic acidosis, nausea,
paresthesia, tremor, abnormal
vision, nystagmus, diplopia,
weight loss, nephrolithiasis,
secondary angle closure
glaucoma
(continued)
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Table 4. Continued
Levetiracetam
Lacosamide
Zonisamide

250–500 mg bid
Unknown. Possible blockade 50 mg bid
of voltage-gated sodium
channel
00 mg qd

500–500 mg bid

Somnolence, dizziness

200–400 mg bid

Dizziness, fatigue, nausea/
vomiting
Somnolence, dizziness,
headache, confusion, ataxia,
insomnia, tremor, nausea,
weight loss, diplopia,
nystagmus

00–300 mg bid

• Use in patients with severe
sulfonamide allergy is contraindicated; potentially fatal
sulfonamide reactions (including
Stevens-Johnson syndrome and toxic
epidermal necrolysis) are rare.
• Use cautiously in patients with renal
or hepatic dysfunction.

Pregabalin is better tolerated, and equally effective, with a single nightly dose rather than twice-daily dosing.



ketoanalogue metabolite of carbamazepine.

2
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Although analgesic efficacy of lamotrigine has been suggested for trigeminal
neuralgia, HIV neuropathy, and central poststroke pain, studies on painful diabetic neuropathy have yielded conflicting results, and the addition of lamotrigine to either a nonopioid analgesic, gabapentin, or a tricyclic antidepressant
did not provide further relief. Based on meta-analysis of this study, a recent
Cochrane database review concluded that lamotrigine does not have a significant place in therapy for chronic neuropathic pain and fibromyalgia, especially
given adverse effects of concern [42].
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Lamotrigine

Topiramate

Levetiracetam
Levetiracetam, which was once a promising agent due to animal and experimental data, good tolerability, and ease of dosing, has failed to show any
analgesic efficacy in several pain conditions, including central neuropathic
post-stroke pain [48], multiple sclerosis [49], and polyneuropathy [50].

Lacosamide
Lacosamide has been shown to be effective to treat neuropathic pain from
diabetic neuropathy, but with a very mild effect, and it has failed to show
benefits in fibromyalgia [5].

Zonisamide
Evidence for zonisamide is limited to one RCT in diabetic neuropathy [52].

Tiagabine
Evidence of analgesic efficacy for tiagabine is either anecdotal or limited to
open-label studies.
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Individual randomized trials have shown that topiramate can relieve pain from
diabetic neuropathy [43], chronic low back pain [44], and chronic lumbar radicular pain [45], as well as improve anger, subjective disability, and health-related
quality of life in patients with low back pain [44]. Its analgesic effect might be
exerted via decreased peripheral nerve excitability [46]. However, available evidence has been deemed insufficient to support its use in neuropathic pain [47].
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Felbamate
Evidence of analgesic efficacy for felbamate is also either anecdotal or limited
to open-label studies.
Because of very limited evidence of analgesic efficacy, lacosamide,
zonisamide, tiagabine, and felbamate should only be considered as analgesics
after trials of other analgesics with better evidence of efficacy.

Phenytoin, valproate, clonazepam
Despite large clinical experience and use, mostly before newer anticonvulsants were available, there is no good quality evidence on the analgesic activity of any of these drugs [35].
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Conclusions
Anticonvulsants possess analgesic efficacy in a variety of painful conditions.
Evidence is best for neuropathic pain, for which pregabalin, gabapentin,
oxcarbazepine, lamotrigine, and topiramate have been shown to be effective, with much better evidence for the gabapentinoids. The latter also seem
to possess some analgesic efficacy for fibromyalgia and the management of
perioperative pain, including prevention of chronic postsurgical pain. With
all medications, one should always consider potential benefits, common and
serious adverse effects, as well as contraindications when considering prescribing an anticonvulsant as part of pharmacological management of pain,
and clinicians should favor those with the best efficacy/adverse effects ratio.
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Chapter 5

Cannabinoids
In several countries, such as Canada, and in some states in the United
States of America, the use of marihuana (marijuana, cannabis) is authorized
for medical purposes. However, cannabis remains illegal throughout the
United States and is not approved for prescription as medicine; however,
8 states—Alaska, Arizona, California, Colorado, Connecticut, Delaware,
Hawaii, Maine, Massachusetts, Michigan, Montana, Nevada, New Jersey,
New Mexico, Oregon, Rhode Island, Vermont, and Washington, as well
as the District of Columbia—approve and regulate its medical use ∗. The
Federal government continues to enforce its prohibition in these states. In
Canada, the seedlings are produced and delivered by Health Canada with a
special medical authorization. Marijuana inhalation exposes the user to many
chemical compounds including approximately 70 different phytocannabinoids
(Δ9-tetrahydrocannabinol [Δ9-THC], cannabinol, cannabidiol (CBD), cannabigerol, cannabichromene, tetrahydrocannabivarin, etc). In addition to the
whole plant, there are synthetic compounds available for prescription such as
Δ9-THC or synthetic derivatives (Table 5.). The distributed dried marijuana
has a content of 2.5 ± 2% Δ9-THC. Cannabinoid-based medicines have
been evaluated in several clinical trials for their potential role in the treatment
of different pain conditions. After a rapid presentation of the cannabinoid
system, the role of cannabinoids in various pain conditions is presented.

The cannabinoid system
Since the identification of the principal psychoactive component of cannabis,
many data suggest that the cannabinoid system is implicated in pain modulation via the activation of two cloned G-protein coupled receptors (Gi/o,
inhibiting type), cannabinoid receptor (CB) and CB2 receptors []. The CB
receptors are mainly localized in the central nervous system, and they are
also found along the pain pathways (primary afferent fibers and spinal cord).
By contrast, CB2 receptor expression seems to be found predominantly, but
not exclusively, in peripheral tissues with immune functions, although they
were also detected in the brain, dorsal root ganglia, lumbar spinal cord, on
sensory neurons, on microglia, and in peripheral tissues. Endogenous compounds such as anandamide and 2-arachidonoyl glycerol form the basis of the
endocannabinoid system (Figure 5.). Modulation of the endocannabinoid
∗ http://medicalmarijuana.procon.org/view.resource.php?resourceID=00088 (accessed 25 March 203)
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Table 5. Cannabis-Based Medicines Available in Clinical Practice
Cannabinoids Aspect

Indications

Posology

Commercial
Name

Remarks

Marijuana

Plant

Mostly in chronic pain

Individual

–

Dronabinol

2.5, 5, and 0 mg Severe nausea and
capsules
vomiting associated with
cancer chemotherapy;
AIDS-related anorexia
associated with weight
loss
0.25, 0.5, and
Severe nausea and
 mg capsules
vomiting associated with
cancer chemotherapy

2.5 to 5 mg
every 2 h
max. 20 mg/day

Marinol

In Canada,
requires a
special medical
authorization
from Health
Canada
Also used in
chronic pain
management

 to 2 mg
every 2 h
max. 6 mg/day

Cesamet

Also used in
chronic pain
management

Oromucosal
spray containing
2.7 mg THC
and 2.5 mg
cannabidiol per
00 µL

Start with 
spray every
4 h or less
Average dose:
5 sprays/day

Sativex

Causes
irritations in
the mouth
in 20–25%
patients in
clinical trials

Nabilone

Nabiximols
(THC/
cannabidiol)

Adjunctive treatment for
the symptomatic relief
of neuropathic pain
associated with multiple
sclerosis and advanced
cancer pain

Abbreviations: AIDS, acquired immune deficiency syndrome; max., maximum; THC, Δ9-tetrahydrocannabinol.
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Figure 5. Schematic figure illustrating cannabinoid receptor (CB) and CB2 receptors and their agonists, and the endocannabinoid (endoCB)-mediated synaptic signaling
at glutamatergic synapses. Endocannabinoid signaling is a key regulator of neuronal
excitability and both excitatory and inhibitory synaptic transmission throughout the
central nervous system. It is regulated by synthesis, release, reuptake, and degradation
of endoCBs. () Synthesis: endoCB signaling machinery operates on demand in a
synapse-specific manner, and endoCBs can be released immediately from postsynaptic
neurons. Enzymatic processes can be activated either by membrane depolarization,
increases in intracellular calcium levels, or receptor stimulation, leading to the cleavage of membrane phospholipid precursors and subsequent synthesis of endoCBs.
(2) Release: endoCBs can act through a retrograde signaling mechanism: released
from depolarized postsynaptic neurons into the extracellular space, they can travel to
presynaptic terminals, where they can activate cannabinoid receptors and downstream
signalization cascade leading to analgesic and anti-inflammatory effects. In this figure
illustrating a glutamatergic synapse, endoCBs can inhibit the release of the excitatory
neurotransmitter glutamate, thus temporarily inhibiting glutamatergic excitatory postsynaptic currents. (3) Reuptake of endoCBs, and most notably anandamide (AEA), in
the synaptic space have been recently shown to be facilitated by a specific transporter.
The existence of similar mechanisms for 2-arachidonoylglycerol (2-AG) transport
remains controversial. (4) Degradation: the synthesis and metabolism of AEA and
2-AG are controlled by distinct enzymatic pathways. Anandamide is hydrolyzed by
the enzyme fatty acid amide hydrolase (FAAH) in postsynaptic neurons, producing
ethanolamine and arachidonic acid, whereas 2-AG is degraded, predominantly but
not exclusively, by a distinct enzyme monoacylglycerol lipase (MGL) in presynaptic
neurons, generating glycerol and arachidonic acid. Δ9-THC, Δ9-tetrahydrocannabinol;
mGluR5, type  metabotropic glutamate receptors.
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system has been recently reviewed [2], indicating a significant role for the
endocannabinoid system in various pain conditions.

Acute pain
Cannabinoids have shown great efficacy in numerous animal models of acute
and inflammatory pain. However, they are least effective in alleviating acute
pain in human volunteers and in the postoperative setting. Indeed, in healthy
volunteers who were administered cannabinoids, only a few studies have demonstrated an analgesic effect [3, 4]. Despite this negative outcome, it is important to note that in this setting of volunteer studies using noxious heat and
inflammatory stimuli, even potent and effective drugs such as opioids often
cannot achieve significant pain management [5]. Moreover, there are only four
published reports on the use of cannabinoids in postoperative pain, concluding
that cannabinoids administration is not appropriate to treat postoperative pain
and have either moderate effects [6, 7], no effects different from placebo [8],
or even antianalgesic effects at high doses [9]. However, a large multicenter
study recruiting patients undergoing operations with a reproducible painful
condition and using appropriate dosage is needed before a conclusion can be
drawn on the effect of cannabinoids in acute postoperative pain management.

Chronic pain
In general, cannabinoids are moderately effective for the treatment of
chronic pain conditions [0]. Several recent studies using a substantial number of patients have shown that cannabinoids were effective in relieving pain in
patients suffering from several types of chronic pain, such as neuropathic pain
(including human immunodeficiency virus [HIV] neuropathic pain), spinal cord
injury (SCI), pain associated with multiple sclerosis (MS), musculoskeletal disorders, fibromyalgia, or other chronic pain conditions (for a review, see [, 2]).
Neuropathic pain
Several randomized, placebo-controlled, double-blind, crossover and parallel
studies have evaluated cannabinoids for the relief of central or peripheral
neuropathic pain (see also Chapter 9.). Overall, cannabinoids had modest
but significant analgesic effects often associated with adverse effects in the
treatment of neuropathic pain states. Patients suffering from neuropathic pain
of different etiologies reported benefits after treatment with Δ9-THC/CBD
concomitantly with other analgesic drugs [3–6]. However, negative outcomes were reported by two trials among neuropathic pain patients using
dronabinol and nabilone [7, 8].
Numerous clinical trials have examined the efficacy of smoked cannabis for
neuropathic pain. For example, one randomized, placebo-controlled, crossover trial performed in 38 patients reported significant decreases in central and
peripheral neuropathic pain when using smoked cannabis [9]. More recently,
a randomized, placebo-controlled study evaluated smoked cannabis among
2 patients suffering from posttraumatic or postsurgical neuropathic pain
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Spinal cord injury
Although still limited, available clinical data support the findings of preclinical
animal studies [25–27] suggesting that cannabinoids could alleviate symptoms
associated with neuropathic SCI such as pain, spasticity, muscle spasms, urinary
incontinence, and difficulty sleeping. Two double-blinded, placebo-controlled,
crossover studies performed in patients suffering from SCI suggested modest improvements in pain, spasticity, muscle spasms, and sleep quality with
oral Δ9-THC and/or Δ9-THC/CBD [3, 28]. A randomized, double-blind,
placebo-controlled parallel study using Δ9-THC showed a statistically significant improvement in spasticity scores in patients with SCI [29]. Moreover, a
recent double-blind, placebo-controlled, crossover study performed in 2
patients with SCI reported improved Asworth (spasticity) scores compared
with placebo after a treatment with nabilone (0.5 mg b.i.d.) for 4 weeks [30].
Although no definitive clinical conclusions can be made, these studies suggest a
potential benefit of cannabinoids in patients suffering from SCI.
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Multiple sclerosis
Preclinical studies and many clinical studies support cannabinoids use to alleviate symptoms associated with MS (reviewed in Ref. [3]). Accordingly, mostly
all clinical trials devoted to the use of cannabinoids in pain and spasticity treatment associated with MS were positive. For example, the Cannabis in Multiple
Sclerosis (CAMS) study, a large multicentre, randomized, placebo-controlled
trial, evaluated oral cannabis extracts Δ9-THC/CBD, oral Δ9-THC, or a placebo for 5 weeks in 630 patients suffering from MS. Subjective pain scores and
spasticity were significantly better in the cannabinoids group, but there was no
difference in the overall spasticity scores using the Ashworth scale [32]. Other
randomized clinical studies using cannabis extract Δ9-THC/CBD [33, 34] and
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refractory to conventional therapies [20]. Patients reported that after a single
inhalation of 25 mg of 9.4% Δ9-THC herbal cannabis three times daily for five
days, there was a modest but statistically significant reduction in average daily
pain intensity, with significant improvements in sleep quality and anxiety [20].
Smoked cannabis also exerts antinociceptive effects compared with placebo in
HIV-associated neuropathic pain patients, according to two studies that reported
a greater than 30% reduction in pain [2] and a 30% decrease in HIV-associated
sensory neuropathic pain in patients smoking cannabis [22]. However, medical
utilization of smoked marijuana may be limited by its method of administration
(smoking) and modest acute cognitive effects, predominantly at higher doses.
The issue of whether smoked cannabis should be used in clinical practice is controversial, with supporters arguing that it is premature to claim that there is no
future for smoked medical marijuana [23], and some opponents are not convinced of its future in a clinical setting [24]. The recent development of vaporizers to inhale cannabis may decrease its toxicity compared with smoked cannabis,
although it remains to be demonstrated in adequately designed clinical studies.
In conclusion, there is some clinical evidence supporting cannabinoids as
a treatment of symptoms associated with neuropathic pain and as an important alternative for patients who are not responding to other conventional
analgesics.
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standardized cannabis extract capsules [35] reported similar results, with subjective improvements of spasticity not confirmed by objective measures.
Nevertheless, a CAMS follow-up study showed a small long-term treatment effect of oral Δ9-THC on muscle spasticity measures by the Asworth
scale [36], and a long-term, open-label, follow-up study using Δ9-THC/CBD
concluded that positive effects were maintained in patients who had initially
perceived benefits [37]. Two other studies (a randomized, double-blind,
placebo-controlled, parallel-group trial and its extension) performed in
patients suffering from central neuropathic pain associated with MS revealed
that the oromucosal cannabis extract Δ9-THC/CBD was effective in reducing pain and sleep disturbances with a good adverse effects profile [38, 39].
Moreover, a randomized, double-blind, placebo-controlled, crossover trial
concluded that an administration of 0 mg of dronabinol had a modest but
clinically relevant analgesic effect on central pain in patients with MS, with a
pain reduction similar to traditional analgesics [40]. Overall, although results
seem to be clinically significant mostly on subjective measures, cannabinoids
may be effective to relieve MS associated pain (for a review, see Ref. [4]).
Musculoskeletal pain
Cannabinoids may have a role in the alleviation of symptoms associated with
rheumatoid arthritis, as suggested by the identification of a functional endocannabinoid system in the knee synovia of patients suffering from end-stage
osteoarthritis and rheumatoid arthritis [42] (see also Chapter 9.3). A randomized, double-blinded, placebo-controlled, multicentre parallel group
study performed in 58 patients suffering from rheumatoid arthritis indicated
that a Δ9-THC/CBD extract administered for five weeks was a modest but
statistically significant analgesic for pain on movement and at rest, and it also
exerted benefits on quality of sleep with outcomes favoring cannabis over
placebo [43]. Another study involving patients suffering from refractory musculoskeletal pain [44] showed that nabilone had significant analgesic effects
compared with placebo. However, according to a recent review, there is
currently weak evidence that oromucosal cannabis is superior to placebo in
reducing pain in patients suffering from rheumatoid arthritis [45].
Fibromyalgia
In some diseases, cannabinoids might be effective in only a subpopulation of
patients suffering from that disease. For example, an open-label pilot study
performed in patients suffering from fibromyalgia examined the effect of
dronabinol on experimentally induced pain, axon reflex flare, and pain relief
and reported that only some patients experienced significant pain relief, with
a high dose [46]. However, intolerable adverse effects caused a high rate of
patient dropout. A randomized, double-blind, placebo-controlled trial was
performed in 40 patients suffering from fibromyalgia [47] with nabilone  mg
b.i.d. for four consecutive weeks. Patients subjectively reported significant
improvements in pain relief and anxiety, as well as in Fibromyalgia Impact
Questionnaire scores. However, nabilone treatment did not attenuate the
number of tender points nor the tender point pain threshold, and it did not
retain any lasting benefit after its discontinuation. A multicenter retrospective
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study also suggested cannabinoids effectiveness in fibromyalgia, but the study
suffered from considerable limitations hampering its credibility [48]. Patients
on an average daily dose of 7.5 mg of Δ9-THC reported a significant decrease
in pain scores, depression symptoms, and intake of concomitant medications
such as opioids after an average treatment period of seven months. A recent
cross-sectional study of patients with fibromyalgia using self-administered cannabis reported significant benefits in pain, stiffness, relaxation, somnolence,
and well being associated with tolerable adverse effects [49]. Unfortunately,
the study suffered from many limitations, making its interpretation problematic. Overall, there is insufficient clinical data to endorse cannabis or cannabinoids for the treatment of fibromyalgia.

Four studies performed more than 34 years ago have valued cannabinoids
potential for cancer-related pain treatment. The first two studies are randomized, double-blind, placebo-controlled trials evaluating the analgesic effectiveness of oral Δ9-THC (dronabinol) in patients suffering from moderate to
severe refractory cancer pain. The first study was performed in 0 cancer
patients treated with an escalating dose of 5, 0, 5, and 20 mg Δ9-THC
[50]. Patients reported significant pain relief with the two higher doses but
unfortunately also experienced severe adverse effects. The second study
was performed in 36 cancer patients comparing 0 and 20 mg Δ9-THC with
60 and 20 mg of codeine [5]. Patients reported mild analgesic effects, but
Δ9-THC highest dose induced somnolence, dizziness, ataxia, and blurred
vision. However, authors concluded that a 0 mg Δ9-THC regimen, despite
its sedative effect, seemed to have analgesic potential in these patients.
Adverse effects apparently interfered with cannabinoids benefits in this context. Indeed, another study tested a nitrogen analog of Δ9-THC in cancer
patients and reported that although pain relief was superior to placebo and
approximately equivalent to 50 mg of codeine phosphate, the synthetic analog was not considered clinically useful because of the adverse effects profile
[52]. In contrast, a study comparing a Δ9-THC nitrogen analog with codeine
and placebo in patients suffering from chronic pain due to malignancies demonstrated that benzopyranoperidine (a synthetic analog of Δ9-THC) did not
produce analgesic effects and even seemed to increase pain perception [53].
A recent randomized, double-blinded, placebo-controlled, parallel-group
study evaluated a cannabis extract (Δ9-THC/CBD), a Δ9-THC extract, and
placebo in 77 patients suffering from intractable cancer-associated pain not
fully relieved by strong opioids [54]. Approximately 43% of patients subjectively reported a 30% or greater improvement in pain score, which was twice
the number of patients who achieved this response in the Δ9-THC and placebo groups. Both cannabinoid regimens were well tolerated, and adverse
effects were mild to moderate (somnolence, dizziness, and nausea).
Additional clinical trials evaluating the therapeutic efficacy of cannabinoids
in cancer pain are needed, especially given cannabinoids additional therapeutic potential regarding antiemetic and antitumour properties (for a review,
see Ref. [55]).
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Adverse effects of cannabinoids
The most common adverse effects of cannabinoids are related to their actions
on the central nervous system and include euphoria, dysphoria, anxiety, drowsiness, amnesia, psychomotor retardation, and cognitive impairment (Table
5.2). Although possible, psychosis is relatively rare. These adverse effects are
reversible upon discontinuation of the cannabinoids. Adverse effects on cardiovascular, reproductive, pulmonary, and immune systems have also been
reported. No death related to overdose has been reported. Development
of dependency to cannabinoids has been reported in 0% of patients treated
with cannabinoids [56]. These adverse effects are the main drawbacks to
patient compliance with therapy [0], and significant obstacles remain before
achieving clinically relevant outcomes with minimal adverse effects. More data
is therefore required on the long-term adverse effects of cannabinoid therapy,
including drug interactions, tolerance, cognitive impairment, and risks of addiction. High-quality trials with long-term exposure are required to further characterize safety issues related to the use of medical cannabinoids [57].
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Opioids-cannabinoids interactions
Because cannabinoids and opioids are distinct drug classes with different
effects on pain modulation and pain-relieving mechanisms, there has been
considerable clinical interest in investigating combinations of different opioids
and cannabinoids to enhance the potency of both compounds.
Some clinical reports support the use of combined administration of
cannabinoids and opioids for peripheral inflammatory pain, acute pain, and
chronic pain in human volunteers. In addition, a study has examined the effect
of adding a cannabinoid to the regimen of patients experiencing chronic pain
despite taking stable doses of opioids and has concluded that dronabinol
may be a useful adjuvant analgesic for these patients (for a review, see Ref.
[58]). Moreover, a recent clinical trial was performed in 2 patients suffering from chronic pain using inhaled vaporized cannabis concomitantly with
sustained-release morphine or oxycodone. The authors concluded that cannabis augments analgesia in patients already on a stable opioid regimen without significantly altering plasma opioid levels or metabolism [59].
Overall, opioid and cannabinoid interactions may lead to additive or even
synergistic antinociceptive effects, emphasizing their clinical relevance in
humans in order to reduce requirements for opioids.

Conclusions on cannabinoids as
adjuvant analgesics
Although preclinical evidence highlights the importance of cannabinoid receptors in controlling nociceptive transmission, data obtained from clinical trials are less conclusive regarding the analgesic efficacy of smoked marijuana
and synthetic cannabinoids [60, 6]. In acute pain trials, negative or equivocal

results have been reported with the use of cannabis or cannabinoid-based
medicines. The best evidence for an analgesic efficacy of cannabinoids is
for neuropathic pain associated with MS, but evidence is also accumulating
for other types of chronic pain. However, scientific studies supporting the
analgesic activity and safety of smoked cannabis are still limited and generally
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Central Nervous System
• Euphoria, dysphoria
• Anxiety/nervousness
• Amnesia, confusion, depersonalization
• Drowsiness, dizziness, somnolence
• Transient impairment of sensory and perceptual functions
• Psychomotor retardation
• Cognitive impairments
• Depression, amotivational syndrome, psychosis, schizophrenia
Respiratory Tract
• Decreased pulmonary function
• Chronic obstructive airway diseases
• Pulmonary infections
Immune System
• Immunomodulatory/immunosuppressive effects
Reproductive and Endocrine System
• Reduced neonatal birth weight and length
• Slightly increased risk of sudden infant death
• Decline in sperm count, concentration and motility
• Increase in abnormal sperm morphology
Cardiovascular System
• Dose-related tachycardia
• Fluctuations in blood pressure
• Coronary insufficiency
• Myocardial infarction
• Peripheral vasodilation, postural hypotension, and characteristic conjunctival
reddening
Liver
• Implication in chronic liver diseases
• Association with moderate to severe fibrosis
Carcinogenesis and Mutagenesis
• Mutagenic effects
• Precancerous pulmonary pathology
Tolerance, Dependence and Abuse
• Dependence in  out of 0 people
• Behaviors of preoccupation, compulsion, reinforcement, and withdrawal
Overdose/Toxicity
• No documented evidence of death directly attributable to cannabis overdose
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Table 5.2 Moderate to Severe Cannabis Adverse Effects
On Different Systems
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inconclusive. Thus, further large clinical trials evaluating smoked marijuana in
clinical practice are mandatory.
Overall, the publication of several important clinical studies emphasizing
the potential role for cannabinoids in pain management and ongoing work on
the subject make cannabinoids worthy of consideration as an adjuvant analgesic for refractory pain conditions. Clinicians working in pain management
should be aware of the options becoming available from the cannabinoid class
of medications because international guidelines for the treatment of neuropathic pain have included cannabinoids in their algorithm, not as a first-line
treatment but as a third or fourth option [62]. However, it is still crucial to
fully inform patients of the adverse-effect profile associated with the use of
cannabinoids and to monitor the patients carefully.
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Chapter 6

Local Anesthetics
Local anesthetics constitute a group of pharmacological agents that are
injected into the vicinity of a peripheral nerve or spinal cord. Local and
regional anesthesia is widely accepted as being a safe and even beneficial anesthetic technique for pain therapy with a low rate of complications []. Clinical
use of local anesthetics therefore requires basic knowledge of the anatomy
and physiology of peripheral and central pain transmission [2], technical skills
in localizing peripheral nerves and in the performance of nerve blocks [3], as
well as knowledge of the pharmacologic properties of these drugs [4]. Apart
from complications resulting from technical difficulties in performing the
nerve block, severe toxic complications result from inadvertent drug effects.
With the advent of ultrasound-guided regional anesthetic techniques [5] and
lipid rescue therapy [6], the application of local anesthetics has never been
as safe. Ultrasound imaging allows the precise injection of local anesthetics
directly into the vicinity of peripheral nerves under visual control. This technique helps to reduce the dose of the local anesthetic. Furthermore, physical
damage of nerves by the injection needle and inadvertent injection of local
anesthetics into blood vessels can also be decreased. Local anesthetics can
also be administered systemically or topically for some indications. Treatment
protocols have been developed for this clinical use. This chapter offers a
pharmacological and neurophysiological approach to the clinical use of a very
potent group of extremely beneficial pharmacological agents.

Local anesthetics and the anatomy
of pain transmission
Pain sensation results from the activation of specific nociceptive information
conducting structures distributed throughout the human body [2]. The nociceptive information is transmitted to the sensory cortex and interpreted as
pain by higher brain function. Pharmacological therapy with local anesthetics aims at interrupting the transmission of nociceptive information from the
peripheral nervous system to the brain. For this purpose, local anesthetics
are applied to the skin or injected into tissue or in the vicinity of peripheral
nerves or spinal cord. In a simplistic view, local anesthetics may be considered
as blockers of ascending nociceptive information transmitted by afferent neurons from the periphery of the human body to the sensory cortex. Table 6.
provides an overview of the various routes and techniques of administration
of local anesthetics.
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Table 6. Routes and Techniques of Administration
of Local Anesthetics
Topical

Incision blocks
Intra-articular and bursa blocks
Neuraxial blocks

Peripheral nerve and plexus
blocks
Parietal blocks
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Other blocks

• Ophthalmic, otologic: drops
• Cutaneous: creams (eutectic mixture of
local anesthetics), patch, gels, dental paste
• Mucosa: vaporisation (buccal, pharyngeal,
bronchial, gastric, anal, etc)
• Subcutaneous, subfascial
•
•
•
•
•
•
•
•
•
•
•

Epidural
Rachianesthesia
Caudal block
Plexus blocks: brachial, lumbosacral
Proximal and distal nerve blocks: face,
extremities
Intercostal blocks
Block of abdominal transverse or transversus
abdominis plane block
Rectus abdominis block
Pectoral block
Dorsal penile nerve block
Paravertebral block

Nociception
The primary afferent neurons involved in pain transmission are called nociceptors. They are activated by noxious stimuli such as mechanical, thermal,
or chemical insult threatening tissue integrity. Activation of nociceptors initiates nociception, that is, the transmission of neural information via peripheral
nerves and the spinal cord to the brain where this information is interpreted
as pain. Infiltration of local anesthetics into human tissue such as the skin aims
at preventing pain sensation by blocking activation of nociceptors and blockade of very superficially located peripheral endings of the primary afferent
neurons. Infiltration of local anesthetics into the skin or superficial tissue only
makes sense if the region of insult is restricted to a very small superficial anatomical region. If nociceptive information is transmitted from larger regions
than a small and defined local area, a peripheral nerve block or neuraxial analgesia that covers a larger region of the body needs to be considered [3].
Transmission of nociceptive information by
peripheral nerves
Peripheral nerves transmit information from peripheral regions of the human
body to the brain. The more distal the nerve is from the brain, the smaller
is the anatomic region it transmits information from. The peripheral nerves
most frequently blocked by local anesthetics clinically derive from either the
brachial plexus or the lumbosacral plexus. Peripheral nerves such as the radial
and ulnar nerves or the femoral and the sciatic nerves transmit sensation
from the upper and lower extremities, respectively [3]. They are blocked for

Transmission of nociceptive information by the spinal cord
If pain sensation does not result from regions attributable to a single extremity or a limited number of peripheral nerves, nociception may be blocked at
the level of the spinal cord [2, 3]. Nerves arriving from different regions of the
body converge to nerve columns such as the spinothalamic tract. At the level
of the spinal cord, different neurophysiologic information carried by specialized fibers of individual peripheral nerves is distributed into different columns,
ascending or descending within the spinal cord to and from the brain. Pain and
temperature sensation is transmitted by other columns than those responsible for the transmission of proprioception and motor control.
Systemic application of local anesthetics
Apart from injecting local anesthetics in the vicinity of neural structures, the
systemic application of local anesthetics (eg, intravenous lidocaine or oral
mexiletine) has been advocated in recent years [7–9]. This application is
still of unclear clinical benefit and part of ongoing clinical studies. Promising
results with an intravenous infusion of lidocaine have been reported in treating perioperative pain in abdominal surgery and acute pain due to burns,
as well as some types of neuropathic pain, including central pain, postherpetic neuralgia, and peripheral diabetic neuropathy. Oral formulations of
sodium channel blockers similar to local anesthetics (flecainide, tocainide,
mexiletine) have been shown to relieve some types of neuropathic pain.
Furthermore, some studies suggest anti-inflammatory action of local anesthetics offering benefits for long-term survival in selected cancer patients
[0, ]; however, these is a lack of sufficient clinical evidence to support
widespread recommendations.
Topical application of local anesthetics
A mixture of prilocaine and lignocaine (eutectic mixture of local anesthetics),
which penetrates the skin and produces a dense local cutaneous anesthesia, is
often used to prevent pain from needle puncture, incision, or debridement of
leg ulcers [2]. Limited evidence also suggests efficacy in treating some types
of neuropathic pain, including postherpetic neuralgia. High-concentration
topical lidocaine and 5% lidocaine gel might also produce local analgesia.
A lidocaine 5% patch is often recommended as first-line therapy for treatment
of localized neuropathic pain [3].
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surgeries on larger parts of a single upper or lower extremity such as surgeries for a fractured arm or leg. If the region of interest is too large for a single
or a limited number of nerve blocks, the entire plexus may be approached for
blockade by local anesthetics.
Nociceptive information originating in the thoracic region is transmitted by
intercostal and subcostal nerves via the dorsal and ventral rami of the spinal
nerves to the spinal cord. The muscles and skin of the back of the body are
supplied by the dorsal rami of the spinal nerves. Intercostal and subcostal
nerves can easily be blocked by local anesthetics. Such blocks may be performed for treatment of postherpetic neuralgia or for alleviating pain resulting
from thoracotomy or rib fracture.
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Local application of local anesthetics does not usually result in systemic
absorption, and hence it is not associated with toxicity. However, it should
not be applied to open wounds or mucous membranes, and it should only be
applied on a limited skin area.

Pharmacology of local anesthetics
Based on pharmacological properties, most local anesthetics can be classified
into two groups [4]: amino ester or amino amide local anesthetic. The former group includes drugs such as procaine, chloroprocaine, tetracaine, and
cocaine. Frequently used amino amides include lidocaine, mepivacaine, prilocaine, ropivacaine, and bupivacaine. Local anesthetic agents differ in their
pharmaceutical structure. From a simplistic view, it is safe to argue that their
structural differences strongly influence the onset and duration of action without affecting other pharmacodynamic aspects. Thus, every local anesthetic
may be used for local infiltration, peripheral nerve block, or blockade at the
level of the spinal cord. Choosing one local anesthetic agent over another is
largely determined by the desired onset and duration of therapeutic effect
and hence pharmacokinetic considerations. The faster the onset, the shorter
the duration of action. The longer the duration, however, the higher the risk
of seizure and severe cardiac arrhythmia when inadvertently injected into the
systemic circulation.
Most local anesthetics are used as racemic mixtures. Purified isomers of
the long-acting amino amides ropivacaine and bupivacaine have been marketed and introduced into clinical practice with the hope to increase the therapeutic safety of long-duration amino amide local anesthetic agents. Whether
currently used long-acting local anesthetics at equipotent concentrations significantly differ in their toxicological profile is still a matter of some debate.
This debate is largely nourished by the knowledge that both significant clinical
advantages as well as toxicological disadvantages result from the same structural properties of the drug molecule.
Anesthetic potency, onset, and duration of action
Hydrophobicity, as determined by the octanol-buffer partition coefficient,
seems to be the primary determinant of anesthetic potency, as well as
speed of onset and duration of action [4]. The higher the coefficient, the
lower the dose needed for the same clinical endpoint, the slower the onset,
and the longer the duration of action. This principle is best demonstrated
with the homolog series of amino amide local anesthetics mepivacaine,
ropivacaine, and bupivacaine. The differences between these drugs result
from the different length of their alkyl side chains attached to the aromatic
ring (Figure 6.). The alkyl side chain is a methyl group (mepivacaine), a propyl group (ropivacaine), and a butyl group (bupivacaine), respectively. The
hydrophobicity increases with the length of the alkyl side chain as does the
potency of the local anesthetic, the speed of onset, as well as the duration
of action and, unfortunately, the occurrence of severe neurological and cardiac side effects after inadvertent systemic application. The desired increase

Local Anesthetics
Chapter 6

51

Figure 6. Differences in the molecular structure between frequently used amino
amide local anesthetics. The alkyl side chain is a methyl group (mepivacaine), a propyl
group (ropivacaine), and a butyl group (bupivacaine). Hydrophobicity increases with
the length of the alkyl side chain.

in anesthetic potency and duration of action is paid for by an increased risk
of severe side effects. This relationship can be explained by the influence
of hydrophobicity on the interaction of local anesthetics with neuronal and
cardiac ion channels (see below).
Apart from lipophilic properties, local anesthetics differences in the clinical potency may be related to a number of other factors, such as molecular
charge, vasodilator or vasoconstrictor properties, and the dosage of the local
anesthetic [4]. As the dosage of an individual local anesthetic is increased, the
onset of block becomes faster and the duration of analgesia increases. The
dose of a local anesthetic can be increased by administering either a larger
volume of the same concentration or by administering a more concentrated
solution of the same volume. For example, increasing the concentration
of bupivacaine from 0.25% to 0.5% without changing the injected volume
results in shorter onset of action and a longer duration of analgesia but also
in less differential nerve block (see below). The choice of the local anesthetic
agent, the concentration of the chosen local anesthetic, and the volume
injected together determine the clinical effect. In using local anesthetic agents
for pain therapy, the desired analgesic effect has to be balanced against () the
loss of differential nerve block (see below) and (2) the risk of adverse effects
from excessive dosing or inadvertent systemic application. Table 6.2 provides
a summary of pharmacological properties of local anesthetics.
Differential block of sensory and motor fibers
Therapy with local anesthetics aims at differentially blocking only those nerve
fibers or nerve columns that carry undesired neurophysiological information
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Table 6.2 Pharmacological Properties of Local Anesthetics
Agents

Esters
Procaine
Chloroprocaine
Tetracaine
Amides
Lidocaine
Prilocaine
Mepivacaine
Bupivacaine
Levobupivacaine
Etidocaine
Ropivacaine

Molecular pKa Protein Onset of
Weight
Binding Action
(%)

Duration
of Action
(h)

Potency

236
27
264

8.9
8.7
8.5

6
?
80

Long
Short
Long

–.5
0.5–
3–4

0.5

4

234
220
246
288
288
276
274

7.9
7.6
7.6
8.
8.
7.7
8.

65
55
75
95
95
95
94

Short
Short
Short
Intermediate
Intermediate
Short
Intermediate

.5–2
.5–2
2–3
3–3.5
3–3.5
3–4
2.5–3




4
4
4
3.3

such as nociception. When a local anesthetic is used in a clinical setting, it is
extremely helpful if the ascending nociceptive information is blocked without
blockade of the descending motor information and hence without blocking
motor neurons. The patients would then be free of pain but would still be
capable of walking. Nerve fibers carrying sensory information are more susceptible to the pharmacological effects of local anesthetics than motor neurons
[4]. Differential blockade of neural information can be achieved by the correct
dosing of a local anesthetic. The higher the dose, the less differential the blockade of nerve fibers will be, and the more blockade of motor neurons will result.
Differential nerve block can be achieved with a wide variety of different local anesthetics because differential nerve block does not solely result
from the pharmaceutical structure of a specific local anesthetic. Bupivacaine
became popular in the 980s for epidural blocks because it seemed better
than the previously available long-acting agents (such as etidocaine) in producing adequate antinociception without profound inhibition of motor activity.
Ropivacaine became popular in the 990s and early 2000s for the same reason
and was compared in several studies with bupivacaine. However, very rarely in
these studies have equipotent solutions of study drugs been used [3].
Given the complex interaction of local anesthetic with tissue and nerves
and the amount of confounding influence on local anesthetic drug effects, a
more simplistic approach to the choice of drug may be warranted. Because
achieving differential nerve block largely depends on the concentration and
the injected volume of a given local anesthetic, the use of only two local anesthetics, mepivacaine and bupivacaine, allows the successful performance of
several thousand peripheral nerve and central neuraxial blocks in our institution. Two additional local anesthetics, prilocaine and ropivacaine, were added
to our pharmacy solely for practical reasons attributable to the drug formulation as delivered by the manufacturers.
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As a clinically applicable rule of thumb, it seems fair to assume that the higher
the hydrophobicity or the higher the octanol-buffer coefficient, the slower
the onset; however, the higher the potency, the longer the duration of effect,
but also the higher the risk of severe side effects after inadvertent systemic
application (Figure 6.). Local anesthetics with a short or medium duration
of action (such as lidocaine or mepivacaine) have a relatively wide therapeutic margin even allowing, as in the case of lidocaine, intravenous application.
However, long-acting local anesthetics without the potential to induce severe
side effects have yet to be developed for clinical application. Whether this will
be achieved by alternative pharmacological strategies remains an important
area of research [4, 5].
The potency of local anesthetic interaction with many different cellular structures such as ion channels correlates with their octanol-buffer
coefficient [6, 7]. The most famous explanation for this relationship is
provided by the guarded receptor hypothesis (Figure 6.2). This hypothesis
[8] states that local anesthetics are capable of suppressing cardiac action
potentials by blocking sodium channels following drug binding to a partially
hydrophobic site on the channel when they are open. The drug molecules
disappear from the sodium channel when they are closed. However, the
time constant for disappearance or unblock is determined by the hydrophobicity. The more hydrophobic the drug is, the slower this drug disappears from the receptor and hence the longer the duration of action. This
result usually is desirable for the blockade of pain transmission in peripheral nerves. However, it is entirely undesirable at other parts of the body
such as the central nervous system or the heart, where blockade of ion
channels and other molecular structures [9] may cause severe arrhythmia
and sudden cardiac death [20].
From a therapeutic point of view, severe side effects of local anesthetics can
be divided into two classes: class A and class B side effects. Class A side effects
result from inadvertent systemic application of the drug that results in direct
drug effects on the brain or the cardiovascular system. This usually happens
in drug-induced seizure and cardiac arrhythmia. Class A side effects are most
dangerous when resulting from long-acting local anesthetics such as bupivacaine;
therapy is then extremely challenging and needs to be installed quickly. However,
with the advent of lipid rescue therapy, the situation has changed considerably
and successful treatment of severe intoxication has become easier [6].
Class B side effects results from direct toxic drug effects on central and
peripheral nerves that result in transient radicular irritation, peripheral neuropathies, or cauda equina syndrome. These underlying toxic mechanisms
include induction of inflammation and apoptosis of nerve cells [2, 22]. To
some extent, class B side effects depend on the choice of drug (lidocaine
5%) and the regional anesthetic technique (spinal anesthesia) [23]. These side
effects may last from days to persistent nerve damage without therapeutic
options if they result from direct drug effects. To reduce the risk for these side
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Figure 6.2 According to the guarded receptor hypothesis, local anesthetics block sodium currents during systole and dissociate from the
ion channels during diastole. The time constant for disappearance is determined by the hydrophobicity. The more hydrophobic the drug,
the slower this drug disappears from the channel and the higher the risk of cumulative block and cardiac arrhythmia. Experimental data on
ropivacaine are limited. I, inactivated channel; O, open channel; R, resting channel.
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Lipid rescue therapy
Several case reports and animal studies over the last 5 years strongly suggest that infusing a cheap commercially available lipid emulsion usually given
for parenteral nutrition constitutes an excellent treatment option for local
anesthetic intoxication. Several mechanisms have been suggested to explain
the beneficial effect of infusing a lipid emulsion in the case of local anesthetic
intoxication such as the “lipid sink” theory and direct effects on cardiac metabolism [6]. The therapeutic approach of lipid infusion has widely been recognized and has been included in guidelines and recommendations as issued by
Table 6.3 Maximum Daily Doses of Local Anesthetics
Cocaine
Lidocaine
Prilocaine
Bupivacaine
Levobupivacaine
Ropivacaine

3 mg/kg
4.5 mg/kg (7 mg/kg if used with epinephrine/adrenaline)
8 mg/kg
3 mg/kg
3 mg/kg
3 mg/kg
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effects, the maximum daily dose of local anesthetic should not be exceeded.
When various local anesthetics are used, the doses are additive (Table 6.3).
Several epidemiologic studies [24, 25] report incidences of nerve injury
such as transient radicular irritation, cauda equina syndrome, as well as
peripheral neuropathies ranging from  in 8000 to  in 6. Due to their specific interactions with cardiac ion channels, local anesthetics are capable of
inducing severe arrhythmias and cardiac arrest. Although the overall incidence of toxic complications seems low, local anesthetic-induced toxicity
is not evenly distributed among different regional anesthetic techniques. In
adult patients, major nerve blocks requiring large doses of local anesthetics are associated with a seizure incidence of up to 2 in 000. Although
no such complication was observed in caudal anesthesia, the incidence of
cardiac arrest is 6 times higher ( in 600) in spinal anesthesia than in epidural anesthesia or major nerve block. Transient radicular irritation occurs
more frequently than any other toxic side effect of local anesthetics with a
reported incidence of up to 30%. Fortunately, neurotoxic side effects causing longer-term neurologic impairment such as cauda equina syndrome are
rare, occurring in  in 0 000 patients. In a recent study []on the incidence of local anesthetic systemic toxicity and postoperative neurologic
symptoms resulting from ultrasound-guided peripheral regional anesthetic
techniques, the incidence was .8% for postoperative neurologic symptoms
lasting longer than 5 days and 0.9 for postoperative neurologic symptoms
lasting longer than 6 months. The incidence for seizure was below 0.%, and
cardiac arrests were not observed in the study population of more than
2 600 patients.
Clinical signs of local anesthetics toxicity are mostly cardiovascular and
neurological (Table 6.4). Allergic reactions are rare after administration of
a local anesthetic, but local anesthetics solutions can contain conservation
agents, such as methylparabene, which can cause allergic reactions.
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Table 6.4 Clinical Signs of Local Anesthetics Toxicity
Cardiovascular
Atrioventricular conduction disturbances
Rhythm disturbances (mostly ventricular: tachycardia, fibrillation)
Asystole with cardiac arrest
Hypotension
Syncope
Neurological
Peribuccal paresthesias
Tinnitus
Metallic taste
Headaches
Visual or auditory disturbances
Tremors
Loss of consciousness
Coma
Seizures
Respiratory arrest

the Association of Anaesthetists of Great Britain and Ireland, the American
Society of Regional Anesthesia [26], and the American Heart Association.
The Helsinki Declaration on Patient Safety in Anaesthesiology requires that
every department of anesthesiology in Europe provide a protocol for the
management of local anesthetic toxicity. Several of these protocols are available online. It is advisable to only use local anesthetics for pain therapy when
circumstances have been established that allow immediate state of the art
resuscitation in case of local anesthetic intoxication.
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N-Methyl-D -aspartate
Antagonists
N-Methyl-D -aspartate (NMDA) receptor antagonists have been used in the
field of perioperative pain management not for their direct analgesic effects but
for their ability to reduce postoperative central pain sensitization and its clinical symptoms such as hyperalgesia, allodynia, and the development of chronic
postsurgical pain. The use of NMDA receptor antagonists for chronic neuropathic pain has been less studied. Nevertheless, in this chapter, we will review
their effect on both acute postoperative pain and chronic pain conditions.
To better understand the role of NMDA receptor antagonists and to
introduce what is expected from their use in the clinical setting, it is important to define the clinical signs of pain hypersensitivity, namely allodynia and
hyperalgesia.

The definition of hyperalgesia and allodynia
Acute intraoperative and postoperative pain is known to induce peripheral
and central pain sensitization, similarly to what is seen in chronic pain conditions. The clinical symptoms encountered are called allodynia and hyperalgesia. Allodynia is defined by the International Association for the Study of Pain
as “pain due to a stimulus that does not normally provoke pain.” In the perioperative field, it might be defined as a nonpainful mechanical stimulation that
becomes painful after tissue injury. Hyperalgesia is referred to as a mechanical
stimulation that is slightly painful and becomes much more painful after tissue
injury. Indirect markers of pain hypersensitivity are pain scores at rest and/or
on movement and analgesic consumption (opioid titration, patient-controlled
analgesia, or rescue analgesia use).
It is possible to differentiate between peripheral and central sensitization in the clinical setting. In the context of postoperative pain, peripheral
sensitization is correlated with hypersensitivity generated at the peripheral
nerve level, and it can be evaluated by mechanical stimulations next to the
wound, –2 cm apart [1]. This phenomenon is called “primary hyperalgesia.”
Central sensitization occurs at the central nervous system level (spinal and
supra-spinal level) and is evaluated further away from the wound, beyond the
immediate area of inflammation. The area of hyperalgesia is then measured
and an index can be calculated [2, 3]. More complex tools have also been
reported to evaluate this central sensitization (RIII reflex etc…) [4, 5]. Some
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authors developed further experimental models in human volunteers in order
to evaluate the therapeutic impact of so-called anti-hyperalgesic drugs [6, 7].

The consequences of postoperative
hyperalgesia
After surgery, patients with a high level of hyperalgesia will likely experience:
• Increased postoperative pain and increased analgesic consumption
An association between hyperalgesia/allodynia and higher postoperative pain
scores has been reported in some clinical trials, although conflicting results
have been reported. In randomized controlled trials (RCTs) in which subjects were instructed to use patient-controlled analgesia (PCA) providing pain
intensity of 4/0 or less, the most hypersensitive patients had higher opioid
requests and consumption [2].
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• Increased likelihood of long-term chronic pain
Long-term postoperative pain has been reported in many studies [8, 9], and
its occurrence is correlated with acute postoperative hyperalgesia [3, 10, 11].
Long-term residual postoperative pain is often described as a neuropathiclike pain [9].
The key receptors involved in the activation of central pain sensitization process
are the glutamate receptors, such as NMDA receptors. N-Methyl-D-aspartate
receptors are activated when high intensity of painful stimulation occurs as seen
during and after surgery. High doses of opioids given during and after surgery
have also been shown to activate NMDA receptors and, as a consequence, to
induce higher level of central pain sensitization and postoperative hyperalgesia,
which in turn increases the risk of developing chronic pain.
Therefore, NMDA receptors modulation and/or blockade might be an
interesting perioperative strategy to reduce central pain sensitization and to
improve pain management intra- and postoperatively.

N-methyl-D -aspartate modulators as
adjuvants of postoperative pain management
Intraoperative opioid management
There is considerable evidence, from both animal and clinical studies, that
high intraoperative doses of opioids might increase postoperative central
pain sensitization, hyperalgesia, and allodynia. Decreasing the total amount
of opioid used during anesthesia helps with postoperative pain management
and decreases postoperative hyperalgesia, allodynia, pain intensity, and opioid consumption [2, 12–14]. This is true for all types of opioids used during
anesthesia and given by all routes of administration [2, 13].
Even if opioids are not per se drugs that have a direct effect on NMDA
receptors, it has been reported that the activation of µ-opioid receptors
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Ketamine
Ketamine is an NMDA-receptor antagonist. It blocks this receptor channel by
acting on a specific subunit of the receptor. Plasma concentration of ketamine
at 30 ng/mL seems to be sufficient to achieve a minimal analgesic effect [19]
and to obtain a decrease in pain and opioid consumption after surgery [20, 21].
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indirectly phosphorylates and then modulates NMDA receptors’ function.
This hypothesis explains why high intraoperative doses of opioids induce the
so-called “Opioid Induced Hyperalgesia (OIH)” [15, 16] (Figure 7.).
“Reduction of high intraoperative doses of opioids” is therefore proposed
as a beneficial strategy to decrease their effect on NMDA receptors activation and its consequence in terms of postoperative acute hyperalgesia and
acute and chronic pain [17]. Other opioid-sparing techniques that reduce
postoperative OIH include intraoperative regional anesthesia [18].
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Figure 7. The graphic illustrates the link between µ-opioid receptors and
N-methyl-D-aspartate (NMDA) receptors. By activating a specific protein kinase C
γ, opioids have the ability to modulate or enhance the activity of NMDA receptors.
This might lead to an exaggeration of postoperative hyperalgesia. Adapted from
[16] with permission of Wolters Kluwer.
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Administered during and after surgery, ketamine has been shown to reduce
hyperalgesia when tested around the surgical wound [2, 22, 23].
Several recent meta-analyses demonstrated that the beneficial effect of
ketamine on postoperative pain and opioid consumption was lasting beyond
the elimination half-life of the drug [24–29]. These findings suggest that ketamine possesses a longer lasting effect than its own pharmacologic effect to
block pain sensitization processes after surgery. As a consequence, ketamine
demonstrated long-lasting effects on the development of long-term pain sensitization. The most recent meta-analysis to date indicated that a large majority of clinical trials favor the use of perioperative ketamine for acute pain
management [27].
There is considerable variability of the ketamine regimens used in the literature to obtain an anti-hyperalgesic effect and to reduce acute postoperative pain and opioid requirements. Table 7. presents regimens that appear
to be practical and relevant [27, 30]. Intra- and postoperative intravenous
(i.v.) low doses of ketamine were also shown to reduce the development of
chronic pain at 6 months or 2 months after laparotomies [3, 8, 31].
Finally, the epidural administration of ketamine was reported to effectively
block pain sensitization [32]. However, this is not a recommended mode of
usage, due to the possible neurotoxic effect of the various solutions used in
different countries.
Other authors also reported on the use of S-ketamine. Regular ketamine
is a racemic mixture of S(+) ketamine and R(−) ketamine. However, S(+)
ketamine alone is now available in some countries. Its NMDA receptor affinity is four times greater than that of R(−) ketamine, and the analgesic effect is
said to be 2–3 times greater than the racemic presentation of the drug. More
clinical studies are needed to understand the role that S(+) ketamine will play
in perioperative pain management.

Table 7. Recommendations for Intravenous Ketamine Use in
Regards to the Level of Expected Postoperative Pain
Surgery
Moderate Pain
Induction

Ketamine

Maintenance

Postoperative

Repeated
boluses (stop
bolusing
30 min
before end
of surgery)
Continuous
infusion

0.25 mg/kg
0.25 mg/kg
every 30 min

High Level
of Pain
0.5 mg/kg
0.25 mg/kg every
30 min

0.25 mg/kg per h 0.25 mg/kg per h
= 5 µg/kg per min = 5 µg/kg per min
none
0.25 mg/kg per h
= 2 µg/kg per min
for 48 h

Other N-methyl-D -aspartate antagonists and perioperative
pain management
Memantine (NMDA receptor antagonist), amantadine (antiviral drug originally used to treat flu symptoms, antiparkinsonian drug; weak NMDA receptor antagonist effects), and methadone (µ-receptor opioid agonist and
NMDA receptor antagonist) also antagonize NMDA receptors. Based on the
very poor literature addressing the utilization of these drugs, no recommendation for clinical practice can be made to date in the perioperative setting.
Dextromethorphan has been proposed as an adjuvant for postoperative
pain management also because of its anti-NMDA properties [38], but this
drug has been abandoned and removed from the market in some European
countries. Recommendation for its clinical use cannot be done based on the
current literature.
Magnesium
Magnesium is the physiological NMDA receptor blocker, when the receptor
is in its inactive state. As shown in a very recent and outstanding study, magnesium injected intravenously does not cross the blood-brain barrier [39].
Most animal studies using magnesium to block NMDA receptors reported
outstanding results [40–43]. However, evidence from RCTs is conflicting,
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Ketamine has psychomimetic and hallucinogenic side effects mostly when
used in anesthestic doses. However, some studies noted same side effects
when only small subanesthetic doses were used [33, 34]. To minimize these
side effects, it is recommended not to exceed intra- and postoperatively the
above-mentioned subanesthetic ketamine doses.
The combination of ketamine with the solution of the opioid used in the PCA
offered to the patient for managing his pain appeared inferior to a continuous
infusion of ketamine separated from the i.v. opioid PCA. Therefore, the association ketamine/opioid in the same solution cannot be recommended [35, 36].
The future challenge will be to find the right patient population that will
maximally benefit from perioperative ketamine utilization. Current metaanalyses in the literature are reporting a vast majority of RCTs in favor of
ketamine improving postoperative pain management [27]. Unfortunately,
these meta-analyses do not identify preoperative risk factors differentiating
between high- and low-risk patients in terms of pain development and pain
persistence. Nevertheless, it seems likely that a patient with a high preoperative risk for pain sensitization (for example, a patient with chronic pain
condition and chronic opioid tolerance) would benefit more from ketamine
administration than a low-risk patient. One recent study [39] demonstrated
ketamine’s beneficial effects on postoperative pain management in high-risk
patients with chronic pain and chronic opioid exposure.
Because a patient is only once in his life “naive” in terms of pain sensitization, that is, before he undergoes his first “major surgery,” we suggest that
NMDA blockade or modulation should be given to everybody perioperatively. Future studies will have to address this issue and will evaluate whether
ketamine should only be used in a specific, high-risk population or should be
used for all patients.
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with some reporting positive results of i.v. magnesium to improve postoperative pain management [44–46], and others failing to support its use [47–
49]. This lack of effect of i.v. magnesium might be explained by the poor
crossing of the blood-brain barrier, as mentioned above. Nevertheless, a
recent meta-analysis reported that i.v. magnesium given perioperatively
could decrease the overall 24 hour morphine consumption by 24.4% and,
to a lesser extent, postoperative pain intensity (4.2 at rest, 9.2 on movement on a scale of 00) [50]. In most studies, magnesium is administered
as an i.v. bolus of 30–50 mg/kg at the time of anesthesia induction, and it
is continued intra- and postoperatively with an average of 500 mg/h for
24 hours [50].
When given intrathecally or epidurally in humans, magnesium might have
beneficial effect in perioperative pain management, but more studies are
needed for this specific route of administration [3, 2, 55, 63]. Hemodynamic
side effects might be of concern.
Nitrous Oxide
Nitrous oxide (N2O) has been used in anesthesia for more than 50 years.
It has sedative, analgesic, and anxiolytic properties. It is an NMDA receptor antagonist [55, 56]. Animal studies reported promising anti-hyperalgesic
effect and an improvement of opioid tolerance in animals receiving N2O only
intraoperatively [57]. In humans, even if N2O has been used in anesthesia for
more than 50 years, no study has yet been designed to look at the impact
of its intraoperative administration on postoperative pain, hyperalgesia, and
opioid consumption. Future studies will have to address this question in clinical
practice.

N-Methyl-D -aspartate modulators as
adjuvants of chronic pain management
Ketamine is the NMDA receptor antagonist also used in the management of
chronic pain. However, most chronic pain patients do not have i.v. access in
the long term. As a consequence, low doses of i.v. ketamine are not the right
strategy for chronic pain patients. Other routes of administration must be
considered in this specific population.
A literature review evaluated 29 studies (579 patients) and suggested that
ketamine might improve pain scores in patients with chronic noncancer pain.
However, extended ketamine usage might be problematic due to lessened efficacy and poor tolerance [58]. One study showed a possible beneficial effect of
ketamine in the treatment of complex regional pain syndrome [59]. Finally, ketamine is a “controlled-substance” in many countries, complicating patient access.
Given orally, ketamine has a bioavailability of 20% with an onset time of
30 minutes, whereas its bioavailability is 93% when given intramuscularly with
an onset time of 5 minutes. Its analgesic effect duration is approximately 3
hours when given orally. Some authors suggested that oral ketamine might be
even more potent than when given parenterally (ratio 3–2:). When given by
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this route, dosing starts with 0.5 mg/kg orally with an increase of 0.5 mg/kg
every 4 days to a maximum of 000 mg per day.
In cancer pain, two articles concluded that there is not enough evidence
to support the use of oral ketamine [60]. Ketamine is then used in selected
patients, demonstrating either high opioid tolerance, resistance to opioids
usage, or presenting intolerable opioid-related side effects [61].
Hence, despite the fact that many clinicians reported on the use of ketamine as an adjuvant medication in the treatment of chronic pain, reports
of this practice are anecdotal and no clinical recommendations can be made.
Prospective double-blind studies on ketamine advantages in patients with
chronic pain conditions must be done on large populations in order to provide sufficient evidence on safety and efficacy, which will help to build robust
recommendation to support ketamine use in chronic pain patients [58, 62,
63]. The same conclusion applies to the other NMDA modulators/antagonists mentioned in the previous section.

N-Methyl-D -aspartate receptor modulation has an important role in the
management of postoperative pain. Ketamine is the most commonly
used NMDA receptor antagonist by anesthesiologists and pain physicians
to prevent postoperative central pain sensitization, to improve postoperative pain management, and perhaps to decrease long-term postoperative chronic pain. Other NMDA receptor modulators, for example
magnesium or N2O, require further evaluation in terms of their effects on
postoperative pain.
Ketamine and other NMDA receptors could be administered orally for
chronic pain conditions. However, further clinical studies need to look at toxicity, safety, and efficacy of ketamine (or any other NMDA antagonist) when
administered for a prolonged period.
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Chapter 8

Topical Adjuvant Analgesics
Jana Sawynok

Topical analgesics represent a class of drugs that are applied to the skin and
influence pain by local actions on sensory nerve endings and/or cellular targets
adjacent to, and interacting with, such sensory nerve endings. They encompass
such formulations as creams, lotions, gels, and sprays, as well as patches or plasters where the drug is embedded in a physical matrix. Some analgesics applied
as a patch have systemic actions that influence pain signaling (eg, fentanyl), and
are not regarded as topical analgesics. There are several advantages to the use
of topical analgesics including low systemic drug levels, fewer systemic adverse
effects (AEs), fewer drug interactions, and avoidance of factors that limit oral
bioavailability (eg, first-pass metabolism). Limitations to this approach include
access to site of action (the drug needs physicochemical properties that allow
for dermal and tissue penetration), alteration of absorption by disease states
of the skin, and local AEs in response to the drug (eg, redness, itching). Topical
analgesics can be used either as single therapies or as adjuvants in combination with oral analgesics. In the latter instance, this would potentially allow
for recruitment of multiple actions for suppressing pain without increasing
the burden of systemic AEs. Topical analgesics may be of particular benefit in
the elderly, where there are likely other medical conditions being treated with
drugs (ie, polypharmacy is common), and avoidance of central nervous system
effects (eg, sedation, confusion) is desirable.
Over the past decades, several topical analgesic formulations have been
approved for use, and these include topical nonsteroidal anti-inflammatory
drugs (NSAIDs) for inflammatory indications, topical local anesthetics as a
plaster or patch for neuropathic pain, and, more recently, a high-concentration
capsaicin patch for neuropathic pain. There is now a considerable body of
evidence that indicates topical agents are indeed efficacious in these pain
conditions when compared with placebo. More importantly, some studies
also provide comparative data between topical and oral analgesics, as well as
information on combinations of oral and topical analgesics. Taken together,
this body of information provides validation for the approach of applying
drugs locally to a site of action for pain relief in several pain conditions. The
past decade has also seen identification of molecular mechanisms involved
in peripheral pain signaling in neurons, as well as an increased understanding
of the complexity of peripheral pain signaling mechanisms with interactions
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between neurons and adjacent structures, and there is considerable preclinical interest in the idea of developing novel topical analgesics. It is very likely
that in the future, novel topical analgesics consisting of new molecular targets,
as well as combinations of agents, will be developed, and these will provide
clinicians with a greater range of therapeutic choices for pain management.
This chapter will consider some key recent observations that validate and
sustain an interest in this approach to pain management. Reference to a much
more extensive body of literature can be found within cited reports.

Topical nonsteroidal anti-inflammatory
drugs and pain
Earlier trials on topical NSAIDs were confounded by use of a heterogenous
number of NSAID agents, trials of shorter duration, and mixed disease conditions. In the past decade, a coherent body of information on a single agent in
more homogenous pain conditions, and for longer intervals (for 6–2 weeks),
has been elaborated, and based on these findings, three topical NSAID formulations have been approved for use in the United States. Drugs approved by
the US Food and Drug Administration (FDA) are diclofenac as a patch (.3%
epolamine salt, approved in 2007), as a gel (diclofenac sodium % gel [DSG],
approved in 2007), and as a solution with dimethyl sulfoxide (DMSO) (.5%
sodium salt in 45.5% DMSO solution [D-DMSO], approved in 2009) []. The
diclofenac epolamine patch is indicated for acute pain (strains, sprains, contusions), whereas the other two formulations are approved for treatment of
osteoarthritis (OA) []. Diclofenac is a nonselective cyclo-oxygenase inhibitor, which leads to decreased production of proinflammatory prostaglandins
that act on G-protein-coupled receptors on sensory nerve endings to sensitize sensory afferent neurons. Additional novel mechanisms (eg, block of
N-methyl-D -aspartate receptors) may also be involved, especially when local
tissue drug concentrations may be higher than those attained after systemic
drug delivery.
Table 8. summarizes recent randomized controlled trials examining
the efficacy of topical NSAIDs in OA. Two trials report reduced pain and
improved physical function with topical DSG, compared with vehicle, with
hand [2]and knee OA [3] over 8–2 weeks. Another trial reported improved
pain and physical function with topical D-DMSO compared with vehicle with
knee OA over 2 weeks [4]. The latter trial also compared topical D-DMSO
with oral diclofenac and observed no difference in efficacy between the topical and oral formulations. It also included a combination topical diclofenac/
oral diclofenac group and found that the combination had comparable efficacy to oral or topical diclofenac alone [4]. This result suggests either that
addition of a topical agent with the same mechanism of action cannot augment the analgesia provided by the oral drug or that additivity can be difficult
to demonstrate in this condition. Several of these trials share common characteristics, and they are amenable to pooled analysis. A pooled safety analysis of two trials indicates significantly more local skin AEs with the topical,

vehicle

Efficacy
Outcomes

Safety
Outcomes

+OA pain
+AUSCAN
−Global

Local AEs
2.5% DSG vs .%
Veh
GI AEs

+WOMAC pain
+ WOMAC
function
+Global

7.6% DSG vs 3.7%
Veh
Local AEs
5.% DSG vs 2.5%
Veh
GI AEs

8 weeks (N = 385)
Barthel et al [3]

RCT knee OA
DSG 4 × daily;
vehicle
2 weeks (N = 492)

Diclofenac .5%/DMSO 45.5%
Simon et al [4]
RCT knee OA
tDiclo 4 × daily;
Placebo; DMSO;
oDiclo; tDiclo/oDiclo
2 weeks (N = 775)
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Study
Characteristics
Diclofenac Sodium Gel %
Altman et al [2] RCT hand OA
DSG 4 × daily;

5.9% DSG vs 5.0%
Veh
+WOMAC pain
+WOMAC
function
+Global

Local AEs
26.6% tDiclo vs
7.6% P
vs 6.8% DMSO vs
7.3% oDiclo vs
30.9%
tDiclo/oDiclo
GI AEs
6.5% tDiclo vs
9.6% P
vs .2% DMSO
vs 23.8% oDiclo vs
25.7%
tDiclo/oDiclo

AEs, adverse effects; AUSCAN, Australian/Canadian Osteoarthritis Hand Index;
DMSO, dimethylsulfoxide; DSG, diclofenac sodium gel; GI, gastrointestinal; OA, osteoarthritis;
oDiclo, oral diclofenac; P, placebo; RCT, randomized controlled trial; tDiclo, topical diclofenac;
Veh, vehicle; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

compared with the oral, diclofenac (24.% vs .9%) and fewer gastrointestinal
AEs (25.4% vs 39.0%) but comparable cardiovascular AEs (.5% vs 3.5%) [5].
A comparison of DSG effects in older (≥65 years) versus younger patients
(<65 years) in a pooled analysis of three 2-week trials reported similar efficacy in both groups (improvements of 39%–46% compared with 28%–35%
with placebo in younger patients vs 45%–50% compared with 35%–39% with
placebo in older patients) [6]. Pooled safety analysis also indicated a similar
profile in the two groups [6]. Meta-analysis of a larger and more heterogenous data set of topical NSAID drugs in older adults with OA reported up
to 39.5% application-site AEs and 7.5% systemic AEs; conclusions of this
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meta-analysis suggest further data are required to determine safety of topical
NSAIDs in the elderly [7].
Osteoarthritis is a chronic condition, and treatment guidelines emphasize
the need for low-risk strategies. The above emerging body of information is
recent, and it has not yet fully been incorporated into treatment guidelines.
It indicates considerable promise for topical NSAIDs as a useful and safer
treatment strategy for OA. For acute and chronic low back pain, widespread
musculoskeletal pain, and peripheral neuropathic pain conditions, the current
evidence does not support use of topical NSAIDs as analgesics [8].

Topical lidocaine and neuropathic pain
Lidocaine 5%, as a medicated plaster or patch (5% LMP), has been available in
the United States for treatment of postherpetic neuralgia (PHN) since 999,
and is also currently available in Europe. The plaster is a 0 × 4 cm adhesive
containing 700 mg (5% w/w) of lidocaine, and up to 3 patches are applied
for up to 2 hours [9]. Lidocaine is a local anesthetic and is understood to
act by inhibiting sodium channel activity; this results in reduced hyperactivity and reduced ectopic discharges in sensory afferent neurons. In human
volunteers, acute patch application for 6 hours leads to inhibition of activity in small Aδ- and C-fibers, although the extent of block is variable [0].
In PHN patients, both acute (6 hours) and chronic (2 weeks) application of
5% LMP inhibits spontaneous pain, and this is reflected in reduced activity in
several brain regions representing sensory, affective, and hedonic functions
[]. Pharmacokinetic studies indicate low systemic levels of lidocaine following patch application, with peak plasma concentrations after 4 hours and
steady-state concentrations within 4 days [9].
The efficacy of 5% LMP in relieving pain in PHN, both compared with placebo and with other interventions, has been systematically reviewed recently
[2]. Placebo-controlled studies indicate 5% LMP provides pain relief and
reduces allodynia, with generally low AEs [2]. In addition, comparison of
5% LMP with pregabalin indicates noninferiority of the LMP with respect to
pain relief, greater improvement in quality of life, and fewer AEs compared
with oral pregabalin [2]. In a network meta-analysis for PHN studies, LMP
and gabapentin differed from placebo; from another perspective, LMP had
more effect than capsaicin, gabapentin, and pregabalin [2]. A systematic
review of LMP for diabetic peripheral neuropathy (DPN) reported noninferiority to oral pregabalin with respect to pain reduction and fewer AEs [3].
Network meta-analysis for this condition showed all interventions (LMP,
amitriptyline, capsaicin, gabapentin, pregabalin) differed from placebo [3].
In clinical practice, LMP has a favorable efficacy profile against neuropathic
pain of mixed etiology (PHN, postsurgical, and posttraumatic neuropathic
pain) with pain reductions of more than 50% in 45.5% and more than 30%
in 82.2% of cases [4]. The lidocaine patch is now considered a first-line
therapy for PHN, especially in elderly patients, and is most useful when the
pain is well localized [5].
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There are some data on combinations of 5% LMP with oral therapies
for neuropathic pain. Thus, in those with PHN and painful DPN who fail
to respond to either LMP or pregabalin as individual agents over 4 weeks,
combination of the two approaches provides clinically relevant pain relief
during the 8 week combination phase [6]. This treatment supports the general notion that addition of a topical regime to an oral regime, in which the
two treatments have a different mechanism of action, can lead to enhanced
analgesia. However, this approach will need to be evaluated in a prospective
manner with combinations compared directly with monotherapy alone, and
over a longer time interval. Given the limited efficacy of individual agents in
treating neuropathic pain, there is increasing attention being given to combination therapies [7]. This approach is particularly amenable to topical therapies being added to oral therapies because of the relatively benign systemic
side-effect profile of topical agents.

Capsaicin is derived from hot chili peppers and has a long history of use in
medical practice. Capsaicin interacts with transient receptor potential vanilloid  (TRPV) receptors located on Aδ- and C-fibers, and it leads to cation entry into sensory afferents; chronic exposure to capsaicin desensitizes
the channels, leads to loss of sensory integration, and results in analgesia.
Topical low concentration capsaicin creams and patches (0.025%–0.%, for
daily use) have been available since the early 980s and have been used to
treat inflammatory (OA, rheumatoid arthritis) and neuropathic (PHN, DPN)
pain conditions. The most recent meta-evaluation of efficacy of capsaicin
0.075% for neuropathic pain indicates efficacy is modest (number-needed-totreat values of 6.6) and side effects (burning and stinging) are common
(number-needed-to-harm values of 2.5) [8]. It was concluded that capsaicin
cream, either alone or in combination with other agents, may be useful in
those who do not respond to, or cannot tolerate, other treatments [8].
A high concentration (8%) capsaicin patch (Quetenza) was recently
approved in 2009 in the European Union and the United States [9]. The
patch is 280 cm2, contains 79 mg of capsaicin (8% w/w), and is cut to match
the size and shape of the painful area. At this concentration, the action of
capsaicin is attributed to “defunctionalization” of nociceptors, which reflects
loss of membrane potential, altered transport of neurotrophic factors, and
reversible retraction of epidermal and dermal nerve fibers [9]. The 8% patch
is usually compared with a 0.04% patch as the control condition, and the low
concentration is sufficient to produce local reactions and blinding of the study
treatment; whether the 0.04% patch also produces some analgesia cannot be
determined from these studies. The 8% patch is generally applied for 60 minutes after application of topical local anesthetics (4% lidocaine or 2.5% prilocaine/2.5% lidocaine) to mitigate local pain reactions [20]. Application site
pain can be further managed with oral analgesics and/or cooling (ice). Phase
3 studies (double-blind, multicentre trials) demonstrate a significant reduction
in pain over 2 weeks in PHN and human immunodeficiency virus-associated

75

Topical capsaicin and neuropathic pain

Topical Adjuvant Analgesics
Chapter 8

76

neuropathy, with pain reductions of 30%–33% compared with 20%–25% in
the control condition [9]. A comparison of 30-, 60-, and 90-minute patch
applications in PHN indicates the longer times produced significant treatment
effects [2]. In an open-label trial comparing outcomes in PHN and DPN,
reductions in pain of 3% and 28% were observed over 2–2 weeks in these
two groups, and there was a 47% and 44% responder rate (more than 30%
reduction), respectively [22].
Pooled tolerability data from 8 randomized-controlled trials (N = 327
participants) are available [23]. After patch application, 67% of participants
report treatment-related AEs, which are most commonly application site
reactions (erythema, pain); these resolve within 7 days. Rescue medication is
higher after the 8% patch than for the control patch (0.04%). The incidence
of AEs did not increase with multiple doses for up to 52 weeks (4 cycles).
Sensory testing indicated that there was no evidence of impaired neurological
function with respect to allodynia, sensations of warmth, vibration or pinprick, and deep tendon reflexes after patch application.
The question of whether the 8% capsaicin patch produces additive effects
in combination with oral medications has been approached indirectly by
analysis of integrated data from four controlled PHN studies [24]. In these
studies, the 8% patch was administered alone or together with systemic neuropathic pain medications; in both cases, pain was reduced regardless of systemic drug use. However, there was no evidence of an additive effect seen
with the combination of the topical and systemic agent, despite the recruitment of different mechanisms by the two approaches.

Novel topical agents and future directions
The above sections have focused on topical formulations that have been
approved for use by the FDA in recent years. Clinical trials with these formulations provide a body of information that supports the efficacy of peripheral
applications of drugs and indicate a low systemic AE profile. Although there
can be dermal reactions with the topical approach, these are generally well
tolerated. There is increasing attention being given to combination therapies
for neuropathic pain [7], and this can include oral and topical formulations.
There are some data, using both direct and indirect approaches, that address
the potential of combinations between topical and oral medications, but
there is a need for systematic prospective studies of this nature. There is
also a developing clinical literature on analgesia following topical application
of drugs regarded as investigational agents (eg, glyceryl trinitrate, antidepressants, ketamine, clonidine, and several other centrally acting drugs) [25]. In
addition, it is now appreciated that compounds such as camphor, menthol,
and eucalyptol (as well as other compounds present in traditional herbal remedies) act on several members of the transient receptor potential family of
receptors (eg, TRPV3, TRPV4, TRPM8, TRPA) and may have further direct
and more complex actions on sensory signaling [26]. Furthermore, with the
recent appreciation that keratinocytes interact with sensory neurons, are
altered in chronic pain, and express TRP receptors [27], it may be that topical

Topical Adjuvant Analgesics

. Argoff CE. Recent developments in the treatment of osteoarthritis with
NSAIDs. Curr Med Res Opin 20; 27:35–327.
2. Altman RD, Dreiser RL, Fisher CL, et al. Diclofenac sodium gel in patients with
primary hand osteoarthritis: a randomized, double-blind, placebo-controlled
trial. J Rheumatol 2009; 36:99–999.
3. Barthel HR, Haselwood D, Longley S 3rd, et al. Randomized controlled trial
of diclofenac sodium gel in knee osteoarthritis. Semin Arthritis Rheum 2009;
39:203–22.
4. Simon LS, Grierson LM, Naseer Z, et al. Efficacy and safety of topical diclofenac
containing dimethyl sulfoxide (DMSO) compared with those of topical placebo,
DMSO vehicle and oral diclofenac for knee osteoarthritis. Pain 2009; 43:238–245.
5.	Roth SH, Fuller P. Diclofenac topical solution compared with oral diclofenac: a
pooled safety analysis. J Pain Res 20; 4:59–67.
6. Argoff CE, Gloth FM. Topical nonsteroidal anti-inflammatory drugs for management of osteoarthritis in long-term care patients. Ther Clin Risk Manag
20; 7:393–399.
7. Makris UE, Kohlwer MJ, Fraenkel L. Adverse effects of topical nonsteroidal
anti-inflammatory drugs in older adults with osteoarthritis: a systematic literature review. J Rheumatol 200; 37:–8.
8.	Haroutiunian S, Drennan DA, Lipman AG. Topical NSAID therapy for musculoskeletal pain. Pain Med 200; :535–549.
9. Garnock-Jones KP, Keating GM. Lidocaine 5% medicated plaster. A review of
its use in postherpetic neuralgia. Drugs 2009; 69:249–265.
0. Krumova EK, Zeller M, Westermann A, et al. Lidocaine patch (5%) induces partial blockade of Aδ- and C-fibers to variable extent. Pain 202; 53:273–280.
. Geha PY, Baliki MN, Chialvo DR, et al. Brain activity for spontaneous pain
of postherpetic neuralgia and its modulation by lidocaine patch therapy. Pain
2007; 28:88–00.
2. Wolff RF, Bala MM, Westwood M, et al. 5% Lidocaine-medicated plaster vs
other relevant interventions and placebo for post-herpetic neuralgia (PHN):
a systematic review. Acta Neurol Scand 20; 23:295–309.
3. Wolff RF, Bala MM, Westwood M, et al. 5% Lidocaine medicated plaster in
painful diabetic neuropathy (DPN): a systematic review. Swiss Med Wkly
200; 40:297–306.
4. Delorme C, Navez ML, Legout V, et al. Treatment of neuropathic pain with
5% lidocaine-medicated plaster: five years of clinical experience. Pain Res
Manag 20; 6:259–263.
5. Dworkin RH, O’Conner AB, Audette J, et al. Recommendations for the pharmacological management of neuropathic pain: an overview and literature
update. Mayo Clin Proc 200; 85(Suppl):S3–S4.
6. Baron R, Mayoral V, Leijon G, et al. Efficacy and safety of combination therapy
with 5% lidocaine medicated plaster and pregabalin in post-herpetic neuralgia
and diabetic polyneuropathy. Curr Med Res Opin 2009; 25:677–687.

Chapter 8

References

77
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and adjuvant strategy for the management of pain.
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Neuropathic Pain
Nadine Attal

Neuropathic pain (NP) may arise as a consequence of a lesion or disease
affecting the somatosensory system NP []. Neuropathic pain is estimated to
affect as much as 7% of the general population in some European countries
[2]. Classic examples of NP include diabetic polyneuropathies, postherpetic
neuralgia, trigeminal neuralgia, and central poststroke or spinal cord injury
(SCI) pain. Traumatic or postsurgical neuropathies and painful radiculopathies
are also common conditions in the general population [2].
Patients with NP generally exhibit “spontaneous” (or stimulus-independent)
and “evoked” (or stimulus-dependent) components, which often coexist.
Spontaneous NP may be continuous (eg, foot pain in diabetic neuropathy)
or intermittent (eg, pain paroxysms in trigeminal neuralgia). In addition to
temporal variations in pain intensity, individuals with NP often report varying
pain qualities, such as burning, cold, sharp, and squeezing [3]. Intermittent
NP, often referred to as pain paroxysms, is often described as “shooting,”
“stabbing,” or “electric shock-like” [4]. Evoked NP (hyperalgesia or allodynia)
is generally defined with reference to the evoking stimulus and may be provoked by brush, pressure, cold, or heat [3]. More importantly, these neuropathic characteristics are shared by most NP etiologies, which indicates that
despite obvious differences in etiology, the clinical entity of NP has strong
clinical consistency [5].

Diagnosis of neuropathic pain
Several screening tools have been developed over the last 0 years for the
identification of NP (refs in [6]). One feature common to all these tools is a
reliance principally on verbal reports of pain qualities (ie, pain descriptors).
Two of the five screening tools—the Leeds Assessment of Neuropathic
Symptoms and Signs (LANSS) and the « Douleur Neuropathique en 4 questions » (DN4) questionnaires—are clinician-administered questionnaires
including both items related to the interview (ie, symptoms) and items
related to the sensory examination (ie, signs). The other three screening
tools are self-administered questionnaires including only items related to
the symptoms of NP: The Neuropathic Pain Questionnaire, ID Pain, and
PainDetect.
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Screening tools have gained acceptance in the medical community. Although
these tools are based on descriptors, their linguistic adaptation and revalidation into different languages is feasible and ensures their reliability and validity
in languages other than those in which they were initially developed. The major
strength of these tools is to identify potential patients with NP, particularly by
nonspecialists, but these tools have not been validated to measure NP symptoms for therapeutic intervention. The use of these tools in different languages
and cultures should contribute to increase the recognition of NP, which is crucial for a better therapeutic management, and facilitate the conduct of badly
needed epidemiology studies of NP in different countries. More importantly,
however, screening tools fail to identify approximately 0%–20% of patients with
clinician-diagnosed NP, indicating that they may offer guidance for further diagnostic evaluation and pain management but cannot replace clinical judgment.
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Management of neuropathic pain
The management of patients with chronic NP is challenging [7–], despite
several attempts to develop a more rational therapeutic approach. Table 9..
provides a detailed list of adjuvant analgesics recommended for use in neuropathic pain, along with mechanisms of action, dosing recommendations and
most commonly reported adverse effects.
Peripheral neuropathic pain
Most studies of NP have been performed in postherpetic neuralgia (PHN)
and diabetic painful polyneuropathy (PPN). These trials mainly studied the
effects of monotherapy and were placebo controlled. Here, we will only
focus on the drugs used at repeated dosages or topically; drugs used as intravenous injections will not be reviewed.
Tricyclic antidepressants
The efficacy of tricyclic antidepressants (TCAs) is established mainly in diabetic PPN and PHN. Their analgesic efficacy is independent of their antidepressant effect, and this efficacy is probably mediated by action on descending
modulatory inhibitory controls, although a peripheral effect on sodium channels has also been reported [7, 9]. Tricyclic antidepressants should be initiated
at low dosages (0–25 mg in a single dose at bedtime) and then slowly titrated
as tolerated. The average dosage for amitriptyline is 75 mg/day, but effective
dosages vary from one patient to another (eg, 25–50 mg of amitriptyline or
equivalent). More information on various antidepressants used as adjuvant
analgesics is provided in Chapter 3.
Serotonin-norepinephrine reuptake inhibitors
The efficacy of the serotonin-norepinephrine reuptake inhibitors (SNRIs)
duloxetine and venlafaxine is established mainly in diabetic PPN [3].
However, recent studies have indicated that duloxetine has significant efficacy
for other types of peripheral NP such as chemotherapy-induced neuropathy (see Chapter 9.2). Adequate dosages of duloxetine range between 60
and 20 mg/day, with no clear superiority of 20 mg. Treatment should be
initiated at 30 mg/day to avoid nausea and then titrated to 60 mg/day after

Table 9.. Summary of Evidence-Based Recommendations for Treatment of Peripheral Neuropathic Pain*
Drug

Tricyclic antidepressants
Nortriptyline
Desipramine
Amitriptyline

Main
Mechanisms
of Action

Common
Major Side
Effects

Precautions

Other Benefits

Efficacy: Level
A/B Ratinga

Inhibition of
reuptake of
monoamines,
block of
sodium
channels,
anticholinergic

Somnolence,
anticholinergic
effects, weight
gain

Cardiac
disease (ECG),
glaucoma,
prostatic
adenoma,
seizure, use of
tramadol

Improvement of
depression, although
at generally higher
dosages than pain
(75 mg/h) and sleep
(amitriptyline)

A. Diabetic neuro 0–25 mg at
pathy, PHN
bedtime/
50 mg daily
B. Spinal cord
injury/central
poststroke pain,
traumatic nerve
lesions, cancer
neuropathic pain

Serotonin–norepinephrine
reuptake inhibitors
Duloxetine
Inhibition of
Nausea
serotonin and
norepinephrine
reuptake

Venlafaxine

Hepatic disorder, Improvement of
A. Diabetic
use of tramadol, depression and
neuropathy
hypertension
generalized anxiety,
improvement of sleep

Nausea,
Inhibition of
Cardiac disease,
hypertension
serotonin and
hypertension,
norepinephrine at high dosages use of tramadol
reuptake

A. Diabetic
Improvement of
neuropathy
depression and
generalized anxiety,
improvement of sleep

Starting Dose/ Titration
Maximum
Dose

30 mg once
daily/60 mg
twice daily

Increase by
0 mg to 25
mg every 3
to 7 days up
to efficacy
and side
effects

May start at
30 mg once
daily and then
increase by
30 mg after
 week as
tolerated up to
20 mg daily

37.5 mg once or Increase by
twice daily/225 37.5–75 mg
each week as
mg daily
tolerated
(contiuned)
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Table 9.. Contiuned
Drug

Calcium channel
α2δ ligands
Gabapentin

Pregabalin

Topical lidocaine
Lidocaine 5% plasters

Main
Mechanisms
of Action

Common
Major Side
Effects

Precautions

Other Benefits

Efficacy: Level
A/B Ratinga

Starting Dose/
Maximum
Dose

Titration

Acts on α2δ
subunit of
voltage-gated
calcium
channels, which
decreases
central
sensitization

Sedation,
dizziness,
peripheral
edema,
weight gain

Reduce
dosages in renal
insufficiency

No clinically
significant drug
interactions,
improvement of
generalized anxiety
and sleep

A. Diabetic
neuropathy,
PHN, cancer
neuropathic pain
B. Spinal cord
injury pain

00–300 mg
once to 3 times
daily/200 mg
3 times daily

Increase by
00–300 mg
3 times daily
every
3 to 7 days as
tolerated

Acts on α2δ
subunit of
voltage-gated
calcium
channels, which
decreases
central
sensitization

Sedation,
dizziness,
peripheral
edema,
weight gain

Reduce
dosages in renal
insufficiency

No clinically
significant drug
interactions,
improvement of
generalized anxiety
and sleep

A. Diabetic
neuropathy,
PHN, spinal
cord injury

25–75 mg once
daily/300 mg
twice daily

Increase by
75 mg daily
after 3–7 days
and then by
50 mg every
3–7 days as
tolerated

Block of
sodium
channels

Local
None
erythema, itch,
rash

No systemic side
effects, potential
effect on allodynia

A. PHN

–3 patches/3
patches

None

Capsaicine patches 8%

Opioid agonists
Tramadol

Morphine Oxycodone
Methadone
Levorphanol

TRPV agonist

Pain
None
Erythema
Elevated blood
pressure due to
initial increase
in pain

No systemic side
effects—potential
effects on burning
pain, itch, and
allodynia

Mu receptor
agonist and
inhibition of
monoamine
reuptake

Nausea and
vomiting,
constipation,
dizziness,
somnolence

History of
substance
abuse, suicide
risk, use of
antidepressants
in elderly
patients

Mu receptor
agonists
(oxycodone
may also cause
κ-receptor
antagonism)

Nausea and
vomiting,
constipation,
dizziness,
somnolence

History of
substance abuse,
suicide risk, risk
of misuse on
long-term use

A. HIV neuropathy
and PHN

–4 patches
to cover
the painful
area—repeat
every 3 months

None

Rapid onset of
A. Diabetic
analgesic effect, effect
neuropathy,
on inflammatory pain
phantom pain
B. Spinal cord
injury

50 mg once
or twice
daily/400 mg
daily as
long-acting drug

Increase
by 50–00
mg every
3–7 days

Rapid onset of
A. Diabetic
analgesic effect, effect
neuropathy,
on inflammatory pain
PHN, phantom
pain

0–5 mg
morphine every
4 h or as needed
(equianalgesic
doses for other
opioids)/
up to 300 mg
morphine has
been used in
neuropathic pain

After –2
weeks
convert to
long-acting
opioids, use
short-acting
drugs as
needed and
as tolerated

Abbreviations: ECG, electrocardiogram; HIV, human immunodeficiency virus; PHN, postherpetic neuralgia; TRPV, transient receptor potential vanilloid receptor-.
a
Recommendation grading: Level A = good scientific evidence from several Class I trials; Level B = some scientific evidence from Class II trials (lower-class trials).
*Data modified from references [7, 9, 2].
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 week. In general, high doses of venlafaxine (50–225 mg/day) are effective
to alleviate NP.
α2δ ligand agonists
The efficacy of gabapentin and pregabalin is established in diabetic PPN and
PHN [4, 5]. The analgesic effect is mainly related to a decrease in central
sensitization and nociceptive transmission through action on the α2δ subunit
of calcium channels [7, 8]. Effective dosages for NP are 800–3600 mg/day
for gabapentin and 50–600 mg/day for pregabalin (with inconsistent effects
of 50 mg/day). Extended-release formulations of gabapentin (gabapentin
ER or gabapentin enacarbil) are also effective [6]. In clinical studies, pregabalin has usually been initiated at 50 mg/day, but initial doses of 75 mg/day
at bedtime are recommended to reduce side effects, especially for older
patients or those with significant comorbidities or polypharmacy. Both drugs
need individual titration, with a shorter titration schedule for pregabalin
(upward increase by 75 mg every 3 days). Individual titration should be performed up to efficacy and side effects. Gabapentin is generally administered
three times per day (except for gabapentin extended release), whereas pregabalin should be administered twice per day. More information on various
anticonvulsants used as adjuvant analgesics is provided in Chapter 4.
Lidocaine 5% medicated plasters
The efficacy of lidocaine 5% plasters is established mainly in PHN. Lidocaine
plasters may reduce ectopic discharges through its sodium channel-blocking
properties. However, on the basis of a meta-analysis, the therapeutic gain
is very modest compared with placebo [7], and one recent trial using an
enriched enrollment design failed to show a difference between lidocaine and
placebo on the primary outcome measure [8]. Lidocaine 5% medicated plasters are generally safe and have little systemic absorption; only local adverse
effects (eg, mild skin reactions) have been reported [8]. Up to four plasters
per day for a maximum of 2 hours within a 24-hour period is usually recommended to cover the painful area, but longer applications for up to 24 hours
have been found to be safe. Titration is not necessary.
Tramadol
The efficacy of tramadol, including the combination with acetaminophen, is
established predominantly in diabetic PPN [7, 8, 0–2]. Tramadol may induce
dizziness, dry mouth, nausea, constipation, and somnolence and can cause
or aggravate cognitive impairment, particularly in the elderly. Although the
risk of abuse is lower than with other opioids, tramadol should be used with
caution in patients with a history of substance abuse. There is an increased
risk of seizures in patients with epilepsy or those receiving drugs that reduce
the seizure threshold, such as TCAs. Serotonin syndrome may occur if tramadol is used in combination with other serotonergic medications (particularly selective serotonin reuptake inhibitors, but also other antidepressants)
(see Chapter 0). Tramadol should be initiated at low dosages, particularly in
elderly patients (50 mg once daily), and then titrated as tolerated. Effective
dosages range from 200 to 400 mg/day. Dose reduction is recommended in
older patients and those with renal impairment or cirrhosis.

Capsaicin patches
Capsaicin is an agonist of transient receptor potential vanilloid receptor-
(TRPV) and activates TRPV ligand-gated channels on nociceptive fibers.
This activity in turn causes depolarization, the initiation of an action potential, and the transmission of pain signals to the spinal cord [25]. After several
days of application, TRPV-containing sensory axons are desensitized, a process also referred to as “defunctionalization.” Standard capsaicin-containing
creams (0.075%) have been found to be moderately effective for PHN, but
they require many applications per day and cause a burning sensation for
many days before the analgesic effect starts.
The efficacy of a single application of high-concentration capsaicin patch
(8%) for 30 minutes compared with a low concentration patch (0.04%) has
been demonstrated from weeks 2 to 2 in PHN or human immunodeficiency
virus (HIV) neuropathy [5, 26, 27] with confirmed safety in an open-label
48-week extension [26, 28, 29]. However, the optimal duration of the patches
to produce analgesic efficacy was distinct in PHN (60 minutes) and HIV neuropathy (30 minutes). The effects of this treatment on multiple symptoms
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Opioids
The use of opioids for the treatment of chronic pain has increased dramatically over the past decade. There has been a longstanding debate about their
efficacy in chronic NP [9]. However, several randomized controlled trials
(RCTs) have now established that opioids (oxycodone, methadone, morphine) have efficacy in diabetic PPN and PHN at dosages ranging from 0 to
20 mg for oxycodone, the most studied drug in NP [7–9, , 2]. The dosages necessary to reach efficacy may be higher for NP than for nociceptive
pain. Furthermore, the effects obtained with NP are not necessarily associated with significant improvement in quality of life, psychological comorbidities, and sleep disorders. Another opioid, tapentadol (500 mg daily), a
µ-opioid agonist with norepinephrine reuptake inhibition, has been more
recently studied in peripheral NP with encouraging effects in one diabetic
NP trial.
The most common side effects of opioids are constipation, sedation, nausea, dizziness, and vomiting, although these generally decrease after long-term
treatment, with the exception of constipation [20]. Opioids must be used
with great caution in patients with a history of drug abuse.
The problems associated with long-term opioid use are increasingly
reported in chronic noncancer pain. Long-term morphine administration may
be associated with immunologic changes and hypogonadism [0]. The risk
of misuse or addiction in chronic pain, although low (2.6%) in recent systematic studies [2], may represent a concern in long-term use. Prescription
opioid dependence is associated with structural and functional changes in
brain regions implicated in the regulation of affect, reward, and motivational
functions [22]. Opioid-induced hyperalgesia, defined as an increase in pain
sensitivity with the use of opioids, has been demonstrated in animal models,
and there is concern that it might occur in humans [23]. For these reasons,
opioids are considered to be second-line treatment for noncancer NP, including NP, in all current recommendations [7, 0, 24].
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that may be particularly sensitive to this drug, including mechanical allodynia,
itch or burning pain, were not addressed.
Adverse effects were primarily due to capsaicin-related reactions at the
application site (pain, erythema, sometimes edema, and itching). Initial pain
often necessitated opioids, and blood pressure should be carefully monitored because of the potential risk of high blood pressure during application
(probably due to severe pain in some patients). The drug does not produce
impairment of standard sensory evaluation in PHN and HIV neuropathy
after repeated applications for up to one year [29]. In a subset of patients in
the controlled trial of painful HIV neuropathy [29], the high-concentration
capsaicin patch produced no change in sequential quantitative sensory testing (QST) measures, including thresholds for vibration, heat pain, and cooling. In human volunteers, only a transient ( week) impairment of epidermal
nerve fiber density was noted by skin punch biopsy after a single application,
but there was a 93% recovery after 6 months [28]. However, it is not clear
whether these data are applicable to patients with peripheral nerve lesions
after repeated applications. In PHN, the high-concentration capsaicin patch
may be applied for 30 minutes (feet) to 60 minutes (other areas) to the
painful area, up to a maximum of 4 patches, and should not be applied to
the face.
Capsaicin patches have not been considered so far in evidence-based therapeutic recommendations but should probably be proposed for patients with
focal neuropathy particularly when there are concerns with systemic side
effects, compliance with the treatment, or drug-drug interactions. Patients
with burning pain, itch, and allodynia to mechanical or heat stimuli might be
the best candidates for such treatment.
Other drug treatments
Antiepileptics other than gabapentin and prégabaline have been infrequently
studied in NP, with the notable exception of carbamazepine in trigeminal
neuralgia. Trials of other anticonvulsants (eg, topiramate, oxcarbazepine,
carbamazepine, lacosamide) have generally demonstrated mild or discrepant
effects in large-scale RCTs. Initial data about valproate are still controversial
[7, ], despite positive RCTs in diabetic NP and PHN [7, , 24].
In summary, TCAs, pregabalin/gabapentin, and duloxetine are generally
indicated as first-line treatment for NP [7, 0] (Figure 9..). However, in
diabetic neuropathy, recommendations for first-line treatment diverge: the
American Academy of Neurology recommends pregabalin as first-line treatment [24], and the United Kingdom National Institute for Clinical Excellence
recommends duloxetine [3]. Lidocaine plasters, with their excellent tolerability, are recommended as first-line treatment for PHN. Second-line therapy
includes strong opioids or tramadol, and third-line treatments include other
antiepileptics [7, 0].
Other neuropathic pain indications
Several trials have been recently performed in central NP, particularly
SCI pain. These trials have confirmed the benefit of pregabalin for SCI
pain [7, 32] but not for poststroke pain [33], whereas lower-class trials
suggested the benefit of TCAs, gabapentin, and tramadol for SCI pain.

Figure 9.. Therapeutic algorithm proposed for peripheral neuropathic pain (NP) in clinical practice. This algorithm is based on current evidence-based recommendations and systematic reviews in peripheral NP [7, 9, , 30]. Serotonin-norepinephrine reuptake inhibitor (SNRI) antidepressants are generally recommended as first
choice, but duloxetine has higher evidence for peripheral NP. The choice between first-line drugs depends on the clinical profile (for example, tricyclic antidepressants
should be avoided in the elderly), contraindications, and comorbid conditions (for example, patients with anxiety, sleep disorders, or depression may benefit more from
pregabalin/gabapentin or SNRI antidepressants). Capsaicin high-concentration patches have not been considered yet in this therapeutic algorithm.
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Pregabalin is now the drug of choice for SCI pain. One comparative trial
found efficacy of high-dose levorphanol for central pain [7]. A Class I trial
showed no superiority of duloxetine over placebo on the primary outcome of central pain due to stroke or SCI, but several secondary outcomes, including allodynia to brush and cold, favored duloxetine [34].
Thus, central NP seems to generally respond to the same drug treatments
as peripheral NP.
Several large-scale trials of posttraumatic neuropathy have been reported.
One trial found that gabapentin (up to 2400 mg/day) had no effect on pain
intensity but improved pain relief, sleep, and quality of life [35]. Another trial
found that pregabalin was moderately effective (difference 0.62 versus placebo) on the primary outcome [36]. Lower-class studies found moderate
effects of amitriptyline and low-dose venlafaxine on postmastectomy pain
and discrepant results with topical capsaicin [7].
Studies of gabapentin have found positive results in GuillainBarré syndrome and cancer NP and discrepant results in phantom limb pain. Opioids
and tramadol have been found to be efficacious for phantom limb pain, and
amitriptyline has been found to be efficacious for cancer NP [7, 0, ].
Human immunodeficiency virus neuropathy and chronic radiculopathy
have generally been found to be poorly responsive to drugs that are useful
for other NP conditions. In HIV neuropathy, negative results were obtained
with amitriptyline, topical lidocaine, gabapentin [7, 9, ], and pregabalin [37],
whereas lamotrigine, smoked cannabis, and more recently high-concentration
capsaicin patches (see below) were found to be moderately useful.
A recent large-scale study using an enrichment phase demonstrated
no benefit of pregabalin for lumbosacral radiculopathy [7]. A crossover
placebo-controlled study of nortriptyline, morphine, and their combination
in lumbosacral radiculopathy was negative for the primary outcome and
found only slight effects for the combination of worst pain and pain relief
[38]. However, given the lack of specific assessment of pain quality in most
trials, the possibility that these drugs might be effective in a subset of patients
exhibiting particular clinical phenotypes or improve only some dimensions
of NP cannot be excluded. New studies are warranted for these indications,
particularly among patients with failed back syndrome, because a large subset
of these patients have NP, and radicular pain probably represents one of the
most common NP conditions in the general population [2].
Combination and head-to-head studies
Several head-to-head comparative studies have been performed in NP,
but most studies are single-center trials with small sample size. Most initial
studies aimed to compare drugs from the same class, particularly TCAs.
These trials found similar efficacy of different TCAs [7, 0, ]. In one study,
venlafaxine 225 mg/day was equivalent to imipramine 50 mg/day with
respect to overall pain intensity and tolerability, but it was less effective on
the proportion of responders, pain relief, and quality of life [7]. Other trials reported similar efficacy of gabapentin and nortriptyline in diabetic NP
and PHN [39], pregabalin and amitriptyline [40] and lamotrigine and amitriptyline in diabetic NP [4]. These results may be related to small sample

Newer drug treatments for neuropathic pain
More recently, three drug classes have been studied in RCTs involving NP.
Botulinum toxin type A
Several lines of investigation have suggested that botulinum toxin type
A (BTX-A), a potent neurotoxin commonly used for the treatment of focal
muscle hyperactivity, may have analgesic effects independent of its action
on muscle tone, possibly by acting on neurogenic inflammation [45]. Such
mechanisms may be involved in some cases of peripheral NP. Several
single-center RCTs reported the long-term efficacy of a series of subcutaneous injections of BTX-A (from 00 to 200 units) injected into the painful
area among patients with mononeuropathies (traumatic or related to herpes
zoster [46]) and patients with diabetic PPN [47], but one unpublished study
in post-herpetic neuralgia was negative [48]. It is interesting to note that in
two studies, the onset of efficacy (approximately  week) and duration of
effects (3 months) was remarkably similar. The drug had an excellent safety
profile; patients reported only pain during injection and no systemic side
effects. One study found that a possible predictor for response to BTX-A
was the preservation of warm thresholds [44]. These data indicate a need
for large-scale trials with this compound in peripheral NP. Novel preparations of BTX-A with selective activity on afferent sensory fibers are under
development.
Cannabinoids
The therapeutic potential of cannabinoids has been extensively investigated in chronic pain after the discovery of cannabinoid receptors and their endogenous ligands. Oromucosal cannabinoids (2.7 mg
Δ-9-tetrahydrocannabinol/2.5 mg cannabidiol) have been found to be
effective in multiple sclerosis-associated pain and for refractory peripheral
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size and do not exclude the possibility that these drugs have distinct effects
depending on patients’ clinical profiles, which were generally not detailed
at baseline.
Several placebo-controlled trials confirmed the benefit of gabapentin
combined with nortriptyline or morphine compared with gabapentin monotherapy in a mixed group of patients with diabetic PPN and PHN [39, 42, 43].
The combination drug arms demonstrated better efficacy with lower dosages
compared with monotherapy without an increase in side effects. Similarly,
in diabetic NP, gabapentin in combination with oxycodone was superior to
gabapentin alone [43]. In a large-scale study, patients unresponsive to moderate dosages of pregabalin (300 mg daily) or duloxetine (60 mg daily) were
subsequently randomized to receive either the combination of both drugs
at similar dosages or increased dosages of the same drugs in monotherapy
(ie, 600 mg of pregabalin or 20 mg of duloxetine) [44]. The study showed
similar efficacy of combination therapy and monotherapy at high dosages
on primary and secondary outcomes, including quality of life and sleep and
no significant difference in side effects. These trials suggest that combination
therapy with these agents may be useful, particularly when monotherapy is
incompletely effective.
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NP associated with allodynia [7, 0, ], but several unpublished trials are
negative. Adverse events include dizziness, dry mouth, sedation, fatigue,
gastrointestinal effects, and oral discomfort. Although no impairment of
cognition or psychoactive effects were noted in these trials, cannabis may
exacerbate psychiatric conditions, so cannabinoids are not recommended
for patients with psychiatric disorders. There is controversy with regard to
tolerance and dependence after long-term treatment [49]. Oromucosal
cannabinoids are currently not available for the treatment of NP in the
United States, but they are available in Canada.
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Improving therapeutic outcome in
neuropathic pain
Despite newer drugs and the increased use of rational polypharmacy that
may improve therapeutic response, the response to most treatments for
NP is generally modest. The number needed to treat for 50% pain relief
(the number of patients necessary to treat to obtain one responder compared with placebo) ranges from 3 to 6 in recent clinical trials of pregabalin,
gabapentin, SNRIs, and opioids for peripheral NP []. One contributor to
these findings is the large placebo effects in recent trials [50]. Another reason may be related to the fact that psychological comorbid conditions are
generally insufficiently taken into account in RCTs. For example, it has been
found that catastrophizing plays a role in the persistence of pain in PHN
[5] and in the predicted pain-related disability (independent of pain severity) in NP [52]. It is possible that maladaptive coping and catastrophizing
tend to be associated with a poor response to drugs. The most important
issue probably relates to the methodology of the trials. In particular, RCTs
performed in NP may have failed to identify responder profiles to therapy
mostly because they did not take into account the heterogeneity of NP
syndromes, which include a variety of symptoms (ie, burning pain, electric
shocks, brush-evoked pain) and symptom combinations that are presumably linked to distinct mechanisms [8, 53, 54]. The assessment of symptoms
and signs in clinical trials is best performed with specific assessment questionnaires and an extension of the clinical examination, such as QST [6].
For example, some studies have reported in post hoc analyses that patients
with mechanical (static or dynamic) allodynia were better responders to
systemic sodium channel blockers or pregabalin [53]. These studies suggest
the importance of differentiating patients with and without evoked pain for
therapeutic studies.
In addition, preservation of thermal sensation has been associated with
a better outcome with topical therapy. Classification of patients with sensory profiles based on specific NP questionnaires and QST rather than etiology could reduce pathophysiologic heterogeneity within study groups and
increase the positive treatment responses [8, 53, 6].
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Consensus recommendations for the pharmacologic treatment of NP generally suggest antiepileptics (notably pregabalin) and TCAs (notably amitriptyline) as first-line therapy; SNRIs (duloxetine) and lidocaine 5% plasters are
also proposed as first-line agents in certain NP conditions. Clinical advances
in the management of NP include the implementation of comparative studies
and combination therapy trials, the study of rarer and often neglected NP
conditions, and the identification of responder profiles based on a detailed
characterization of symptoms and signs using sensory examination and specific pain questionnaires. New drug treatments will undoubtedly contribute to
the improved management of NP.
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Cancer-related Pain
Paul N. Luong and Russell K. Portenoy

Pain is highly prevalent in the cancer population, occurring in approximately
one-third of those receiving active therapy and approximately two-thirds of
those with advanced illness []. Cancer-related pain also occurs in the large
and heterogeneous group of survivors, but its epidemiology is yet poorly
defined in this population. Although numerous barriers may contribute to
undertreatment [2], several evidence-based guidelines have been developed to provide guidance on appropriate cancer-related pain management.
Opioid-based therapy is widely accepted as the first-line strategy for moderate or severe chronic pain due to active cancer, and it is usually considered to be a second-line approach for those with limited or absent disease.
Nonopioid analgesics are first-line treatments for some types of pains, and
when opioids are provided, they may be combined with these agents to yield
additive effects and reduce the impact of undertreatment.
In the treatment of pain related to active cancer, adjuvant analgesics usually are added to opioid therapy after the opioid dose has been titrated to
optimize the balance between analgesic and adverse effects. The occurrence
of troublesome adverse effects before satisfactory analgesia occurs characterizes the pain as “poorly responsive” to the specific opioid and route of
administration, and a trial of one or more adjuvant analgesics is a common
strategy to address this scenario [3].
The decision to offer a trial of an adjuvant analgesic to address poor opioid
responsiveness must be based on the findings of a comprehensive assessment of the pain and the patient [4]. Rational decisions require an understanding of the nature of the pain, status of the underlying disease, and its
treatment, salient medical and psychiatric comorbidities, psychosocial factors,
and the values and preferences of the patient and family.

Types of adjuvant analgesics
There have been few studies of the adjuvant analgesics in populations with
cancer pain, and their use has been based largely on data obtained from
studies in other populations and clinical experience [5]. Some drug classes
seem to have potential utility in heterogeneous painful conditions and have
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been described as “multipurpose” adjuvant analgesics. Others have been
used specifically for specific conditions, such as neuropathic pain, bone pain,
musculoskeletal pain, or pain and other symptoms in bowel obstruction
[Table 9.2.] [5].
Table 9.2. Adjuvant Analgesics Used for Cancer Pain
(adapted from Lussier, Huskey, and Portenoy [6])
Category
Based on
Conventional
Use
Multipurpose
analgesics

Class

Subclass

Drugs

Antidepressants

Tricyclics

amitriptyline,
desipramine,
nortriptyline
duloxetine,
minalcipran,
venlafaxine,
desvenlafaxine
paroxetine,
citalopram
buproprion
dexamethasone,
prednisone,
methylprednisone
tizanidine, clonidine
dronabinol, nabilone,
nabiximols
local anesthetics,
capsaicin, tricyclic
antidepressants,
NSAIDs, others
see above

SNRIs

SSRIs
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Corticosteroids

Other
–

α2-Adrenergic agonists –
Cannabinoids
–

Used for
neuropathic
pain

Topical analgesics

–

All multipurpose
analgesics
Anticonvulsants

See above

Sodium channel
blockers

Sodium channel
modulator
Sodium channel
blocker

N-Methyl-D -aspartate
receptor antagonists

–

–

gabapentin,
pregabalin,
divalproex,
phenytoin,
carbamazepine,
oxcarbazepine,
topiramate,
lamotrigine,
lacosamide
mexiletine,
IV lidocaine
ketamine,
memantine,
dextromethorphan,
amantadine
(continued)

Used for bone
pain

Used for bowel
obstruction

Class

Subclass

Drugs

GABA agonists
Osteoclast inhibitors

GABAa agonists
GABAb agonists
Bisphosphonates

Radiopharmaceuticals

–
–

clonazepam
baclofen
pamidronate,
zolendronate,
ibandronate
calcitonin
strontium-89,
samarium-53

Plus: NSAIDs,
corticosteroids
Anticholinergic drugs

–

Somatostatin analogue –
Plus: Corticosteroids
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Table 9.2. Continued

scopolamine,
atropine,
glycopyrrolate
octreotide
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Abbreviations: IV, intravenous; NSAIDs, nonsteroidal anti-inflammatory drugs;
SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor.

Multipurpose analgesics
The so-called multipurpose analgesics include antidepressants, corticosteroids, α2-adrenergic agonists, cannabinoids, and topical therapies. As
noted, the population of cancer survivors is best considered to be comparable with other populations with chronic pain. For these patients, some
of the multipurpose adjuvant analgesics, such as the antidepressants and
topical therapies, are considered first-line approaches. For those with
active cancer, all of these drugs are typically considered as add-on therapies for any type of pain that is poorly opioid-responsive. In practice, the
usual indication is neuropathic pain that has been poorly responsive to an
opioid.
Analgesic antidepressants
Among many available antidepressants, analgesic efficacy is best established
for some of the tricyclic compounds and the serotonin-norepinephrine
reuptake inhibitors (SNRIs) [Table 9.2.]. Evidence of analgesic efficacy in
cancer-related pain is very limited, however. The tricyclic antidepressants
have been suggested to have some analgesic efficacy in a few partially controlled trials [7, 8] and one randomized controlled trial of amitriptyline [9].
Although the side effects associated with the tricyclic drugs may be of concern in medically ill patients, some patients may have symptoms other than
pain that may benefit from specific side effects, such as sedation. The secondary amine tricyclic drugs, such as desipramine, have fewer side effects than
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the tertiary amine drugs such as amitriptyline, and former agents are usually
preferred when pain is the target symptom.
Serotonin-norepinephrine reuptake inhibitors are usually better tolerated
than tricyclics and have been shown to be analgesic in a few cancer-related
conditions. Venlafaxine can decrease acute neurosensory symptoms and
chronic oxaliplatin neurotoxicity when administered during 2-week course
of chemotherapy [0]. It can also prevent chronic postmastectomy pain
when initiated the night before surgery and administered for two weeks [].
Duloxetine was effective in relieving pain from chronic oxaliplatin-induced
peripheral neuropathy in 63% of patients with colon cancer who could tolerate it [2], as well as in patients who did not tolerate pregabalin [3]. Relief
of chemotherapy-induced peripheral neuropathy was also shown in a recent
randomized controlled trial [4].
There is no evidence of analgesic efficacy of all other antidepressants in
cancer-related pain. Bupropion, which is associated with less fatigue and somnolence than either the tricyclic drugs or the SNRIs, might nevertheless be a
good option for cancer patients who also are experiencing distressing sedation or fatigue. Mirtazapine, which has no evidence of pain relief, has been
shown to improve sleep, anxiety, and depression in cancer patients, and it can
be used to address these symptoms [5].
When used to treat cancer-related pain, antidepressants should be prescribed using the same doses and protocols applied in the treatment of
chronic noncancer pain syndromes. These are described in Chapter 3.
Corticosteroids
Corticosteroids have been widely used to treat cancer-related symptoms
such as pain, nausea, fatigue, poor appetite, malaise, and poor overall quality
of life [5]. Although evidence from clinical trials is limited, there is extensive
clinical experience that suggests benefit for varied pain syndromes related to
active cancer, including neuropathic pain resulting from nerve compression,
bone pain, pain associated with capsular expansion or duct obstruction, pain
from bowel obstruction, pain caused by lymphedema, and headache caused
by increased intracranial pressure [6]. The mechanism of action is unknown,
but it may relate to the reduction of peritumoral edema, anti-inflammatory
effects, and direct effects on nociceptive neural systems.
Although many clinicians favor dexamethasone, presumably because of its
relatively low mineralocorticoid effects, there are no comparative trials of the
various drugs in this class. Prednisone and methylprednisolone are acceptable
alternatives.
In the setting of advanced cancer, a corticosteroid typically is added to
opioid therapy at a low dose, with no intent to taper or discontinue therapy.
The risks of long-term treatment, which includes myopathy, immunosuppression, psychotomimetic effects, and hypoadrenalism, are less relevant when
life expectancy is short. When life expectancy is indeterminate or relatively
long, these potential adverse effects must be considered; open-ended treatment with a corticosteroid should not be undertaken unless safer alternatives
are lacking.
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There are no data that adequately inform dose selection for long-term
corticosteroid therapy in those with advanced cancer. Typically, dexamethasone –2 mg/day or prednisone 5–0 mg/day is administered [Table 9.2.2].
Dexamethasone can be given orally or parenterally, and the low-dose regimen may be initiated with a larger loading dose of 0–20 mg.
Based on experience in the treatment of emergent spinal cord compression [7], a high-dose dexamethasone regimen has been used to treat very
severe and escalating pain (sometimes called “pain emergencies”). A dexamethasone loading dose of 50–00 mg intravenously may be followed by
2–24 mg four times daily, which is tapered over –3 weeks, usually as some
other intervention (eg, radiotherapy or a pain intervention such as neural
blockade) is used to treat the pain.

Table 9.2.2 Therapeutic Dose Ranges for Commonly Used
Adjuvant Analgesics (adapted from Lussier, Huskey, and
Portenoy [6])
Category
Based on
Conventional
Use
Multipurpose
analgesics

Used for
neuropathic
pain
Used for bone
pain
Used for bowel
obstruction

Class

Drugs

Usual
Starting
Dose

Usual Effective
Dose Range

Antidepressants Doses similar to use for chronic noncancer pain
(Chapter 3)
Corticosteroids dexamethasone –2 mg
–2 mg qd-bid,
qd-bid
PO or IV. Higher
or larger dose can be
loading
used for pain
dose of
emergencies
0–20 mg (see text)
prednisone
5–0 mg qd-bid
α2-Adrenergic
tizanidine
–2 mg
2–8 mg bid
agonists
qhs
see Chapter 9.

Osteoclast
inhibitors
Anticholinergic
drugs
Somatostatin
analog

pamidronate

–

60–90 mg
qmonth
 unit/kg per day

calcitonin

–

glycopyrrolate

0. mg qd 0.–0.2 mg tid

octreotide

Varies

0.–0.3 mg bid

Abbreviations: bid, twice a day; IV, intravenously; PO, orally; q, each; qd, once a day; qhs, every
night at bedtime; tid, three times a day.
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α2-Adrenergic agonists
Clonidine and tizanidine are α2-adrenergic agonists. Clonidine has been used
in diverse types of chronic pain; intraspinal clonidine has been shown to
reduce neuropathic pain in patients with severe cancer pain partly responding
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to opioids [8]. Tizanidine, which is approved for the treatment of spasticity,
has demonstrated analgesic efficacy in myofascial pain syndrome and chronic
headache. Presumably, these analgesic effects, like those of clonidine, relate
to increased activity in monoamine-dependent, endogenous pain modulating
pathways in the spinal cord and brain.
The use of α2 agonists as adjuvant analgesics is limited by their side
effects, which include dry mouth, somnolence, and orthostatic hypotension. A trial of one of these drugs is usually considered only after other
adjuvant analgesics have proved ineffective. Tizanidine has less hypotensive
effects and may be preferred over clonidine for a trial in cancer patients
with opioid-refractory neuropathic pain. It may be initiated at –2 mg at
night, and the dose is then gradually escalated while monitoring analgesia
and adverse effects.
Cannabinoids
An oromucosal spray containing tetrahydrocannabinol (THC) plus cannabidiol (and smaller concentrations of other compounds), known as nabiximols,
is undergoing worldwide development and has already been approved in
several countries for opioid-refractory pain due to cancer [9]. A trial of a
commercially available drug (eg, dronabinol [THC] or nabilone) is typically
considered only in those patients who are refractory to opioids and other
appropriate adjuvant analgesics. The advent of nabiximols may alter the
positioning of these compounds relative to other adjuvants. All cannabinoids
should be started at a relatively low initial dose at night and titrated up if
tolerated.
Topical analgesics
Creams and patches containing local anesthetics, capsaicin preparations,
nonsteroidal anti-inflammatory drugs, tricyclic compounds, or other drugs
are available commercially or may be compounded, singly or in combination. Low-dose topical capsaicin (0.%) was shown to relieve pain from
painful mononeuropathies and polyneuropathies, including peripheral painful mononeuropathies after cancer surgery (postmastectomy, postthoracotomy, postamputation) [20]. Other topical analgesics have not been
tested specifically for cancer-related pain, but the favorable risk profiles of
these formulations justifies the effort to identify a useful formulation when
pain has a limited distribution. Sequential trials should be considered, based
on the approach used to manage chronic noncancer pain (see Chapter 8).

Adjuvant analgesics used for
neuropathic pain
Adjuvant analgesics are commonly used to treat cancer-related neuropathic
pain. As discussed above, they are empirically used as add-on therapy in
populations with active disease when pain is poorly responsive to the opioid regimen, and they are commonly considered first-line for neuropathic
pain in cancer survivors. In the latter context, these patients are treated like

Other drugs used for neuropathic pain
In addition to the other drugs categorized as multipurpose analgesics—such
as tizanidine or a cannabinoid—several drug classes also are considered for
refractory cancer-related neuropathic pain. These include sodium channel
blockers and N-methyl-D -aspartate (NMDA) receptor antagonists.
Sodium channel blockade has been recognized as an analgesic mechanism
for decades. A brief intravenous infusion of lidocaine has been shown to be
effective to relieve diverse types of noncancer neuropathic pain, but all trials in
cancer pain have failed to show analgesic efficacy. Nevertheless, it can be considered in severe refractory neuropathic cancer pain, either as a brief intravenous infusion or long-term continuous subcutaneous administration [26].
The NMDA receptor is involved in both the sensitization of central neurons and the functioning of the opioid receptor. Although a large randomized
controlled trial [27] did not confirm the efficacy of ketamine, a recent review
concluded on the basis of five randomized controlled trials that this drug
should be considered for patients with cancer pain that has not responded
adequately to standard therapy [28]. The drug is usually administered as a
continuous intravenous or subcutaneous infusion. A broad range of doses
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Anticonvulsant analgesics
The analgesic effects of the gabapentinoids are well established. In cancerrelated neuropathic pain, evidence is best for pregabalin. This drug relieved
neuropathic cancer pain in a randomized controlled trial, and it was better
than gabapentin or amitriptyline [9]. It also reduced the symptoms of chemotherapy-induced peripheral neuropathy [2]. Studies of gabapentin have
demonstrated its analgesic efficacy in chemotherapy-induced peripheral neuropathy and diverse types of neuropathic cancer pain [9]. Combination of
gabapentin and an opioid was shown to be more effective than the opioid
alone [22, 23].It also worked in combination with imipramine (low-dose
gabapentin 200 mg bid and imipramine 0 mg bid were more effective and
better tolerated than high-dose gabapentin 400 mg bid alone) [24]. When
combined with topical EMLA cream, gabapentin also decreased acute pain
and prevented chronic pain after mastectomy [25].
Patients may respond to either pregabalin, gabapentin, or both drugs.
Given the lack of evidence for analgesic efficacy of other anticonvulsants in
neuropathic cancer pain, trials of other drugs should be considered after a
patient demonstrates lack of benefit from both of the gabapentinoids and
one or more analgesic antidepressant drugs. In this setting of refractory neuropathic pain, other anticonvulsants (and other drug classes described below)
may be considered. These include oxcarbazepine, lamotrigine, lacosamide,
topiramate, and sodium divalproex.
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those populations with chronic neuropathic pain unrelated to cancer (see
Chapter 9.).
First-line therapies for neuropathic pain include two of the multipurpose
analgesics—the analgesic antidepressants and the topical agents—and the
gabapentinoids (see below). The antidepressants typically are considered first
if comorbid depression exists.
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has been used, beginning as low as 0.05 mg/kg per hour; most clinicians seem
to favor a starting dose of 0.2–0.5 mg/kg per hour. The infusion is gradually
increased, often until benefit occurs or side effects appear. Concurrent treatment with a benzodiazepine or neuroleptic is usually done to reduce the risk
of psychotomimetic effects. Oral ketamine has also been used, and based on
clinical experience, a starting dose of 0.5 mg/kg in two or three divided doses
is used. This is titrated higher, again seeking an analgesic effect with tolerable
side effects. A benzodiazepine or neuroleptic drug is coadministered.
Other NMDA receptor antagonists, such as memantine, amantadine, and
dextromethorphan, have also been studied in diverse types of neuropathic
pain, but results have been mixed. They are rarely considered for trials in
cancer-related neuropathic pain that has not responded to other therapies.
Other drugs that are sometimes used for noncancer pain syndromes
with a neuropathic component can be considered for treatment-refractory
cancer-related neuropathic pain. The GABAA agonist, clonazepam, and the
GABAB agonist, baclofen, are two such agents.
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Drugs used for bone pain
The assessment of a patient with bone pain may suggest the need for radiation therapy or an intervention such as kyphoplasty or surgery. Patients with
multifocal pain are usually managed with a nonsteroidal anti-inflammatory
drug, opioid, and adjuvant analgesics used specifically for bone pain. In addition to a corticosteroid, such as dexamethasone, drugs to consider in this
setting include bisphosphonates, calcitonin, and bone-seeking radionuclides
[Table 9.2.]. New human monoclonal antibodies (mAbs) that inhibit the
so-called receptor activator of nuclear factor κB ligand (RANKL) are also
approved in the United States for the treatment of skeletal-related events, of
which bone pain is one.
Osteoclast inhibitors
Bisphosphonates have been shown to be useful in preventing skeletal-related
events, including fracture and pain, and may improve the quality of life in cancer patients with bone metastases [29]. They act by directly inhibiting osteoclast activity, stimulating osteoblasts to produce osteoclast-inhibiting factor,
and causing osteoclast apoptosis. Substantial research supports the analgesic
potential of all of the parenteral drugs, including pamidronate, zolendronate,
ibandronate, and clodronate, and oral ibandronate and clodronate [29].
Comparative data are very limited, and the selection of a specific drug is usually based on experience, cost, and convenience.
Bisphosphonate administration may be accompanied by flu-like symptoms,
a transient decline in renal function, and symptomatic hypocalcemia. A laboratory screening is important before treatment to exclude or limit dosing in those
with renal insufficiency or low-serum calcium levels. Repeated administration of
a bisphosphonate has been associated with more serious complications, specifically osteonecrosis of the jaw [30] and atypical femoral fractures. Given the evidence that oral trauma and dental infections increase the risk of osteonecrosis,
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Radionuclides
Bone-seeking radionuclides, such as strontium-89 and samarium-53, link a
short-lived radiation source to a bisphosphonate molecule. The drug is taken
up at the site of bone metastases and can be a useful treatment for refractory
multifocal bone pain [3]. Bone marrow suppression is a significant concern,
however, and treatment requires specialized skills and facilities.
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an alternative strategy for bone pain should be considered for patients with
very poor dentition, jaw infection, or recent substantial dental procedures.
There is conflicting information about the potential for subcutaneous calcitonin to reduce metastatic bone pain [3]. Given the limited evidence, an
empirical trial of this treatment is generally considered only when other treatments are not available or are ineffective.

Drugs used for the pain of bowel obstruction
When malignant bowel obstruction is not surgically remediable, the need to
control pain and other obstructive symptoms (eg, distention, nausea, and
vomiting) becomes very important. Management usually considers removal
of gastric contents (via oral or nasogastric suction, or venting gastrostomy),
hydration, and pain control using opioids and adjuvant analgesics. Adjuvant
analgesics may have direct effects on pain or reduce pain and other symptoms
by lessening peritumoral edema (corticosteroids) or diminishing intraluminal
secretions and peristaltic movements (anticholinergic drugs and octreotide).
Anticholinergic drugs
Anticholinergic drugs reduce propulsive and nonpropulsive gut motility and
decrease intraluminal secretions. Scopolamine can be administered by a transdermal patch, a convenient route for those with limited gastrointestinal absorption
[33, 34]. In many countries, scopolamine is available only as the hydrobromide
salt, which crosses the blood-brain barrier and may produce central nervous system side effects, such as somnolence and confusion. Glycopyrrolate has a pharmacological profile similar to scopolamine but has minimal penetration through
the blood-brain barrier. Although never systematically evaluated as a treatment
for the symptoms of bowel obstruction, a trial of glycopyrrolate may be warranted in those who are predisposed to these side effects.
Octreotide
Octreotide is a somatostatin analog that inhibits gastric, pancreatic, and intestinal secretions and reduces motility. This drug may also relieve pain and other
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Human monoclonal antibodies
In a recent comparative, randomized, double-blinded study, denosumab, a
human mAb against RANKL, was shown to be better than zoledronic acid for
prevention of skeletal-related complications, including pathologic fractures and
spinal cord compression, in men with bone metastases from prostate cancer
[32]. This and other mAb compounds are being studied for their analgesic
profiles and may contribute to the management of bone pain in the future.

Cancer-related Pain
Chapter 9.2

symptoms in bowel obstruction [33, 34]. Octreotide has a good safety profile
and may be administered as repeated subcutaneous boluses or as a continuous infusion. A long-acting subcutaneous formulation is also available. Dosing
usually starts at 00 mcg subcutaneously twice daily, but it can be titrated to
much higher levels. Cost may be prohibitive, however.

Conclusions
Adjuvant analgesics are important additions to opioid therapy in pain related
to active cancer and often are first-line strategies for cancer-related pain
in the survivor community. The development of these drugs during recent
decades has been very rapid, and there now are numerous drugs in many
classes. The clinical approach to the selection and administration of one or
more of these drugs in populations with cancer remains largely empirical,
based on data obtained in other populations and experience. Studies that
compare the safety and effectiveness of these drugs in various indications are
badly needed.
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Chapter 9.3

Rheumatic Pain and
Fibromyalgia
Mary-Ann Fitzcharles

The understanding of pain processes in rheumatic conditions has changed
considerably over the past decade. There is emerging evidence that neurological mechanisms contribute to the pain experience in rheumatic pain, originally believed to be driven by nociceptive mechanisms only [, 2]. This new
knowledge is partly due to the recognition that fibromyalgia (FM) is a pain
syndrome with pathogenesis centered in the nervous system, rather than a
condition of soft tissue abnormality, and that there is considerable overlap
between FM and defined rheumatic conditions.
When the pain due to osteoarthritis (OA) and inflammatory arthritis
(IA) was believed to be purely nociceptive, treatments directed towards
the peripheral process that included nonsteroidal anti-inflammatory drugs
(NSAIDs) and opioids were appropriate choices. With this new appreciation of pain mechanisms, treatment options directed to pain management
will be more diverse. Therefore, a logical step is to explore use of adjuvant
medications, previously used only for neuropathic pain, in rheumatic pain
management. With promising effect in FM, adjuvant agents may eventually
be useful in management of a wider spectrum of rheumatic pain conditions.
Adjuvant agents with US Food and Drug Administration (FDA) approval for
treatment of FM are pregabalin, duloxetine, and milnacipran, with duloxetine
also approved for treatment of low back and OA pain [3, 4].

Rheumatic conditions causing pain
Rheumatic pain may arise in the soft tissues, the joints, or muscles and bones.
Soft-tissue rheumatism comprises conditions affecting tendons, their insertions, and bursae and is the most prevalent reason for musculoskeletal pain.
Pain arising in these tissues will be experienced by almost all individuals at
some time in life. Conditions affecting joints may be divided into those categorized as OA, with pathology originating in the cartilage, or IA with inflammatory changes predominantly in the synovial tissue and secondary changes
in cartilage and bone. Fibromyalgia in contrast is a neurologically based condition, without peripheral tissue abnormality that may be present as a unique
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entity or associated with some other rheumatic disease. Increasing numbers
of patients with arthritis are now recognized to be manifesting symptoms of
sensitization of pain pathways both in the periphery and centrally.

Neurogenic mechanisms in
rheumatic conditions
Pain due to a rheumatic process is a complex interaction of local factors at
the periphery, modulation of the pain message by plastic changes in the spinal
cord and brain stem, altered function in the brain, and finally effects mediated
via the descending inhibitory system [5]. Local tissue changes cause activation
of the primary somatosensory neuron and account for the initial nociceptive
response. In the setting of ongoing pain, this initial response is followed by
neurophysiologic and even structural changes within the nervous system.
Several lines of evidence strengthen the hypothesis of interplay of neurogenic factors in the pain experience of rheumatic conditions. In the setting of
continued pain, neuronal peripheral and central sensitization leads to an exaggeration of response to various stimuli, and is a factor in perpetuation of pain
[5]. Molecules augmenting the pain message include glutamate, substance
P, and calcitonin gene-related peptide, whereas those that mostly dampen
the pain message are the endogenous opioids, cannabinoids, serotonin, and
norepinephrine [5–7]. Changes in brain function and structure have been
observed in patients with painful OA, with () reversal of activation after
administration of lidocaine into the painful joint and (2) return of thalamus to
normal size after joint replacement [8–].

Adjuvant treatments
In the light of the contribution of neurogenic mechanisms in rheumatic pain,
as well as the considerable overlap with FM in many rheumatic conditions, the
effect of adjuvant treatments is of interest. Two broad categories of adjuvant
medications, namely anticonvulsants and antidepressants, have been extensively studied in FM. Anticonvulsant agents dampen neuronal hyperexcitability with effect on sensitization, whereas the antidepressant group affects
descending pain inhibitory pathways in the brain stem and spinal cord via
serotonin and norepinephrine mechanisms [2, 3]. Adjuvants may also have
the added advantage of affecting some of the common accompaniments to
pain such as anxiety, depression, and sleep disturbance. Table 9.3. provides a
summary of the evidence of analgesic efficacy for various adjuvant analgesics
for the treatment of FM and rheumatic pain along with recommended doses.
Analgesic anticonvulsant drugs
Anticonvulsant drugs in the class of gabapentinoids (α2δ ligand drugs) are classified as second-generation anticonvulsants, and they have shown clinical efficacy in the treatment of FM [4, 5]. In a meta-analysis of treatment effects
of gabapentin and pregabalin in FM, there was strong evidence for reduction

Table 9.3. Adjuvant Pharmacotherapy for Fibromyalgia and Rheumatic Pain
Drug Class
Anticonvulsants
Antidepressants

Topical agents
Cannabinoids

Fibromyalgia
Gabapentin
Pregabalin
TCAs
SSRIs
SNRIs
duloxetine
milnacipran
NSAIDs
Capsaicin
Herbal
Nabilone
Sativex

+
+
+
+/−

Suggested Daily
Dose
00–300 mg HS
25–00 mg HS
0–25 mg HS
Variable

Rheumatic Pain Suggested
Daily Dose
No studies
N/A
No studies
N/A
No studies
N/A
No studies
N/A

+
+
No studies
No studies
No studies
+
No studies

30–60 mg
00–200 mg
N/A
N/A
N/A
0.5– mg
N/A

+
−
+
+
No studies
No studies
+

30–60 mg
N/A
TID/QID
TID
N/A
N/A
2–8 puffs

Abbreviations: HS, at bedtime; N/A, data not available; NSAIDs, nonsteroidal anti-inflammatory drugs; SNRIs, serotonin
norepinephrine reuptake inhibitors; SSRIs, selective serotonin reuptake inhibitors; TCAs, tricyclic antidepressants; TID, 3 times a day;
QID, 4 times a day; +, evidence supports analgesic efficacy; −, evidence suggests does not have analgesic efficacy; +/−, conflicting
evidence on analgesic efficacy.
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of pain, improved sleep, and improved health-related quality of life, and some
impact on fatigue and anxiety [4]. Troublesome side effects of drowsiness,
weight gain, and edema have led physicians to reduce doses in clinical practice, in contrast to the higher doses used in clinical trials [3, 4].
To date, there have been no controlled studies examining the use of
gabapentinoids in human rheumatic diseases, although pain behaviors were
reduced by pregabalin administration in an OA rat model [6]. Only one small
post hoc clinical study has reported beneficial effects of pregabalin in OA
of the hip [7]. Extrapolating from experience in FM, but without study in
arthritic disease, these agents are used off-label to treat both pain and sleep
disturbance in arthritis patients. Combination drug treatment is also commonly used in clinical practice and may allow for lower doses of individual
drugs, thereby attenuating side effects. A single study has reported better
effect when a combination of pregabalin and celecoxib, a cyclooxygenase-2
inhibitor, was used compared with monotherapy for the treatment of back
pain [8].
Pain modulators affecting descending inhibitory pathways
Although mostly recognized for effect on descending pain inhibitory pathways
in the brain stem and spinal cord, mediated by norepinephrine and serotonin,
antidepressants may also have an impact on opioid mechanisms, ion channels,
N-methyl-D -aspartate (NMDA) channels, and even inflammation. In a mouse
model of rheumatoid arthritis (RA), both citalopram and fluoxetine inhibited
disease progression and also inhibited production of inflammatory cytokines
in human synovial membrane cultures [9].
Although clinical studies are mostly in FM, there is evidence for effect in
other rheumatic conditions in which analgesics and NSAIDs are not sufficiently effective [20]. The best studied in this group are the older tricyclic
antidepressants (TCAs). Amitriptyline and its metabolite nortriptyline have
shown efficacy in the treatment of FM but with modest effect that tends to
wear off over time [2]. However, the selective serotonin reuptake inhibitors
(SSRIs) have not shown consistent analgesic effect [22]. In a meta-analysis of
nine trials, antidepressants in the TCA and SSRI classes improved pain but not
function in patients with chronic low back pain [23].
The development of new antidepressant agents with reduced side-effect
profile holds promise for the management of rheumatic pain. Newer antidepressants that inhibit reuptake of serotonin and norepinephrine, termed
serotonin norepinephrine reuptake inhibitors, may offer improved tolerability
and have shown promise in pain management. Duloxetine and milnacipran,
agents with a balanced effect on serotonin and norepinephrine, have shown
consistent improvement in pain and function in FM, with sustained response
up to one year [24–30]. Both duloxetine and milnacipran have been approved
by the FDA for treatment of FM, and duloxetine has an added indication
for the treatment of chronic pain including low back pain. However, dosing for duloxetine is lower than that for depression, with effect mostly seen
with a daily dose of 60 mg/day. Although the primary outcome for most of
these studies has focused on pain relief, improvements in global health status,
mood, and even fatigue have been reported. The ideal dosing of these agents
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The cannabinoids
Contrary to popular belief, the cannabinoid effects are not only confined to
the nervous system and pain pathways, but they have an impact on inflammation and even joint damage [32]. Information regarding the use of cannabinoids for management of pain in musculoskeletal conditions is available from
preclinical science, population surveys, anecdotal reports, and the results of
only three formal clinical trials: two in FM and one in RA [33–38].
Treatment of musculoskeletal pain is a common reason for use of medicinal cannabis, with 80% of users in a pain clinic in the United States reporting
myofascial pain, and up to one third of persons in two population studies
in the United Kingdom and Australia reporting use for treatment of arthritis pain [33, 34, 39]. A concerning issue raised by both the population studies is the overlap of recreational and medicinal cannabinoid use. Healthcare
professionals need to clarify to patients that any recommendation for herbal
cannabis use can only be made specifically for the purpose of symptom management. In addition, it is necessary that persons using medicinal cannabis
must discriminate between recreational and medicinal use. The fine line that
exists between use and abuse has medicolegal implications for any healthcare
professional caring for patients who use medicinal cannabis.
The effect of nabilone, a synthetic cannabinoid, has been studied in two
small randomized controlled trials in patients with FM [37, 38]. In the first
study, nabilone was associated with improved pain and function, whereas the
second study reported equivalency of nabilone and amitriptyline for effect
on sleep but without significant effect on either pain or quality of life. Both
studies reported more side effects in those using nabilone. In an uncontrolled
study, pain scores were reduced two hours after herbal cannabis use in 28 FM
patients but with no impact upon function as measured by the Short Form
36 Health Survey or the FIQ [40]. Therefore, on the strength of evidence,
cannabinoid use in FM remains of questionable value.
Cannabinoids have been studied in RA in a single randomized controlled
trial [36]. Fifty-eight RA patients were treated with the oromucosal spray
Sativex or placebo over a 5-week period, with significant improvement in pain
and sleep in the active group. This first study of cannabinoid treatment in
an inflammatory rheumatic disease suggests a possible therapeutic role, but
additional study is required.
In a systematic review and meta-analysis that included 4 studies with
28 patients with musculoskeletal disease, pain scores showed statistical
improvements, but side effects of drowsiness and confusion were common
with numbers needed to harm reported as four and nine, respectively [4].
With considerable limitations of studies with small sample sizes, short study
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will likely be clarified as physicians become more comfortable with use but
will probably be somewhat flexible [3].
The use of antidepressant medications for pain modulation in rheumatology clinical practice, other than FM, is still preliminary. The most common
reason for caution is the concern for drug interactions, problems of tolerability in patients with other comorbidities, and especially the effect of these
agents in older patients.
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duration, and effect sizes noted to be modest at best, any conclusions remain
tenuous and require further study.
Topical and intra-articular treatments
Although topical agents have been used to treat rheumatic pain for decades,
the resurgence of interest in the recent past deserves comment. Topical
treatments may be simple counterirritants such as menthol, NSAIDs, anesthetic agents such as ketamine, topical TCAs, and capsaicin, each with different mechanisms of action [42–46]: capsaicin depletes substance P from nerve
endings after repeated application for approximately 3 weeks, counterirritants make use of gate mechanisms of pain modulation, and NSAIDs inhibit
peripheral inflammatory mediators. Prolonged cutaneous analgesia has been
demonstrated in the rat model by the application of amitriptyline, an agent
that affects sodium channels and therefore the pain response [47].
These agents provide an attractive alternative to oral treatments with
increasing evidence for effects on peripheral mechanisms of nociception and
with the added advantage of reduced systemic effects [48]. Local and systemic absorption can vary depending upon the formulation used, but generally plasma levels of drug are low, whereas local tissue concentrations can
be high [49, 50]. Therefore the side-effect profile of a topical agent is more
favorable than for an orally administered treatment. Topical NSAIDs have
a better effect than placebo in management of a single joint OA or acute
muscle injuries but no effect in chronic low back pain or FM [5]. It also seems
that the analgesic effect of topical NSAIDs is apparent within the first two
weeks of treatment, with less obvious effect thereafter [52].
For the last half-century, injection of corticosteroids into bursae, tendon
sheaths, and joints has been a useful and enduring treatment strategy for
rheumatic conditions. The advantage of local injections is that the dose of
corticosteroid is modest and almost without systemic effect, success rate is
acceptable, and importantly, the risks are minimal [53, 54]. The two greatest
concerns are for () introduction of infection into a tissue space and (2) rupture of a tendon when inadvertently the tendon rather than the tendon
sheath is injected, both of which are mostly rare occurrences.
In studies of joint injections of corticosteroids, the effect is mostly of short
duration, with no evidence for long-term effect on pain or natural history of
disease [55]. In contrast, injections of corticosteroids into soft tissues structures are more efficacious in initiating prolonged improvement of symptoms
[56]. Repeated treatments may be required after several months, with anecdotal recommendations to limit the number of injections to three for each
location over a one-year period.
Intra-articular or intralesional injections may be considered as locally
applied treatments [55]. Corticosteroid are the most commonly used agent,
but with some interest in the use of botulinum toxin, or simply a local anesthetic agent. Intra-articular hyaluronic acid may have a role in the treatment of
knee OA in selected patients [57, 58]. Even though hyaluronic acid is cleared
from the joint within 24 hours, the postulated mechanism of action is a
change in chondrocyte cell function and cartilage metabolism. This treatment

Other agents
There are a number of agents, each with unique mechanisms of action,
which may have some use in pain management, although evidence in
rheumatic diseases other than FM hardly exists. The categories of drugs
included are the dopaminergic agents, NMDA receptor antagonists, and
5-hydroxytryptamine-3 receptor antagonists. Anti-Parkinsonian drugs that
augment dopamine are an effective treatment for restless legs, a frequent
accompaniment to rheumatic pain conditions. A small study that examined
the effect of pramipexole in FM reported improvement in symptoms of pain,
although use is tempered by frequent gastrointestinal side effects [67].
Because activation of the NMDA receptor is a mechanism by which
chronic pain is perpetuated, blockade of this receptor would be highly desirable in patients with chronic pain. However, there are no studies examining
this treatment strategy in musculoskeletal pain [68].
The 5-hydroxytryptamine-3 receptor antagonists are agents that have
been primarily used as antiemetic drugs. In a recent study of patients with
FM, dolasetron infused monthly over a period of three months resulted in
significant reduction in pain intensity compared with placebo and showed
a good safety profile [69]. Once again, there are no studies in other rheumatic pain conditions, and effects in FM must still be considered to be
preliminary.

Rheumatic Pain and Fibromyalgia
Chapter 9.3

Herbal and Diet
Herbal treatments and dietary manipulations are commonly used by patients
with rheumatic disease, mostly not prescribed by physicians and often without evidence for efficacy [60, 6]. A recent review from Japan reported that
of the 260 complementary products available for arthritis treatment in Japan,
only 4 had been tested in controlled trials [62]. In a systematic review of
the use of herbal medicine for the treatment of OA, several agents including phytodolor, capsaisin, evening primrose oil, devil’s claw (harpargophytum), and avocado/soya have been reported to have some effect on pain in
patients with OA [63, 64]. Although studies have not reported severe side
effects, and herbal agents seem to be relatively safe, caution needs to be exercised regarding interaction with other prescribed medications.
Dietary supplementation with omega 3 polyunsaturated fatty acids (eg,
alpha linolenic acid) has been shown to possess anti-inflammatory properties and has been associated with reduction in consumption of NSAIDs in
RA [65]. Both glucosamine and chondroitin sulphate are used extensively by
patients with OA, although a recent meta-analysis indicates no reduction in
pain or joint space narrowing when compared with placebo [66]. The healthcare professional should acknowledge that disclosure by the patient of use of
complementary products speaks to a trusting doctor-patient relationship and
may even view the exploration of other treatment options as a positive effort
on the part of the patient to improve health.

113

has been shown to be effective, safe, and well tolerated, with most favorable
effects within the first three months of treatment [59].
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Summary
The notion to consider adjuvant agent use in rheumatic conditions stems from
the knowledge of neurogenic mechanisms in FM and the overlap of FM type
pain in rheumatic disease. These agents, apart from topical applications, have
mostly not been adequately studied in rheumatic conditions, but they have
been tentatively used in clinical practice. In line with the diverse effects of some
of the adjuvant agents, with impact on sleep, mood, and even fatigue, they may
eventually be used more commonly in rheumatic diseases and not only for
treatment of FM. Benefits related to use of oral agents, especially for the older
population, need to be carefully weighed against potential risks before adjuvants can be universally recommended for routine pain management.
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Acute Postoperative Pain
Pierre Beaulieu

The treatment of acute postoperative pain is an important healthcare issue
[50]. It has been estimated that 234 million major surgical procedures are
undertaken every year worldwide [49]. Many advances have been made in
the pathophysiology of postoperative pain, and innovations in both analgesic agents and techniques for provision of analgesia have been developed.
However, the management of acute postoperative pain is a real challenge,
and even recently specialists in the field stated that there is still a long way to
go [8]. The American Society of Anesthesiologists [] has just published their
guidelines for acute pain management in the perioperative setting. The purpose of these guidelines is to facilitate the safety and effectiveness of acute
pain management, to reduce the risk of adverse outcomes, and to maintain
the patient’s functional abilities. Acute pain services must be established, and,
most importantly, the development of educational programs for all persons
involved in the care of surgical patients is crucial [8]. Finally, it has now been
recognized that one of 0 surgical patients will develop chronic postoperative
pain that constitutes a distressing healthcare problem and reduces quality of
life [28]. A recent study has identified strong predictors for patients at risk for
acute severe postoperative pain [46].

Pathophysiology of postoperative pain
The etiology and treatment of pain produced by surgery are different from
other clinical pain conditions []. After in vivo neurophysiology experiments
using the rat plantar incision [0], spontaneous activity in nociceptive pathways and guarding pain were reported after incision. This postoperative model
indicates that different tissues have unique responses to incision: reducing the
amount of deep tissue injury decreases pain at rest and opioid consumption,
whereas varying the magnitude of the skin incision did not affect pain at rest
or opioid use []. Furthermore, basic science data indicate that early after
surgery, primary afferent activation and peripheral sensitization are profound
when patients’ postoperative pain is greatest. In addition, central sensitization
likely contributes to referred pain and secondary hyperalgesia and perhaps to
chronic posttraumatic pain [9].
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In general, pain at rest resolves within the first week after surgery. Pain with
activities, such as coughing or walking, is severe during the first 2 to 3 days
then moderate or severe for many days or even weeks later.

Management of postoperative pain
The optimal management of postoperative pain is important, not only for
humanitarian reasons (to decrease pain suffering immediately after surgery) but also because substandard acute pain management has far reaching consequences for the quality of life and consumption of healthcare
resources for a large number of patients undergoing surgical procedures
[8]. Many factors can influence the perception of postoperative pain (Table
9.4.) [38].
General management: acute pain service
Acute pain management services evolved in response to the desire for
improved management of postoperative pain. The concept of a collaborative,
interdisciplinary approach to managing postoperative pain, which included
formal education and the facilitation of clinical research in postoperative pain,
was introduced in 988 [4]. Nowadays, 90% of academic institutions have
implemented a multidisciplinary team or acute pain service [7].

Table 9.4. Variables That May Affect Postoperative Pain
Perception (from [38])
Demographic
• Age
• Gender
Sociocultural
• Ethnicity
• Educational level
• Income
• Family background
Psychological
• Anxiety
• Depression
• Vulnerability
• Locus of control
• Prior experience/expectations
• Cognitive components
Biological
• Genetics
• Concurrent medications
• Concurrent disease
• Anesthesia
• Surgery

Analgesics
Acetaminophen
The very low risk of acetaminophen therapy, with a highly favorable risk/benefit ratio, might justify a role for acetaminophen as a near-routine postoperative background analgesic as part of multimodal analgesia [35]. The maximal
daily dose, when used for a short period of time such as postoperative pain,
is 4 g in adults, 3 g in elderly or patients weighing less than 50 kg, and 60 mg/
kg in children. An intravenous form now exists in most countries (Ofirmev
in the United States, Perfalgan in Europe) that allows an administration even
in patients nil by mouth as is often the case in the immediate postoperative
period. The administration of intravenous acetaminophen reduces the use of
other analgesics by 36%–50% [43]. Furthermore, the administration of acetaminophen with opioids was associated with a morphine-sparing effect of
20% for the first 24 hours, but without any difference in side-effect profile or
patients’ satisfaction [37, 42].
Nonsteroidal anti-inflammatory drugs
Selective cyclooxygenase-2 antagonists (coxibs) are as effective as standard
NSAIDs in the management of postoperative pain. The administration of
NSAIDs with morphine is associated with a morphine-sparing effect of 30%–
50% and with a reduction in side effects: 30% less nausea and vomiting, 29%
less sedation, but no effect on the incidence of pruritus, urinary retention, or
respiratory depression [36, 37].
Nonsteroidal anti-inflammatory drugs and coxibs are associated with potentially serious side effects that restrain their utilization in the postoperative
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Multimodal analgesia
The definition and value of “multimodal” or “balanced analgesia” in postoperative pain treatment was proposed in 993 by Kehlet and Dahl [27]. The
American Society of Anesthesiologists []defines multimodal techniques for
pain management as the administration of two or more drugs acting via different mechanisms to provide analgesia. This strategy seemed advantageous,
inasmuch as analgesic power is enhanced together with an expected gain by
reducing the risk of side effects compared with more intensive single-modality
treatment. However, the optimal combination therapy needs to be evaluated
regarding composition and duration for the various surgical procedures [27].
Today, multimodal analgesia includes the combined administration of acetaminophen, nonsteroidal anti-inflammatory drugs (NSAIDs), opioids, local
anesthetics, and, more recently, anticonvulsant analgesics, ketamine, and
possibly antidepressants. The idea behind multimodal analgesia is that combined drugs may have additive or even synergistic effects and at the same
time allows the administration of smaller doses of the drugs with potentially
more severe side effects. It is then hoped that using less opioids, for example,
will be associated with less side effects [37]. Rather than simply focusing on
the use of adjuvant analgesics for the management of postoperative pain, we
also provide a brief overview of the multimodal analgesia, including use of
acetaminophen, NSAIDs, and opioids.
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period. It is important to remember that the duration of treatment, the dose
administered, and the age of the patient are crucial in producing unwanted
effects: the longer the administration, the bigger the dose; and the older the
patients are, the more deleterious effects are reported.
Nonsteroidal anti-inflammatory drugs, including coxibs, are contraindicated in patients with gastrointestinal, renal, cardiac (angina, cardiac failure),
or cerebrovascular disease (transient ischemic events or stroke). Coxibs in
particular should be used with caution in patients suffering from hypertension, dyslipidemia, diabetes, and in smokers. Finally, a short course of treatment at the lowest efficacious dose is highly recommended. An algorithm for
the prescription of NSAIDs has been proposed for patients with gastrointestinal and cardiovascular problems [48].
Opioids
Opioids are the main treatment of moderate-to-severe postoperative pain in
association with other analgesics. Spinal administration of opioids is discussed
under “Local and Regional techniques”. Systemic opioids are delivered through
the oral, intravenous, subcutaneous/intramuscular, transmucosal, or nasal
routes.
Side effects of opioids in the treatment of acute pain include the following: () Common: nausea and vomiting, respiratory depression,
pruritus, urinary retention, ileus, sedation; (2) Less common: hallucinations, opioid-induced hyperalgesia (OIH); (3) Rare: physical dependence,
addiction.
In the immediate postoperative period, opioids are administered either
subcutaneously at regular intervals by a nurse or via a patient-controlled analgesia (PCA) device. When the patient can tolerate oral medications, opioids
are administered orally if still needed. In a recent study, the intranasal route
of administration of fentanyl has been developed. Its administration prevents
gastrointestinal and hepatic presystemic elimination. It also allows fentanyl to
enter the cerebrospinal fluid via the olfactorial mucosae, resulting in an immediate effect on the central nervous system. The onset time via this route is 6–8
minutes with a duration of analgesia of less than  hour. The intranasal route of
administration of fentanyl has been used in the postoperative period with varying effects [24].
Patient-controlled analgesia
Patient-controlled analgesia administration is now the recommended technique for the administration of opioids postoperatively [20, 39]. Morphine
is usually used, but hydromorphone or fentanyl are other options. After a
loading dose, the bolus dose of the opioid and the lockout interval (minimal
interval between two doses) must be set up for each patient.
Opioid-induced hyperalgesia
In the last few years, it has been observed that the administration of opioids
can be associated with hyperalgesia (increased sensitivity to pain) rather than
analgesia [3]. Indeed, opioid therapy, particularly in high doses, may cause
heightened pain sensitivity and may aggravate preexisting pain. This paradoxical
effect involves the N-methyl-D-aspartate (NMDA) receptors [45]. Therefore,
the understanding of the pathophysiology of OIH has led to the administration

Gabapentinoids
Multimodal treatment of postoperative pain using analgesic anticonvulsivants
such as gabapentin or pregabalin (gabapentinoids) is becoming more common [6, 7]. The anti-hyperalgesic properties of gabapentin and pregabalin
make them interesting analgesics to use in the perioperative period, to reduce
pain and opioid consumption. Chapter 4 provides more information on pharmacological and pharmacokinetic properties of gabapentin and pregabalin.
According to a recent systematic review of  randomized controlled trials, postoperative pain intensity is not reduced by pregabalin [5]. However,
cumulative opioid consumption at 24 hours after surgery was significantly
decreased with pregabalin (8.8 mg reduction for doses of pregabalin <300 mg
and 3.4 mg for doses ≥300 mg). Pregabalin reduced opioid-related adverse
effects such as vomiting, but the risk of visual disturbance was greater.
Another recent meta-analysis on pregabalin reported that the administration of 225–300 mg/day pregabalin during a short perioperative period
provides additional analgesia in the short term but at the cost of additional
adverse effects. Pregabalin increased the risk of dizziness or light-headedness
and of visual disturbances, but it decreased the occurrence of postoperative
nausea and vomiting [9].
For gabapentin, Clarke et al [3] reported that a single 600 mg dose given
preoperatively or postoperatively does not reduce morphine consumption or
pain scores in hospital or at 6 months after hip arthroplasty within the context
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Ketamine
Ketamine, a compound with analgesic and antihyperalgesic properties, has
been shown to decrease postoperative pain and opioid requirements in adults
[4, 40]. Routes of administration include intravenous, subcutaneous, epidural,
transdermal, and intra-articular. At low subanesthetic doses (0.5–0.5 mg/kg),
ketamine exerts a specific NMDA blockade effect and, hence, modulates
central sensitization induced both by the incision and tissue damage and by
perioperative analgesics such as opioids [47].
According to a meta-analysis [8] and a recent systematic review [29],
ketamine administered intravenously during anesthesia in adults decreases
postoperative pain intensity up to 48 hours, decreases total opioid consumption, and delays the time to first request of rescue analgesic. The greatest efficacy was found for thoracic, upper abdominal, and major orthopedic surgical
subgroups. When ketamine was effective for pain, postoperative nausea and
vomiting was less frequent in the ketamine group.
There is some evidence to show that perioperative administration of
low-dose ketamine might modulate the expression of OIH or analgesic tolerance and that it reduces postoperative wound hyperalgesia after acute intraoperative opioid exposure [32].
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of small doses of ketamine, a nonselective NMDA antagonist, for its prevention or treatment. The use of multimodal analgesia is also beneficial to try
to avoid the development of OIH. It is important to note that tolerance and
OIH are pharmacologically distinct phenomena and share the same net effect
on dose requirements [3]. A more detailed discussion of OIH and the use of
NMDA antagonists to treat postoperative pain can be found in Chapter 7.
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of spinal anesthesia and a robust multimodal analgesia regimen. However, the
same group reported that gabapentin decreases morphine consumption and
improves functional recovery following total knee arthroplasty [4].
Therefore, further trials are needed to delineate the optimal dose, timing, and duration of pregabalin/gabapentin use following surgery and in
which type of surgery they are effective. However, in acute pain setting,
the current trend is to administer gabapentinoids  hour preoperatively
± 2 hours later. A dose of 600 mg (range, 300–200 mg/day) of gabapentin or of 300 mg (range, 75–600 mg/day) of pregabalin is currently
recommended [23].
Antidepressants
Antidepressant analgesics, in a similar manner to gabapentinoids, may have a
role in the management of postoperative pain. However, only two studies are
currently available [2, 25]. Therefore, their role in postoperative pain management and/or for the prevention of chronic pain after surgery is still not clear.
Local and regional techniques
Continuous nerve blockade is the only available medium- to long-term modality that blocks evoked pain. Decreased nausea and vomiting and increased
patient satisfaction are seen with continuous peripheral nerve blocks, as well
as possible improved rehabilitation and decreased incidence of postsurgery
chronic pain syndromes.
The use of local anesthetics can be divided in different techniques and
approaches: neuroaxial techniques, nerve or plexus blocks, incisional and
intra-articular infiltrations (Table 9.4.2).
Neuroaxial techniques include mainly spinal and epidural anesthesia. Spinal
opioids are usually administered with local anesthetics to allow surgery and
to provide postoperative pain relief. Intrathecal morphine provides analgesia
for approximately 24 hours after surgery. Patients should be monitored during this time for respiratory depression. Pruritus, nausea, and vomiting are
common with spinal opioids. When compared with PCA with opioids, the
epidural technique [2] offer some advantages (Table 9.4.3) [6].
With the development of echography, peripheral nerve or plexus blocks
are often used to allow surgery but also to treat postoperative pain. The use
of indwelling catheters will allow the infusion of local anesthetics for a few
hours or days after surgery [26]. These techniques are used for upper and
lower limb surgeries including orthopedic, general, and plastic surgery.
Continuous peripheral nerve blocks provide better pain control than opioids. Indeed, perineural catheters provide superior analgesia to opioids for
all catheter locations and time periods. Nausea and vomiting, sedation, and
pruritus all occurred more commonly with opioid analgesia, and a reduction
in opioid use is noted with perineural analgesia [5].
The infiltration of the surgical wound with local anesthetics is now recommended in almost every patient [22]. It is not associated with wound dehiscence
nor is it with the risk of skin infection. A perforated catheter may be inserted by
the surgeon in the subcutaneous or subfascial space through which local anesthetics are infused postoperatively. The relief of postoperative pain by local anesthetic infiltration is effective in major abdominal and orthopedic surgery [5].

Intra-articular catheters are also inserted within major joints (hip, knee,
shoulder) after surgery to allow the infusion of local anesthetics with good
results compared with nerve blocks [3]. The use of liposomal formulations of local anesthetics prolongs analgesic duration and is an attractive new
method of local anesthetic delivery [2].
Specific pain treatment
There is a need for the development of an evidence-based approach to
reliable, comprehensive, individualized analgesic treatment. The numberneeded-to-treat (NNT) of a particular analgesic can give a valuable overview
of efficacy, but this concept is not necessarily applicable to all types of surgery.
Table 9.4.3 Comparison of Epidural Analgesia vs Opioid
Patient-Controlled Analgesia (from [6])

Pain control
• at rest
• on mobilization
Side effects
• hypotension
• postoperative ileus
• nausea/vomiting
• urinary retention
• sedation
Reduction in postoperative morbidity
• cardiovascular
• respiratory
• nurses workload

Epidural
Analgesia (Local
Anesthetics)

Opioid
Patient-Controlled
Analgesia

+++
++

++
±

–
shortening
–
+
–

+
prolongation
++
+
+

+
+
+

–
–
+
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Neuroaxial blocks
• epidural
• spinal
• combined spinal/epidural
• caudal
Peripheral nerve and plexus blocks
• plexus blocks: brachial and lumbosacral
• proximal and distal nerves
• intercostal
• paravertebral
• transversus abdominis plane block
Incisional blocks: subcutaneous, subfascial
Intraarticular and intrabursal blocks

Acute Postoperative Pain

Table 9.4.2 Different Regional Techniques to Provide
Postoperative Pain Relief
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Therefore, some groups have proposed that procedure-specific acute pain
management guidelines may be helpful because the pain intensity and its consequences may be procedure-related [47]. Such procedure-specific guidelines are available from various sources, the main ones are as follows: ()
the PROSPECT (procedure specific pain treatment) Working Group (www.
postoppain.org), a group of European anesthesiologists and surgeons; (2) the
European Society of Regional Anaesthesia (ESRA) (www.esraeurope.org);
and (3) the American Society of Anesthesiologists Task Force on Acute Pain
Management with its updated report on Practice Guidelines for Acute Pain
Management in the Perioperative Setting [].

Chronic pain after surgery
The persistence of pain after surgical procedure or trauma has become a
major focus of interest, and its prevention now represents a challenge as an
indicator of quality of healthcare. Indeed, chronic pain after surgery has been
a neglected topic until the last few years when it was realized that a wide
variety of operations were associated with chronic pain syndromes. In order
for pain to be classified as chronic postsurgical pain, the following criteria have
to be established [34]: () pain develops after a surgical procedure; (2) pain
is of at least 2 months duration; (3) other causes of pain should have been
excluded (malignancy or chronic infection); and (4) pain is not due to an exacerbation of a preexistent condition. Acute postoperative pain is followed by
persistent pain in 0%–50% of individuals after common operations, such as
groin hernia repair, breast and thoracic surgery, leg amputation, and coronary
artery bypass surgery; it can be severe in approximately 2%–0% of these
patients [28]. The progression from acute to chronic postoperative pain has
been recently reviewed [30, 44]. Several important risk factors involved in
chronic pain development after tissue injury have been identified: preoperative pain and anxiety, repeat surgery, catastrophizing, female gender, surgical
approach, moderate to severe acute postoperative pain, depression, radiation, or chemotherapy [30, 33]. In the future, the increasing understanding of
genetic factors and the transitional mechanisms involved may reveal important
clues to predict which patients will go on to develop chronic pain [44]. A combined scoring system based on age, sex, type and duration of surgery, extent
of preoperative pain, obesity, and level of anxiety has been developed in an
attempt to predict the severity of early postoperative pain. Large cohort studies are needed to validate the approach in individual procedures [28, 46, 50].

Future and conclusions
Preoperative pain is predictive of severe postoperative pain in 20% of
the cases. Furthermore, severe postoperative pain, ie, pain not treated
adequately, is associated with chronic pain in 0%–40% of patients. The
best treatment is that of a balance between efficacy and acceptable side
effects. Therefore, multimodal analgesia is the rule. Table 9.4.4 provides

650 mg
g

Route of
Administration
Oral
Intravenous

Frequency of
Administration
4 hourly
6 hourly

Acetaminophen

500 mg
00 mg

Oral
Oral

2 hourly
2 hourly

600 mg
300 mg

Oral
Oral

 h preoperatively
 h preoperatively

37.5 mg

Oral

• duloxetine

60 mg

Oral

Ketamine

0.5 mg/kg
0–5 μg/kg
per min
Maximal dose
2–3 mg/kg
2–3 mg/kg
2 mg/kg

Intravenous
Continuous
intravenous infusion
Subcutaneous,
subfascial, topical,
epidural, perineural,
intraarticular

Daily for 0 days
postoperatively.
2 h preoperatively
and at 24 h
Peroperatively
Peroperatively

Nonsteroidal
anti-inflammatory drugs
• naproxen
• celecoxib
Gabapentinoids
• gabapentin
• pregabalin
Antidepressants*
• venlafaxine

Local anesthetics
• bupivacaine
• levobupivacaine
• ropivacaine

4 hourly

*Based on one clinical study for each drug.

dosing guidelines for the most commonly used adjuvant analgesics in
postoperative pain.
A hospital program for the management of postoperative pain should be
in place in every center, offering patients analgesic options and a rehabilitation
program based on the type of surgery and current evidence-based literature.
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Drug-Drug Interactions of
Adjuvant Analgesics
David R. P. Guay

Drugs can interact with other drugs, excipients in the dosage formulation,
components of large-volume parenteral solutions, foodstuffs, nutrients, etc.
For purposes of this chapter, only drug-drug interactions will be presented.
Drug-drug interactions can affect the pharmacokinetics (ie, absorption, distribution, metabolism, and excretion) or pharmacodynamics (ie, responses
good and bad) of one or both drugs involved. An adverse reaction may, in
turn, result. The severity of drug-drug interactions is influenced by several
factors including the therapeutic indices of the drugs (ie, the ratio of toxic
to therapeutic concentrations or doses), age-related changes in physiology
applicable to the mechanism of the interaction, drug doses, and, in some
cases, pharmacogenetics. Pharmacogenetics, as applied to drug-drug interactions, centers around genetic-based differences in drug metabolism (eg,
poor vs extensive metabolizers of specific cytochrome P450 isozymes). This
chapter will present drug-drug interactions of adjuvant analgesics with other
adjuvant analgesics or drugs of other classes.

Drug-Drug interactions involving
prescription and over-the-counter
medications
Tables 0. and 0.2 illustrate the most common and important drug-drug
interactions occurring between two adjuvant analgesics (Table 0.) or an
adjuvant analgesic with another class of analgesic (Table 0.2).
Serotonin toxicity
One of the most significant drug-drug interactions involving serotonergic
medications involves potentiation of the effect of the neurotransmitter
serotonin in the synapse. Table 0.3 illustrates drugs enhancing serotonergic activity [28]. Serotonergic analgesics in Table 0.3 have been
italicized. The most acute manifestation of serotonin excess at the synapse is referred to as serotonin toxicity or serotonin syndrome. This is
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Table 0. Interactions Between Diverse Adjuvant Analgesics
Adjuvant
TCAs []

Other Adjuvant
SSRIs, SNRIs

Interactions
↑ serotonergic effects

Mechanism
• Additive serotonergic effects at
synapse
• Inhibition of TCA drug metabolism
by SSRIs/SNRIs (inhibition of
CYP450 isosymes 2D6, A2, 2C9,
2C9, 3A4. Note: range of number
of isozymes inhibited and potency
of inhibition vary between SSRIs)
→ ↑ TCA (parent +/− active
metabolite) serum concentrations
→ serotonergic effects at synapse

Evidence
Reported with
• Amitriptyline + sertraline
• Imipramine/desipramine +
fluvoxamine
• Clomipramine + fluvoxamine
• TCAs + fluvoxamine
• TCAs + venlafaxine

TCAs []

Phenytoin

↑ plasma phenytoin
concentrations

Unknown

CBZ [2]

Valproate

• Variable effects
on plasma CBZ
concentrations
• ↑ plasma CBZ epoxide
concentrations
• ↓ plasma valproate
concentrations

• Valproate inhibits CBZ metabolism,
displaces it from plasma protein
binding sites, inhibits CBZ epoxide
metabolism
• CBZ induces valproate metabolism

• Case report with imipramine
• No interaction in case
series with nortriptyline and
amitriptyline
• Pharmacokinetic studies

Recommendations
• Avoid this combination
if possible
• If must use a TCA,
avoid clomipramine
as it is the most
serotonergic TCA
• If must use a SSRI,
use citalopram or
escitalopram because
these interact least with
CYP450 isozymes
Use TCA other than
imipramine

Careful monitoring of
toxicity/loss of efficacy
and therapeutic drug
monitoring are necessary
whenever regimen of
either agent is altered

CBZ [2, 3]

Phenytoin

• ↓ plasma CBZ
concentrations
• Variable effect on
plasma phenytoin
concentrations

• Each induces the hepatic
metabolism of the other
• Compete for metabolic enzymes in
the liver (substrate inhibitors) and
thus function as “enzyme inhibitors”

• Pharmacokinetic studies

CBZ [2, 4]

Lamotrigine

• ↓ lamotrigine plasma
concentration
• ↑ CBZ epoxide plasma
concentrations

• Lamotrigine impairs CBZ epoxide
clearance
• CBZ induces lamotrigine
metabolism

• Case series
• Pharmacokinetic studies

CBZ [,
2, 5]

TCAs

• ↓ plasma TCA
concentrations

• Induction of TCA
CYP450-mediated metabolism by
CBZ

• Therapeutic drug monitoring
retrospective studies
• Pharmacokinetic studies

Careful monitoring of
toxicity/loss of efficacy
and therapeutic drug
monitoring are necessary
whenever regimen of
either agent is altered
Careful monitoring of
toxicity/loss of efficacy
and therapeutic drug
monitoring are necessary
whenever regimen of
either agent is altered
• Avoid combination if
possible.
• Monitor carefully if CBZ
regimen is changed.
• May require therapeutic
drug monitoring of
both drugs.
• Beware TCA toxicity if
CBZ dose is reduced or
CBZ therapy is stopped
without a reduction in
TCA dose.
(continued)
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Table 0. Continued
Interactions

Mechanism

Lamotrigine Phenytoin
[6]

Adjuvant

Other Adjuvant

• ↓ lamotrigine plasma
concentrations

• Induction of lamotrigine metabolism • Pharmacokinetic studies
by phenytoin

TCA [7]

• ↑ plasma TCA
concentrations

• Venlafaxine- or duloxetineassociated inhibition of
CYP2D6-mediated metabolism
of TCA. Should preferentially
affect desipramine, imipramine,
amitriptyline and doxepin.

Venlafaxine
Duloxetine

Evidence

• Pharmacokinetic studies

Recommendations
• Dramatic ↓ lamotrigine
concentration is
unlikely
• Following lamotrigine
plasma concentrations
during phenytoin
dose titration and
subsequent phenytoin
dose adjustments is
reasonable
Avoid the combination
by substituting an SSRI
with minimal CYP450
isozyme 2D6—inhibiting
potential (eg. citalopram)
for venlafaxine/duloxetine
and/or substituting a
TCA not dependent on
CYP450 isozyme 2D6 for
its metabolism (eg,
nortriptyline).

Abbreviations: CBZ, carbamazepine; SNRIs, serotonin norepinephrine reuptake inhibitors; SSRIs, selective serotonin reuptake inhibitors; TCAs, tricyclic antidepressants.

Table 0.2 Interactions Between Adjuvant Analgesics and Other Analgesics
Adjuvant
Imipramine [8]

TCAs [9, 0]

CBZ []

Other Analgesic Interactions
ASA
• ↑ adverse effects of
imipramine, transient
if adequate renal/
hepatic function
NSAIDs
↑ risk of upper
gastrointestinal
bleeding

Methadone

Mechanism
Evidence
ASA ↑unbound (free)
One case series
plasma concentrations via
plasma protein displacement
Unknown. Possible
additive/synergistic
antiplatelet effects of TCAs
and NSAIDs

• ↓ methadone plasma • CBZ induces hepatic
concentrations
metabolism of
methadone
• Withdrawal of CBZ
→ ↑ methadone
• Removal of CBZ
plasma concentration
causes deinduction of
unless methadone
methadone metabolism
dose is decreased
back to baseline level

Recommendations
Transient effect, so monitor for ↑ adverse
effects of imipramine at initiation of ASA

• Population-based,
• Replace TCA by another antidepressant
case-cohort study
with minimal or no serotonergic
reported ↑ bleeding
activity or
risk; however, lower
• Replace NSAID by nonacetylated
than with SSRI-NSAID
salicylate, celecoxib or acetaminophen
combinations
• If must use a TCA and NSAID,
• Another study did not
use desipramine, trimipramine, or
observe interaction
nortriptyline because these are
minimally serotonergic
• Case series of patients • Avoid combination if possible
on methadone
• If not possible, careful monitoring when
maintenance therapy
dose of CBZ is altered
who experienced
• Monitor for necessary adjustment
opioid withdrawal
of methadone dose after CBZ
symptoms after
discontinuation
introduction of CBZ
• Case report of
methadone-associated
respiratory depression
after discontinuation
of CBZ
(continued)
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Table 0.2 Continued
Adjuvant
CBZ [2]

Other Analgesic Interactions
Codeine
• ↑ production of
active codeine
metabolite,
normorphine

Lamotrigine [3]

Acetaminophen

• ↓ lamotrigine plasma
concentrations
with initiation of
acetaminophen

Corticosteroids
[4]

Phenytoin

• ↓ plasma
corticosteroid
and phenytoin
concentrations

Mechanism
• ↑ N-demethylation
pathways of codeine by
hepatic enzyme-inducing
effects of CBZ → ↑
urinary excretion of
norcodeine while urinary
excretion of normorphine
is unchanged
• Unknown

Evidence
• Case series of
epileptic patients

Recommendations
Clinical relevance unknown

• Pharmacokinetic
studies in eight
healthy volunteers

• Unclear clinical relevance
• Likely clinically relevant only with
chronic acetaminophen usage

• Phenytoin-associated
• Case series
enhancement of
• Pharmacokinetic
corticosteroid metabolism
studies
(eg, 6--hydroxylation) and
• Corticosteroid-associated
enhancement of
phenytoin metabolism
(primarily seen with
dexamethasone).

• Avoid this combination if possible
• May need to ↑ corticosteroid dose by
≥2-fold and phenytoin dose, too, to
compensate for this interaction

Prednisone

NSAIDs

• ↑ incidence/severity
• Additive gastrointestinal
of NSAID-associated
mucosal injury
and/or corticosteroidassociated peptic ulcer
disease, gastritis, etc

• Theoretical
interaction. Few data
available

Duloxetine
Venlafaxine
SSRIs [9, 0,
5, 6]

NSAIDs

• ↑ risk of upper
gastrointestinal
bleeding

• Unknown
• Possibly additive platelet
function inhibition

Bisphosphonates
(oral only)
[7, 8]

NSAIDs

• ↑ risk of gastric ulcer

• Additive irritative effects
on gastric mucosa

• Large
population-based,
cohort study
• Nested
case-control study
• Meta-analysis of
observational studies
• Open-label study in
26 healthy volunteers
• Retrospective
case-control study did
not find interaction

• Use local corticosteroids where
applicable (topical skin, nasal cavity,
rectum, lung, eye) and/or
• Add peptic ulcer disease prophylaxis
(misoprostol 400–800 mcg/day,
standard-dose proton pump inhibitor,
double-dose histamine 2 blocker)
• Such combination therapy should be
avoided
• If cannot be avoided, replace one or
both of the interacting agents: NSAID
with acetaminophen or celecoxib and/
or SSRI/SNRI with noradrenergic TCA
(desipramine, nortriptyline)
• Use alternatives for  or both agents.
• Monitor for gastrointestinal adverse
effects.
• No data supporting efficacy of
misoprostol, proton pump inhibitor,
and histamine H2 blocker prophylaxis
with this combination. However,
the American Gastroenterological
Association does recommend
prophylaxis with one of these agents
if oral bisphophonate-NSAID therapy
must be used concurrently.
(continued)
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Table 0.2 Continued
Adjuvant
Serotonergic
antidepressant
(SSRIs,
venlafaxine,
mirtazapine,
trazodone,
imipramine,
clomipramine)
Paroxetine and
other inhibitors
of CYP2D6 [27]

Other Analgesic Interactions
Tramadol [9–23] • Precipitation of
serotonin syndrome
Tapentadol
(possibly same
liabilities as
tramadol) [24]
Methadone
[25, 26]
Tramadol

• ↓ tramadol efficacy

Mechanism
• Additive effects
on serotonergic
neurotransmission

Evidence
• Several case reports,
including lethal
interaction

Recommendations
Substitute a minimal or nonserotonergic
antidepressant and/or nonserotonergic
analgesic.

• ↓ generation of active
O-desmethyl metabolite

• pharmacokinetic
studies

Use antidepressant
that does not inhibit CYP2D6

Abbreviations: ASA, aspirin; CBZ, carbamazepine; NSAIDs, nonsteroidal anti-inflammatory drugs; SNRIs, serotonin norepinephrine reuptake inhibitors; SSRIs, selective serotonin reuptake
inhibitors; TCA, tricyclic antidepressants.

Stimulation of Stimulation
5-HT Releaseb of 5-HT
Synthesis

SSRIs

Inhibition
Stimulation of
of 5-HT
Postsynaptic
Metabolism Receptor
Pathway
MAOIs
Carbamazepine

Fluoxetine

Moclobemide Lithium

Paroxetine

Selegiline

5-HT agonists

MDMA
(ecstacy)
Fenfluramine

Sertraline

Rasagiline

Sumatriptan

Cocaine

Fluvoxamine

Tranylcy
promine
Phenelzine

MAOIs

St. John’s
Wort

Selegiline

Citalopram
SNRIs

c

Amphetamine

5-Hydroxy
tryptophan
L-tryptophan

Chapter 0

Inhibition
of 5-HT
Releasea
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Table 0.3 Drugs Which Increase Serotonergic Activity

Moclobemide

Venlafaxine

Rasagilinec

Duloxetine

Tranylcypromine

TCAs

Phenelzine
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Amitriptyline
Imipramine
Clomipramine
Doxepin
Desipramine
Other ADs
Trazodone
Nefazodone
Opioids
Tramadol
Tapentadolc
Meperidine
Methadone
Fentanyld
Dextrome
thorphan
(continued)
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Table 0.3 Continued

Chapter 0

Cocaine

Inhibition
of 5-HT
Releasea

Inhibition
Stimulation of
of 5-HT
Postsynaptic
Metabolism Receptor
Pathway

Stimulation of Stimulation
5-HT Releaseb of 5-HT
Synthesis

Others
Amphetamine

St. John’s
Wort
Abbreviations: ADs, antidepressants; 5-HT, serotonin; MAOIs, monoamine oxidase inhibitors;
MDMA, methylenedioxymethamphetamine; SSRI, selective serotonin reuptake inhibitor; SNRIs,
serotonin norepinephrine reuptake inhibitors; TCAs, tricyclic antidepressants.
a

From synapse.

b

From nerve terminals.

Presumably similar to immediately preceding agent based on structural and pharmacological
similarities.
c

And congeners such as sufentanil and alfentanil.

d
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[Modified from Ref. 28.]

a predictable consequence of serotonergic excess in the central nervous
system, resulting from the administration of serotonin-active drugs. Seven
mechanisms can produce serotonin syndrome: increased serotonin synthesis, increased serotonin release, inhibition of the serotonin reuptake transporter, inhibition of the metabolism of serotonin in the synaptic cleft (ie,
inhibition of monoamine oxidase), direct stimulation of serotonin receptors, increased sensitivity of the postsynaptic response, and (possibly)
decreased dopaminergic activity (with only a modest concurrent increase
in serotonin activity) [28].
Although many drugs have been implicated in the precipitation of serotonin syndrome, the majority of cases involve selective serotonin reuptake
inhibitors and serotonin norepinephrine reuptake inhibitors. Although from
an analgesic point of view, only venlafaxine and duloxetine are represented in
these two classes. The tricyclic antidepressants are the next most important
class of serotonin-active compounds, which are also analgesic compounds. In
addition, the serotonergic opioids—especially tramadol and methadone—are
becoming more important contributors to serotonin toxicity. From a pharmacodynamic perspective, administering two serotonergic drugs at the same
time may lead to additive or synergistic serotonergic effects, resulting in serotonin toxicity [28].
In addition to the pharmacodynamic mechanisms that cause these agents
to produce serotonin excess, one must add pharmacokinetic factors, which
may contribute not only to the onset but also to the intensity of serotonin
toxicity. This is why agents with long-terminal disposition half-lives such as
fluoxetine and its active metabolite norfluoxetine can produce very long

Drug-drug interactions involving herbals or
complementary and alternative medications
An area of ever-increasing interest is the interaction of drugs with herbal
or complementary and alternative medications (CAMs). A major problem
with the latter medications is the lack of regulatory oversight with respect to
their pharmacology/pharmacokinetics/pharmacodynamics, which, in turn,
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periods of risk, even after drug cessation, of serotonin excess should another
serotonin-active drug be started. This is also why the addition of a drug inhibiting the metabolism of a serotonin-active drug may actually precipitate serotonin toxicity. There are many agents that can inhibit one or more isozymes
of the cytochrome P450 family of drug-metabolizing enzymes. Addition of
one of these “enzyme inhibitors” will lead to a reduction in metabolism of the
other (serotonergic) drug, causing drug accumulation until serotonin toxicity supervenes. In other cases, enzyme inhibition will lead to a reduction in
analgesic effect if it results in reduced generation of an active metabolite (eg,
tramadol, codeine). In other cases, the addition of an “enzyme stimulant”
may lead to enhanced drug metabolism and a reduction in drug (ie, analgesic)
response [28]. More details regarding serotonin toxicity are available in the
relevant sections of Tables 0. and 0.2.
A survey was conducted in Australia of deaths from 2002 to 2008, wherein
one or more of the following serotonergic drugs were found at autopsy: tramadol, venlafaxine, fluoxetine, sertraline, citalopram, paroxetine, and MDMA
(ecstasy). Although 23 such deaths were found, in 28 cases there were
signs or symptoms antemortem, which was suggestive of serotonin syndrome and believed to have contributed to the subjects’ death. In  cases,
two or more potential analgesic agents were found. Tramadol and venlafaxine
were involved in six cases each. Among the six venlafaxine recipients, five and
one subject had venlafaxine plus an opioid (tramadol in one, methadone in
four) and venlafaxine plus a tricyclic antidepressant (amitriptyline) present,
respectively. In addition, the relative prevalences of these serotonergic agents
in the 23 cases were calculated by adjusting for annual drug consumption of these agents in Australia over the 2002–2008 data collection period.
Tramadol scored 0.5 followed by ecstasy (4.57), fluoxetine (3.02), and the
remainder (≤.47). The data from this report substantiate the lethal potential
for serotonergic combinations, especially those involving either tramadol or
venlafaxine [9].
There are striking similarities between tramadol and venlafaxine that
may explain the findings just described. First, the structural similarities
are great: each has methoxyphenyl, N,N-dimethylamino, and hydroxycyclohexyl groups (groups may assume near-superimposable intermolecular orientations). Second, they have the same prominent adverse effects
(nausea, headache, dizziness). Third, both inhibit the reuptake of serotonin
and norepinephrine. Fourth, both undergo enantioselective metabolism via
CYP450 isozyme 2D6. Finally, both are metabolized to active desmethyl
metabolites.
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Table 0.4 Interactions Between Herbals and Analgesics
Herbal
Garlic [29]
Garlic [30]
Gingko [3]

Gingko [32]
Gingko [33]
St. John’s
Wort [34]
St. John’s
Wort [35]
St. John’s
Wort [36]

Analgesic
Interactions
Acetaminophen ↑ exposure to acetaminophen and its
glucuronide metabolite
NSAIDs
Possible ↑ bleeding risk

Recommendations
Unlikely to be clinically
significant
Theoretical assumption without clinical Likely clinically relevant
Garlic ↓ platelet
only with excessive
aggregation as do data of effect of combination of
garlic-NSAIDs on bleeding risk
doses of garlic
NSAIDs
Aspirin
No additive effects occur for the combination
Randomized controlled trial
No interaction
of ginkgo 300 mg
daily and aspirin 325 mg daily over 2 weeks in
terms of clotting time or platelet aggregation.
Ibuprofen
One case report of fatal intracerebral No clear evidence of
Possible ↑ bleeding risk
bleed
interaction
Anticonvulsants ↓ plasma concentrations of anticonvulsants
CYP2C9
One case report of fatal seizure in one No clear evidence of
metabolised by
induction by
patient on stable doses of phenytoin
interaction
CYP2C9
gingko
and valproate who started gingko
Amitriptyline
Induction of
Crossover trial evaluating plasma
Monitor therapeutic
↓ systemic exposure to amitriptyline and its
CYP3A4 and/or concentrations of amitriptyline and
response
active metabolite nortriptyline
P-gp by St. John’s nortriptyline with/without concurrent
Wort
St. John’s Wort
Venlafaxine
Precipitation of serotonin syndrome
Unknown.
Case report of serotonin syndrome
No clear interaction or
No causality
in patient on venlafaxine who started
causality
established.
St. John’s Wort, resolved after
discontinuation
Methadone
Induction of
Pharmacokinetic study in 4 patients
Monitor therapeutic
↓ plasma concentrations of methadone
CYP3A4 and/or
response. Beware
P-gp by St. John’s
opioid withdrawal
Wort
signs/symptoms

Abbreviations: NSAIDs, nonsteroidal anti-inflammatory drugs; P-gp, P-glycoprotein.

Mechanism
Unknown

Evidence
Pharmacokinetic study

Of all drug-drug interactions involving adjuvant analgesics reviewed in
Tables 0., 0.2, and 0.4, only a few are likely to be of high potential clinical
significance. These include the following:
• tricyclic antidepressants/venlafaxine/duloxetine/oral bisphosphonates +
nonsteroidal anti-inflammatory drugs: increased risk of upper gastrointestinal bleeding due to additive antiplatelet effects
• oral bisphosphonates + multivalent cations (eg, calcium, magnesium, iron,
aluminium): malabsorption of biphosphonate
• two or more drug combinations of serotonergic agents, including serotonergic analgesics such as tricyclic antidepressants, venlafaxine, duloxetine,
and serotonergic opioids (tramadol/tapentadol, methadone, meperidine,
fentanyl and its congeners): risk of serotonin syndrome
• carbamazepine or phenytoin + other analgesics/agents metabolized by
CYP 450 hepatic enzymes: variable plasma concentrations when one drug
is initiated or discontinued
• CYP450 isozyme 2D6 inhibitors + tramadol: decreased efficacy of
tramadol
When adding an adjuvant analgesic to a pharmaceutical regimen, one should
always take into account potential drug-drug interactions, especially the most
clinically relevant, to avoid increased toxicity or decreased efficacy.
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can see from Table 0.4, some of these drug-drug interactions can have clinically important effects [29–36].
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Cannabichromene, 33
Cannabidiol, 33. See also
Cannabinoids
Cannabigerol, 33
Cannabinoid receptor,
33–36, 35f
Cannabinoids, 7t, 9t
for acute pain, 36
as adjuvant analgesics,
40–42
adverse effects and side
effects of, 39–40,
4t, 90, 
for AIDS-related
anorexia, 34t

Index

clonidine for, 96t, 99–00
corticosteroids for,
96t–97t, 98–99
dosage and
administration of,
99, 99t
desipramine for, 96t,
97–98
desvenlafaxine for, 96t
dexamethasone for, 96t,
98–99
dosage and
administration of,
99, 99t
dextromethorphan for,
96t
divalproex for, 96t
dronabinol for, 39, 96t,
00
duloxetine for, 96t
GABA agonists for, 97t
gabapentin for, 96t
glycopyrrolate for, 97t
dosage and
administration
of, 99t
ibandronate for, 97t
intravenous lidocaine
for, 96t
ketamine for, 65, 96t
lacosamide for, 96t
lamotrigine for, 96t
local anesthetics for, 96t
memantine for, 96t
methylprednisolone for,
98–99
methylprednisone for, 96t
mexiletine for, 96t
milnacipran for, 96t
multipurpose analgesics
for, 95–96, 96t,
97–00, 99t
nabilone for, 96t, 00
nabiximols for, 96t, 00
neuropathic. See
Neuropathic pain,
cancer-related
NMDA receptor blockers
(antagonists)
for, 96t
nortriptyline for, 96t
NSAIDs for, 97t
octreotide for, 97t
dosage and
administration
of, 99t
opioids for, 95
osteoclast inhibitors for,
97t
dosage and
administration
of, 99t
oxcarbazepine for, 96t
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Bupropion
for cancer pain, 96t, 98
contraindications to, 6
for neuropathic pain, 4
Bursa block, 48t
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Cannabinoids (Cont.)
analgesic efficacy of,
40–42
antispasmodic effects of,
37–38
anxiolytic effects of, 37
available for medical
practice, 33, 34t
for cancer pain, 34t, 39,
96t, 00
dosage and
administration
of, 00
for chronic pain, 34t,
36–39
dependence, 40, 4t, 90
for fibromyalgia, 38–39,
09t, 
for HIV-related
neuropathy,
36–37
indications for, 8t
mechanism of action of,

for multiple sclerosis, 34t,
37–38
for musculoskeletal pain,
38, 
for nausea and vomiting,
in cancer
chemotherapy, 34t
for neuropathic pain, 5,
34t, 36–37
and opioids
combination therapy
with, 40
interactions of, 40
oromucosal, for
neuropathic pain,
89–90
precautions with, 90
for rheumatic pain, 09t
for rheumatoid arthritis,
38, 
and sleep quality, 37–38
for spinal cord injury, 37
Cannabinoid system, 33–36,
35f
Cannabinol, 33
Cannabis. See Marihuana
(marijuana,
cannabis)
Capsaicin
mechanism of action of,
0t, 75, 83t, 85,
2
molecular target of, 9t
patch, 75
adverse effects and side
effects of, 83t
dosage and
administration
of, 83t

for HIV-related
neuropathy,
83t, 88
for neuropathic pain,
7, 83t, 85–86
topical, 75–76
adverse effects and
side effects of,
75–76, 86
for cancer pain, 96t,
00
in combination therapy,
76
for HIV-related
neuropathy,
75–76, 85–86
for rheumatic pain,
09t, 2
Carbamazepine, 23, 86
adverse effects and side
effects of, 23, 24t
analgesic efficacy of, 2
for cancer pain, 96t
and codeine, drug-drug
interactions, 36t
contraindications to, 24t
dosage and administration
of, 24t
and lamotrigine, drug-drug
interactions, 33t
mechanism of action of,
0t, 24t
and methadone,
drug-drug
interactions, 35t
molecular target of, 9t
and phenytoin, drug-drug
interactions, 33t
precautions with, 24t
and serotonergic activity,
39t
and TCAs, drug-drug
interactions, 33t
for trigeminal neuralgia,
23, 86
and valproate, drug-drug
interactions, 32t
Cardiac arrest, local
anestheticinduced, 53–55
Catastrophizing, and
neuropathic
pain, 90
Cauda equina syndrome,
local anestheticinduced, 53–55
Causalgia, 8t
Celecoxib, for postoperative
pain, dosage and
administration of,
27t
Central sensitization, 8,
9t, 9

evaluation of, 59–60
intraoperative opioids
and, 60–6
Cesamet. See Nabilone
Chemotherapy
nausea and vomiting
related to,
cannabinoids
for, 34t
neuropathy caused by
gabapentin for, 0
management of, 80, 98
pregabalin for, 0
Chloroprocaine
analgesic potency of, 52t
duration of action, 52t
onset of action, 52t
pharmacology of, 50, 52t
Chondroitin sulfate, 3
Cisapride, drug interactions
with, 8
Cisplatin neuropathy, 4–5
Citalopram
anti-inflammatory effects
of, 0
for cancer pain, 96t
for fibromyalgia, 5
for neuropathic pain, 4
and serotonergic activity,
39t
and serotonin syndrome,
4
Clodronate, for
cancer-related
bone pain,
02–03
Clomipramine
adverse effects and side
effects of, 2t
dosage and administration
of, 2t
and fluvoxamine,
drug-drug
interactions, 32t
half-life of, 2t
and methadone,
drug-drug
interactions, 38t
for neuropathic pain,
placebocontrolled trials
of, 3t
neurotransmitter profile
of, 2t
and serotonergic activity,
39t
and tapentadol,
drug-drug
interactions, 38t
and tramadol, drug-drug
interactions, 38t
Clonazepam, 28
for cancer pain, 97t

D
Denosumab, for prevention
of skeletal
complications in
prostate cancer,
03
Depression
drugs for, 8t. See also
Antidepressant(s)
mirtazapine for, 98
Desipramine, 
adverse effects and side
effects of, 2t, 8t
for cancer pain, 96t,
97–98
dosage and administration
of, 2t, 8t
efficacy of, 4
and fluvoxamine,
drug-drug
interactions, 32t
half-life of, 2t
mechanism of action
of, 8t
for neuropathic pain,
4, 8t

placebo-controlled
trials of, 3t
neurotransmitter profile
of, 2t
precautions with, 8t
and serotonergic activity,
39t
Desvenlafaxine, for cancer
pain, 96t
Dexamethasone
for cancer pain, 96t,
98–99
dosage and
administration of,
99, 99t
for pain emergencies, 99
Dextromethorphan, 63
for cancer pain, 96t
for cancer-related
neuropathic pain,
02
molecular target of, 9t
and serotonergic activity,
39t
Diabetic neuropathy, painful,
4–5, 7, 79–86
combination therapy
for, 89
duloxetine for, 8t
gabapentin for, 22, 82t
opioid agonists for, 83t,
85
pregabalin for, 22, 82t
topical capsaicin for,
75–76
topical lidocaine for, 74
tramadol for, 83t, 84
treatment of, 22–23, 27,
86, 88–89
tricyclic antidepressants
for, 8t
venlafaxine for, 8t
Diarrhea, drugs causing, 2t
Diclofenac
mechanism of action of, 72
patch, 72
topical
adverse effects and side
effects of, 72–73
gel, 72
randomized
controlled trials
of, 72–74, 73t
solution, with DMSO,
72
randomized
controlled trials
of, 72–74, 73t
Dietary therapy, for
rheumatic pain,
3
Divalproex. See also Sodium
divalproex

Index

Coxibs, 9t, 2–22.
See also
Cyclooxygenase-2
(COX2) inhibitors
Cyclooxygenase-2 (COX2)
inhibitors, 9t
adverse effects and
side effects of,
2–22
contraindications to, 22
indications for, 3
for postoperative pain,
2–22
Cymbalta. See Duloxetine
Cystitis, 8t
Cytochrome P450
CYP2C9, anticonvulsants
metabolized by,
interactions with
gingko, 42t
CYP2D6
inhibitors
and TCAs, drug-drug
interactions, 34t
and tramadol,
drug-drug
interactions, 38t,
43
and tramadol
metabolism, 4
and venlafaxine
metabolism, 4
and drug-drug
interactions, 4,
43
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for cancer-related
neuropathic pain,
02
Clonidine
adverse effects and side
effects of, 00
for cancer pain, 96t,
99–00
molecular target of, 9t
Coanalgesics, 6
definition of, 5
Cocaine
maximum daily dose
of, 55t
pharmacology of, 50
and serotonergic activity,
39t–40t
Codeine, 6, 6t
carbamazepine and,
drug-drug
interactions, 36t
Coeliac block, 2
Cognitive-behavioral
therapy, 
Complementary and
alternative
medicine (CAM)
and analgesics,
interactions
between,
4–43, 42t
for rheumatic disease, 3
Complex regional pain
syndrome,
treatment of, 22
Constipation, drugs causing,
2t, 8
Corticosteroid(s), 7t
adverse effects and side
effects of, 98
for cancer pain, 96t–97t,
98–99
dosage and
administration of,
99, 99t
intra-articular injections,
2
intralesional injections,
2
joint injections, 2
local injection, for
rheumatic pain,
2
and opioids, combination
therapy with, 98
and phenytoin,
drug-drug
interactions, 36t
soft-tissue injections, 2
Counterirritants
mechanism of action of,
2
for rheumatic pain, 2
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Divalproex (Cont.)
for cancer pain, 96t
Dolasetron, for fibromyalgia,
3
Dopaminergic agents, 3
Douleur Neuropathique
en 4 questions
(DN4), 79
Doxepin
adverse effects and side
effects of, 2t
dosage and administration
of, 2t
half-life of, 2t
for low back pain, 6
neurotransmitter profile
of, 2t
and serotonergic activity,
39t
Dronabinol, 36
for cancer pain, 39, 96t,
00
for chronic pain, 40
dosage and administration
of, 34t
for fibromyalgia, 38
indications for, 34t
for MS-associated pain, 38
Drowsiness, drugs causing, 8
Drug-drug interactions. See
also specific drug
between adjuvant
analgesics, 3,
32t–34t
and other analgesics,
35t–38t
with antidepressants, 8
between herbals and
analgesics,
4–43, 42t
pharmacogenetics of, 3
severity of, factors
affecting, 3
Dry mouth, drugs causing,
2t, 8
Duloxetine, 5, 
adverse effects and side
effects of, 2t, 8t
for cancer pain, 96t
for central neuropathic
pain, 88
dosage and administration
of, 2t, 80, 8t,
0
for fibromyalgia, 5, 7,
07, 09t
half-life of, 2t
for low back pain, 07,
0
mechanism of action
of, 8t
for neuropathic pain, 4,
7, 80–84, 8t, 86

neurotransmitter profile
of, 2t
and NSAIDs, drug-drug
interactions, 37t,
43
for osteoarthritis pain,
07
and other serotonergic
agents, drug-drug
interactions, 43
for oxaliplatin-induced
peripheral
neuropathy, 98
for postoperative pain,
dosage and
administration of,
27t
precautions with, 8t
and serotonergic
activity, 39t
and serotonin
syndrome, 40

E
Ecstasy (drug)
and serotonergic activity,
39t
and serotonin syndrome,
4
Ectopic discharge, 8, 9t
Effexor. See Venlafaxine
Endocannabinoid system,
33–36, 35f
Epidural block, 3, 24, 25t
and patient-controlled
analgesia,
comparison of,
24, 25t
Escitalopram, for neuropathic
pain, 4
Etidocaine
analgesic potency of, 52t
duration of action, 52t
onset of action, 52t
pharmacology of, 52t
Eucalyptol, 76
European Society of Regional
Anaesthesia, 26
Excitation, descending,
modulators of, 9t
Exercise, in pan
management, 

F
Facial pain, 4
Failed back syndrome, 88
Felbamate, 28
Femoral nerve block, 48–49
Fenfluramine, and
serotonergic
activity, 39t

Fentanyl
indications for, 6, 6t
intranasal administration
of, 22
and other serotonergic
agents, drug-drug
interactions, 43
in patient-controlled
analgesia, 22
and serotonergic activity,
39t
Fibromyalgia, 8t, , 4
amitriptyline for, 5, 7,
0
anticonvulsants for,
08–0, 09t
antidepressants for, 5,
08, 09t
cannabinoids for, 38–39,
09t, 
citalopram for, 5
dolasetron for, 3
dronabinol for, 38
duloxetine for, 5, 7,
07, 09t
fluoxetine for, 5
gabapentin for, 22,
08–0, 09t
gabapentinoids for,
08–0
milnacipran for, 5, 7,
07, 09t
moclobemide for, 5, 7
monoamine oxidase
inhibitors
(MAOIs) for,
5, 7
nabilone for, 38, 09t,

nortriptyline for, 0
paroxetine for, 5
pathophysiology of,
07–08
pirindole for, 5, 7
pramipexole for, 3
pregabalin for, 22–23,
07–0, 09t
SNRIs for, 5, 7, 09t,
0
SSRIs for, 5, 7, 09t
treatment of, 5, 7,
2–23, 27, 07
tricyclic antidepressants
for, 7, 09t, 0
Flecainide, 49
Fluoxetine
anti-inflammatory effects
of, 0
for fibromyalgia, 5
and serotonergic activity,
39t
and serotonin syndrome,
40–4

G
Gabapentin, 2–23, 74
adverse effects and side
effects of, 23, 82t
analgesic efficacy of, 2
for cancer pain, 96t
for chronic noncancer
pain, 7
for diabetic neuropathy,
22, 82t
dosage and administration
of, 2–22, 82t, 84
perioperative, 24
and EMLA cream,
combination
therapy with, for
neuropathic pain,
cancer-related, 0
for fibromyalgia, 22,
08–0, 09t
gastroretentive
formulation of, 22
adverse effects and side
effects of, 24t
contraindications to,
24t
dosage and
administration of,
22, 24t
mechanism of action
of, 24t
for postherpetic
neuralgia, 22
precautions with, 24t
and imipramine,
combination
therapy with, for
cancer-related
neuropathic pain,
0
immediate-release
adverse effects and side
effects of, 24t
contraindications to,
24t

for fibromyalgia, 08–0
for neuropathic pain,
5, 7
cancer-related, 0
perioperative use of, 23
for postoperative pain,
23–24
dosage and
administration of,
27t
Gamma-aminobutyric acid
(GABA), as drug
target, 9t
in cancer-related
neuropathic pain,
02
Gamma-aminobutyric acid
(GABA) agonists,
for cancer pain,
97t
Gamma knife ablation, 2
Garlic
and acetaminophen,
interactions
between, 42t
and NSAIDs, interactions
between, 42t
Gastrointestinal distress,
drugs causing, 2t
Gingko
and anticonvulsants,
interactions
between, 42t
and aspirin, interactions
between, 42t
and ibuprofen,
interactions
between, 42t
Glucosamine, 3
Glycopyrrolate
for cancer pain, 97t
dosage and
administration
of, 99t
for cancer-related bowel
obstruction, 03
Guanethidine block,
molecular target
of, 9t
Guarded receptor
hypothesis, for
local anesthetic
action, 53, 54f
Guillain-Barré syndrome,
88

H
Headache, 
cancer-related,
corticosteroids
for, 98–99
treatment of, 5–7

Index

dosage and
administration
of, 24t
mechanism of action
of, 24t
precautions with, 24t
indications for, 22
mechanism of action of,
2, 82t, 84
molecular target of, 9t
and morphine, combination
therapy with,
for neuropathic
pain, 89
for neuropathic pain, 5,
7, 22–23, 82t,
84, 86, 88–89
cancer-related, 0
in hemodialysis
patients, 23
and nortriptyline,
combination
therapy with, for
neuropathic pain,
88–89
and opioids, combination
therapy with, for
cancer-related
neuropathic pain,
0
and oxycodone,
combination
therapy with,
for neuropathic
pain, 89
pharmacology of, 2–22
for postherpetic neuralgia,
22, 82t
for postoperative pain,
23–24
dosage and
administration of,
27t
precautions with, 82t
for spinal cord
injury-related pain,
82t, 86–88
Gabapentin enacarbil, 22
adverse effects and side
effects of, 24t
contraindications to, 24t
dosage and administration
of, 22, 24t
mechanism of action
of, 24t
precautions with, 24t
Gabapentinoids, 5, 7t, 9t,
3, 2–23
adverse effects and side
effects of, 0
analgesic efficacy of, 2
for chronic noncancer
pain, 7
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Fluvoxamine
clomipramine and,
drug-drug
interactions, 32t
desipramine and,
drug-drug
interactions, 32t
imipramine and,
drug-drug
interactions, 32t
and serotonergic activity,
39t
tricyclic antidepressants
and, drug-drug
interactions, 32t,
34t
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Hemodialysis patient(s),
peripheral
neuropathy in,
treatment of, 23
Herbal therapy
and analgesics,
interactions
between,
4–43, 42t
for rheumatic pain, 3
Herpes zoster, acute,
treatment of, 22
Human immunodeficiency
virus (HIV)
neuropathy, 4–5
cannabinoids for, 36–37
capsaicin patch for, 83t
topical capsaicin for,
75–76, 85–86
treatment of, 22, 27, 88
Hyaluronic acid,
intra-articular
injections, for
osteoarthritis in
knee, 2–3
Hydrocodone, indications
for, 6, 6t
Hydromorphone
indications for, 6, 6t
in patient-controlled
analgesia, 22
5-Hydroxytryptophan, and
serotonergic
activity, 39t
5-Hydroxytryptophan-
receptor
antagonists, and
serotonergic
activity, 39t
5-Hydroxytryptophan-3
receptor
antagonists, 3
Hyperalgesia, 79
definition of, 59–60
intraoperative opioids
and, 60–6
opioid-induced, 60–6,
6f, 85, 22–23
postoperative, 60
prevention, ketamine
and, 23
primary, 59
secondary, 9
Hyponatremia,
oxcarbazepineinduced, 25t

I
Ibandronate
for cancer pain, 97t
for cancer-related bone
pain, 02–03

ID Pain, 79
Imipramine
adverse effects and side
effects of, 2t
for arthritis pain, 6
and aspirin, drug-drug
interactions, 35t
dosage and administration
of, 2t
and fluvoxamine,
drug-drug
interactions, 32t
half-life of, 2t
and methadone,
drug-drug
interactions, 38t
for neuropathic pain,
4, 88
placebo-controlled
trials of, 3t
neurotransmitter profile
of, 2t
and phenytoin, drug-drug
interactions, 32t
and serotonergic activity,
39t
and tapentadol, drug-drug
interactions, 38t
and tramadol, drug-drug
interactions, 38t
Incision block, 48t
Increased transmission
mechanism, 8, 9t
Inflammatory arthritis
pain of, mechanisms of,
07
pathophysiology of,
07–08
Inflammatory pain, 8t
cannabinoids for, 36
topical analgesics for, 7
Inhibition, descending,
modulators of, 9t
Intercostal nerve block, 49
Intra-articular block, 2, 48t
Intrathecal analgesia, 2
Irritable bowel, 8t
pain from, treatment
of, 22

for cancer pain, 65, 96t
for cancer-related
neuropathic pain,
0–02
benzodiazepine with,
02
dosage and
administration of,
0–02
neuroleptic with, 02
for chronic pain, 64–65
dosage and administration
of, 64–65, 23
effects on postoperative
opioid
consumption,
6–62
effects on postoperative
pain, 6–63
epidural, 62
intravenous, dosage and
administration of,
recommendations
for, 62, 62t
mechanism of action of,
6, 23
molecular target of, 9t
for opioid-induced
hyperalgesia,
22–23
and opioids, in same
solution for PCA,
63
perioperative
benefits of, 6–63
dosage and
administration of,
recommendations
for, 62, 62t
indications for, 63
pharmacology of, 6,
64–65
for postoperative pain,
23
dosage and
administration of,
27t
for rheumatic pain, 2
S(+), 62

J

L

Joint replacement, 2

Lacosamide, 27–28, 86
adverse effects and side
effects of, 26t
for cancer pain, 96t
for cancer-related
neuropathic pain,
0
dosage and administration
of, 26t
mechanism of action
of, 26t

K
Keratinocytes, as drug
target, 76–77
Ketamine, 6
adverse effects and side
effects of, 63
anti-hyperalgesic effect of,
6–63

contraindications to, 50
differential block of
sensory and
motor fibers,
5–52
dosage and administration
of, 5
duration of action,
50–5
and toxicological
profile, 50, 53
epidural analgesia with,
for postoperative
pain, 24, 25t
eutectic mixture of,
49–50
guarded receptor
hypothesis for,
53, 54f
hydrophobicity of, 50–5,
53, 54f
inadvertent systemic
application of, 53
infusions, for
postoperative
pain, 24
intra-articular infusion,
for postoperative
pain, 25
liposomal formulations,
25
maximum daily dose
of, 55t
mechanism of action of,
0t, 47–49
octanol-buffer coefficient
of, 53, 54f
onset of action, 50–5
and toxicological
profile, 50, 53
pharmacology of, 50–52,
52t
for postoperative pain,
dosage and
administration of,
27t
precautions with, 50
safety of, 47
toxicity of, 53–56
clinical signs of, 55, 56t
lipid rescue therapy for,
53, 55–56
management protocols
for, 56
wound infiltration with,
24
Low back pain, 
treatment of, 6–7, 27,
07, 0
Lumbar radicular pain,
treatment of, 27
Lumbar root pain, chronic,
4–5
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intravenous, 49, 53
for cancer pain, 96t
for cancer-related
neuropathic pain,
0
maximum daily dose
of, 55t
mechanism of action of,
74, 82t
molecular target of, 9t
onset of action, 52t
patch, 49, 74
pharmacology of, 50,
52t, 54f
plaster, 74
for neuropathic pain,
84
subcutaneous, for
cancer-related
neuropathic pain,
0
topical, 74–75
adverse effects and side
effects of, 82t, 84
dosage and
administration of,
82t, 84
indications for, 74–75
and lidocaine gel,
mixture of, 49–50
for neuropathic pain,
82t, 84
and oral therapy,
combination
of, 75
pharmacology of, 74
for postherpetic
neuralgia, 74,
82t, 86
Lithium, and serotonergic
activity, 39t
Local anesthetics, 6, 47. See
also specific drug
administration of
routes for, 47, 48t
systemic, 47, 49
techniques for, 47, 48t
topical, 47, 48t, 49–50
ultrasound-guided, 47
adverse effects and side
effects of
class A, 53
class B, 53–55
amino amide, 50
pharmacology of, 52t
amino ester, 50
pharmacology of, 52t
anesthetic potency of,
50–5
anti-inflammatory action
of, 49
for cancer pain, 96t
in cancer treatment, 49
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Laminectomy, 2
Lamotrigine, 9t, 27
and acetaminophen,
drug-drug
interactions, 36t
adverse effects and side
effects of, 25t
for cancer pain, 96t
for cancer-related
neuropathic pain,
0
carbamazepine and,
drug-drug
interactions, 33t
contraindications to, 25t
dosage and administration
of, 25t
for HIV-related
neuropathy, 88
mechanism of action
of, 25t
molecular target of, 9t
for neuropathic pain, 88
and phenytoin, drug-drug
interactions, 34t
precautions with, 25t
Leeds Assessment of
Neuropathic
Symptoms and
Signs (LANSS), 79
Leukopenia, drugs causing,
23
Levetiracetam, 9t, 27
adverse effects and side
effects of, 26t
dosage and administration
of, 26t
mechanism of action
of, 26t
Levobupivacaine
analgesic potency of, 52t
duration of action, 52t
maximum daily dose
of, 55t
onset of action, 52t
pharmacology of, 52t
for postoperative
pain, dosage
and administration
of, 27t
Levorphanol
adverse effects and side
effects of, 83t
dosage and administration
of, 83t
mechanism of action
of, 83t
for neuropathic pain,
83t, 88
precautions with, 83t
Lidocaine
analgesic potency of, 52t
duration of action, 52t, 53

Index

Lumbar spinal stenosis, pain
of, treatment
of, 22
Lymphedema,
cancer-related,
corticosteroids
for, 98–99
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M
Macrolides, drug interactions
with, 8
Magnesium
as NMDA receptor
blocker, 63–64
and perioperative pain
management,
63–64
Maprotiline, 
for neuropathic pain, 4
Marihuana (marijuana,
cannabis), 34t. See
also Cannabinoids
medical use of, 33, 
vs. recreational use,

smoked
for HIV-related
neuropathy,
37, 88
for neuropathic pain,
36–37
synthetic derivatives of,
33, 34t
Marinol. See Dronabinol
Massage, 
MDMA
and serotonergic activity,
39t
and serotonin syndrome,
4
Memantine
for cancer pain, 96t
for cancer-related
neuropathic pain,
02
mechanism of action
of, 63
Menthol, 76
for rheumatic pain, 2
Meperidine
and other serotonergic
agents, drug-drug
interactions, 43
and serotonergic activity,
39t
Mepivacaine, 52–53
analgesic potency of, 52t
duration of action, 52t
molecular structure of,
50–5, 5f
onset of action, 52t
pharmacology of, 50, 52t

Methadone
adverse effects and side
effects of, 83t
carbamazepine and,
drug-drug
interactions, 35t
clomipramine and,
drug-drug
interactions, 38t
dosage and administration
of, 83t
drug interactions with, 8
imipramine and,
drug-drug
interactions, 38t
indications for, 6, 6t
mechanism of action of,
63, 83t
mirtazapine and,
drug-drug
interactions, 38t
for neuropathic pain,
83t, 85
and other serotonergic
agents, drug-drug
interactions, 38t,
43
precautions with, 83t
St. John's wort and,
interactions
between, 42t
and serotonergic activity,
39t
and serotonin syndrome,
40
SSRIs and, drug-drug
interactions, 38t
trazodone and, drug-drug
interactions, 38t
venlafaxine and, drug-drug
interactions, 38t,
4
N-Methyl-D -aspartate
(NMDA)
receptor(s)
activation of, 60
in opioid-induced
hyperalgesia, 22
and µ-opioid receptors,
link between,
6, 6f
and postoperative
hyperalgesia,
60–6, 6f
N-Methyl-D -aspartate
(NMDA)
receptor blockers
(antagonists), 7t,
9t, 4, 3
for cancer pain, 96t
for cancer-related
neuropathic pain,
0–02

for chronic pain, 64–65
for neuropathic pain, 59
for postoperative pain, 59
Methylparabene, allergic
reactions to, 55
Methylprednisolone, for
cancer pain,
98–99
Methylprednisone, for
cancer pain, 96t
Mexiletine
for cancer pain, 96t
molecular target of, 9t
oral, 49
Migraine, treatment of,
5–7
Milnacipran, 
for cancer pain, 96t
for fibromyalgia, 5, 7,
07, 09t
Mind-body interventions, 
Mindfulness, in pan
management, 
Mirtazapine
for cancer-related
symptoms, 98
for headache, 5–7
and methadone,
drug-drug
interactions, 38t
and tapentadol, drug-drug
interactions, 38t
and tramadol, drug-drug
interactions, 38t
Moclobemide
for fibromyalgia, 5, 7
and serotonergic activity,
39t
Monoamine oxidase
inhibitors
(MAOIs)
for fibromyalgia, 5, 7
and serotonergic activity,
39t
Monoclonal antibody(ies)
(mAb), for
cancer-related
bone pain,
02–03
Morphine
adverse effects and side
effects of, 83t
for chronic noncancer
pain, 7
dosage and administration
of, 83t
indications for, 6, 6t
intrathecal, 24
long-term administration,
problems caused
by, 85
mechanism of action
of, 83t

N
Nabilone, 36–37
adverse effects and side
effects of, 
for cancer pain, 96t, 00
dosage and administration
of, 34t
for fibromyalgia, 38, 09t,

indications for, 34t
for musculoskeletal pain,
38
Nabiximols
adverse effects and side
effects of, 34t
for cancer pain, 96t, 00
dosage and administration
of, 34t
indications for, 34t
Naproxen, for postoperative
pain, dosage and
administration of,
27t
Nausea and vomiting
chemotherapy-related,
cannabinoids
for, 34t
drugs causing, 2t
postoperative,
prevention,
23–24
Nefazodone, and
serotonergic
activity, 39t
Nefopam, 9t
Nerve block(s), 2–3, 47, 48t
adverse effects and side
effects of, 55
differential, 52
for postoperative pain,
24–25, 25t

pregabalin for, 0
sodium channel
blockers for, 0
sodium divalproex for,
0
subcutaneous lidocaine
for, 0
topiramate for, 0
treatment of, 22,
00–02
tricyclic antidepressants
for, 8t
in cancer survivors,
00–0
cannabinoids for, 5, 34t,
36–37, 89–90
oromucosal, 89–90
capsaicin patch for, 7,
83t, 85–86
catastrophizing and, 90
central, 86–88
duloxetine for, 88
characteristics of, 79
citalopram for, 4
clomipramine for,
placebocontrolled trials
of, 3t
combination therapy for,
75–76, 88–89
desipramine for, 4, 8t
placebo-controlled
trials of, 3t
diagnosis of, 79–80
duloxetine for, 4, 7,
80–84, 8t, 86
escitalopram for, 4
etiology of, 79
evoked, 79, 90
gabapentin for, 5, 7,
22–23, 82t, 84,
86, 88–89
in hemodialysis
patients, 23
and morphine,
combination
therapy with, 89
and nortriptyline,
combination
therapy with,
88–89
and oxycodone,
combination
therapy with, 89
gabapentinoids for, 5, 7
imipramine for, 4, 88
placebo-controlled
trials of, 3t
intensity, temporal
variations in, 79
intermittent, 79
lamotrigine for, 88
levorphanol for, 83t, 88
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Neuralgia, 8t
Neuraxial block(s), 48, 48t,
24, 25t
Neurolytic block, 3
Neuropathic pain, 5, 8,
8t, 
adjuvant analgesics for,
7, 7t
amitriptyline for, 4, 7,
80, 8t, 88
placebo-controlled
trials of, 3t
anticonvulsants for, 86
antidepressants for, 4–5
botulinum toxin type
A for, 89
bupropion for, 4
calcium channel α2δ
ligands for, 82t, 84
cancer-related, 4. See
also Cancer pain
amantadine for, 02
amitriptyline for, 88
analgesics used for,
96t–97t
anticonvulsants for, 0
antidepressants for, 0
baclofen for, 02
clonazepam for, 02
corticosteroids for,
98–99
dextromethorphan
for, 02
gabapentin for, 82t, 0
gabapentin and
EMLA cream
for, combination
therapy with, 0
gabapentin and
imipramine for,
combination
therapy with, 0
gabapentin and opioids
for, combination
therapy with, 0
gabapentinoids for, 0
intravenous lidocaine
for, 0
ketamine for, 0–02
benzodiazepine with,
02
dosage and
administration of,
0–02
neuroleptic with, 02
lacosamide for, 0
lamotrigine for, 0
memantine for, 02
NMDA receptor
blockers
(antagonists) for,
0–02
oxcarbazepine for, 0
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for neuropathic pain, 5,
83t, 85
in patient-controlled
analgesia, 22
precautions with, 83t
Multimodal analgesia, 2
Multiple sclerosis (MS), pain
in, 27
cannabinoids for, 34t,
37–38
treatment of, 22
Muscle relaxant(s), 5–7
Muscle spasm(s), in spinal cord
injury, cannabinoids
for, 37
Musculoskeletal pain, 8t. See
also Fibromyalgia;
Rheumatic pain
cannabinoids for, 38, 
treatment of, 7, 7t
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Neuropathic pain (Cont.)
lidocaine plaster for, 84
management of, 49
adjuvant analgesics for,
8t–83t
evidence-based
recommendations
for, 8t–83t
maprotiline for, 4
methadone for, 83t, 85
morphine for, 5, 83t, 85
NMDA receptor blockers
(antagonists)
for, 59
nortriptyline for, 4, 7,
8t, 88
placebo-controlled
trials of, 3t
opioid agonists for, 83t,
85
opioids for, 5
oxycodone for, 5, 83t, 85
paroxetine for, 4
pathophysiologic
heterogeneity
of, 90
peripheral, 80–86
treatment algorithm
for, 87f
pregabalin for, 5, 7,
22–23, 74–75,
82t, 84, 86, 88
and duloxetine,
combination
therapy with, 22, 89
in hemodialysis
patients, 23
prevalence of, 79
psychological comorbidity
and, 90
screening tools for, 79–80
smoked cannabis for,
36–37
SNRIs for, 4–5, 7,
80–84, 8t
spontaneous, 79
SSRIs for, 4–5
placebo-controlled
trials of, 3t
tapentadol for, 85
tetracyclic antidepressant
for, 4
therapeutic outcomes in,
improving, 90
topical analgesics for, 7,
74–76
topical lidocaine for,
74–75, 82t, 84
tramadol for, 5, 83t, 84
traumatic, 79
treatment of, 88
tricyclic antidepressants
for, 8t

treatment of, 7, 7t, 4–5,
7, 2, 27
clinical trials, factors
affecting, 90
placebo-controlled
trials of, 3t
placebo effect in, 90
tricyclic antidepressants
for, 4–5, 7, 80,
8t, 88–89
placebo-controlled
trials of, 3t
venlafaxine for, 4, 7,
80–84, 8t, 88
placebo-controlled
trials of, 3t
Neuropathic Pain
Questionnaire, 79
Nitrous oxide, 9t
anti-hyperalgesic effect
of, 64
as NMDA receptor
blocker, 64
Nociception, 48
Nociceptive pain, 8, 8t,
47–48
Nociceptor(s), 48
Nonopioid(s), 9t
indications for, 3
on WHO analgesic/pain
ladder, 2, 2f, 6, 6t
Nonsteroidal
anti-inflammatory
drugs (NSAIDs),
9t. See also specific
drug
adverse effects and side
effects of, 3,
2–22
for cancer pain, 97t
contraindications to, 22
indications for, 3, 6, 6t, 8t
and morphine,
combination
therapy with,
2–22
in multimodal analgesia,
2–22
oral bisphosphonates
and, drug-drug
interactions, 37t,
43
for postoperative pain,
2–22
dosage and
administration of,
27t
topical, 7–74, 73t. See
also Diclofenac,
topical
for cancer pain, 96t
mechanism of action
of, 2

for rheumatic pain,
09t, 2
Norfluoxetine, and serotonin
syndrome,
40–4
Nortriptyline, 
adverse effects and side
effects of, 2t,
8t
for cancer pain, 96t
dosage and administration
of, 2t, 8, 8t
efficacy of, 4
for fibromyalgia, 0
half-life of, 2t
for low back pain, 6
mechanism of action of, 8t
for neuropathic pain, 4,
7, 8t, 88
placebo-controlled
trials of, 3t
neurotransmitter profile
of, 2t
precautions with, 8t

O
Octreotide, 7t
for cancer pain, 97t
dosage and
administration
of, 99t
for cancer-related bowel
obstruction,
03–04
Ofirmev, 2
Opioid(s), 9t. See also
Hyperalgesia,
opioid-induced;
specific drug
abuse, 4
adverse effects and side
effects of, 22
and cannabinoids
combination therapy
with, 40
interactions of, 40
for chronic noncancer
pain, 7
combinations of, efficacy
of, 3
dependence, 85
diversion, 4
dosage and administration
of, 3
indications for, 3–4, 8t
intraoperative, 60–6
long-term administration,
problems caused
by, 85
for neuropathic pain, 5
and NMDA receptor
activation, 60

P
Pain
acute
management of, 2–3,
36
topical diclofenac for, 72
arthritis. See Arthritis pain
bone. See Bone pain
cancer. See Cancer pain
central poststroke, 4,
27, 79
tricyclic antidepressants
for, 8t
chronic, 
acute crises,
management of, 3
cannabinoids for, 34t,
36–39
management of, 3, 34t,
36–40, 64–65
NMDA receptor
modulators for,
64–65
postoperative, 26

without control,
management of, 3
definition of, 
mild, treatment of, 2, 2f,
3, 6, 6t
moderate, treatment of,
2, 2f, 3–4, 6, 6t
musculoskeletal. See
Musculoskeletal
pain
neuropathic. See
Neuropathic pain
nonmalignant,
management of,
2–3
postamputation,
treatment of, 00
postmastectomy
gabapentin and
EMLA cream
combination
therapy for, 0
treatment of, 88, 98,
00
postsurgical, 79. See also
Postoperative pain
chronic, 26
treatment of, 23
postthoracotomy,
treatment of, 22,
00
rheumatic. See
Osteoarthritis;
Rheumatic pain;
Rheumatoid
arthritis (RA)
severe, treatment of, 2,
2f, 3–4, 6, 6t
PainDetect, 79
Pain emergencies, 99
Pain management
approaches to
interventional, –2
invasive, 2–3
nonpharmacological, 
pharmacological, 2–3
physical, 
psychological, 
specific, 2
step down, 3
step up, 3
for chronic pain, 3. See
also Pain, chronic
step-down approach, 3
step-up approach, 3
goals of, 
Pamidronate
for cancer pain, 97t
dosage and
administration
of, 99t
for cancer-related bone
pain, 02–03
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Osteoclast inhibitor(s).
See also
Bisphosphonates
for cancer pain, 97t
dosage and
administration
of, 99t
for cancer-related bone
pain, 02–03
Oxcarbazepine, 23, 86
adverse effects and side
effects of, 23, 25t
for cancer pain, 96t
for cancer-related
neuropathic pain,
0
contraindications to, 25t
dosage and administration
of, 25t
mechanism of action of,
0t, 25t
precautions with, 25t
Oxycodone
adverse effects and side
effects of, 83t
for chronic noncancer
pain, 7
dosage and administration
of, 83t, 85
high-dose, indications for,
6, 6t
low-dose, indications for,
6, 6t
mechanism of action of, 83t
for neuropathic pain, 5,
83t, 85
precautions with, 83t
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for phantom limb pain,
88
for postoperative pain,
22
response to, factors
affecting, 3–4
rotation of, 4
serotonergic
and other serotonergic
agents, drug-drug
interactions, 43
and serotonin
syndrome, 40
and serotonergic activity,
39t
spinal
adverse effects and side
effects of, 24
for postoperative pain,
24
strong, on WHO
analgesic/pain
ladder, 2–3, 2f,
6, 6t
weak, on WHO
analgesic/pain
ladder, 2–3, 2f,
6, 6t
Opioid agonist(s)
adverse effects and side
effects of, 83t, 85
dosage and administration
of, 83t
mechanism of action
of, 83t
for neuropathic pain,
83t, 85
precautions with, 83t, 85
µ-Opioid agonists, 9t
µ-Opioid receptor(s)
as drug targets, 9t
and NMDA receptors,
link between,
6, 6f
Orthostatic hypotension,
drugs causing, 2t
Osteoarthritis
in knee, intra-articular
hyaluronic acid
for, 2–3
pain of
herbal therapy for, 3
mechanisms of, 07
neurogenic mechanisms
in, 08
pathophysiology of,
07–08
topical analgesics for,
2
topical capsaicin for, 75
topical diclofenac for,
72–74, 73t
treatment of, 6, 07
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Pancreatitis, chronic, pain
from, treatment
of, 22
Paravertebral block, 48t
Parietal block(s), 48t
Paroxetine
for cancer pain, 96t
for fibromyalgia, 5
for neuropathic pain, 4
and serotonergic activity,
39t
and serotonin syndrome,
4
and tramadol, drug-drug
interactions, 38t
Patient-controlled analgesia
(PCA), 3
and epidural analgesia,
comparison of,
24, 25t
for postoperative pain, 22
Penile nerve block (dorsal),
48t
Perfalgan, 2
Perineural analgesia, for
postoperative
pain, 24
Peripheral nerve(s),
transmission
of nociceptive
information,
48–49
Peripheral nerve block, 2,
48, 48t, 24, 25t
Peripheral neuropathy
chemotherapy-related,
pregabalin for, 0
local anesthetic-induced,
53–55
oxaliplatin-induced,
treatment of, 98
Peripheral sensitization, 8,
9t, 9
evaluation of, 59–60
modulators of, 0t
Peripheral transmission,
modulators of, 0t
Phantom limb pain, 4
opioid agonists for, 83t
tramadol for, 83t
treatment of, 88
Phenelzine, and serotonergic
activity, 39t
Phentolamine, molecular
target of, 9t
Phenytoin, 28
for cancer pain, 96t
carbamazepine and,
drug-drug
interactions, 33t
corticosteroids and,
drug-drug
interactions, 36t

imipramine and,
drug-drug
interactions, 32t
lamotrigine and,
drug-drug
interactions, 34t
tricyclic antidepressants
and, drug-drug
interactions, 32t
Pirindole, for fibromyalgia,
5, 7
Plexus block, 48t, 49, 24,
25t
Polyneuropathy, 4, 27
Postherpetic neuralgia,
4–5, 7, 79–86
capsaicin patch for, 83t
combination therapy
for, 89
gabapentin for, 22, 82t
nerve block for, 49
opioid agonists for, 83t,
85
pregabalin for, 22, 82t
topical capsaicin for,
75–76, 85–86
topical lidocaine for, 74,
82t, 84
treatment of, 22–23, 86,
88–89
tricyclic antidepressants
for, 8t
Postoperative pain
acetaminophen for, 2
dosage and
administration of,
27t
acute, 9
management of,
20–26
ASA guidelines for,
9
multidisciplinary
approach to
(acute pain
service), 20
antidepressants for, 24
dosage and
administration of,
27t
balanced analgesia for,
2
bupivacaine for, dosage
and administration
of, 27t
celecoxib for, dosage and
administration of,
27t
chronic, 9, 26
prevalence of, 26
risk factors for, 26
COX2 inhibitors for,
2–22

duloxetine for, dosage and
administration of,
27t
gabapentin for, 23–24
dosage and
administration of,
27t
gabapentinoids for,
23–24
dosage and
administration of,
27t
ketamine for, 6–63, 23
dosage and
administration of,
27t
effects on opioid
consumption,
6–62
levobupivacaine for,
dosage and
administration of,
27t
local anesthetics for,
24–25, 27t
long-term, 60
management of, 36,
20–26
multimodal analgesia for,
2
naproxen for, dosage and
administration of,
27t
nerve block for, 24–25,
25t
NMDA receptor blockers
(antagonists) for, 59
nonopioid drugs for,
dosage and
administration of,
27t
NSAIDs for, 2–22
dosage and
administration of,
27t
opioids for, 22
spinal, 24
pathophysiology of,
9–20
patient-controlled
analgesia (PCA)
for, 22
perception of, factors
affecting, 20t
perineural analgesia for,
24
pregabalin for, 23–24
dosage and
administration of,
27t
procedure-specific
guidelines for,
25–26

Quetenza. See Capsaicin,
patch
Quinolones, drug interactions
with, 8

Rasagiline, and serotonergic
activity, 39t
Reduced inhibition
mechanism, 8, 9t
Referred pain, 9
Regional anesthesia, 47
adverse effects and side
effects of, 55
intraoperative, 6
for postoperative pain,
24–25, 25t
Restless legs, 3
Rheumatic pain. See also
Fibromyalgia;
Musculoskeletal
pain;
Osteoarthritis;
Rheumatoid
arthritis (RA)
causes of, 07–08
neurogenic mechanisms
in, 08
topical analgesics for,
2–3
Rheumatism, soft-tissue,
07–08
Rheumatoid arthritis (RA),
pain of
cannabinoids for, 38, 
topical capsaicin for, 75
treatment of, 6
Rib fracture(s), pain caused
by, nerve block
for, 49
Ropivacaine, 52
analgesic potency of, 52t
duration of action, 52t
maximum daily dose
of, 55t
molecular structure of,
50–5, 5f
onset of action, 52t
pharmacology of, 50,
52t, 54f
for postoperative pain,
dosage and
administration of,
27t

R

S

Radial nerve block, 48
Radiculopathy, 8t, 79
chronic, treatment of, 88
lumbosacral, 88
transient, local anestheticinduced, 53–55
Radiopharmaceuticals, 7t
for cancer-related bone
pain, 97t, 03
RANKL, monoclonal
antibodies that
inhibit, 02–03

St. John's wort
and amitriptyline,
interactions
between, 42t
and methadone,
interactions
between, 42t
and serotonergic activity,
39t–40t
and venlafaxine,
interactions
between, 42t

Q
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in hemodialysis
patients, 23
for osteoarthritis pain, 0
for painful diabetic
neuropathy, 22,
82t
perioperative use of, 23
pharmacology of, 2–22
for postherpetic neuralgia,
22, 82t
for postoperative pain,
23–24
dosage and
administration of,
27t
for posttraumatic
neuropathy, 88
precautions with, 24t, 82t
for spinal cord
injury-related pain,
22, 86–88
Prilocaine, 52
analgesic potency of, 52t
duration of action, 52t
and lignocaine, mixture of,
49–50
maximum daily dose
of, 55t
onset of action, 52t
pharmacology of, 50, 52t
Procaine
analgesic potency of, 52t
duration of action, 52t
onset of action, 52t
pharmacology of, 50, 52t
PROSPECT working group,
26
Prostate cancer, skeletal
complications of,
denosumab for,
03
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regional anesthesia for,
24–25, 25t
ropivacaine for, dosage
and administration
of, 27t
venlafaxine for, dosage
and administration
of, 27t
Posttraumatic pain. See also
Neuropathic pain,
traumatic
chronic, 9
Pramipexole
adverse effects and side
effects of, 3
for fibromyalgia, 3
Prednisone
for cancer pain, 96t,
98–99
dosage and
administration of,
99, 99t
and NSAIDs, drug-drug
interactions, 37t
Pregabalin, 5, 9t, 2–23
adverse effects and side
effects of, 23, 24t,
82t, 23
analgesic efficacy of, 2
for cancer pain, 96t
and celecoxib,
combination
therapy with
for back pain, 0
for postsurgical pain,
23
for chronic noncancer
pain, 7
contraindications to, 24t
dosage and administration
of, 2–23, 24t,
82t, 84
perioperative, 24
and duloxerine,
combination
therapy with,
for neuropathic
pain, 89
and duloxetine,
combination
therapy with, for
chronic peripheral
neuropathic
pain, 22
for fibromyalgia, 22–23,
07–0, 09t
indications for, 22
mechanism of action of,
2, 24t, 82t, 84
for neuropathic pain, 5,
7, 22–23, 74–75,
82t, 84, 86, 88
cancer-related, 0
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Samarium-53, for
cancer-related
bone pain, 97t, 03
Sativex. See also Nabiximols
for rheumatic pain, 09t
for rheumatoid arthritis,

Sciatic nerve block, 48–49
Scopolamine
for cancer pain, 97t
for cancer-related bowel
obstruction, 03
Sedation, drugs causing, 2t,
6, 8
Seizure(s)
nerve block and, 55
tramadol and, 84
Selective serotonin reuptake
inhibitors (SSRIs),
, 4. See also
specific drug
for cancer pain, 96t
for chronic noncancer
pain, 7–9
drug interactions with, 8
for fibromyalgia, 5, 7,
09t
for headache, 5–6
mechanism of action
of, 0t
and methadone,
drug-drug
interactions, 38t
for neuropathic pain, 4–5
placebo-controlled
trials of, 3t
and NSAIDs, drug-drug
interactions, 37t
and serotonergic activity,
39t
and serotonin syndrome,
40
and tapentadol, drug-drug
interactions, 38t
and tramadol, drug-drug
interactions, 38t
Selegiline, and serotonergic
activity, 39t
Serotonergic activity,
drugs enhancing,
3–4,
39t–40t
Serotonergic agents,
two or more,
combination
therapy with,
drug-drug
interactions in, 43
Serotonin-norepinephrine
reuptake inhibitors
(SNRIs), –3,
2t, 4. See also
specific drug

adverse effects and side
effects of, 6
for cancer pain, 96t,
97–98
for chronic noncancer
pain, 7–9
for fibromyalgia, 5, 7,
09t, 0
for headache, 5–6
mechanism of action of,
9t, 8t
for neuropathic pain,
4–5, 7, 80–84,
8t
precautions with, 8t
for rheumatic pain, 09t,
0
and serotonergic activity,
39t
and serotonin syndrome,
40
Serotonin syndrome, 84,
3–4, 38t,
43
deaths from, 4
Serotonin toxicity, 3–4
Sertraline
and serotonergic activity,
39t
and serotonin syndrome,
4
Sexual dysfunction, drugs
causing, 8
Shock-wave therapy, 
Sleep disturbance
calcium channel blockers
and, 82t
cannabinoids for, 37–38
mirtazapine for, 98
SNRIs for, 8t
Sodium channel
tetrodotoxinresistant-voltage
gated, as drug
target, 9t
tetrodotoxinsensitive-voltage
gated, as drug
target, 9t
Sodium channel blocker(s),
7t, 4
for cancer pain, 96t
for cancer-related
neuropathic pain,
0
indications for, 8t
molecular target of, 9t
oral, 49
Sodium channel
modulator(s), for
cancer pain, 96t
Sodium divalproex. See also
Divalproex

Sodium divalproex, for
cancer-related
neuropathic pain,
0
Somatic pain, 8t
Somatostatin analog
for cancer pain, 97t
dosage and
administration
of, 99t
for cancer-related bowel
obstruction,
03–04
Spasticity
in multiple sclerosis,
cannabinoids for,
37–38
in spinal cord injury,
cannabinoids for, 37
Spinal block, 2, 24, 25t
adverse effects and side
effects of, 55
Spinal cord, transmission
of nociceptive
information by, 49
Spinal cord injury pain,
4–5, 79
cannabinoids for, 37
gabapentin for, 82t, 86–88
management cannabinoids
for, 37
pregabalin for, 22, 82t,
86–88
tramadol for, 83t, 86–88
treatment of, 22, 86–88
tricyclic antidepressants
for, 8t, 86–88
Spinal stimulator, 3
Steroid(s), 5–6
indications for, 8t
Stevens-Johnson syndrome,
drugs causing,
23, 24t
Strontium-89, for
cancer-related
bone pain, 97t,
03
Subcostal nerve block, 49
Sumatriptan, and
serotonergic
activity, 39t
Sympathetically maintained
pain, 8, 9t
Sympathetic nerve block, 2

T
Tamoxifen, drug interactions
with, 8
Tapentadol
clomipramine and,
drug-drug
interactions, 38t

SSRIs and, drug-drug
interactions, 38t
trazodone and, drug-drug
interactions, 38t
and venlafaxine,
comparison of, 4
venlafaxine and, drug-drug
interactions, 38t,
4
Transcutaneous electrical
nerve stimulation
(TENS), 
Transient receptor potential
family of
receptors, as drug
target, 76, 85
Tranylcypromine, and
serotonergic
activity, 39t
Trazodone
and methadone,
drug-drug
interactions, 38t
and serotonergic activity,
39t
and tapentadol, drug-drug
interactions, 38t
and tramadol, drug-drug
interactions, 38t
Tricyclic antidepressants, 5, 9t,
–3, 2t, 4. See
also specific drug
adverse effects and side
effects of, 8, 8t
analgesic effects of, dose
and, 8
for cancer pain, 96t,
97–98
and carbamazepine,
drug-drug
interactions, 33t
for chronic noncancer
pain, selection of,
7–9
dosage and administration
of, 80
for fibromyalgia, 7, 09t,
0
for headache, 5–6
mechanism of action of,
80, 8t
molecular target of, 9t
for neuropathic pain,
4–5, 7, 80,
8t, 88–89
placebo-controlled
trials of, 3t
and NSAIDs, drug-drug
interactions, 35t,
43
and other serotonergic
agents, drug-drug
interactions, 43
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and oral analgesics,
combination
therapy with,
7, 76
pharmacology of, 2
for rheumatic pain, 09t,
2–3
Topiramate, 86
adverse effects and side
effects of, 25t
for cancer pain, 96t
for cancer-related
neuropathic pain,
0
contraindications to, 25t
dosage and administration
of, 25t
indications for, 27
mechanism of action of,
0t, 25t
precautions with, 25t
Tramadol
adverse effects and side
effects of, 83t,
84, 4
for chronic noncancer
pain, 7
clomipramine and,
drug-drug
interactions, 38t
CYP2D6 inhibitors
and, drug-drug
interactions, 38t,
43
dosage and administration
of, 83t, 84
imipramine and,
drug-drug
interactions, 38t
mechanism of action of,
0t, 83t
mirtazapine and,
drug-drug
interactions, 38t
for neuropathic pain, 5,
83t, 84
and other serotonergic
agents, drug-drug
interactions, 38t,
43
paroxetine and, drug-drug
interactions, 38t
for phantom limb pain,
88
pharmacology of, 4
precautions with, 83t, 84
and serotonergic activity,
39t
and serotonin syndrome,
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