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C H A P T E R

1 A delta and C ibers, under normal conditions, transmit
nociceptive (pain) information to the spinal cord from their
free nerve endings in the periphery. In chronic pain conditions,
the A beta ibers, which normally transmit nonnoxious
information, also participate in nociceptive transmission.
2 Most randomized studies on the eficacy of epidural steroid
injections show temporary relief of radicular pain. Studies on
thermal rhizotomy of the medial branches, for relief of facet
syndrome, show beneit that lasts 3 to 12 months. This relief
avoids the usage of addicting opioids.
3 Injection of neuraxial local anesthetics and methylprednisolone,
when performed 3 to 4 times during the acute stage of herpes
zoster, may prevent the development of postherpetic neuralgia.
Postherpetic neuralgia is mostly managed pharmacologically,
although interventional techniques may be used in resistant cases.
4 Antidepressants are effective in neuropathic pain syndromes
but their use is limited because of their side effects. The newer
serotonin–norepinephrine reuptake inhibitors have properties
that result in less drug interactions and improved eficacy.
5 Anticonvulsants are effective in most neuropathic pain
syndromes. Their favorable side effect proile and speed of
therapeutic effect makes them the irst line of treatment for
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these syndromes. Their eficacy is improved when combined
with an opioid or an antidepressant.
Complex regional pain syndrome that does not respond to
nerve blocks and physical therapy may respond to spinal cord
stimulation.
Opioids are the mainstay for cancer pain management and are
effective in neuropathic pain although at higher doses.
The majority of pain secondary to cancer is effectively
managed pharmacologically with opioids, anticonvulsants, and
antidepressants. Neurolysis of the visceral sympathetic system
for pain secondary to abdominal or pelvic cancer relieves pain,
decreases opioid consumption, and improves the patients’ quality
of life.
Vertebroplasty and kyphoplasty are indicated for vertebral
compression fractures, although some newer studies question
their eficacy.
Spinal cord stimulation is effective in patients with failed
back syndrome, complex regional pain syndrome, angina, and
critical limb ischemia.
Intrathecal drug delivery systems are valuable options in
patients in whom opioids are ineffective at high doses or cause
unacceptable side effects.
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Mult imedia
1 Nociceptive Pathways

2 Pain Sensitization

signaling by adopting a “phenotype” similar to that of a C iber
(vide infra).2
The next groups of ibers represent the specialized sensory
neurons that respond to actual or potential tissue damage, the
1
nociceptors. The lightly myelinated medium-diameter A delta
1 (Aδ ) ibers and the unmyelinated small-diameter C ibers have
free nerve endings that transduce noxious or high-threshold therPrimary Afferents and
mal, mechanical, and chemical stimulation. Patients with a mutaPeripheral stimulation
tion of the tyrosine kinase protein A, which is a component of the
nerve growth factor receptor, fail to develop Aβ, Aδ, or C ibers
and have no ability to sense pain.3 Unlike receptors in the irst
A variety of mechanical, thermal, electrical, or chemical stimuli
two groups (Aα and Aβ), the Aδ and C ibers respond to stimulacan result in the sensation and perception of pain. Information
tion of their receptive ields in a characteristic manner with slow
about these painful or noxious stimuli is transmitted to higher
adaptation and residual iring following the withdrawal of the
brain centers by receptors and neurons that are often distinct
stimulus. Although these two iber groups respond similarly to
from those that carry innocuous somatic sensory information.
stimulation, they mediate different aspects of pain sensation. The
The mammalian somatosensory system is subserved by four
rapidly conducting Aδ ibers mediate the “irst” pain or epicritic
groups of afferent ibers differentiated by their anatomy, rate of
pain, which is well localized and is characterized as sharp or pricktransmission, and sensory modality transduced (Table 57-1).
ling. The slowly conducting C ibers mediate the “second” pain or
The irst group, the heavily myelinated large-diameter A
protopathic pain, which temporally follows the epicritic pain and is
alpha (Aα) ibers, have specialized terminals incorporated
poorly localized or diffuse and is characterized as burning or dull.4
within muscle spindles, Golgi tendon organs, and joints. These
The majority of Aδ and C nociceptors are polymodal and
ibers and their respective end organs transduce proprioceptive
therefore are responsible for the transduction of noxious stimuli
information. The second group, the heavily myelinated largeof different modalities. Nociceptive nerve endings are also located
diameter A beta (Aβ) ibers, have specialized encapsulated nerve
in muscle, the fascia, and adventitia of blood vessels, the knee
endings including the Meissner, Pacinian, and Rufini corpusjoint, the dura, and the viscera. Recent evidence suggests that
cles and the Merkel disc, which transduce innocuous or lowsensory transduction in the skin can include mediation by nonthreshold mechanical stimulation. Aα ibers do not ordinarily
neural skin cells including keratinocytes and epithelial cells. These
participate in signaling pain sensations to the central nervous
cells are thought to directly participate in touch and thermal sensystem. However, the activation of Aβ and, possibly, Aα ibers
sation and are believed to communicate with the nerve ending
has been invoked as a part of the mechanism for the producthrough paracrine transmission.5 The keratinocytes and epithelial
tion of pain relief by transcutaneous electrical nerve stimulacells may also play a role in neuropathic and inlammatory pain
tors, which may implicate both ibers in a role in pain signal
conditions though the release of neuronal activating chemical
processing.1 As well, it is becoming increasingly apparent that in
mediator, or neurotransmitter, including calcitonin gene–related
chronic pain states, these ibers may indeed participate in pain
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neurochemistry of
somAtosensory PAin Processing

tAble 57-1. Primary afferent fibers and their function
Fiber
Type

Conduction Velocity
and Diameter

Rate of
Adaptation

Modality

Receptor

Proprioceptive

Golgi and Rufini endings,
muscle spindle afferents

Aα

70–120 m/s
15–20 µm

Slow and rapid

Mechanosensitive

Meissner, Rufini, Pacinian
corpuscles, and Merkel
disc
Free nerve endings

Aβ

40–70 m/s
5–15 µm

Rapid (slow—
Merkel)

Aδ

Slow

Free nerve endings

C

Slow

Innocuous warmth

Free nerve endings

Aδ

Slow

Sharp pain

Free nerve endings

C

10–35 m/s
1–5 µm
0.5–1 m/s
<1 µm
10–35 m/s
1–5 µm
0.5–1 m/s
<1 µm

Muscle tension,
length, and
velocity
Touch, lutter,
motion, pressure,
vibration
Innocuous cold

Slow

Burning pain

Thermoreceptive

Nociceptive

Function
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peptide (CGRP).6 Chemical mediators of pain are numerous.
These mediators come from sources intrinsic to the neuron,
including various neurotransmitters such as serotonin and substance P, and extrinsic to the nervous system, including substances from inlammatory/immune cells and red blood cells such
as prostaglandins, kinins, cytokines, chemokines, and adenosine
triphosphate that are released following injury to the tissue.
The primary afferent peripheral (distal) terminals express
a variety of speciic transducer channels that are sensitive over
a range of stimulus intensities. When they are activated by the
appropriate stimulus (thermal, chemical, or mechanical) these
channels activate voltage-sensitive cation channels (NaV and
CaV) and initiate an action potential. The sodium channel is
of special interest following the discovery of its involvement in
patients that are insensitive to pain. An epidemiologic study identiied three Pakistani families with congential insensitivity to pain.
All were found to possess nonsense mutations of the SCN9A gene
resulting in truncation of the Nav1.7 isoform of the sodium channel.7 Other mutations of this gene result in the impaired inactivation of this channel resulting in paroxysmal extreme pain disorder
or hyperexcitability resulting in erythromelalgia.8,9
The understanding of the molecular underpinning of the sensory processing of pain has primarily come from studying two
families of proteins, the TRP and the DEG/ENaC channels. The
cloning and characterization of the “capsaicin” receptor of the
transient receptor potential (TRP) family of nonselective cation
channels expanded the ield immensely10 (Table 57-2). Members of this molecular family transduce thermal, mechanical, and
chemical information in the periphery. The capsaicin receptor
named TRP vanilloid 1 (TRPV1), which responds not only to capsaicin and other vanilloid compounds, but which is also activated
by acid and heat, provides an excellent example of the integration
of multiple sensory modalities within a single neuron and is localized to nociceptors.10 Furthermore, acidic environments can lower
the activation threshold of the channel to heat stimuli. Therefore,
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the TRPV1 receptor may represent an important therapeutic target in inlammatory (acidic) pain conditions. Mice lacking the
TRPV1 receptor are deicient in their response to thermal, but
not mechanical or other noxious stimuli.11 These data suggest that
this member of the family of TRP channels may play a role in the
integration of noxious chemical and thermal stimuli while having relatively less to do with mechanical transduction. Although
mechanical transduction has been less well characterized than
either thermal or chemical nociceptive transduction, there is evidence of mechanically activated channels in the degenerins family of the nematode Caenorhabditis elegans. In mammals, studies
have provided evidence that the transduction channel is a complex of degenerin and the epithelial Na+ channel (DEG/ENaC)12
and may have a role in the transduction of mechanical stimuli in
humans. The subunit composition of the DEG/ENaC channel
may play a role in determining whether a mechanical stimuli is
sensed as noxious or innocuous.13

neurochemistry of Peripheral nerve
and the Dorsal Root Ganglion
The nociceptive primary afferents, the Aδ and C ibers, represent
the principal target of pharmacologic manipulation by the physician treating pain. Glutamate receptors, as well as opioid, substance
P, somatostatin, and vanilloid receptors, have been identiied on
the peripheral endings of these nerve ibers. Although the transmission of acute nociceptive information is primarily by the Aδ
and C ibers, a subset of the Aδ and C ibers are “thermoreceptors”
that transduce innocuous cold and warm information, respectively. The cell bodies of primary afferents, regardless of the structure they innervate, make up the dorsal root ganglia (DRG) located
just outside the spinal cord within the bony foramen.
Primary afferent activation results in a postsynaptic excitatory event in the spinal cord. Glutamate is the primary

tAble 57-2. mechanosensory and thermosensory transduction channels found
in mammals
Neuronal
Expression

Family

Physical Modality

Additional Activators

TRPA1
TRPC1
TRPM8
TRPV1

TRPA
TRPC
TRPM
TRPV

Thermal, mechanical
Mechanical
Thermal
Thermal, osmotic

<18
NA
<28
>42

C ibers
A β, A δ
C ibers
C, Aδ, and
keratinocytes

TRPV2

TRPV

>52

Aβ, Aδ, keratinocytes

TRPV3

TRPV

Thermal, osmotic,
mechanical
Thermal diphenyl

Icillin, calcium, isothiocyanates
Receptor-operated
Menthol, Icillin
Capsaicin, protons,
endocannabinoids, diphenyl
compounds
Diphenyl compounds
Camphor, carvacrol,

>34–39

TRPV4

TRPV

Polyunsaturated fatty

>27–34

C ibers,
keratinocytes
Aδ, C, keratinocytes,
Merkel cells

ASIC1
ASIC2
ASIC3
TREK-1

DEG/ENaC
DEG/ENaC
DEG/ENaC
Potassium
channel

Protons
Protons
Protons
Lipids, protons

NA
NA
NA
NA

Thermal, osmotic acids,
epoxyeicosatrienoic
acid
Mechanical
Mechanical
Mechanical
Thermal, mechanical

A β , A δ, C
A β, A δ
A β, A δ
A β , A δ, C

Adapted from: Lumpkin EA, Caterina MJ. Mechanisms of sensory transduction in the skin. Nature. 2007;445:858.
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neurotransmitter serving this function. Acute activation events
are mediated by the AMPA-type (α-amino-3-hydroxy-5-methyl4-isoxazole propionic acid) glutamate receptor present on the
dorsal horn neurons. This receptor produces a robust, but shortlasting depolarization of the postsynaptic membrane by increasing sodium conductance and augmenting the activation of the
NMDA-type (N-methyl-d-aspartate) glutamate receptor. In addition to glutamate, populations of primary afferents contain and
release a variety of neuropeptides including substance P, calcitonin
gene–related peptide, adenosine triphosphate, adenosine, galanin,
and somatostatin and growth factors including brain-derived
nerve growth factor.14

neurobiology of the spinal Cord and
spinal Trigeminal nucleus
Primary afferent ibers enter the gray matter of the spinal cord
through the dorsal root entry zone and innervate the spinal cord. The
majority of heavily myelinated primary afferent ibers (Aα, Aβ) carrying sensory information, including tactile, pressure, and vibratory
sense, enter in dorsal roots, traverse across the top of the dorsal horn
of the spinal cord (Lissauer’s tract), and ascend ipsilaterally within
the dorsal column and provide collateral branches into the gray matter of the dorsal horn. The small-diameter lightly myelinated and
the small-diameter unmyelinated ibers transmitting temperature
and nociceptive information enter Lissauer’s tract and innervate the
gray matter of the spinal cord. Unlike the heavily myelinated ibers,
these ibers may also ascend rostrally or descend caudally through
Lissauer’s tract before they innervate adjacent spinal levels.
The gray matter of the spinal cord is made up of synaptic terminations of primary afferents and the second-order neurons
that form the irst stage of processing and integration of sensory
information. The gray matter of the spinal cord is divided into 10
laminae on the basis of histologic appearance. The dorsal horn
includes laminae I to VI and represents the primary sensory complement of the spinal cord (Fig. 57-1). The ventral horn, including laminae VII to IX and lamina X, is involved in somatic motor
and autonomic functions, respectively. Somatic C-iber nociceptive afferent endings primarily terminate in the laminae I and II
of the same and/or one to two adjacent spinal segments from
which they entered from the periphery, whereas visceral C-iber
nociceptive afferents can terminate in the dorsal horn more than
ive segments rostrally or caudally. They not only terminate in
laminae I, II, V, X ipsilaterally but also in laminae V and X contralaterally. Therefore, visceral afferents have a wider branching pattern and the nociceptive information they transmit is less localizable to a particular area of the body.
In addition to the primary afferent endings, neurons of the
descending pathways and local interneurons also innervate the
supericial dorsal horn (laminae I and II). The outer marginal
layer or lamina I contain interneurons and cells that send axonal projections to the brainstem and midbrain structures. The
substantia gelatinosa, or lamina II, also contains excitatory and
inhibitory interneurons but fewer projection neurons. Laminae
III and IV contain interneurons and the second-order neurons
that make up the dorsal column pathways relaying nonnociceptive sensory and proprioceptive information. Laminae IV to VI
contain interneurons and a modest portion of nociceptive projection neurons that distribute input to the brainstem and thalamus.
Nociceptive somatic input is primarily transmitted by secondorder lamina I, IV, and V projection neurons as the contralateral
spinothalamic tract (STT) pathway traveling to numerous brainstem regions and the thalamus.15 There is a nociceptive visceral
processing area in laminae III, IV, V, VII, and X. The visceral noci-
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figure 57-1. Anatomy: Histologic sections and schematic diagrams
of the spinal dorsal horn. The histologic section at left is from the lumbar segment of the spinal cord. It is labeled to show the relationship
between the major spinal somatosensory structures. The histologic section at right is from the rat lumbar spinal cord. The outer heavy lines
show the boundary of the spinal gray matter while the inner heavy
lines show the boundaries of Rexed’s laminae. These boundaries are
established by the histologic characteristics of each zone, and the layers are identified by the Roman numerals. The drawing at the bottom
illustrates the pattern of primary afferent innervation to the nonhuman
primate spinal dorsal horn. The large myelinated (A-beta) fibers segregate to the dorsal aspect of an entering root and then track medially
in the dorsal horn and terminate in layers III to V. The small myelinated
(A-delta) fibers and C fibers that carry nociceptive information segregate ventrally in the entering roots, course laterally in the dorsal horn,
and then largely terminate in the superficial layers (I and II) of the dorsal
horn. (Adapted from: Raja SN, Dougherty PM. Anatomy and physiology
of somatosensory and pain processing. In: Benzon HT, Raja SN, Molloy
RE, Liu SS, Fishman SM, eds. Essentials of Pain Medicine and Regional
Anesthesia. 2nd ed. Philadelphia, PA: Elsevier-Churchill Livingstone;
2005;3, with permission.)

ceptive input is relayed by second-order neurons whose axons travel
within the dorsal column. Like the ibers transmitting nonnoxious
sensory information, these ibers remain uncrossed until relayed
with the crossed medial lemniscal ibers to the thalamus. The visceral pain information transmitted by the ventral STT is likely
originating from cells also receiving somatic nociceptive input.
Nociceptive and nonnociceptive sensory information from the head,
neck, and dura transmitted via the trigeminal nerve innervates the
dorsal horn of the spinal trigeminal nucleus in the caudal medulla.
The organization and neurotransmitter complement of the spinal
trigeminal nucleus is similar to that of the spinal dorsal horn.

neurobiology of Ascending Pathways
Dorsal Column Tracts
The dorsal column contains the axons of second-order spinal
cord projection neurons in addition to the ascending axons of
primary afferent neurons relaying touch, pressure, and vibratory
sensation. Second-order dorsal column cells in the central visceral processing region of the spinal cord around lamina X also
respond to noxious visceral stimulation and converge on some of
the thalamic cells receiving nociceptive information from the skin
and other somatic structures.

spinothalamic Tract (sTT)
STT neurons are the primary relay cells providing nociceptive
input from the spinal cord to supraspinal levels. The axons of
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spinobulbar Pathways
Major ascending lateral axonal projections relaying information about noxious stimuli terminate in the reticular formation
of the ventrolateral medulla. This spinal projection pathway traverses brainstem regions containing catecholaminergic neurons,
including the locus coeruleus and A7 nuclei of the dorsolateral
pontine tegmentum (DLPT). These catecholaminergic neurons
are involved in multiple functions, including modulation of
nociceptive transmission through the spinal cord via descending inhibitory input. Connections between the rostral ventromedial medulla (RVM) and the catecholamine cells of the pons and
brainstem serotonergic cells also play a role in descending modulation of noxious transmission in the spinal cord.16 Spinobulbar
pathways relaying information about pain also terminate in the
parabrachial nucleus, periaqueductal gray (PAG), the RVM, and
midline midbrain reticular formation.17

spinohypothalamic, limbic, and
Cortical Connections
Pain is a sensory experience but also has an affective component
to the perception of noxious stimuli. Pain can provoke fear, anxiety, and depression, resulting in autonomic responses including
increased heart rate and blood pressure as well as the endocrine
stress response. These responses to noxious stimuli are thought
to be mediated by the spinohypothalamic and spinoamygdalar
pathways. In addition to their affective function, these regions are
also thought to be involved in antinociception. Ascending axonal
projections of these pathways arise predominantly from the spinal cord laminae I and X.

neurobiology of Descending Pathways
The primary components of this descending pain inhibition system, but certainly not all-inclusive, is the “triad” of the PAG, the
RVM, and the DLPT.17 The PAG is an important site for the production of antinociception following electrical or chemical activation, or the injection of opioid receptor agonists. The endogenous
opioid enkephalin is present within this nucleus, and opioid
receptors of each subtype are present in this region. The PAG provides dense projections to the RVM, the locus coeruleus, and A7
nuclei.18 Although each of these regions has direct projections to
the spinal cord, it has been proposed that their projections to the
RVM are important components in the modulation of nociception. Chemical or electrical inactivation of the RVM results in the
attenuation of the antinociceptive effects produced by the activa-

tion of these midbrain structures.19 Although the RVM can function as a relay nucleus in the production of antinociception by
more cephalad midbrain structures including the PAG, it also has
a primary role in the suppression of nociceptive transmission at
the level of the spinal cord. The suppression of nociceptive relex
behavior is mediated by the axons of RVM neurons that descend
within the dorsolateral funiculus and terminate bilaterally in laminae I, II, V, VI, and VII of the spinal cord. Anatomic studies have
shown that these axons terminate coincident with interneurons
of the dorsal horn that are related to nociceptive transmission.20
Consistent with the anatomic terminations of the RVM axons,
physiologic studies have shown that stimulation of the RVM
results in the inhibition of a population of nociceptive-speciic
neurons within the dorsal horn as well as selective inhibition of
the nociceptive responses of wide-dynamic range neurons.21 The
neurotransmitters found in the RVM neurons include enkephalin, γ-aminobutyric acid (GABA), glutamate, and substance P.22
The DLPT is also an important component of spinal cord nociceptive modulation. It contains all of the noradrenergic neurons that project to the RVM and the spinal cord, and electrical
stimulation of the DLPT sites produces spinal cord α2-adrenergic
receptor–mediated analgesia.23

neurobiology of supraspinal structures
involved in Higher Cortical Processing
Higher cortical centers play a role in the perception of painful
stimuli as well as the integration of the sensory-discriminative
and affective components of the noxious stimulation. The localization of the neural structures involved in this perception and
integration is still in its adolescence. The development of positron emission tomography and functional magnetic resonance
imaging technologies has moved this research forward. These
imaging technologies produce indirect evidence of neural activity related to pain stimulation. They look for areas of increased
blood low as an indicator of regions of increased activity resulting from the stimulation. The primary and secondary somatosensory cortexes, the anterior cingulate gyrus, the insula, and the
prefrontal cortex appear to be involved in the higher processing of somatic and visceral pain.24 As the primary and secondary cortexes are known to be somatosensory processing regions,
the imaging studies are consistent with a sensory-discriminative
role of these structures. The insula and frontal cortex may contribute to memory and learning of events related to painful
stimuli. The anterior cingulate cortex is thought to be involved
in the analysis of the emotional signiicance of the painful input.
Finally, the lentiform nucleus and cerebellum may be involved in
the learning of self-protective relexive motor responsiveness to
painful input.

Transition from Acute to Persistent
or Chronic nociception
Pain sensation is unique among the somatosensory modalities in
that it does not rapidly adapt to prolonged stimulation as do the
other sensory modalities, such as ine touch. In fact, continued
stimulation may produce greater noxious sensation or reduce the
stimulus threshold or intensity that is necessary for the appreciation of the sensation as noxious. For instance, previously innocuous thermal or mechanical stimulation may be perceived as painful following a prior noxious stimulus. For example, warm water
of the shower or the light touch of the towel across sunburned skin
produces a painful sensation that may persist for a few minutes
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STT cells cross the midline of the spinal cord through the anterior white commissure and ascend primarily in the contralateral
and anterolateral tracts. The axons of STT cells terminate primarily in the posterior complex of the thalamus including the ventral
posterior lateral and ventral posterior medial nuclei. Nonnoxious
sensory input from the same body region converges on the same
target thalamic neurons providing somatotopic encoding for
localization of the input onto the cortical representation of the
speciic body region, allowing the ability to locate the source of the
nociceptive input. The STT cells receiving noxious somatic input
are predominantly situated in lamina I and the lateral aspect of
the dorsal horn in laminae IV to V.15 However, other STT neurons are scattered throughout the deep dorsal horn, intermediate
region including lamina X, and even in lamina VII of the ventral
horn. These STT cells receive both somatic and visceral nociceptive information.
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following the stimulation. This is termed allodynia. Another
example of an altered pain state that may follow an acute injury
is that of hyperalgesia, in which a previously noxious stimulus is
2 perceived as more painful. The sensation of increased intensity
of noxious stimulation at the site of the injury is the result of the
sensitization of the peripheral nociceptors.
Persistent C iber, but not Aβ iber, primary afferent activation of lamina I and lamina V, as occurs with tissue injury and
inlammation, has been shown to enhance the response to subsequent stimulation and augment the size of the receptive ield of
the respective dorsal horn neuron. Therefore, afferent input from
adjacent dermatomal areas now produces neuronal excitation.
Furthermore, nonnoxious stimulation becomes increasingly able
to activate these neurons. This general phenomenon has come to
be termed wind-up or central sensitization.25 It is these physiologic
effects that are believed to underlie the allodynia and hyperalgesia produced by persistent noxious stimulation or tissue injury.
This persistent input will lead to cellular damage and migration
of inlammatory cells including macrophages and neutrophils
into the peripheral tissue. This leads to the release of histamine,
bradykinin, prostaglandins, cytokines, growth factors, protons,
and peptides that activate or sensitize receptors on the peripheral
nociceptor. Activation of these receptors results in depolarization
and, under these conditions, spontaneous afferent activity. This
activation is thought to explain the allodynia and hyperalgesia
observed surrounding the site of injury.
In addition to the alteration of the chemical milieu surrounding the primary afferent distal terminal that results from injury
or persistent high-intensity stimulation, axonal sprouting and
the formation of neuroma may occur. The neuroma may have an
altered complement of ion channels including an up-regulation of
sodium channels or a down-regulation of potassium channels that
has the net result of increasing neuronal excitability and increasing nociceptive transmission. It has been shown that, following
nerve damage, an increase in the expression of sodium channels
occurs in the neuroma and the DRG. Numerous sodium channels
exist on primary afferents; Nav1.8 and 1.9 subtypes are primarily
found on C-iber DRG cells. Genetic “knock-down” or removal
of the Nav1.8 channel had no effect on baseline pain thresholds;
however, it reversed nerve injury evoked nociception.26 Also following nerve damage, potassium currents have been shown to be
reduced, suggesting a reduction in these channels contributing to
spontaneous nociceptive activity. Consistent with this notion, it
has been observed that potassium channel antagonists increase
and potassium channel agonists decrease ectopic iring after
peripheral nerve injury.27 The HCN2 ion channel which carries
an inward current Ih that is activated by neuronal hyperpolarization may have a signiicant role in the sensation of chronic pain
from neuropathy or inlammation.28 When this gene product was
knocked out of nociceptive primary sensory neurons in mice, the
mice failed to express pain behaviors after inlammatory injuries.
The mice did not show hyperalgesia or allodynia to mechanical or
thermal stimuli in a model of neuropathic injury. The pharmacologic blockade of this channel, or disruption of this gene, could be
a potential therapy for those suffering from some conditions of
chronic pain.
Neuromas of injured primary afferents have altered sensitivity to a number of humoral factors, including cytokines, prostaglandins, and catecholamines. These factors are released from
a variety of cell types including inlammatory cells and neuronal support cells. Cytokines directly activate the nerve and neuroma through receptors that become expressed in the membrane
after the nerve injury. A molecule that has been shown to have a
prominent role following nerve damage is tumor necrosis factor
subunit alpha (TNF-α).29 Shortly after injury, TNF-α decreases

potassium conductance, increasing neuronal excitability, while
the long-term changes may be produced through the activation
of second messenger systems, resulting in altered protein production. Application of TNF-α to the peripheral nerve results in
hyperalgesia, while systemic delivery of antibodies to TNF-α or
TNF-α–binding protein reduces neuropathic pain.
Prostaglandins are also released from inlammatory cells following nerve and tissue damage. They can enhance the opening of Nav1.8 channels by acting though receptors on the afferent terminal. Nerve growth factor is also released from glial and
inlammatory cells after nerve damage, resulting in sprouting of
postganglionic sympathetic efferents into the site of injury. Protease-activated receptors isoforms 1, 2, and 4 appear to sensitize
TRPV1 channels in nociceptive neurons and are involved in mechanisms of pain and inlammation.30 These receptors are responsive to thrombin activation and could account for pain resulting
from a hematoma. The up-regulation of α1-adrenergic receptors
has been demonstrated in animals with nerve injuries.31 Stimulation of the postganglionic axons results in the release of catecholamines and excites the injured axon and DRG of the injured axon
via α-adrenergic receptors.
Although acute noxious stimuli are transmitted to the spinal
cord via Aδ and C ibers, the presence of allodynia is thought to
be mediated by the activation of large-diameter Aβ ibers through
what has been termed a phenotypic switch.2 Prior to this peripheral
injury, the Aβ ibers, unlike the C ibers, do not express substance
P. However, following injury these ibers were able to express
this neuropeptide.32 These data therefore implicate Aβ ibers in
the transmission of noxious peripheral stimulation and provide
further support for the involvement of somatic Aβ ibers in at
least some form of the allodynic pain states. Furthermore, the
blockade of Aβ ibers results in a reduction in light-touch evoked
allodynia.33 This phenotypic switch of Aβ ibers may represent
another avenue for therapeutic intervention; however, the dificulty will be in differentiating between those Aβ ibers involved in
noxious versus nonnoxious sensory information.

mAnAgement of common
PAin syndromes
low Back Pain: Radicular Pain syndromes
The common causes of low back pain include radicular pain/
radiculopathy from herniated disc or spinal/foraminal stenosis,
facet syndrome, and internal disc disruption. Myofascial pain
syndrome also causes back pain, whereas sacroiliac joint syndrome and piriformis syndrome cause mostly buttock pain but
can present as low back pain or radicular pain. Radicular symptoms of pain, paresthesias, and numbness in a typical dermatomal distribution in the presence of objective signs of weakness,
diminished relexes, and positive straight-leg raise are secondary
to pathology or dysfunction of the sensory spinal nerve roots.
Low back pain, with or without radicular pain, is mostly due
to lesions of the intervertebral discs and degenerative spinal
disorders. Other causes include spinal metastasis, vertebral body
fractures, infections, abdominal aortic aneurysm, and chronic
pancreatic lesions.
Low back and radicular pain secondary to a herniated disc is
due to mechanical nerve root compression and the subsequent
inlammatory process. The presence of a herniated disc does not
necessarily result in pain. Up to 36% of the general population34
and up to 53% of pregnant women35 can have an asymptomatic
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herniated disc. Follow-up studies on patients with a herniated
prednisolone blocks transmission of C ibers but not the Aβ ibers.
disc show spontaneous regression without treatment, absence of
Several prospective, randomized, and controlled studies have
symptoms in the presence of more abnormalities, and partial or
demonstrated short-term eficacy of ESIs for treatment of lumcomplete resolution with treatment that includes medications,
bar spine radiculopathy40–42 while others have not.43,44 Another
bed rest, physical therapy, traction, or epidural steroids.36 If
study demonstrated less leg pain and sensory deicit with ESI, but
symptomatic, the patient usually presents with low back pain and
the incidence of surgery was the same between the steroid and
radicular symptoms that include paresthesias as well as numb- 2 the control groups.45 For cervical ESIs, the few studies that have
ness and weakness in the distribution of the involved nerve root.
been done are mostly descriptive and their results were the same
Radicular pain typically travels along a narrow band and has a
as in lumbar ESIs, that is, transient relief from the injections.
sharp, shooting, and lancinating quality. Gait disturbances, loss
The transient eficacy of the ESIs lasted no more than 3 months.
of sensation, reduced muscle strength, and diminished relexes
These transient effects were noted by the Therapeutics and Techinvolve the appropriate affected dermatomal distribution.
nology Assessment Subcommittee of the American Academy of
Inlammation in the spinal canal secondary to a herniated disc
Neurology,46 which recommended against the routine use of ESIs.
plays an important role in the causation of back and radicular
This recommendation has to be viewed against the natural history
pain. Herniated nucleus pulposus results in local release of cytoof patients with herniated disc and spinal stenosis as these patients
kines and other inlammatory mediators that cause a chemical
seem to do well over time with conservative management. The
radiculitis. High levels of phospholipase A2 activity were noted
transient relief provided by ESIs may minimize the need for opiin human disc fragments removed at surgery from patients with
oids and potent anti-inlammatory medications and their related
symptomatic radiculopathy. Increased levels of the inlammaside effects. ESIs should be a component, and not the sole modaltory cytokines interleukin-6 and interleukin-8 were noted from
ity, of the conservative management of radicular pain.
disc material taken from patients with known disc disease.37 The
A transforaminal approach can be employed to deposit steapplication of disc material onto spinal nerve roots can induce
roid in the anterolateral epidural space where the herniated disc
functional and morphologic changes in the nerves. Disc cells
is located, through the intervertebral foramina, and distally along
express TNF-α, which, when applied to spinal nerve roots, causes
the nerve root (Fig. 57-2). This approach is especially indicated
similar changes to those seen after application of disc matein radicular pain speciic to a single nerve root. Prospective, ranrial; selective inhibition of TNF-α may reduce the intraneural
domized studies on transforaminal ESIs show the same results
edema.38 A double-blind, placebo-controlled study showed that
as with the interlaminar approach, that is, short-term eficacy
an intradiscal injection of 1.5 mg of etanercept, a TNF-α inhibiof the injection.47–49 The transforaminal approach has a better
tor, in a pain-generating disc did not reduce the pain scores or
rationale than the midline interlaminar approach, and studies
disability scores of patients with chronic discogenic pain or lumthat compared the two approaches show better eficacy with the
bosacral radiculopathy.39
transforaminal approach.50,51 A study comparing the parasagittal
For patients with radicular symptoms who do not respond to
(paramedian approach) and transforaminal approach showed a
conservative management, including anti-inlammatory medicamore ideal spread of the contrast dye in the parasagittal approach
tions, epidural steroid injections (ESIs) may be useful. Epidural
although the eficacy was similar between the two techniques.52
steroids have an anti-inlammatory effect related to inhibition of
It is advisable that luoroscopy be used in ESI, especially with
phospholipase A2 activity. In addition, steroids have a local anesthe transforaminal approach, to assure insertion of the needle at
thetic and antinociceptive effect. The local application of methylthe affected vertebral level and document the low of the contrast
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figure 57-2. Right L5 transforaminal epidural injection. Note the spread
of the contrast medium proximally into
the lateral epidural space and distally
along the nerve root.
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medium (and the drug). Reassessment should be carried out 2
to 3 weeks after the initial injection. The use of multiple ESIs in
a patient, with a short interval between injections, is not advised.
If there is no response to an initial injection, it can be repeated
once as some patients require a second injection before they
respond. If there is partial response, up to three injections can
be performed.
The complications of ESI may be due to the technique or from
the injected drug, as well as the vehicle and additives. Complications related to the technique include needle trauma, vasospasm,
and infection. Glucocorticoids reduce the hypoglycemic effect of
insulin and interfere with blood glucose control in patients with
diabetes mellitus. Insulin sensitivity may be impaired, there may
be no change in the HbA1C levels, or the blood glucose can be
increased for 1 week after ESIs. A single dose of 80 mg of methylprednisolone can suppress plasma cortisol levels and the ability
to secrete cortisol in response to synthetic corticotropin for up to
3 weeks. Epidural triamcinolone, 80 mg, can suppress serum cortisol and corticotropin levels for up to 7 days after injection. The
median recovery to normal levels occurs within 1 month after the
last injection, and full recovery is at 3 months.
Injury to the brain or spinal cord can occur with transforaminal ESIs.53 The cerebral/cerebellar events can be ascribed to
trauma to the vertebral artery, vasospasm from the injected steroid or dye, or embolism of the particulate steroid via the vertebral artery.54,55 The spinal cord injuries can be ascribed to injury
to the radicular artery accompanying the nerve root, spasm of
the radicular artery from the injected dye or steroid, embolism
of the particulate steroid, or from proximal intraneural spread of
the injectate. The injection of contrast medium through a radicular artery that passed to the spinal cord or the anterior spinal
artery has been demonstrated. The occurrence of adverse events
at the lumbar level has been ascribed to intra-arterial injection
into an abnormally low-lying artery of the Adamkiewicz. These
adverse events have also been described after injection of local
anesthetic or dye, without steroid.55 The use of computed tomography (CT), instead of luoroscopy, does not assure avoidance of
the adverse events.
Huntoon56 noted that the vertebral, ascending cervical, and
deep cervical arteries supply segmental medullary vessels and that
the ascending and deep cervical arteries are within 2 mm of the
site of insertion of the needle for cervical transforaminal ESIs. The
proximity of these arteries to the site of needle placement makes
these blood vessels vulnerable to trauma or unintentional sites
of injection of the steroid. Occlusion of the vessels occurs from
the particulate steroids. Methylprednisolone acetate has the largest particle size, betamethasone the smallest particles, and triamcinolone acetonide is in between55 (Fig. 57-3). Dexamethasone
has no identiiable particles. Dexamethasone appears to be ideal
for transforaminal ESIs; however, it is easily washed out from the
epidural space, and studies on its eficacy are only preliminary.57
The following steroids are recommended for ESIs: (1) Methylprednisolone, triamcinolone, or betamethasone for interlaminar injections; (2) betamethasone (preferably) or triamcinolone
for lumbar transforaminal injections; and (3) dexamethasone for
cervical transforaminal injections.
ESIs are more effective in patients with acute radicular symptoms; however, they are not effective in patients with chronic
lumbar radiculopathy.58 There have been several prospective,
randomized controlled studies on the eficacy of surgery in relieving back pain secondary to herniated disc. It appears that surgery
for herniated disc produces only short-term relief, whereas the
long-term results are comparable with those with conservative
management.59 For spinal stenosis, surgery is associated with
greater improvements in most outcome measures.

Methylprednisolone 80 mg/mL

Methylprednisolone 40 mg/mL

A

Triamcinolone 40 mg/mL
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Betamethasone sodium
phosphate/betamethasone
acetate (Celestone Soluspan)

Dexamethasone

C

Betamethasone sodium phosphate

figure 57-3. A: Typical microscopic appearances of methylprednisolone, 80 mg/mL and 40 mg/mL, and triamcinolone
40 mg/mL. The particles are amorphous in appearance. B: The particles of commercial betamethasone (Celestone Soluspan) are rodlike and lucent, while those of the compounded betamethasone (betamethasone repository) are amorphous.
C: Note that dexamethasone is pure liquid. (From: Benzon HT, Chew TL, McCarthy R, et al. Comparison of the particle sizes
of the different steroids and the effect of dilution: A review of the relative neurotoxicities of the steroids. Anesthesiology.
2007;106:331, with permission.)

low Back Pain: facet syndrome
Patients with low back pain secondary to facet pathology have
pain in the low back that radiates to the ipsilateral posterior thigh
and usually ends at the knee. On physical examination there is
paraspinal tenderness and reproduction of pain with extension–
rotation maneuvers of the back. The diagnosis of facet syndrome
is arrived at by a combination of the patient’s history, physical examination indings, and a positive response to diagnostic

medial branch blocks or facet joint injections (Fig. 57-4). For
medial branch blocks, some investigators recommend the use of
local anesthetics with different durations of effect (e.g., lidocaine
and bupivacaine) and to correlate the duration of relief with the
known duration of effect of the drug.
Some patients may have a prolonged response to facet joint
injections, that is, up to 3 to 6 months. If the patient has a prolonged
response, it is best to wait for recurrence of the pain. If the relief
is short-lived, especially after medial branch blocks, then thermal
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figure 57-4. Left L4 to L5 facet
joint injection. The injection of 5 mL
of contrast medium demonstrates
the extent of the joint capsule.

radiofrequency (RF) rhizotomy of the medial branches should
be performed. It appears that there is no relationship between
the mean sensory stimulation threshold (which denotes proximity of the electrode to the nerve) during lumbar facet rhizotomy
denervation and treatment outcome.60 Randomized controlled
studies have shown improvements after thermal RF of the lumbar medial branches that lasted 3 to 12 months61–67 (Table 57-3).
With regard to cervical facet syndrome, controlled studies on thermal RF of the cervical medial branches have shown different results.
Lord et al.68 showed better results after RF (return to work and

relief of pain) while Stovner et al.69 showed no difference between
the RF and sham procedures.

Buttock Pain: sacroiliac Joint syndrome
and Piriformis syndrome
The pain of sacroiliac joint syndrome is located in the region of
the affected sacroiliac joint and the medial buttock. The pain may

tAble 57-3. randomized, controlled studies on radiofrequency denervation of the
medial branches (facet nerves)
Study (Ref. No.)
61

Gallagher et al.

Sanders and Zuurmund62
van Kleef et al.63
Leclaire et al.64
van Wijk et al.65
Tekin et al.66
Nath et al.67

Study Population

Results

Patients previously had good or equivocal response to facet joint injections randomized
to RF or sham
Patients had ≥50% relief after intra-articular
lidocaine, randomized to RF of medial
branch versus intra-articular RF
Patients had favorable response to MBB,
randomized to RF or sham
Patients had relief after intra-articular injection,
randomized to RF or sham
Patients responded to intra-articular injection,
randomized to RF or sham
Local anesthetic injection versus conventional
RF versus pulsed RF

Signiicantly better results noted in RF group at
1 and 6 mos

Patients had relief after diagnostic block

At 3 mos: Improvements in both groups

Better results noted in the RF group at 3 mos
(60% vs. 25%) and at 1 yr (47% vs. 12.5%)
At 1 mo: Improvements in Roland–Morris scores
in the RF group
At 3 mos: ≥50% relief in 62% (RF group) versus
39% (sham)
At 6 mos and 1 year: Decreased in VAS maintained
in CRF, patients not using analgesics and patient
satisfaction highest in CRF group
At 6 mos: Better results in the RF group compared
to sham procedure

RF, radiofrequency; MBB, medial branch block.
Modiied from: Benzon HT. Outcomes, eficacy, and complications of the treatment of back pain. In: Benzon HT, Rathmell JP, Wu CL, Turk DC, Argoff CE, eds. Raj’s
Practical Management of Pain. 4th ed. Philadelphia, PA: Mosby Elsevier; 2008;1242, with permission.
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figure 57-5. Sacroiliac joint injection. Note the spread of the contrast medium along the joint. (From: Benzon HT, Nader A. Hip, sacroiliac
joint, and piriformis injections. In: Benzon HT, Rathmell J, Wu C, Turk DC,
Argoff C, eds. Raj’s Practical Management of Pain. 4th ed. Philadelphia,
PA: Mosby Elsevier; 2008;1070, with permission.)

ger lesions created by the water-cooled radiofrequency technique
(Fig. 57-6)70 are inherently more effective since it accommodates
for the variations in the location of the lateral branches along the
lateral border of the sacral foraminas.71

Piriformis syndrome
Piriformis syndrome, another pain syndrome that originates
in the buttock, comprises 5% to 6% of patients referred for the
treatment of back and leg pain. It occurs after trauma, surgery,
and infection, or from compression of one of the components
of the sciatic nerve as it runs between two divisions of the piriformis muscle.72 Patients with piriformis syndrome complain of
buttock pain with or without radiation to the ipsilateral leg. The
buttock pain usually extends from the sacrum to the greater trochanter of the femur whereas irritation of the sciatic nerve results
in a buttock pain that radiates to the ipsilateral leg. Prolonged
sitting, as in driving or biking, or getting up from a sitting position aggravates the pain. The pain is aggravated by hip lexion,
adduction, and internal rotation. Neurologic examination is usually negative. There may be leg numbness when the sciatic nerve
is irritated; the straight-leg test may be normal or limited. Three
signs conirm the presence of piriformis syndrome72: (1) The
Pace sign wherein there is pain and weakness on resisted abduction of the hip in a patient who is seated with the hip lexed;
(2) the Lasègue sign wherein there is pain on lexion, adduction,
and internal rotation of the hip in a patient who is supine (note
that some clinicians call pain on straight-leg raise the Lasègue sign
also); and (3) the Freiberg sign wherein there is pain on forced
internal rotation of the extended thigh. Note that the piriformis
is an internal rotator of the lexed hip and an external rotator of
the extended hip. The diagnosis of piriformis syndrome is made
on clinical grounds. Electromyography may detect myopathic
and neuropathic changes including a delay in the H-relex with
the affected leg in a lexed, adducted, and internally rotated
(FAIR) position as compared with the same H-relex in the normal anatomic position.73 The CT scan of the soft tissues of the
pelvis may show an enlarged piriformis muscle, or abnormal
uptake by the muscle, and the MRI conirms an enlarged piriformis muscle.
The treatments of piriformis syndrome include physical
therapy combined with medications including muscle relaxants,
anti-inlammatory drugs, and analgesics to reduce the spasm,
inlammation, and pain. Local anesthetic and steroid injections
into the piriformis muscle may break the pain/muscle spasm
cycle. Although blind injections can be done, more speciic techniques involve identiication of the piriformis muscle with muscle electromyography, CT guidance, use of a nerve stimulator,
or combined luoroscopy–nerve stimulator guidance.72 If relief
from the local anesthetic does not last, then the piriformis muscle
is injected with 100 units of botulinum toxin A in 2 to 3 mL of
local anesthetic. The reported complications of botulinum toxin
injection include brachial plexopathy, polyradiculoneuritis, and
local psoriasiform dermatitis, so precautions should be followed
to assure injection of the botulinum toxin into the belly of the
piriformis muscle.

myofascial Pain syndrome and
fibromyalgia
Myofascial pain syndrome is a painful regional syndrome characterized by the presence of an active trigger point in a skeletal
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radiate to the groin, posterior thigh, and occasionally below the
knee. Physical examination usually reveals tenderness over the
sacroiliac sulcus, reduction in the joint mobility, and reproduction of the pain when the affected sacroiliac joint is stressed. The
most commonly used tests for sacroiliac joint dysfunction include
the FABER Patrick, Gaenslen, Yeoman, sacroiliac shear, and Gillet
tests. The FABER Patrick and the Yeoman test do not rule out
hip pathology while the Yeoman and the shear tests are more speciic for sacroiliac joint syndrome. The presence of symptoms and
physical examination indings suggestive of SI joint syndrome,
pain on three of the tests, and a positive response to sacroiliac
joint injection are adequate to make the diagnosis of sacroiliac
joint syndrome.
The treatments for sacroiliac joint syndrome include physical
therapy, manipulation, intra-articular steroid injections (Fig. 57-5),
radiofrequency denervation, and surgical fusion of the joint. Physical therapy and chiropractic manipulations are used extensively
for the treatment of sacroiliac joint disease; however, there is no
large outcome study validating their use. Intra-articular injections
of steroid (40 to 80 mg of methylprednisolone or other depot steroid) and local anesthetic into the sacroiliac joint results in a few
months of pain relief, but again, no prospective controlled studies
support their use.
Denervation of the lower portion of the sacroiliac joint may
be achieved by the creation of bipolar RF strip lesions along the
dorsal border of the sacroiliac joint in a leapfrog manner. Local
anesthetic blockade of the sensory innervation of the dorsal portion
of the sacroiliac joint—the medial branch of the dorsal rami of
L5 and the lateral branches of the dorsal rami of S1 to S3—can
be performed initially or when the relief from the sacroiliac joint
injection is temporary. Relief from the local anesthetic block
may last weeks to months when combined with physical therapy.
Monopolar and bipolar thermal radiofrequency lesioning of the
lateral branches is performed for a more lasting relief. The big-
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figure 57-6. Target points (A) and expected lesions (B) from water-cooled radiofrequency denervation at the right L5 medial branch and the S1, S2, and S3 lateral branches (From: Cohen SP, Hurley RW,
Buckenmaier CC 3rd, et al. Randomized placebo-controlled study evaluating lateral branch radiofrequency
denervation for sacroiliac joint pain. Anesthesiology. 2008;109:279–288, with permission.)

muscle. The trigger point can be felt as a palpable taut band and
manipulation of the trigger point by digital pressure or by penetration by a needle may induce a twitch response. There is spot
tenderness in the taut band, pressure on the tender nodule induces
pain that the patient recognizes as an experienced pain pattern,
and there may be painful limitation to full passive range of motion
of the affected muscle. There is usually an electromyographic
demonstration of spontaneous electrical activity characteristic of
active loci in the tender nodule of a taut band.
The management of myofascial pain syndrome includes
repeated applications of a cold spray over the trigger point in line
with the involved muscle ibers, followed by gentle massage of the
trigger point and stretching of the affected muscle. Another treatment is local anesthetic injection or dry needling of the trigger
point. Trigger point injections may be done under ultrasound but
the beneits of this technique have not been proven. Recent studies
show that dry needling may be as effective as local anesthetic injection; however, the local anesthetic makes the procedure less painful. Several injections at 1- to 3-week intervals, followed by physical therapy, may result in a long-term beneit. Botulinum toxin
injections have been recommended but the results of clinical studies have not been uniform.74,75 Physical therapy includes improving posture, body mechanics, relaxation techniques, trigger point
massage, post-isometric relaxation, and reciprocal inhibition.

fibromyalgia
The American College of Rheumatology criteria for classiication
of ibromyalgia,76 established in 1990, requires two components:
A history of widespread pain for at least 3 months and allodynia
to digital pressure at 11 or more of 18 anatomically deined tender
points. The tender points are located in the occiput, the intertransverse spaces between C5 and C7, trapezii, supraspinatus, the
second rib, just lateral to the costochondral junctions, lateral epi-

condyles, glutei, greater trochanters, and knees. Others employ
a whole body pain diagram to indicate areas of pain and obviate the need for tender points.77 Finally, some clinicians do not
require tender points and expand the deinition of ibromyalgia
to include symptoms of fatigue, sleep disturbance, and cognitive
dysfunction.78
There is a strong genetic and familial component to the development of ibromyalgia. Also, family members of ibromyalgia
patients are also more likely to have irritable bowel syndrome,
temporomandibular disorders, headaches, and a host of other
regional pain syndromes. They have higher concentrations
of substance P and glutamate in CSF compared with normal
controls.79,80
The opioidergic activity is normal or increased in ibromyalgia, and levels of cerebrospinal luid enkephalins are roughly
twice as high in these patients compared to healthy controls.81
The increased activity of endogenous opioidergic systems explains
the anecdotal experience of clinicians that opioids are ineffective
in this syndrome. On the other hand, the principal metabolite
of norepinephrine, 3-methoxy-4-hydroxyphenethylene glycol
(MPHG), is lower in the CSF of patients with ibromyalgia.82 This
may explain the eficacy of drugs that raises both serotonin and
norepinephrine (tricyclic antidepressants, duloxetine, milnacipran, tramadol).
The optimal treatment of ibromyalgia supports a multifaceted program comprising pharmacologic therapy and nonpharmacologic therapy (education, exercise, and cognitive behavioral
therapy). Eficacious medications for treatment of ibromyalgia
include the two SNRIs, duloxetine and milnacipran.83,84 Pregabalin, amitriptyline, gabapentin, and gamma-hydroxybutyrate
(sodium oxybate) are also effective.85,86 Exercise programs, specifically low-intensity low-impact programs, appear to be beneicial.
Cognitive-behavioral therapy and operant-behavioral therapy
also appear to be helpful in these patients.
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Herpes zoster and Postherpetic neuralgia
Some patients with acute herpes zoster have a prodrome of dermatomal pain before the skin eruptions. The pain of acute herpes
zoster is usually moderate in severity and can be managed with
analgesics, and the pain usually subsides with healing of the rash.
Ten percent to 15% of the patients develop postherpetic neuralgia
(PHN), or pain that persists >3 months after resolution of the
rash; the incidence rises to 30% to 50% in the elderly. The risk
factors for the development of PHN include increased pain during the acute stage, greater severity of the skin lesion, older age,
and the presence of a prodrome. The use of antiviral drugs acyclovir, famciclovir, or valacyclovir has been shown to hasten the
healing of the rash, reduce the duration of viral shedding, and
decrease the increase of PHN.
Most of the studies on the eficacy of neuraxial and peripheral
nerve blocks, performed during the acute stage of herpes zoster
were either retrospective or case series. Prospective, randomized, and controlled studies provide conlicting results. A study
in which epidural methylprednisolone and bupivacaine was compared with acyclovir and prednisolone showed the epidural steroid group to have less pain (1.6% vs. 22%) and less allodynia (4%
vs. 12%) at 1 year.87 Another study in which standard therapy with
oral antiviral medications and analgesics was compared with standard therapy and epidural methylprednisolone and bupivacaine
noted less pain in the epidural group (48% vs. 58%) at 1 month
but not at 3 months (21% vs. 28%).88 The difference between the
two studies is that only one epidural injection was performed in
the study that showed no long-term beneicial effect of epidural
steroid compared with two to four injections in the study that
showed beneit with ESIs. To be effective in preventing PHN, the
blocks are preferably done within 2 to 4 weeks of the onset of rash.
The mainstay of treatment for PHN is pharmacologic manage3
ment that includes anticonvulsants, opioids, and antidepressants.
Although the antidepressants have been found to be effective,
their use is precluded by the frequent occurrence of side effects.
The side effects include anticholinergic effects such as tachycardia,
4 dry mouth, constipation, and prostatism in the elderly. Nortriptyline is preferred over amitriptyline because it is equally effective
and better tolerated. Studies showed opioids and tramadol to be
eficacious.89–91
The anticonvulsants gabapentin and pregabalin are usually
effective in the management of PHN.92–94 The side effects of the
drugs include somnolence, dizziness, and peripheral edema. Two
studies showed that the combination of gabapentin and controlledrelease morphine, and gabapentin and nortriptyline, were more
effective and at lower daily dosages than either drug given
alone.95,96 Based on eficacy, antidepressants are the irst choice
for neuropathic pain syndromes, followed by opioids, tramadol,
and gabapentin/pregabalin.97 If quality of life, side effects, prevention
of addiction, and regulatory issues are important consid5
erations in addition to pain relief, then gabapentin/pregabalin are
the irst drugs of choice. These are followed by tramadol, opioids,
and the tricyclic antidepressants.97 For the allodynia that accompanies the PHN, lidocaine patch is recommended.
Interventional techniques may be performed if medications
do not control the pain of PHN. Intrathecal methylprednisolone,
60 mg in lidocaine, given once a week for 4 times, was noted to
be more effective in relieving PHN compared with intrathecal lidocaine or no treatment.98 The cerebrospinal luid levels of
interleukin-8, a marker of inlammation, decreased by >50% in

the intrathecal methylprednisolone group and this correlated
with the duration of global pain relief. It should be noted that
epidural methylprednisolone is not as beneicial as intrathecal
administration.99 Other interventional techniques for PHN are
spinal cord stimulation (SCS) and intrathecal alcohol. When a
spinal cord stimulator was placed in 28 patients with intractable
PHN for 2 years, long-term pain relief was achieved in 23 patients
and the median pain score decreased from 9 to 1.100 The improvements were conirmed by inactivation, followed by activation of
the spinal cord stimulator at quarterly intervals. In resistant cases
or when the patient cannot tolerate the medications, pain may be
relieved by alcohol neurolysis of the spinal thoracic dermatomes
affected by the herpes zoster.101

Diabetic Painful neuropathy
Peripheral neuropathy may be present in approximately 65% of
patients with insulin-dependent diabetes, most commonly distal
symmetric polyneuropathy, followed by median nerve mononeuropathy at the wrist, and visceral autonomic neuropathy. The
incidence of diabetic neuropathy increases with duration of diabetes, age, and degree of hyperglycemia; neuropathies generally
develop after persistence of hyperglycemia for several years. The
pathophysiology of diabetic neuropathy includes the polyol pathway, microvascular, and glycosylation end-product theories.102
All pathways result in chronic ischemia of the nerve.
The management of diabetic painful neuropathy (DPN)
includes tight control of the patient’s blood glucose and pharmacologic therapy. The anticonvulsants gabapentin and pregabalin
appear to be effective in the management of DPN, with the eficacy of gabapentin enhanced by the addition of controlled-release
morphine or nortriptyline.95,96 The tricyclic antidepressants are
also effective in DPN whereas the selective serotonin reuptake inhibitors are not as effective. The antidepressant duloxetine appears
to be effective103 and, together with its favorable side effect proile
compared with the tricyclics, is now widely used in treatment of
DPN. The European Federation of Neurological Sciences Task
Force and the International Association for the Study of Pain
Neuropathic Pain Special Interest group (NeuP-SIG) now recommend the serotonin–norepinephrine reuptake inhibitors (duloxetine, milnacipran) as the irst-choice drugs for the treatment of
DPN.104,105 Finally, the opioids and tramadol are also effective in
the treatment of DPN.

Complex Regional Pain syndrome
Complex regional pain syndrome (CRPS) consists of two types.
CRPS type I was originally termed relex sympathetic dystrophy,
whereas CRPS type II represents causalgia. The risk factors for the
development of CRPS include previous trauma, nerve injury (for
causalgia), previous surgery, work-related injuries, and female
sex. The signs and symptoms of CRPS include spontaneous
pain, hyperalgesia, allodynia, plus trophic, sudomotor, vasomotor abnormalities, and inally, active and passive movement disorders. There may be a discrepancy between the severity of the
symptoms and intensity of the inciting injury. The clinical features of CRPS type II are the same as in CRPS type I except there
is a preceding nerve injury in CRPS II. The International Association for the Study of Pain (IASP) has proposed standardized diagnostic consensus-based criteria for CRPS. Studies on the validity
of the IASP criteria suggest that patients should have (1) at least
one symptom in each of the following general categories: Sensory
(hyperesthesia-increased sensitivity to a sensory stimulation),
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vasomotor (temperature abnormalities or skin color changes),
sudomotor–luid balance (sweating abnormalities or edema),
or motor (decreased range of movement, weakness, tremor, or
neglect); and (2) at least one sign within two or more of the following categories: Sensory (allodynia or hyperalgesia), vasomotor (objective temperature abnormalities or skin color changes),
sudomotor–luid balance (sweating abnormalities or objective
edema), or motor (objective decreased range of motion, weakness, tremor or neglect).
The treatments for CRPS include sympathetic blocks, physical
therapy, and oral medications. Pharmacologic therapy for CRPS
includes gabapentin,106 memantine (an NMDA blocker), and
ketamine infusion. Ketamine can either be given as a 4- to 5-day
infusion at 1 to 7 µg/kg/min (5 to 30 mg/hr in a 70-kg patient)107
or for 4 hours daily for 10 days at an infusion rate of 0.35 mg/kg/hr
108
6 (24 mg/hr in a 70-kg person). SCS can be entertained if the
patient does not respond to these treatments.109

macologic treatments include the use of opioids; gabapentin, an
NMDA antagonist; and the empirical use of antidepressants. The
nonpharmacologic measures include transcutaneous electrical
nerve stimulation, spinal cord stimulators, and biofeedback. A
combination of pharmacologic treatment with physical, psychological, or behavioral intervention is probably most effective
approach.113

cAncer PAin

Signiicant pain is present in up to 25% of patients with cancer who
are in active treatment and in up to 90% of patients with advanced
cancer. The pain of cancer can be somatic, visceral, or neuropathic. The etiology and characteristics of these pain syndromes
are different and they require different treatments. Somatic pain
tends to be responsive to opioids, nonsteroidal anti-inlammatory
drugs (NSAIDs), or cyclooxygenase 2 inhibitors, and is amenable
Human immunodeficiency virus neuropathy
to treatment with neural blockade. Visceral pain responds to sympathetic blocks, and neuropathic pain is responsive to anticonvulSymptomatic neuropathy occurs in 10% to 35% of patients who
sants, opioids, tricyclic antidepressants, serotonin–norepinephrine
are seropositive for human immunodeiciency virus (HIV),
reuptake inhibitors, or combinations of these drugs.
and pathologic abnormalities exist in almost all patients with
Management of cancer pain should be multifaceted and include
end-stage AIDS. The sensory neuropathies associated with HIV
the following: (1) Antineoplastic treatment, (2) pharmacologic
include distal sensory polyneuropathy, the more common neumanagement, (3) interventional management, (4) behavioral
ropathy related to the viral infection, and antiretroviral toxic
and psychological management, and ultimately (5) hospice care.
neuropathy (ATN) secondary to the treatment. The clinical feaPharmacologic therapies include opioids, antidepressants, antitures of HIV sensory neuropathy typically include painful alloconvulsants, NSAIDs, corticosteroids, oral local anesthetics, and
dynia and hyperalgesia. The onset is gradual and most commonly
topical analgesics. Continuous intravenous opioid infusions can
involves the lower extremities. The neuropathy and dysesthesia
be infused during the later stages of life. Interventional treatments
progress from the distal to the more proximal structures. There
include neurolytic sympathetic blocks and intrathecal opioids;
is minimal subjective or objective motor involvement and this is
vertebroplasty or kyphoplasty is performed for vertebral comgenerally limited to the intrinsic muscles of the foot.
pression syndromes.
The treatment of HIV sensory neuropathy is symptomatic and
Opioids are the mainstay of treatment for cancer pain as
includes optimization of the patient’s metabolic and nutritional
approximately 70% to 95% of patients are responsive positively
status. Cessation or dose reduction of treatment with nucleowhen appropriate guidelines are followed. Neurolytic blocks and
side reverse transcriptase inhibitors may improve the symptoms 7 intrathecal opioids should be considered when pharmacologic
of ATN. The anticonvulsants, particularly lamotrigine (300 mg/
agents are not completely effective at maximum tolerated dosages.
day), can be effective therapy for HIV sensory neuropathy as well
110,111
as ATN.
Gabapentin is also effective at doses of 1,200 to
3,600 mg/day.112
neurolytic Blocks for visceral Pain

from Cancer
Phantom Pain
Nearly all patients with amputated extremities experience nonpainful sensations in the absent, phantom limb. As many as 80%
of them experience pain. The onset of pain may be immediate but
commonly occurs within the irst few days following amputation.
Approximately 50% of patients experience a decrease of their pain
with time, whereas the other 50% report no change or an increase
in pain over time. Phantom pain is not felt all the time, only a
few days in a month. Phantom pain is caused by both peripheral
and central factors. Peripheral mechanisms include neuromas, an
increase in C-iber activity, and sodium channel activation. Central mechanisms include abnormal iring of spinal internuncial
neurons and supraspinal involvement secondary to the development of new synaptic connections in the cerebral cortex.
Numerous prophylactic measures have been undertaken
in an attempt to reduce the incidence of phantom limb pain,
including perioperative epidural infusions of opioids and local
anesthetics or clonidine, and continuous brachial plexus blockade with memantine. The treatment of phantom limb pain
includes pharmacologic and nonpharmacologic measures. Phar-

Celiac Plexus Block
The celiac plexus innervates all of the abdominal viscera except
the left side of the colon and the pelvic viscera. The plexus contains two large ganglia that receive sympathetic ibers from the
greater, lesser, and least splanchnic nerves. It also receives parasympathetic ibers from the vagus nerve. The splanchnic nerves
are located retroperitoneally at the level of the T12 and L1 vertebrae, and the celiac plexus are anterior to the crura of the diaphragm and surrounds the abdominal aorta and the celiac and
superior mesenteric arteries.
Blockade of the celiac plexus can be achieved by the classic
retrocrural approach, anterocrural approach, or by neurolysis of
the splanchnic nerves.114 For the procedure, the tip of the needle
is directed toward the body of L1 (Fig. 57-7). In the retrocrural
approach, the tip of the needle is advanced approximately 1 cm
anterior to the anterior and upper border of L1. In anterocrural or
transaortic approach, the tip of the needle is advanced through the
lower portion of L1 and the aorta on the left side until blood can
no longer be aspirated through the needle. For splanchnic nerve
block, the tip of the needle is placed at the anterior portion of the
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superior Hypogastric Plexus Block
Superior hypogastric plexus is indicated for pelvic pain secondary to cancer and chronic nonmalignant conditions. The plexus
is located in the retroperitoneum, bilaterally extending from the
lower third of the ifth lumbar vertebra to the upper third of the
irst sacral vertebra. For blockade of the plexus, the patient is
placed in the prone position and two 7-cm needles are inserted,
under luoroscopy, in medial and caudal directions until the tips
lay anterolateral to the L5 to S1 intervertebral disc space. Alternatively, a single needle can be used through a transdiscal approach.
After injection of contrast medium, 6 to 8 mL of local anesthetic
is used for a diagnostic block while phenol or alcohol is employed
for neurolysis. The complications are minimal and include nerve
root blockade secondary to retrograde spread of the injectate. Case
reports support the eficacy of neurolytic superior hypogastric
plexus block in reducing pelvic pain secondary to cancer and in
decreasing opioid consumption.

T12 vertebral body. There appears to be no differences in eficacy
between the three approaches.114 Fluoroscopy is required in the
performance of the procedure. CT allows visualization of the diaphragm and aorta, and is used in the transabdominal approach
when patients cannot tolerate the prone position. Some clinicians
perform an initial diagnostic block with a local anesthetic while
others proceed immediately to a neurolytic block since the results
of the diagnostic and neurolytic blocks may not be the same. Better results are usually seen with local anesthetics because of better
spread (phenol is viscous) and its vascular absorption may relieve
pain. Fifty percent alcohol or 6% to 10% phenol is employed for
the neurolytic block. The dosages of the neurolytic agents are
30 to 40 mL for the retrocrural and anterocrural approach, and
10 to 15 mL on each side for splanchnic nerve blockade. Complications from the celiac plexus block include orthostatic hypotension, back pain, retroperitoneal hematoma, reactive pleurisy,
hiccups, hematuria, transient diarrhea, abdominal aortic dissection, transient motor paralysis, and paraplegia. The paraplegia
and transient motor paralysis may be due to spasm of the lumbar segmental arteries that perfuse the spinal cord, direct vascular
or neurologic injury, or retrograde spread to the nerve roots or
spinal cord.
The eficacy of celiac plexus neurolysis in relieving pain from
cancer of the upper abdomen has been noted in randomized,
8 controlled trials.114–116 The end points of the studies were lower
pain scores, less opioid consumption with a lower incidence of
side effects, and equal or better quality of life. Better results are
achieved when there is better spread of the injectate. A metaanalysis of 21 retrospective studies in 1,145 patients concluded
that adequate-to-excellent pain relief was achieved in 89% of the
patients during the irst 2 weeks following the block and partialto-complete pain relief continued in 90% of the patients at the
3-month interval.117

Ganglion impar Block
Pain in the perineal area associated with malignancies can be
treated with neurolysis of the ganglion impar (Walther’s ganglion). The ganglion impar is a solitary retroperitoneal structure
located anteriorly to the sacrococcygeal junction. Visceral afferents innervating the perineum, distal rectum, anus, distal urethra,
vulva, and distal third of vagina converge at the ganglion. For the
procedure, the patient is usually prone and a 22-gauge spinal needle, bent 1 inch from its hub to form a 30-degree angle, is inserted
under local anesthesia through the anococcygeal ligament and
directed along the midline to reach the sacrococcygeal junction.
In the transsacrococcygeal approach, a 20-gauge, 1.5-inch needle
is inserted through the sacrococcygeal ligament until the tip of the
needle is just anterior to the anterior portion of the sacrum. Four
to 8 mL of local anesthetic is used for diagnostic block and 8%
to 10% phenol or 50% alcohol is used for neurolysis. Similar to
superior hypogastric plexus blocks, there are no controlled studies on its eficacy although case reports conirm its effectiveness in
relieving perineal pain secondary to cancer.

PhArmAcologic mAnAgement
of PAin
opioids
Morphine is the standard for opioid therapy for cancer pain (see
Chapter 19). It has a variable oral bioavailability between 10%
and 45%. The metabolites of morphine include morphine-6glucuronide, which causes additional analgesia, and morphine-3glucuronide, which can cause adverse effects (Table 57-4). Controlled-release preparations are available, reducing the need to
take the drug frequently. The numbers needed to treat or NNT for
10 mg of morphine for postoperative pain is 2.9 and its numbers
needed to harm or NNH is 9.1. Hydromorphone, a µ-receptor agonist, is 3 to 5 times more potent than morphine when given orally
and 5 to 7 times more potent when given parenterally. Its 3- to
4-hour duration of analgesic effect is similar to that of morphine.
Pruritus, sedation, nausea, and vomiting occur less frequently
compared with morphine. Its metabolite, hydromorphone-3glucoronide, lacks analgesic property but possesses properties
similar to that of morphine-3-glucuronide.
Methadone has a 60% to 95% bioavailability, high potency,
and a long duration of action. It has ideal characteristics that
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figure 57-7. Retrocrural versus anterocrural approaches to neurolysis of the celiac plexus. Note that the tip of the needle is in the upper
third of L1 and about 1 cm beyond the border of the vertebral body for
the retrocrural technique; the spread of the contrast medium is cephalad. In contrast, the tip of the needle is the lower third of L1 and about
3 cm beyond the border of the vertebral body for the anterocrural technique; the spread of the contrast medium is caudad and in front of the
aorta (arrow). (From: de Leon-Casasola OA. Neurolysis of the sympathetic axis for cancer pain management. In: Benzon HT, Rathmell J, Wu
C, Turk DC, Argoff C, eds. Raj’s Practical management of Pain. 4th ed.
Philadelphia, PA: Mosby Elsevier; 2008; 918, with permission.)
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tAble 57-4. selected oPioids: oral bioavailability, half-lives,
duration of action, and metabolites
Opioid
Morphine
Oxycodone SR
(OxyContin,
Purdue Pharma)
Oxymorphone
(Opana ER, Endo
Pharmaceuticals)
Hydromorphone
Methadone

Availability (%)

Half-Life (h)

Duration (h)

Metabolites

10–45
60–80

2–3
4.5

4–5
12

M6G, M3G
Oxymorphone
Noroxycodone

10

9±3

12

O3G
6-OH-oxymorphone

24
60–95

2.3
8–80 (27)

3–4
6–8

H3G

M6G, morphine-6-glucuronide; M3G, morphine-3-glucuronide; O3G, oxymorphone-3-glucuronide; H3G, hydromorphone3-glucuronide.
From: Cortazzo MH, Fishman SM. Major opioids and chronic opioid therapy. In: Benzon HT, Rathmell JP, Wu CL, Turk DC,
Argoff CE, eds. Raj’s Practical Management of Pain. 4th ed. Philadelphia, PA: Mosby Elsevier; 2008;606, with permission.

include the lack of an active metabolite, additional salutary effects
such as acting as an NMDA receptor antagonist and serotonin
reuptake inhibitor, and it is inexpensive. Its potency compared
with morphine ranges from 1:1 to 1:4 on acute dosing but can be
as low as 1:10 with chronic dosing. It has a long and unpredictable
half-life of 8 to 80 hours that makes it dificult to achieve steadystate plasma concentrations, increasing the risk of accumulation
and the need for careful and individualized dosing. In the United
States, there has been an “epidemic” of deaths due to unintentional overdose from methadone when used to treat chronic
pain.118 Many physicians, and most patients, do not appreciate
the consequences of the drug’s long and unpredictable half-life.
Methadone also causes cardiac rhythm abnormalities including
QT prolongation and Torsade de pointes. Most reports are based
on high-dose maintenance (>120 mg) for the treatment of addiction; however, such occurrences have also been reported with
lower dosages. Experts recommend disclosure of the dysrythmogenic property of the drug (especially for patients with cardiac
disease), a screening ECG before initiation of therapy, follow-up
ECGs in patients who are taking over 100 mg daily, and risk stratiication.119 The risk should be discussed when the QTc interval is
450 to 500 ms and the methadone dose reduced or discontinued
when the interval is greater than 500 ms.119
Oxycodone is mainly a prodrug, being active after conversion by the enzyme cytochrome P450 2D6 to oxymorphone
(a µ-opioid agonist). Noroxycodone is its inactive metabolite.
It has a high bioavailability (60%) and is associated with a low
incidence of itching and hallucinations. It has an NNT of 2.5 in
neuropathic pain; the oxycodone-to-morphine ratio is 1:1.5. The
controlled-release preparation (OxyContin) has good analgesic
characteristics but has become a popular drug for abuse. Addicts
crush the preparation and inhale the powder or inject a solution
of the drug into their veins. Oxymorphone has greater afinity
to the µ-receptor than morphine and has little or no afinity to
the κ-opioid receptor. It is 10 times more potent than morphine
when given intravenously. It has low histamine release, similar
to fentanyl. Due to extensive irst-pass hepatic metabolism, the
bioavailability of oxymorphone is only 10%. However, its greater
lipid solubility explains its rapid onset of analgesia. It should not
be taken with alcohol since this increases its plasma concentration by as much as 300%. The eficacy of oxymorphone in chronic

and cancer pain is similar to other opioids.120 Buprenorphine is
a partial agonist at the µ-receptor, a κ-antagonist, and a weak δagonist. It has a rapid onset (30 minutes) when given orally and a
long duration of action of 6 to 9 hours. There have been increased
reports of abuse of the drug.
The weak opioids include codeine, hydrocodone, propoxyphene, and tramadol. Codeine is transformed to morphine
via the enzyme cytochrome P450 2D6, and has an NNT of 16.7.
Genetic factors can affect the behavior of these drugs. Approximately 9% of white people do not have the enzyme and do
not experience analgesia from codeine.121 Asians have a lower
rate of codeine O- demethylation resulting in less morphine formation. Children <12 years of age lack maturity of the enzyme
and cannot convert the drug to morphine, experiencing the
drug’s side effects with minimal analgesia.122 Hydrocodone
reaches peak serum concentrations within 1 to 2 hours and has
a half-life of 2.5 to 4 hours. An additive effect is noted when ibuprofen is combined with hydrocodone. The d-isomer of propoxyphene, dextropropoxyphene, a noncompetitive NMDA antagonist, has been withdrawn from the market because of serious
side effects.
Tramadol is an opioid agonist and a monoaminergic drug. It
has a bioavailability of 80% to 90%, has a low abuse potential, low
incidence of constipation, and a minimal risk of fatal respiratory
depression that is possibly limited to patients with severe renal
failure. It has a dose-dependent eficacy with NNTs of 8.5 for
50 mg, 5.3 for 75 mg, 4.8 for 100 mg, and 2.9 for 150 mg. The
maximum dose of tramadol is 400 to 500 mg/day.
The oral equianalgesic doses of morphine 10 mg intravenously
or 30 mg orally are (1) 200 mg of codeine, (2) 30 mg of hydrocodone, (3) 20 to 30 mg of oxycodone, (4) 130 mg of propoxyphene,
and (5) 120 mg of tramadol. Opioid rotation or substitution,
wherein one opioid is changed with another to improve analgesia
and decrease side effects, implies knowledge of the equianalgesic
dosages of the different opioids.
There is public concern regarding the effect of opioids on driving performance. It appears that cancer patients receiving chronic,
stable doses of morphine, up to 290 mg, have minimal or no impairment of their driving abilities.123 Patients receiving stable doses of
transdermal fentanyl over 2 weeks show no signiicant psychomotor impairment when compared with volunteers.124 Patients who
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Antidepressants
Tricyclic antidepressants (TCAs) have several mechanisms for
their analgesic effects. These include a serotonergic effect (interference with serotonin reuptake and alteration of serotonin binding to receptors in neural tissue), a noradrenergic effect (interaction with α-receptors), an opioidergic effect, blockade of the
NMDA receptor complex, inhibition of the uptake of adenosine,
and blockade of sodium and calcium channels. TCAs also have an
anti-inlammatory effect in animal models of pain. The NNTs of
antidepressants are comparable with those of opioids and anticonvulsants. Antidepressants also inhibit the histaminic, cholinergic, muscarinic, and nicotinic receptors resulting in sedation,
dry mouth, and urinary retention. TCAs, speciically amitriptyline and nortriptyline, have been shown to be effective in PHN.102
As stated in “Neuropathic Pain Syndromes,” nortriptyline and
amitriptyline are both effective in PHN, with nortriptyline having fewer side effects. For DPN, amitriptyline and desipramine
appear to be equally effective.129
Serotonin and norepinephrine receptor inhibitors (SNRIs)
block the reuptake of serotonin and norepinephrine, with duloxetine having increased selectivity for serotonin. Venlafaxine has
more serotonergic effects at lower doses but with greater noradrenergic activity at higher dosages. Duloxetine and milnacipran
have preferential noradrenergic effect, have longer half-lives (12
and 8 hours respectively), and have no active metabolites. In
addition to their antidepressant action, the SNRIs have an antinociceptive effect.130,131 Duloxetine is effective in DPN and ibromyalgia and has a good safety proile for long-term use.132,133 Patients
with ibromyalgia have been shown improvements in fatigue,
physical conditioning, and discomfort after milnacipran134,135
The eficacy of the SNRIs in DPN and ibromyalgia, coupled with
the better side effect proile (free of cholinergic, histaminic, and
α-adrenergic receptor effects, and less potential for drug interac-

tAble 57-5. dosages (mg/day) of
the commonly used
antidePressants and
anticonvulsantsa
Antidepressants

Anticonvulsants

Amitriptyline: 10–300
Doxepin: 30–300
Nortriptyline: 50–150
Desipramine: 25–300
Fluoxetine: 5–40
Paroxetine: 20–40
Venlalaxine: 37.5– 300
Duloxetine: 60–120
od or bid
Milnacipran: 100–200 mg,
50–100 mg bid

Gabapentin: 900–3,600, tid
Lamotrigine: 50–150
Mexiletine: 300–1,350, tid
Oxcarbazepine: 300–900, bid
Pregabalin: 150–600, bid
Topiramate; 50–200, bid

tid, three times a day; bid, twice a day; od, once daily.
a
Unless indicated, dosing is once a day. Start with smallest possible dose and
titrate to eficacy or side effects.

tions) in comparison to the TCAs are probably the reasons for
their increased preferential usage.130 As stated, the European Federation of Neurological Sciences Task Force and the International
Association for the Study of Pain Neuropathic Pain Special Interest group (NeuP-SIG) now recommend the SNRIs as the irstchoice drugs for the treatment of DPN.104,105
TCAs have an NNT of 2.1 to 2.8 for treatment of PHN, 1.3
to 3.4 for DPN, and 1.7 for central pain. The overall NNT for
SNRIs is 15.3, and 5 for paroxetine. The side effects of antidepressants include cholinergic effects such as dry mouth, sedation, and
urinary retention. Accidental or intentional overdose can lead to
fatal dysrhythmias. Venlafaxine may cause hypertension, mania,
and may exacerbate seizures. A gradual withdrawal recommended for duloxetine to prevent agitation, anxiety, confusion,
and hypomania. TCAs are more likely to cause weight gain compared with SNRIs. TCAs impair driving ability during the irst
week of treatment or during dose escalation, but shortly thereafter driving performance returns to baseline.136 No impairment
of driving ability apparently occurs with SNRIs. Other sedating
medications should not be prescribed when TCAs are used. The
NNHs are 5 to 11 for TCAs and 21 to 24 for SNRIs, showing the
better tolerability of the serotonin reuptake inhibitors. Recommended doses for the commonly used antidepressants are shown
in Table 57-5.

Anticonvulsants
Neuropathic pain is associated with changes in sodium and calcium channel subunit expression resulting in functional changes.
In chronic nerve injury, there is redistribution and alteration of
subunit compositions of sodium and calcium channels resulting
in spontaneous iring at ectopic sites along the sensory pathway.
Sodium channel blockers inhibit spontaneous activities at neuromas, DRG, and at the dorsal horn of the spinal cord. Anticonvulsants block sodium channels, explaining their eficacy in neuropathic pain syndromes. Other anticonvulsants act on ion channel
systems, including GABAA receptor agonists (topiramate and
felbamate), GABAA transaminase blockers (vigabatrin), GABAA
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have their opioid dose increased by >30% over a period of 2 days
show worsening of their cognitive performance.125 Patients receiving stable dose of opioids can probably drive, whereas those who
are starting to take opioids and those who had a recent increase in
their dose should be warned about the hazards of driving.
Opioids are used mostly for cancer pain, with long-acting
opioids supplemented by short-acting ones for breakthrough
pain.126 Opioid monotherapy in cancer pain is rarely successful
and adjuvants are usually added for increased eficacy. The use of
opioids for treatment of neuropathic pain has been controversial
but recent studies show them to be effective, although at higher
doses.89–91 Because of the undesirable issues associated with the
use of opioids such as addiction, aberrant behaviors, and regulatory issues,118 opioids are often a second-line drug for neuropathic
pain. The combination of a gabapentin and an opioid has been
shown to result in better analgesia, fewer side effects, and lower
doses of each drug.95 For low back pain, it should be noted that
while individual studies show the eficacy of opioids in low back
pain, a meta-analysis did not show reduced pain when compared
with a placebo or a nonopioid control group.127 Opioids may
be eficacious for the short-term relief of acute low back pain,
in addition to NSAIDs and muscle relaxants, but the long-term
eficacy of opioids (≥16 weeks) is unclear.127,128 When treating
ibromyalgia, only tramadol or a tramadol/acetaminophen combination has been shown to be more effective than placebo. Opioids are usually not effective in pain secondary to spinal cord
injury, although intravenous alfentanil has been shown to be
better than placebo.
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transport blockers (tiagabine), and glutamate receptor antagonists (felbamate and topiramate). The other drugs directly block
calcium channels (lamotrigine), T-type calcium channels (topiramate and zonisamide) and α2-delta subunits (gabapentin and
pregabalin).
As noted in the section on “Neuropathic Pain Syndromes,”
randomized controlled studies demonstrate the eficacy of the
anticonvulsants in several neuropathic pain syndromes including
trigeminal neuralgia, PHN, DPN, HIV polyneuropathy, phantom limb pain, spinal cord injury pain, and central poststroke
pain.
Gabapentin is an effective drug in neuropathic pain (PHN,
DPN, and spinal cord injury [SCI]), has few side effects, and lacks
drug–drug interactions. Its median effective dose is 900 to 1,800
mg/day. Pregabalin shares the same mode of action as gabapentin but with an improved linear pharmacokinetic proile. It has
been shown to be effective in PHN, DPN, and spinal cord injury
pain. The maximum dose of pregabalin is 600 mg/day in patients
with creatinine clearance >60 mL/min or 300 mg in patients with
clearance of 30 to 60 mL/min. The popularity of gabapentin and
pregabalin relates to the lack of drug interactions and their perceived speed of onset.137
Lamotrigine has been shown to be effective in HIV polyneuropathy, pain from spinal cord injury, and central poststroke
pain.110,111 The most common side effect is rash and its use is limited by the risk of Stevens–Johnson syndrome. Topiramate is effective in migraine prophylaxis, similar to divalproex. Oxcarbazepine
is similar in chemical structure to carbamazepine and noted to be
effective in trigeminal neuralgia with few side effects138; its analgesic effect is fast and pain relief may be noted within 24 to 48 hours.
The recommended doses of the commonly used anticonvulsants
are in Table 57-5.
The side effects of anticonvulsants include dizziness, fatigue,
somnolence, weight gain, peripheral edema (gabapentin and pregabalin); rash (lamotrigine); paresthesia, cognitive effects, weight
loss (topiramate); hyponatremia; and low thyroid concentrations
(oxcarbazepine).

lidocaine Patch, Capsaicin Patch,
mexiletine, and intravenous lidocaine
The lidocaine patch 5% (Lidoderm, Endo Pharmaceuticals, Inc.,
Chadds Ford, PA) delivers lidocaine locally at the site of neuropathic pain generation, limiting its systemic effects and reducing
its interactions with other concomitantly administered medications; analgesia is by local sodium channel blockade and not by
its systemic effects. The patch contains 700 mg of lidocaine inside
an adhesive. It is recommended that a maximum of three patches

be applied for a maximum of 12 hr/day. Most patients experience
pain relief within a few days of application. The occurrence of a
delayed response in some patients led to the recommendation that
there be a 2-week trial period.139 Some patients continue to experience relief between patch applications while others have pain
when the patch is removed; clinicians recommend using the patch
for 16 to 18 hours in these patients. The absorption of lidocaine
is limited; only about 3% of the total dose applied is absorbed
systemically.140 The maximum plasma lidocaine concentration is
usually achieved on the second day of 12 hr/day of patch application and is signiicantly lower than concentrations that are cardiotoxic. Clinical experience with the lidocaine patch has shown
that it can be used effectively for patients with PHN139,141 as well
as patients with myofascial pain, low back pain, osteoarthritis, and
diabetic and nondiabetic polyneuropathy. However, few good
research studies exist to verify the eficacy of the patch in these
pain syndromes.
Capsaicin has been shown to defunctionalize TRPV1 nerve
endings and reduce epidermal nerve iber density.142,143 Capsaicin cream (0.25%, 0.075%) requires multiple daily applications
for several weeks. It causes burning sensation and results only
in modest relief. The newer, higher-concentration capsaicin 8%
patch (Qutenza) has been shown to be better than placebo and
better than low-concentration (0.04%) capsaicin. It appears to be
effective in PHN, DPN, and HIV neuropathy.144–146 Its NNT, 30%
relief, is 12 (6.4 to 70). Because of burning sensation during its
placement, local anesthetic cream applied 60 minutes before the
patch is applied for 60 to 90 minutes. The 60-minute application
is better tolerated and is similar in eficacy. There is an increase
in pain 20 to 30 minutes after application which disappears 2 to
3 hours after removal of the patch. Relief can be up to 12 weeks
after one application. A maximum of 4 doses can be given at
intervals of 12 weeks.147
Mexiletine is oral lidocaine. Its eficacy is similar to that of
intravenous lidocaine, although a favorable response to intravenous lidocaine does not necessarily mean a similar response
to mexiletine. The median recommended dose of mexiletine is
600 mg/per day. Intravenous lidocaine infusions are sometimes
used for resistant neuropathic pain syndromes. The median
recommended dose of intravenous lidocaine infusions is 5 mg/
kg given over 30 minutes. A meta-analysis has shown intravenous lidocaine to be superior to placebo and equal to morphine,
gabapentin, and amitriptyline for neuropathic pain.148 The beneicial effect was noted to be more consistent in patients with
peripheral pain secondary to trauma and diabetes and central
pain.
Based on original studies, review articles, and meta-analysiss publications, the recommended drugs for several different
chronic pain syndromes are listed in Table 57-6.

tAble 57-6. recommended drugs for chronic Pain syndromes

Postherpetic Neuralgia
Pregabalin
Gabapentin
Opioid
Antidepressants
Tramadol
Lidoderm patch (allodynia)

Diabetic Painful
Neuropathy
Duloxetine
Pregabalin
Gabapentin
Antidepressants

Spinal Cord Injury

Fibromyalgia

Pregabalin
Gabapentin
Lamotrigine
IV lidocaine
Mexilitine (±)

Duloxetine
Pregabalin
Milnacipran
Tramadol

Human Immunodeficiency
Virus
Lamotrigine
Gabapentin
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Discography
The symptoms of discogenic pain are nonspeciic and include
nonradicular back pain that is worse in the standing and sitting
positions. The neurologic examination is usually normal including the straight-leg raise. The MRI may show a high-intensity
zone on the T2 sagittal images, indicating an annular tear. Treatments include stabilization, exercise training, back education,
activity modiication, and ESIs.
The American Society of Interventional Pain Physicians has
recommended guidelines on when to perform discography.149
Some of the indications include (1) evaluation of abnormal discs
to assess the extent of abnormality or correlation of the abnormality with clinical symptoms, (2) assessment of patients with persistent severe symptoms in whom diagnostic tests have failed to
reveal which suspected disc is the source of pain, (3) assessment
of discs before fusion to determine which discs within the proposed fusion segment are symptomatic, and (4) conirmation of a
contained disc herniation or investigation of contrast distribution
pattern before intradiscal procedures. The procedure can be performed on an outpatient basis with luoroscopic guidance, under
light sedation. Antibiotic prophylaxis is recommended and may
be administered either intradiscally or intravenously. The speciics
of the technique are discussed in textbooks or atlases of pain medicine. Nonionic contrast is injected into the disc, preferably with a
controlled injection system with pressure readout. The patient is
asked to rate his or her pain on a 0 to 10 scale before and during
injection, and whether the pain is concordant, that is, similar to
the pain for which the patient is being seen.150 The suggested end
points for injection include (1) pain severity of 5/10 or greater that
lasts at least 30 seconds, (2) intradiscal pressure of 80 to 100 psi, or
(3) a total of 3.5 mL of contrast medium has been injected. Anteroposterior and lateral images are taken to record the distribution of
contrast medium and whether the contrast leaked outside the disc
through a issure in the annulus ibrosis. After recovery, the patient
is sent for postdiscography CT scan, preferably within 4 hours
of the discography.
Discitis is the most feared complication of discography. The
incidence of discitis without prophylactic antibiotics is approximately 0.25% and is considerably decreased with prophylactic
antibiotic use.151 The diagnosis of discitis includes worsening
back pain the week after discography, and elevated erythrocyte
sedimentation rate and C-reactive protein that usually peaks 53
weeks after the procedure. The most common causative organism
in discitis is Staphylococcus aureus. The possibility of disc injury
after discography, resulting in disc degeneration and/or herniation from such procedures152 may have decreased the frequency
with which the procedure is performed.

intradiscal Electrothermal Therapy
Intradiscal electrothermal therapy (IDET) is a procedure wherein
a thermal resistance catheter is placed percutaneously in the posterolateral portion of the disc. Heat causes the collagen of the
annulus ibrosis to contract. The intervertebral disc is avascular so
that the heat does not travel as easily or dissipate quickly. IDET
is performed with a technique similar to discography. The lexible electrode is advanced, contralateral to the lesion, through
the introducer until it assumes a circumferential position either
between the nucleus pulposus and the annulus ibrosis, or within

the annulus ibrosis. The electrode is gradually heated to 90°C, if
tolerated, and maintained for 4 minutes. If the patient cannot tolerate 90°C, heating is performed at 85° or 80°C for 5 minutes. The
patient rests for 1 to 3 days after the procedure, limits sitting or
walking, and wears a corset for 6 to 8 weeks. A gradual increase in
activity is encouraged, after which the patient is involved in a physical therapy program. The complications of IDET include catheter
kinking or breakage, nerve root injury, nondermatomal leg pain,
dural puncture, infection, bleeding, cauda equina syndrome, and
spinal cord damage.
The eficacy of IDET has been shown in a meta-analysis153 and
in a randomized study that showed improvements in outcome
measures such as pain, physical function, and disability.154 A review
comparing IDET and surgical fusion in patients with intractable
discogenic low back pain showed similar improvements in both
groups.155 IDET is now rarely performed since the insurance companies limit payment to patients who fulill the criteria set in the
study by Pauza et al.154

Percutaneous Disc Decompression
(nucleoplasty)
Percutaneous disc decompression, a procedure utilized for contained herniated disc, involves removal or coagulation of a portion
of the nucleus pulposus.156 It has been postulated that reducing
the intradiscal volume results in a disproportionately higher drop
in pressure. Discography may be performed prior to nucleoplasty
to help decide which disc is involved. In contrast to IDET, the
temperature created by nucleoplasty is in the 40° to 70°C range.
The patient preparation, antibiotic prophylaxis, monitoring,
and positioning are similar to discography and IDET. An electrode is passed through the introducer needle and advanced to the
interface between the annulus and the nucleus pulposus. Tissue
ablation and coagulation are performed with each pass. Six channels (“passes”) are usually made through the nucleus, vaporizing
a total of 1 cm3 of intradiscal volume and causing a signiicant
drop in intradiscal pressure. Postoperatively, the patient’s activity
is restricted. The complications are similar to those with discography and IDET. Complications that are speciic to nucleoplasty
include probe tip fracture when it is forced against an endplate.
The eficacy of nucleoplasty is not well documented.

minimally invasive lumbar Decompression
(milD) Procedure
Spinal stenosis is narrowing of the spinal canal with compression
of the nerve roots as demonstrated with an MRI or CT scan. Such
canal narrowing can be secondary to hypertrophy of the ligamentum lavum or the facet joint. Low back pain from spinal stenosis
is located in the low back area, buttocks, thighs, and/or legs in
combination with neurogenic claudication especially with erect
posture (due to smaller spinal canal diameter in this position)
or walking.157,158 The MILD procedure is a minimally invasive
method of spinal decompression. It is indicated in patients with
low back pain and neurogenic claudication associated with MRI
or CT evidence of central canal stenosis secondary to facet hypertrophy in the lumbar segments.159 The procedure involves limited
percutaneous laminotomy and thinning of the ligamentum lavum to increase the critical diameter of the stenosed spinal canal.
It can be performed under local anesthesia. A one, or more usually, a two-level decompression is performed. In contrast to surgical decompression surgery with fusion wherein there is complete
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resection of the ligamentum lavum and bony posterior elements
compressing the thecal sac and exiting nerve roots, the MILD
procedure only partially debulks the ligamentum lavum. In spite
of this, initial reports are promising.160,161

patient remains supine for 3 to 5 hours after the procedure for
assessment of neurologic status and observation for the occurrence of bleeding and hematomas. The procedure can be done on
an outpatient basis. A CT scan is usually performed afterward for
assessment of cement distribution and the occurrence of complications such as bleeding and leakage of the cement. Kyphoplasty
vertebroplasty and kyphoplasty
involves the percutaneous introduction of a balloon into the vertebral body, inlation of the balloon, then illing the balloon with
Vertebroplasty and kyphoplasty are percutaneous interventional
PMMA that is more viscous than that used for vertebroplasty.
modalities to treat vertebral compression fractures (VCFs), a
The complications of percutaneous vertebral augmentation
condition usually secondary to osteoporosis in elderly patients.
include leakage of the cement and complications related to the
Patients with symptomatic VCFs have decreased vertebral body
procedure. The factors that contribute to cement leakage include
height, kyphosis, and decreased mobility that may result in atelthe level of injection, severity of fracture, and the amount of
ectasis, pneumonia, and deep venous thrombosis. Most VCFs are
cement injected. Although some leakage of cement is common,
asymptomatic although pain may be experienced with bending,
severe clinical sequelae occur in a small percentage of patients.
lifting, prolonged sitting or standing, or when the patient attempts
Pulmonary embolism may result from leakage of cement into the
to stand from a seated position. The pain is usually a deep back
paravertebral veins and bone marrow, or embolism of fat particles.
pain and there may be intercostal neuralgic symptoms or radicuNeurologic complications include radiculopathy, spinal claudicalitis and paravertebral muscle spasm. Pain is relieved by bed rest
tion, and paraplegia. Kyphoplasty is associated with a lower rate
and the recumbent position. Radiography shows osteopenia or
of cement extravasation because of the higher viscosity of the
decreased bone mass; MRI is the imaging modality of choice.
PMMA that is used, the lower injection pressure employed, and
Vertebroplasty involves the injection of polymethylmeththe inlatable bone trap that seals pathways for cement leakage.162
acrylate (PMMA) into the affected vertebral body; kyphoplasty
Complications related to the procedure include infection, bleedinvolves the insertion of a balloon prior to the injection of the
ing, and allergic reactions from the PMMA or contrast medium.
cement. These procedures lead to restoration of some of the
Initial results after vertebroplasty and kyphoplasty were good
decreased vertebral height, improved strength of the vertebral
and complications were minimal.163–167 More recent randombody, and decreased stress placed on the adjacent vertebrae. Ver- 9 ized, controlled studies have not conirmed the beneicial effects
tebroplasty is usually performed under luoroscopic guidance.
of vertebroplasty in that improvements in pain and pain-related
After administration of prophylactic antibiotic, vertebral body
disability were similar to the improvements in the control sham
access is obtained through a uni- or bipedicular approach. Some
group.168,169 While the conduct of the studies was criticized approphysicians perform venography prior to injection of PMMA to
priately, questions about the mechanism and the effectiveness
show venous drainage and conirm needle placement into the
of this procedure remain unanswered.170 Two randomized conbony trabeculae. The entire vertebral body does not have to be
trolled studies showed the superiority of balloon kyphoplasty for
illed with cement to achieve pain relief as there is no correlation
VCFs, in patients with osteoporosis or cancer, when compared
between volumes of cement injected and pain reduction. Usually,
with a control nonsurgical care group.171,172 These two random2 to 6 mL of cement is enough for the procedure (Fig. 57-8). The
ized studies were partly criticized in that funding of the study
came from the maker of the device and that one of the authors was
afiliated with the company. Final conclusions on the eficacy of
these procedures await additional randomized, controlled studies.

spinal Cord stimulation

figure 57-8. Vertebroplasty at T10 vertebral level. A total of 5 mL
of cement was injected.

The analgesic effect of SCS involves the gate control theory. Therapeutic effects of neuromodulation are based on the concept that
selective excitation of large afferent iber activity mechanisms
control pain.173 It is hypothesized that SCS increases the input
of the large nerve ibers, thus closing the “gate” at the substantia
gelatinosa of the dorsal horn of the spinal cord. SCS may alter
the local neurochemistry at the dorsal horn, and there may be a
decrease of the hyperexcitability of the wide dynamic neurons. It
is correlated with increased levels of the inhibitory neurotransmitter GABA and a decrease of the excitatory neurotransmitters
glutamate and aspartate.174 In ischemic pain, the analgesia may be
secondary to alteration of the sympathetic tone with restoration
of a favorable oxygen supply-and-demand balance.
Indications for SCS implantation include patients with a diagnosis of failed back surgery syndrome, CRPS, neuropathic pain
syndromes; angina175; chronic critical limb ischemia and pain176;
patients who failed conservative therapy; patients who had a trial
that has demonstrated pain relief; and patients who passed a psychological evaluation.177 Many patients with chronic pain may have
some depressive symptoms and implantation should be avoided in
patients with major psychological disorders. There appears to be a
high correlation between several items on some psychological tests
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and a favorable response to trial stimulation. The recommended
Peripheral nerve stimulation
selection criteria for SCS placement in patients with neuropathic
pain are failed trials of pharmacologic management including
Electrical stimulation of a peripheral nerve can be used to treat
anticonvulsants, antidepressants, and/or opioids. The general
neuropathic pain, ideally arising from a single nerve. The concontraindications include systemic or local site of infection and
ditions most amenable to peripheral nerve stimulation (PNS)
abnormal coagulopathy. Complications include nerve and spinal
include occipital neuralgia, supraorbital neuralgia, and peripheral
cord injury, infection, hematoma, and lead breakage or migration.
neuropathic pain. Candidates for PNS should have undergone
Studies that examined the eficacy of SCS for chronic pain often
failed or only partially effective multimodal therapy including
lack a randomized control group, have ambiguous entry criteria,
medical management, anesthetic regional blockade, and physifew outcome measures, and inadequate follow-up. Although the
cal therapy184 before consideration for PNS. As with patients who
main use of SCS in the United States is failed back surgery synare being evaluated for SCS, neuropsychological testing is valudrome, it is a treatment for pain secondary to peripheral ischemia in
able. In addition, before permanent implantation of the internal
Europe. Meta-analyses concluded that there was suficient evidence
pulse generator, patients should have undergone a successful trial
to draw conclusions that prospective randomized studies support
of stimulation with a predetermined therapeutic beneit. There is
the eficacy of SCS178,179 for persistent back pain. In a randomized
a surge of PNS or subcutaneous placement of neuromodulation
study, patients who were candidates for repeat laminectomy were
electrodes for chronic axial pain with variable results.
randomized to either SCS or surgery.180 At 6-month follow-up 67%
With a more regional subcutaneous stimulation, PNS can
of patients who had reoperation crossed over to SCS, compared
affect lower back pain and migraine headache.185 Similar to SCS,
while only 17% in the SCS group crossed over to reoperation. At
our understanding of the mechanism behind PNS is rooted in
the 3-year follow-up, the SCS continued to have better outcomes
Melzack and Wall’s gate control theory of pain. Other hypotheses
compared with repeat spine surgery. Overall, 47% of patients in the
suggest that PNS may result in peripheral nerve blockade or other
SCS group achieved ≥50% pain relief compared with 12% in the
peripheral changes in action potential kinetics to suppress pain.
reoperation group (P < 0.01). The patients randomized to reoperaPNS was traditionally delivered with a cuff electrode wrapped
tion used signiicantly more opioids than those randomized to SCS.
around the target nerve, but this can lead to perineural ibrosis.
10 Thus, there is suficient evidence to support the eficacy of SCS for
Trial of PNS placement is ideally done under ultrasound. With
treating failed back syndrome in terms of sustained long-term pain
surgical implantation, a piece of fascia may be implanted between
relief with medication reduction, improvement in quality of life,
the electrode and the nerve itself, analogous to the dura mater in
increased patient satisfaction, increased ability to return to work,
the implantation of a spinal cord stimulator.
minimal side effects, cost-effectiveness compared with alternative
therapies, and reversibility of the technique.
Studies that examined the eficacy of SCS in CRPS consisted of
occipital nerve stimulation
retrospective case series181,182 and a prospective randomized controlled study.183 In the randomized controlled study,183 patients
Occipital neurostimulation (ONS) provides reversible and effecwith a 6-month history of CRPS of the upper extremity had
tive therapy for intractable headache. The technique is thought
either SCS or physiotherapy. At the 6-month follow-up, patients
to work via inhibition of central nociceptive impulses by stimuwho were treated with SCS had a signiicantly greater reduction
lation of the extensions of the trigeminocervical complex, the
in pain, and a signiicantly higher percentage of patients graded
nerve branches of C2 and C3. Successful electrode implantatheir relief as much improved in terms of global perceived effect.
tion for occipital neurostimulation requires knowledge of nerve
A meta-analysis179 concluded that SCS is an effective tool in the
anatomy and details of the various available devices. Implantation
management of CRPS and concluded that a grade A level of
should ideally avoid unpleasant dysesthesias, which can result
evidence supports the eficacy of SCS in CRPS. For pain from
from supericial placement, and occipital muscle stimulation that
peripheral ischemia and angina, most of the published literature
causes spasm when electrodes are implanted too deep. As in all
consists of a series of case reports.
forms of neurostimulation, lead migration represents a potential
Commonly SCS trial is carried out on an outpatient basis.
technical failure that can require surgical replacement; this inciThe SCS trial and implantation need to be carried out under full
dence is particularly high with ONS.186
aseptic techniques in the operating room to minimize infection.
Depending on the pain site (leg or arm) the SCS electrodes are
intrathecal Pumps
placed via a Touhy needle (Fig. 57-9A and B). It is critical that
a shallow angle of entry of the epidural needle be maintained so
Intrathecal drug delivery systems (IDDSs) are valuable options
that the SCS electrode can be placed in the dorsal aspect of the
in patients in whom oral or transdermal opioids are ineffective
epidural space. The SCS electrodes are advanced under luoroat reasonable doses, or cause unacceptable side effects. The main
scopic guidance and the paresthesia obtained should correspond
indications for IDDS are cancer pain and pain of spinal orito the topography of the patient’s chronic pain. Once this has
gin, with the majority of pumps placed in the United States for
been achieved, the epidural needle is removed and the electrode
failed back surgery syndrome. Baclofen has been administered in
position maintained at the same level. The electrodes are secured
patients who have had a signiicant spinal cord injury or signiiin place and the patient sent home to determine the eficacy of
cant spasm with very good successes. In fact the initial drugs for
the SCS trial.
IDDS included baclofen and morphine. Intrathecal drug infusion
If the SCS trial is successful, permanent implantation should
allows the drug to be directly deposited near the spinal cord recepbe done in the operating room. Surgical hemostasis is achieved
tors, bypassing the blood–brain barrier. By enabling direct access
after a midline incision and the Touhy needle placed in the epiduto opioid receptors, an equianalgesic dose is markedly diminished
ral space. Fluoroscopy is critical to determine correct placement
compared with alternative routes. These lower doses result in a
of the permanent SCS electrodes. Once appropriate position of
the electrodes is conirmed, anchoring is critical to prevent lead 11 marked decrease in side effects and adverse events. The spinal opioid not only interacts with the opioid receptors, the spinal delivmigration. The electrodes are then connected to a battery location
ery also results in adenosine release in the cerebrospinal luid.187
that is pre-determined by the patient and the implanting surgeon.
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CORD

A

B
figure 57-9. A and B: Placement of the epidural needle and the spinal cord electrodes at the thoracic and cervical levels.
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For patients with metastatic cancer and severe pain, the use of
IDDS becomes invaluable. Several factors should be considered
before instituting IDDS for nonmalignant pain including the life
span of these patients. A trial period is recommended before an
intrathecal pump is permanently placed. A trial can be performed
intrathecally or through the epidural space, by a single shot, intermittent bolus, or a continuous infusion. The trial is usually with
an opioid and can be performed on an inpatient or outpatient
basis. Opioids alone may not be adequate to treat neuropathic or
mixed pain syndromes.
Considerations regarding intrathecal (IT) drug pump implantation technique include patient positioning (e.g., lateral decubitus vs. prone; type of anesthetic; IT needle entry point (Fig.
57-10); eventual catheter tip location; site of pump placement;
and, a knowledge of the patient’s lumbar spine anatomy including prior spine surgery or pathology. The technique to place a
permanent pump and catheter should be performed in an operating room under sterile conditions. Intravenous antibiotics should
be administered and should cover skin lora. In the majority of
patients, the only anatomical location that can reasonably accommodate the size of the pump is the lower quadrant of either side
of the abdomen. The anatomic constraints are the bony borders
of the iliac crest, the symphysis pubis, and the costal margin. None
of these should come in contact with the pump when the patient
is seated because of discomfort and risk of damage to the pump or
catheter. Therefore, marking the patient in the seated or standing
position should be carried out preoperatively. Nonanatomic constraints include the patient’s waistline and beltline. With the rise
in popularity of patient-activated medication bolusing by remote
control, patients may have a preference for abdominal placement

on their own left- or right-handedness. It is important not to place
the pump too deep because it may lead to problems in interrogation and reilling of the pump. The pump pocket incision should
be made to approximate the size of the pump. The incision can
be carried down to the rectus fascia in thin patients. This is followed by tunneling through the subcutaneous tissues from the
pump pocket to the posterior incision (Fig. 57-11). This must be
done carefully to prevent accidental puncture of the peritoneum
or even the pleura.
A consensus conference in 2007 resulted in an algorithm that
is often used as a guide for patients with intrathecal pumps.188
The experts recommended morphine and hydromorphone or
ziconotide as acceptable irst-line agents. If either morphine or
hydromorphone does not produce relief or cause side effects,
then either one drug is switched to the other irst-line drug if
the patient has primary nociceptive pain, or clonidine or bupivacaine is added for patients with primary neuropathic or mixed
pain syndromes. Fentanyl is a second-line agent because the more
hydrophilic agents cause intractable side effects, and because of
its apparent granuloma-sparing property, its widespread use and
safety.
The complications of IDDS include infection, bleeding, respiratory depression, pump malfunction, catheter failure, hormonal
dysfunction including decreased testosterone levels and small
gonads, peripheral edema, and formation of an inlammatory
mass. Low testosterone levels are managed with transdermal or
injectable testosterone. Peripheral edema should be treated with
diuretics, compression stockings, extremity elevation, and rotation of the infused drug. An inlammatory mass is a noninfectious
eaction that is usually located at the catheter tip.
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figure 57-10. Placement of the intrathecal needle under fluoroscopy.

1668

sECTion viii Perioperative and Consultative Services

figure 57-11. Connection of the intrathecal catheter to the programmable pump and confirmation of cerebrospinal fluid
prior to placement in the pocket.
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