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Anesthesia providers first ventured into the treatment of
patients with chronic pain as an extension of their use
of regional anesthesia in the operating room setting. Pain
medicine is now a well-established subspecialty of anesthesiology, with many practitioners dedicating their entire
clinical practice to caring for patients with chronic pain
and employing a wide range of diagnostic and therapeutic modalities that now extend far beyond the scope of
regional anesthesia. The International Association for the
Study of Pain (IASP) defines pain as “an unpleasant sensory and emotional experience associated with actual or
potential tissue damage, or described in terms of such damage” and chronic pain as “pain without apparent biological
value that has persisted beyond the normal tissue healing
time usually taken to be 3 months.” Chronic pain leads to
enormous personal and societal costs in lost productivity
and prolonged, often seemingly futile, medical treatment.

CLASSIFICATION OF CHRONIC PAIN
Chronic pain can be classified as cancer-related pain or
noncancer pain, to distinguish the former, which is often
associated with the issues that arise near the end of life.
However, as more effective treatments for some cancers
have emerged, more patients are surviving for prolonged
periods of time on treatment or emerging as long-term
survivors, and some of these patients suffer from persistent pain. Chronic pain is often divided into nociceptive
pain in which activity in peripheral pain neurons is due
to ongoing tissue injury, such as the pain of osteoarthritis,
and neuropathic pain in which abnormal function of the
nervous system causes ongoing pain, such as the pain
associated with postherpetic neuralgia (PHN) or painful
diabetic peripheral neuropathy (DPN).!
The editors and publisher would like to thank Dr. Pankaj Mehta
for contributing to this chapter in the previous edition of this
work. It has served as the foundation for the current chapter.
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MULTIDISCIPLINARY PAIN MANAGEMENT
Chronic pain is a complex disorder and patients suffering with chronic pain often have biologic disease
that is inextricably intertwined with cognitive, affective, behavioral, and social factors. Thus, managing
patients with chronic pain necessitates employing the
expertise of practitioners from a range of medical disciplines to properly address all the physical and psychological aspects of their illness to allow them to regain
control over their lives and optimize their overall level
of function. Such a multidisciplinary team approach is
the most effective and cost-efficient means for the treatment of chronic pain. The core of the multidisciplinary
pain team consists of a physician, a psychologist, and
a physical therapist often working in conjunction with
an occupational therapist and nurse specialists. The
physician coordinates diagnosis and medical treatment,
including drug therapy and appropriate pain-relieving
interventions; the psychologist typically incorporates
patient education, cognitive behavioral therapy (CBT),
and relaxation training; and the physical therapist plans
various exercise regimens, including muscle conditioning and aerobics, aimed at optimizing the patient’s overall function.!

COMMON PAIN SYNDROMES
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Fig. 44.1 The definition of low back pain. (A) “Low back pain” is
more precisely termed lumbosacral spinal pain, which encompasses both lumbar spinal pain (L) and sacral spinal pain (S). (B)
Radicular pain describes pain that is referred to the lower extremity and is caused by stimulation of a spinal nerve.

Low Back Pain
Definitions

Epidemiology

Low back pain, a nonspecific term, refers to pain centered over the lumbosacral junction. The diagnosis and
treatment must be as precise as possible. Low back pain
can be differentiated as pain that is centered primarily
over the axis of the spinal column from pain that refers
primarily to the leg (Fig. 44.1).1 Lumbar spinal pain is
pain inferior to the tip of the twelfth thoracic spinous
process and superior to the tip of the first sacral spinous
process. Sacral spinal pain is inferior to the first sacral
spinous process and superior to the sacrococcygeal joint.
Lumbosacral spinal pain is in either or both regions and
constitutes “low back pain.” Other patients present with
“sciatica,” or pain predominantly localized in the leg. The
proper term is radicular pain because stimulation of the
spinal nerve or the dorsal root ganglion of a spinal nerve
evokes the pain.
Pain is a normal physiologic process and serves as a
signal of actual or impending tissue injury. Pain from
tissue injury is usually well localized and associated
with sensitivity in the region. Pain signals are carried
toward the central nervous system (CNS) via the peripheral sensory nerves. This type of pain is termed nociceptive pain, or physiologic pain. In contrast, persistent
pain following injury to the nervous system is termed
neuropathic pain.!

Low back pain is among the most common problems
leading patients to seek medical attention. In a nationwide health survey, 28% of U.S. adults reported low back
pain in the 3 months preceding the survey.2 The majority of episodes of acute low back pain, with or without radicular pain, resolve without treatment. Overall,
60% to 70% of those affected recover by 6 weeks, and
80% to 90% recover by 12 weeks (Fig. 44.2).3 However,
recovery after 12 weeks is slow and uncertain. Fewer
than half of patients disabled for longer than 6 months
will return to work. The return-to-work rate for those
out of work for 2 years is near zero. Low back pain is
frequently recurrent; the vast majority of patients with
a single episode experience another episode at some
later time. Risk factors for developing chronic low back
pain include age, gender, socioeconomic status, education level, body mass index, tobacco use, perceived
general health status, physical activity (e.g., bending,
lifting, twisting), repetitive tasks, job dissatisfaction,
depression, spinal anatomic variations, and imaging
abnormalities.4!
Pathophysiology

The basic functional unit of the spine is composed of two
adjacent vertebral bodies with two posterior facet joints,
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time course and characteristics of any changes in the
pattern and severity of postoperative pain is essential.
Recurrent pain or progressive symptoms signal the
need for further diagnostic evaluation.!
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Fig. 44.2 The time course of acute low back pain. (Redrawn from
Andersson GB. Epidemiological features of chronic low-back
pain. Lancet. 1999;354(9178):581-585, used with permission.)

an intervertebral disk, and the surrounding ligamentous structures. The intervertebral disk absorbs energy
and distributes weight evenly from one spinal segment
to the next while allowing movement of the protective
bony elements. Lifting, bending, twisting, or whole body
vibration can damage elements of the spine. With injury
and aging, progressive degenerative changes appear in
each element of the functional spinal unit, along with
the onset of characteristic symptoms (Fig. 44.3). The earliest change in the lumbar facet joints is synovitis, which
progresses to degradation of the articular surfaces, capsular laxity and subluxation, and finally enlargement
of the articular processes (facet hypertrophy). Progressive degeneration also occurs within the intervertebral
disks, starting with loss of hydration of the nucleus
pulposus followed by the appearance of circumferential or radial tears within the annulus fibrosis (internal
disk disruption). Lumbosacral pain can arise from the
facet joints or the annulus fibrosis.5 With internal disruption of the annulus, some of the gelatinous central
nucleus pulposus can extend beyond the disk margin as
a disk herniation (herniated nucleus pulposus, or HNP).
When an HNP extends to the region adjacent to the spinal nerve, it incites an intense inflammatory reaction.
Patients with HNP typically present with acute radicular
pain. Hypertrophy of the facet joints and calcification
of the ligamentous structures can reduce the size of the
intervertebral foramina and central spinal canal (spinal
stenosis), with onset of radicular pain and neurogenic
claudication.
Patients with prior lumbar surgery and either recurrent or persistent low back pain, often termed failed
back surgery syndrome, may require a more complex
evaluation. Knowing the type of surgery performed,
the indications for and results of the surgery, and the
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When first evaluating a patient with low back pain, several features termed red flag conditions require prompt
investigation, including new-onset or worsening back
pain after trauma, infection, or previous cancer. Patients
with progressive neurologic deficits (i.e., typically worsening numbness or weakness) or bowel or bladder dysfunction also warrant immediate radiologic imaging to
rule out a compressive lesion.5 Diagnosis and treatment
usually rely on location and duration of symptoms, and
determining if the pain is acute or chronic and primarily
radicular or lumbosacral in nature. Acute low back pain
is pain that is present for less than 3 months, and chronic
low back pain is defined as being present for a longer
period of time.!
Acute Radicular Pain

HNP typically causes acute radicular pain, with or without radiculopathy (signs of dysfunction including numbness, weakness, or loss of deep tendon reflexes referable
to a specific spinal nerve). In elderly patients and those
with extensive lumbar spondylosis, acute radicular
symptoms caused by narrowing of one or more intervertebral foramina can occur. Initial treatment is symptomatic, and following HNP, symptoms resolve without
specific treatment in about 90% of patients.6 Epidural
steroid injections have shown efficacy for symptom
control in acute radicular pain from HNP.7 For those
with more than 6 weeks of persistent pain after HNP,
lumbar diskectomy may be indicated. A controlled trial
of surgical versus nonoperative treatment in selected
patients showed significant improvement in pain alleviation, quality of life, and physical functioning among
both groups over short- and long-term follow-up but
remained inconclusive about the superiority of either
approach.8!
Chronic Radicular Pain

Persistent leg pain in the distribution of a spinal nerve
may occur in patients with a disk herniation with or without subsequent surgery. In those with persistent pain, a
search for a reversible cause of nerve root compression
is warranted. In many individuals, scarring around the
spinal nerve at the operative site on magnetic resonance
imaging and abnormalities on electrodiagnostic studies can suggest chronic radiculopathy. There is a lack of
consensus in the field of pain management on how to
approach the workup and treatment of chronic radicular
pain. As this patient group has characteristics similar to
those suffering from other nerve injuries who respond to
specific drugs, it is reasonable that initial management
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Fig. 44.3 The functional spinal unit and the degenerative changes that lead to lumbosacral and radicular
pain. (A) The normal functional spinal unit. (B) The degenerative changes leading to lumbosacral pain (disk
disruption, facet joint arthropathy) and radicular pain (herniated nucleus pulposus). (C) The degenerative
changes of lumbar spondylosis leading to lumbosacral (facet joint) pain, radicular (foraminal stenosis)
pain, and neurogenic claudication (central canal stenosis).

consist of pharmacologic treatment for neuropathic pain
using gabapentin, pregabalin, tricyclic antidepressants
(TCAs), or serotonin-norepinephrine reuptake inhibitors
(SNRIs).9!
Acute Lumbosacral Pain

Most patients presenting with acute onset of lumbosacral pain without radicular symptoms have no obvious
abnormal physical findings, and radiologic imaging is
unlikely to be helpful.10,11 Traumatic sprain of the muscles
and ligaments of the lumbar spine or the zygapophyseal
joints, and early internal disk disruption, are significant causes of acute lumbosacral pain. As with patients

with acute radicular pain, this group is best managed
symptomatically.!
Chronic Lumbosacral Pain

There are many causes of chronic lumbosacral pain, and
identification of the anatomic cause cannot be done with
certainty in many cases. The structures most commonly
implicated include the sacroiliac joint, lumbar facets, and
lumbar intervertebral disks.12 In chronic low back pain,
the incidence of internal disk disruption has been estimated to be 39% (range 29% to 49%), facet joint pain
15% (10% to 20%), and sacroiliac joint pain 15% (7%
to 23%). The gold standard for diagnosing sacroiliac and
773
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facet joint pain is injection of local anesthetic at the site.
However, the use of uncontrolled local anesthetic blocks
for diagnostic purposes is plagued by placebo response.
For patients achieving significant short-term pain relief
with diagnostic blocks, radiofrequency treatment offers
a simple, minimally invasive intervention that can provide pain reduction for 3 to 6 months in those with
facet-related pain. Pain from degenerating intervertebral
disks is also a source of chronic axial back pain. Spinal
cord stimulators with implanted epidural electrodes have
shown efficacy in selected patients who fail medical and
surgical therapy for chronic axial low back pain.13!

Neuropathic Pain
Persistent pain following injury to the nervous system is
termed neuropathic pain and has unique characteristics:
• Spontaneous pain—pain that occurs with no stimulus
(e.g., sudden lancinating pain described with PHN)
• Hyperalgesia—an exaggerated painful response to a
normally mildly noxious stimulus (e.g., light pinprick
leading to extreme, prolonged pain)
• Allodynia—a painful response to a normally non-noxious stimulus (e.g., light touch causing pain)
Neuropathic pain is believed to arise when the normal
protective physiologic systems of the nervous system that
produce sensitization of the peripheral and central nervous systems (sensitization that affords protection during
the healing process) persist after the injured tissue has
healed. Three of the most common forms of neuropathic
pain include PHN, painful DPN, and complex regional
pain syndrome (CRPS).
Painful Diabetic Peripheral Neuropathy

Diabetes mellitus is the most common cause of neuropathic pain, and DPN is caused by damage to small
unmyelinated nerve fibers. DPN can result in painless
sensory loss or painful neuropathy. DPN typically begins
with symmetric numbness in the toes associated with
paresthesias, dysesthesias, and pain. The pain is often
described as burning but equally common is a simple
deep aching pain in the area affected. The neuropathy progresses slowly over many years. As the sensory
changes reach the proximal portion of the feet, the same
symptoms often appear in the hands. The incidence of
painful DPN is directly related to glycemic control, with
marked reduction in the incidence, severity, and rate of
progression of the neuropathy in those with the tightest
control of blood glucose levels. The strongest evidence for
efficacy in pharmacologic management of pain-related
symptoms exists for TCAs (amitriptyline, desipramine,
and imipramine), SNRIs (duloxetine, venlafexine), and
anticonvulsants (gabapentin, pregabalin, carbamazapine,
oxcarbezapine). Use of opioids is controversial because
of potential for long-term dependence, abuse, and their
774

significant adverse effects profile. In clinical trials, tepentadol extended release and oxycodone are more effective
than other opioids in treatment of DPN.14!
Sympathetically Maintained Pain

Sympathetically mediated pain is a subset of neuropathic pain in which sympathetic efferent activity augments chronic pain and loss of function. As a result,
early blockade of sympathetic neurotransmission during
certain acute pain conditions may reduce the development of chronic pain. Typical examples of sympathetically mediated pain are PHN, CRPS, and stump neuroma
in amputees.!
Postherpetic Neuralgia

The varicella-zoster virus produces a highly contagious
primary viral infection called chickenpox that is common
in childhood, characterized by the appearance of a diffuse vesicular rash that typically heals without scarring.13
The varicella-zoster virus lies dormant in the dorsal root
ganglia following resolution of the primary infection. In
individuals with immunosuppression or with aging of
the immune system, the virus can produce a secondary
infection called shingles in which the virus replicates and
travels from the ganglia along one or more spinal nerves
erupting in an acute vesicular rash that is typically limited to one or two dermatomes on one side of the body.
This secondary infection leads to damage to small unmyelinated nerve fibers and can lead to severe and persistent
pain, PHN. PHN is characterized by episodic lancinating
pain and severe allodynia in the affected dermatome. The
incidence of PHN has been reduced in recent years with
the emergence of an effective vaccine. Antiviral therapy
with acyclovir, famcyclovir, or valacyclovir started within
the first few days after eruption of vesicles also appears
to reduce the incidence of PHN. The incidence rate of
herpes zoster ranges from 1.2 to 3.4 per 1000 personyears among healthy individuals, increasing to 3.9 to 11.8
per 1000 person-years among those older than 65 years.
Sympathetic blockade during acute herpes zoster can
produce excellent analgesia, but is ineffective in treating established PHN.14 Treatment of established PHN is
difficult. Topical lidocaine can reduce pain in those with
marked allodynia. TCAs and anticonvulsants remain the
primary treatment for PHN.!
Complex Regional Pain Syndrome

CRPS develops as a localized pain disorder within 4 to 6
weeks following a trauma to an extremity (Box 44.1).15
The incidence of CRPS is between 5.5 to 26.2 per 100,000
per year. Women are twice as frequently affected. Typically, symptoms are preceded by trauma. As the traumatized area heals, patients who develop CRPS are left with
persistent pain that has the characteristics of neuropathic
pain associated with signs and symptoms of dysfunction of the sympathetic nervous system (swelling, edema,
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Box 44.1 Budapest Clinical Diagnostic Criteria for
Complex Regional Pain Syndrome
1. Continuing pain, which is disproportionate to any inciting
event
2. Must report at least one symptom in three of the four following categories:
• Sensory: reports of hyperesthesia or allodynia
• Vasomotor: reports of temperature asymmetry or skin
color changes or skin color asymmetry
• Sudomotor/edema: reports of edema or sweating
changes or sweating asymmetry
• Motor/trophic: reports of decreased range of motion
or motor dysfunction (weakness, tremor, dystonia) or
trophic changes (hair, nail, skin)
3. Must display at least one sign at time of evaluation in two
or more of the following categories:
• Sensory: evidence of hyperalgesia (to pinprick) or allodynia (to light touch or deep somatic pressure or joint
movement)
• Vasomotor: evidence of temperature asymmetry or skin
color changes or asymmetry
• Sudomotor/edema: evidence of edema or sweating
changes or sweating asymmetry
• Motor/trophic: evidence of decreased range of motion
or motor dysfunction (weakness, tremor, dystonia) or
trophic changes (hair, nail, skin)
4. No other diagnosis better explains the signs and symptoms

erythema or bluish discoloration, temperature asymmetry
when compared with the contralateral limb). CRPS can be
divided into two subgroups based on absence (CRPS type
1) or presence (CRPS type 2) of distinct nerve lesions.
CRPS can lead to long-term, severe, persistent pain,
and loss of function related to loss of use of the painful extremity. There is consensus that early therapeutic
intervention is desirable and may prevent the transition
to chronic CRPS. The central tenet of managing patients
with CRPS is to focus on maintenance and restoration
of function through aggressive physical and occupational
rehabilitative therapy. Patients often fear the transient
increase in pain and exacerbation of visible symptoms
with use of the affected extremity. Reassurance and pain
reduction can facilitate functional restoration. Pain is
decreased with bisphosphonates administered both in
early (first 6 to 9 months) and established CRPS. Although
medications are widely prescribed in CRPS, clinical trial
evidence for improvement in long-term pain is either
negative (gabapetin) or is lacking (TCAs, carbamazepine).
These medications may address the neuropathic components of CRPS. Sympathetic nerve blocks have been used
for many years in managing patients with CRPS; they can
produce dramatic pain reduction that facilitates physical
therapy, but they are rarely useful in the long-term management of these patients.16 Spinal cord stimulation (SCS)
has emerged in recent years as a more effective long-term
means to produce pain reduction and facilitate functional

restoration in patients with CRPS. Multidisciplinary treatment teams that include a provider that oversees medical
management working in close coordination with a physical therapist and a psychologist appear to be the most
effective means to help this group of patients.!

Musculoskeletal Pain
Two of the most common syndromes involving myofascial or widespread musculoskeletal pain are myofascial
pain syndrome (MPS) and fibromyalgia. MPS is typically
characterized by regional pain, fibromyalgia by generalized pain. In spite of distinct diagnostic criteria and
clinical features in typical cases, they frequently coexist in the same patient and may be pathophysiologically
interconnected.
Myofascial Pain Syndrome

Although MPS lacks a consensus on definition and diagnostic criteria, it is characterized by the regional presence
of spots of exquisite tenderness and hyperirritability in
muscles or fascia, termed myofascial trigger points. Over
30% to 50% of middle-aged men and women, respectively, may complain of acute, recurrent, or chronic forms
of regional musculoskeletal pain that may be MPS.17 Trigger point injections are frequently employed in the treatment of MPS in addition to physical therapy. Although
effective in relieving symptoms in a significant proportion of these patients, the pain relief mechanism of trigger
point injections is poorly understood.!
Fibromyalgia

Fibromyalgia is a condition defined by widespread,
chronic musculoskeletal pain, present for more than 3
months, and accompanied by other somatic symptoms
such as fatigue, waking unrefreshed, and cognitive dysfunction. Two thirds of the symptom burden is due to
pain.18 It affects over 2% of the U.S. population, predominantly women (3.4% of women vs. 0.5% of men). In 25%
to 65% of cases, fibromyalgia co-occurs with other rheumatic conditions such as rheumatoid arthritis, systemic
lupus erythmatosus, and ankylosing spondylitis. Prevalence of fibromyalgia increases with aging. Although
precise causation of fibromyalgia remains mostly speculative, dysregulation of pain-processing mechanisms and
central pain sensitization have been postulated as major
mechanisms underlying its clinical manifestations. Nonpharmacologic treatments (primarily promoting increased
physical activity) are the cornerstone of therapy. TCAs,
typically in doses smaller than those used to treat depression, are the traditional drug treatment. SNRIs, such as
duloxetine and milnacipran, consistently augment pain
alleviation and function in fibromyalgia. Although widely
prescribed, opioids, with the exception of tramadol, have
not been formally studied in fibromyalgia. Tramadol has
effects on serotonin and norepinephrine uptake, which
775
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Box 44.2 World Health Organization (WHO) Analgesic
Ladder for the Treatment of Cancer Pain
Step 1: Mild Pain
Nonopioid analgesics (acetaminophen, NSAIDs)
± adjuvant analgesics (TCAs, anticonvulsants) for neuropathic pain!
Step 2: Moderate Pain
Use of short-acting opioids (e.g., hydrocodone, oxycodone)
in starting doses
± nonopioid analgesics (acetaminophen, NSAIDs)
± adjuvant analgesics (TCAs, anticonvulsants) for neuropathic pain!
Step 3: Severe Pain
Use of potent opioids (e.g., morphine, hydromorphone) in
higher doses
± nonopioid analgesics (acetaminophen, NSAIDs)
± adjuvant analgesics (TCAs, anticonvulsants) for neuropathic pain
NSAIDs, Nonsteroidal antiinflammatory drugs; TCAs, tricyclic antidepressants.

may explain its positive effects on pain and quality of life
in fibromyalgia.19!

Cancer-Related Pain
Pain related to cancer and its treatment is common;
indeed, pain is the most common presenting symptom
of undiagnosed malignancy. The pain may be due to
direct invasion of the malignancy or result from cancer treatment; chronic pain of various types often coexists with cancer-related pain. The primary focus of pain
reduction in cancer patients is direct treatment of the
malignancy, because successful treatment often leads
to complete pain resolution. Nonetheless, ongoing pain
during the course of treatment or as the disease progresses is all too common. More than 3 decades ago,
the World Health Organization (WHO) revolutionized the
treatment of cancer pain by introducing a simple, threestep analgesic ladder (Box 44.2). This approach has been
adopted worldwide and promotes the aggressive treatment of cancer-related pain by tailoring the analgesic
used to the severity of the pain, starting with oral nonopioids and moving toward more potent oral and parenteral nonopioid and opioid analgesics as necessary to
control pain.20,21 Anesthesia providers are often called
upon to apply their knowledge of regional anesthesia
and neuraxial drug delivery in caring for a small group
of patients whose pain cannot be controlled with the
more conservative approaches specified in the WHO
approach. One of the more common nerve blocks used
to successfully treat patients with pain associated with
abdominal malignancy is the neurolytic celiac plexus
block (described later). With the advent of implantable
intrathecal drug delivery systems, long-term treatment
776

of patients with intractable cancer-related pain using
intrathecal opioids and other drugs (local anesthetics,
clonidine, ziconotide) has become routine.!

PHARMACOLOGIC MANAGEMENT OF
CHRONIC PAIN
Acetaminophen and Nonsteroidal
Antiinflammatory Drugs
Acetaminophen and the nonsteroidal antiinflammatory
drugs (NSAIDs) are among the most common medications used to treat mild to moderate pain, ranging from
headache to acute muscle sprain and strain. The NSAIDs
reduce the long-term pain and stiffness associated with
osteoarthritis. Acetaminophen is a novel nonopioid analgesic with a poorly understood mechanism of action;
aspirin and the NSAIDs produce potent inhibition of the
enzyme cyclooxygenase, resulting in decreased levels of
prostaglandins. The long-term use of NSAIDs and acetaminophen in other chronic painful conditions such as
low back pain is common but poorly supported by scientific evidence, which shows little utility in the use of these
drugs.22,23 These two groups of analgesics also represent
the first step in the WHO analgesic ladder and are recommended as the initial drugs to treat mild to moderate
cancer-related pain.!

Antidepressants
TCAs (e.g., amitriptyline, nortriptyline, desipramine) and
newer selective SNRIs (e.g., venlafaxine, duloxetine) have
a long history of use as first-line drugs in the treatment of
neuropathic pain, including PHN and painful DPN. In this
setting, TCAs are usually prescribed in doses smaller than
those indicated for treatment of depression. Side effects
can be problematic in maintaining long-term therapy.
Common side effects of the TCAs include dry mouth and
urinary retention; TCAs can also worsen preexisting heart
block. The SNRIs have a more favorable side-effect profile at the cost of lesser efficacy when compared with the
TCAs.24 Milnacipran is a recently introduced SNRI that
has shown modest benefit for fibromyalgia pain relief.
Although clinical experience with milnacipran for chronic
neuropathic pain has been positive, strong research evidence to support its use for this indication is awaited.25!

Anticonvulsants
Antiepileptic drugs (e.g., gabapentin, pregabalin) are
effective as first-line treatment for neuropathic pain.
These drugs are generally well tolerated; the most common side effects are dizziness, somnolence, and peripheral
edema. Decisions regarding pharmacologic treatment of
neuropathic pain (Box 44.3) may be based on an analysis
of the number needed to treat (NNT); the NNT (with 95%
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Box 44.3 Stepwise Pharmacologic Management of
Neuropathic Pain
Step 1
Assessment and diagnosis of the neuropathic pain syndrome
followed by detailed explanation of the pain management
plan setting realistic goals!
Step 2
Initial pharmacologic therapy including one of the following
agents:
First-Line Medications
• TCAs (nortriptyline, desipramine) or SNRIs (duloxetine,
venlafaxine)
• Anticonvulsants, either gabapentin or pregabalin
• Topical lidocaine!
Second-Line Medications
• Opioid analgesics and tramadol, which can be used
alone or in combination for acute exacerbations, neuropathic cancer pain, or when prompt relief is required!
Step 3
If follow-up evaluation demonstrates substantial pain relief
with tolerable side effects (pain <3/10), treatment is continued. If the relief is partial after an adequate trial (pain >4/10),
another first-line drug is added. If pain relief is inadequate at
the target dosage (<30% reduction), an alternative first-line
medication is started.!
Step 4
If the initial trial fails, a second-line or third-line medication
is considered.
Third-Line Medications
• Certain other antiepileptic agents (carbamazepine,
oxcarbazepine) and antidepressants (citalopram,
paroxetine), NMDA receptor antagonists, topical
capsaicin
NMDA, N-methyl-d-aspartate; SNRIs, serotonin-norepinephrine
reuptake inhibitors; TCAs, tricyclic antidepressants.
Modified from Dworkin RH, O’Connor AB, Backonja M, et al. Pharmacologic management of neuropathic pain: evidence-based recommendations. Pain. 2007;32:237-251, used with permission.

confidence interval [CI]) are TCA 3.6 (3.0 to 4.4), SNRI 6.4
(5.2 to 8.4), gabapentin 7.2 (5.9 to 9.1), and pregabalin
7.7 (6.5 to 9.4).24!

Opioids
Chronic Opioid Therapy

Opioids have established efficacy for treatment of acute
pain and are also routinely administered for moderate to severe cancer pain. Chronic opioid therapy in the
long-term management of noncancer pain remains controversial. Advocates point to long-term efficacy and
improvement in function in patients with chronic painful
conditions, including low back pain. Opponents cite difficulties in prescribing these drugs over the long term.
Assessment of maximum efficacy based on high-quality

randomized controlled trials (RCTs) has shown no significant difference between opioids and other pharmacologic and nonpharmacologic treatments for chronic pain.
Although opioids inhibit nociception, it is highly contentious whether opioids improve or deteriorate other factors inciting and sustaining chronic noncancer pain, such
as psychological, cognitive, social, and financial aspects
of health care. Treating acute pain in the opioid tolerant
patient is difficult, and it is becoming evident that chronic
opioid use can worsen pain by inducing hyperalgesia.26-28
Although opioids are the most commonly prescribed class
of drugs for back pain, there are no high-quality RCTs
with long-term follow-up to guide the use of opioids in
treating this set of conditions. Studies comparing opioids
with placebo show short-term improvement in pain with
unclear long-term benefits. There are no high-quality
studies comparing opioids with nonopioid pain medications for chronic back pain. Despite the absence of conclusive evidence for long-term benefit, chronic opioid use
is widely prevalent both for back pain and other chronic
painful conditions. When treating a patient with longterm opioids, many drugs are available. The traditional
paradigm for opioid treatment is based on cancer pain
management. In this approach, patients with significant
chronic pain are given a long-acting opioid for continuous analgesia; short-acting opioids may cause fluctuations in pain control. A small dose of a short-acting drug
is also available for intermittent pain that occurs with
activity and “breaks through” the control provided by the
long-acting drug alone. Nearly every available opioid has
been used successfully in treating chronic low back pain,
including short-acting analgesics (e.g., hydrocodone,
oxycodone) alone or in combination with ibuprofen or
acetaminophen, and long-acting drugs (e.g., methadone,
controlled-release morphine, transdermal fentanyl, controlled-release oxycodone). “Ultrafast onset” opioids (e.g.,
oral transmucosal fentanyl citrate, fentanyl buccal tablet)
can also be used for the rapid treatment of breakthrough
pain. As with the patient selection process, choosing the
opioid drug and the appropriate dose remains empiric.
The decision to use short- or long-acting drugs alone
or in combination should be tailored to the individual
patient’s pattern of pain.!
Chronic Pain and the Opioid Epidemic

Tens of millions of Americans suffer from chronic persistent pain. In the United States, managing chronic
pain costs over $500 billion every year.29 In the last 2
decades, opioid use for noncancer pain—albeit controversial—has skyrocketed and so have deaths from prescription opioid overdoses.30 Americans consume 84%
of the world’s entire supply of oxycodone and 99% of
hydrocodone.31 Although aberrant drug-related behavior
(e.g., losing prescriptions, escalating drug use) is relatively common in patients receiving opioids for chronic
pain, overt addiction is unusual. The risk of overdose
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and death increases significantly with increasing daily
doses and use of extended release/long-acting formulations. Patients with chronic pain are not the only ones
susceptible to harm from abuse and overdose; opioid
diversions constitute a significant problem. The National
Survey on Drug Use and Health has showed that nearly
one third of people aged 12 years or older who used
drugs for the first time began by using a prescription
drug nonmedically. Seventy percent got prescription
opioids from friends or relatives, whereas only 5% got
them from drug dealers or from the Internet.32 The opioid epidemic has been sustained and exacerbated largely
by physician prescription practices. Although prescription opioids may be effective for short-term pain relief,
there is limited evidence of improvement in pain alleviation and improvement in physical functioning with
long-term opioid use.33 Important aspects in preventing
opioid abuse among patients already on chronic prescription opioids include frequent monitoring, periodic
urine screens, opioid therapy agreements, opioid checklists, motivational counseling, and the active use of
state-sponsored prescription drug monitoring programs
by all prescribers of opioids, as well as sustained opioid
tapering. It is important for prescribing physicians to
strongly consider nonopioid analgesic options for opioid
naïve patients presenting to them with painful conditions, thus preventing chronic opioid dependence.26!
Tapering Opioids

Increasing concern about the risks and limited evidence
supporting the therapeutic benefit of long-term opioid
therapy for chronic noncancer pain is leading prescribers
to consider discontinuing the use of opioids. Criteria have
been proposed to identify patients who will benefit from
tapering long-term opioid therapy (Table 44.1). Central
issues during tapering of long-term opioid treatment are
many and can be divided into short-term and long-term
risks. Among short-term risks, opioid withdrawal syndrome, fear of increasing pain, refusal to taper opioids
or resumption of long-term opioid treatment with a new
prescriber, or aggressive behavior toward the prescriber
create concern for many clinicians. Long-term issues of
relapse, interventions to improve or maintain function,
treatment of psychiatric comorbid conditions, and medicolegal issues surrounding deaths by unintentional overdose or suicide represent serious concerns.
Depression, high pain scores, high opioid doses, and
the absence of provision for taper failure are key predictors of opioid-tapering dropout or relapse. There is an
absence of validated protocols on tapering opioids. A
typical approach involves an initial reduction of the opioid dose to the smallest commonly available unit dosage
followed by an increase in the amount of time between
doses. For example, in a patient prescribed 60 mg of
extended-release morphine every 8 hours, the dose would
first be reduced to 15 mg, then the time interval between
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Table 44.1

Criteria Identifying Patients in Whom
Discontinuation of Long-Term Opioid Therapy
Should Be Considered

1. Inability to achieve or maintain anticipated pain relief
or functional improvement despite reasonable dose
escalation
2. Intolerable adverse effects at the minimum dose that
produces effective analgesia, with reasonable attempts
at opioid rotation unsuccessful
3. Persistent nonadherence with patient treatment
agreement, including inappropriate use, failure to
comply with monitoring (after excluding this failure
is due to personal cost burden), selling prescription
drugs, forging prescriptions, stealing or borrowing
drugs, aggressive demand for opioids, injecting
oral or topical opioids, unsanctioned use of opioids,
unsanctioned dose escalation, concurrent use of illicit
drugs, obtaining opioids from multiple prescribers or
multiple pharmacies, recurring emergency department
visits for chronic pain management
4. Deterioration in physical, emotional, or social
functioning attributed to opioid therapy
5. Resolution or healing of the painful condition

doses would be increased to 12 hours, then 24 hours. It
may be preferable to taper using the patient’s long-term
opioid treatment medications as opposed to switching to
methadone or buprenorphine, which does not have strong
evidence in support. Continued pain management, including optimized nonopioid regimens and interventional
approaches, should be offered. The use of α2-agonists such
as clonidine, lofexidine, guanfacine, and tizanidine for
symptomatic treatment of increased sympathetic activity
and NSAIDs or acetaminophen for muscle aches and pains
are often part of tapering protocols. Considering the risk
factors for dropout and adverse functional outcomes in
these patients, as reviewed earlier, psychological support
with interventions such as CBT may be needed to address
anxiety related to the taper, underlying depression, and
deficient pain and stress coping strategies.33!

INTERVENTIONAL PAIN THERAPIES
Interventional pain therapy refers to a group of targeted
treatments used for specific spine disorders, ranging from
epidural injection of steroids to percutaneous intradiskal
techniques. Some have been rigorously tested in RCTs,
and others are in widespread use without critical evaluation. When these treatment techniques are used for the
disorders they are most likely to benefit (Table 44.2), they
can be highly effective; however, when used haphazardly,
they are unlikely to be helpful, are expensive, and may
cause harm.
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Table 44.2

Application of Medical Therapies in Treating Low Back Pain

Type of Pain

Initial Therapy

Therapy for Persistent Pain

Acute
radicular
pain

• A 7- to 10-day course of an oral
analgesic (NSAID or acetaminophen,
± opioid analgesic) with a relaxant
drug, for those with superimposed
muscle spasm. (Level I)

• Between 2 and 6 weeks after onset of
acute radicular pain, consider lumbar
epidural steroid injection for attenuation of radicular symptoms. (Level II)

Chronic radicular
pain

• Initial treatment of chronic radicular pain is
• Consider evaluation for a trial of spinal cord
similar to treatment of other types of neuropathic
stimulation. (Level II)
pain and should begin with a trial of a tricyclic
antidepressant, SNRI, or anticonvulsant. (Level 1)
• Chronic radicular pain may respond to treatment with chronic opioids, but neuropathic
pain is less responsive to opioids than nociceptive pain. (Level II)

Acute lumbosacral
pain

• A 7- to 10-day course of an oral analgesic (NSAID • Between 2 and 6 weeks after onset of chronic
or acetaminophen, ± opioid analgesic) with
radicular pain, consider referral for physical
a relaxant drug, for those with superimposed
therapy for stretching, strengthening, and aerobic
muscle spasm. (Level I)
exercise in conjunction with patient education.
(Level I)

Chronic lumbosacral • Diagnostic medial branch blocks of the nerves to • Consider enrollment in a formal pain program that
pain
the facet joints. If >50% pain relief is obtained
incorporates medical management, behavioral
with the diagnostic blocks, radiofrequency
therapy, and physical therapy. (Level I)
treatment may be effective. (Level II)
• Consider cognitive-behavioral therapy. (Level I)
• If no response is obtained with diagnostic facet
blocks and MRI shows evidence of early degenerative
disk disease affecting fewer than two intervertebral
disks, consider diagnostic provocative diskography.
(Level III) If diskography is concordant (pain is reproduced at anatomically abnormal level[s] and no pain
is present at an adjacent anatomically normal level),
consider treatment with intradiskal electrothermal
therapy (IDET) at the symptomatic level(s). (Level II)
Note: Level of evidence is based on the Oxford Evidence-Based Medicine Levels for Treatment: Level I, high-quality RCTs or systematic reviews
of RCTs; Level II, low-quality RCTs, cohort studies, or systematic reviews of cohort studies; Level III, case-control studies or systematic reviews of
case-control studies; Level IV, case-series; Level V, expert opinion.
MRI, Magnetic resonance imaging; NSAID, nonsteroidal antiinflammatory drug; RCTs, randomized controlled trials; SNRI, serotonin-norepinephrine
reuptake inhibitor.
Modified with permission from Rathmell JP. A 50-year-old man with chronic low back pain. JAMA. 2008;299:2066-2077.

Epidural Injection of Steroids
Numerous RCTs have examined the efficacy of epidural corticosteroid injection for acute radicular pain.22 Such injections into the epidural space may combat the inflammatory
response that is associated with acute disk herniation. In
acute radicular pain with HNP, epidural steroids reduce the
severity and duration of leg pain if given between 3 and
6 weeks after onset. Adverse effects, such as injection site
pain and transient worsening of radicular pain, occur in
less than 1% of treated subjects. Beyond 3 months from
treatment, there are no long-term reductions in pain or
improvements in function. This therapy has never proved
helpful for lumbosacral pain without radicular symptoms.
Epidural injection of steroids can be accomplished by the

interlaminar route (Fig. 44.4) or the transforaminal route
(Fig. 44.5). The rationale for use of the transforaminal
route is to place the steroid in high concentration directly
adjacent to the spinal nerve close to the site of inflammation. The transforaminal approach may be more effective
than the interlaminar approach, but additional studies are
needed.!

Facet Blocks and Radiofrequency Treatment
Pain from the lumbar facet joints affects up to 15% of
chronic low back pain patients.12 Patients are identified
based on typical patterns of referred pain, with maximal
pain located directly over the facet joints and their reports
of pain on palpation over the facets; radiographic findings are variable, but some degree of facet arthropathy
779
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Fig. 44.4 Axial diagram of interlaminar lumbar epidural injection. The epidural needle is advanced in the
midline between adjacent spinous processes to traverse the ligamentum flavum and enter the dorsal
epidural space in the midline. The normal epidural space is approximately 4 to 6 mm wide (from the
ligamentum flavum to the dura mater in the axial plane). Note the proximity of the underlying cauda
equina during lumbar epidural injection. (Redrawn from Rathmell JP. Atlas of image-guided intervention
in regional anesthesia and pain medicine. Philadelphia: Lippincott Williams & Wilkins; 2006:47, used
with permission.)

is typically present. The intra-articular injection of anesthetics and corticosteroids may lead to intermediate-term
(1 to 3 months) pain relief in patients with an active
inflammatory process. Radiofrequency denervation delivers energy through an insulated, small-diameter needle
positioned adjacent to the sensory nerve to the facet joint
(Fig. 44.6), creating a small area of tissue coagulation
that denervates the facet joint. Radiofrequency denervation probably provides better pain relief than sham intervention for facet-related pain.23 Approximately 50% of
patients treated report at least 50% pain reduction. Pain
typically returns 6 to 12 months after treatment, and
denervation can be repeated without lessening of efficacy. Adverse events are uncommon; in 1% of treated
patients, pain at the treatment site lasted 2 weeks or less.!

Sympathetic Blocks
Blockade of sympathetic nerve fibers can produce pain
relief in specific pain syndromes, including CRPS and
ischemic pain produced by vascular insufficiency. There is
780

little scientific evidence to support long-term reductions in
pain or improvements in physical function associated with
the use of sympathetic blocks; nonetheless, they are still
widely used to produce short-term pain reduction in order
to facilitate active involvement in physical therapy.16 One
exception to this rule is the use of neurolytic celiac plexus
block for the treatment of pain associated with abdominal malignancies, for which significant pain reduction can
extend over weeks to months after treatment.28
Stellate Ganglion Block

Stellate ganglion block is an established method for the
diagnosis and treatment of sympathetically maintained
pain of the head, neck, and upper extremity. Sympathetic
fibers to and from the head, neck, and upper extremities
pass through the stellate ganglion. In most individuals,
the stellate ganglion is formed by fusion of the inferior
cervical and first thoracic sympathetic ganglia. The ganglion is commonly found just lateral to the lateral border
of the longus colli muscle, anterior to the neck of the
first rib and the transverse process of the seventh cervical
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Fig. 44.5 Axial view of lumbar transforaminal and selective nerve root injection. The anatomy and proper
needle position (axial view) for right (1) L3-L4 transforaminal injection and (2) L3 selective nerve root injection. IVC, Inferior vena cava. (Redrawn from Rathmell JP. Atlas of image-guided intervention in regional
anesthesia and pain medicine. Philadelphia: Lippincott Williams & Wilkins; 2006:58, used with permission.)

vertebra (Fig. 44.7). In this position, the ganglion lies posterior to the superior border of the first part of the subclavian artery and the origin of the vertebral artery posterior
to the dome of the lung. Although several approaches
to stellate ganglion block have been described, the most
common is the anterior paratracheal approach at C6 using
surface landmarks. Performing the block at C6 reduces
the likelihood of pneumothorax, which is more likely
when the block is performed close to the dome of the
lung at C7. The anterior tubercle of the transverse process
of C6 (Chassaignac tubercle) is readily palpable in most
individuals. To perform the block without radiographic
guidance, the operator palpates the cricoid cartilage, and
then slides a finger laterally into the groove between the
trachea and the sternocleidomastoid muscle, retracting
the muscle and adjacent carotid and jugular vessels laterally. Chassaignac tubercle is typically palpable in this
groove at the C6 level. Once the tubercle has been identified, a needle is advanced through the skin and seated
on the tubercle, where local anesthetic is injected. The
local anesthetic spreads along the prevertebral fascia in

a caudal direction to anesthetize the stellate ganglion,
which lies just inferior to the point of injection in the
same plane. In practice, the marked variation in the size
and shape of Chassaignac tubercle reduces the rate of
successful block. Signs of successful stellate ganglion
block include the appearance of Horner syndrome (miosis [pupillary constriction]); ptosis (drooping of the upper
eyelid); and enophthalmos (recession of the globe within
the orbit). Other signs of successful block include anhidrosis (lack of sweating), nasal congestion, venodilation
in the hand and forearm, and increase in temperature of
the blocked limb by at least 1° C. The adjacent vertebral
artery and C6 nerve root must be avoided to safely conduct this block. A simple modification of technique in
which the needle is directed medially toward the base of
the transverse process using radiographic guidance is a
safe and simple means of improving the reliability of stellate ganglion block (see Fig. 44.7).
Stellate ganglion block has long been the standard
approach to diagnosis and treatment of sympathetically
maintained pain syndromes involving the upper extremity,
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Fig. 44.6 Axial diagram of lumbar medial branch nerve blocks and radiofrequency treatment. A 22-gauge,
3½-inch spinal needle (or 22-gauge, 10-cm radiofrequency cannula with a 5-mm active tip) is advanced
toward the base of the transverse process, where it joins with the superior articular process. Cannula
placement for conventional radiofrequency treatment should be carried out with 25 to 30 degrees of
caudal angulation of the C-arm to bring the axis of the active tip parallel to the course of the medial branch
nerve in the groove between the transverse process and the superior articular process. IVC, Inferior vena
cava. (Redrawn from Rathmell JP. Atlas of image-guided intervention in regional anesthesia and pain
medicine. Philadelphia: Lippincott Williams & Wilkins; 2006:89, used with permission.)

such as CRPS. Other neuropathic pain syndromes, including ischemic neuropathies, herpes zoster (shingles), early
PHN, and postradiation neuritis may also respond to stellate ganglion block. Blockade of the stellate ganglion has
also proved successful in reducing pain and improving
blood flow in vascular insufficiency conditions such as
intractable angina pectoris, Raynaud disease, frostbite,
vasospasm, and occlusive and embolic vascular disease.
Finally, the sympathetic fibers control sweating; thus,
stellate ganglion block can be quite effective in controlling hyperhidrosis (recurrent and uncontrollable sweating of the hands). There are many structures within the
immediate vicinity of the needle’s tip once it is properly
positioned for stellate ganglion block (see Fig. 44.7). Diffusion of local anesthetic can block the adjacent recurrent
laryngeal nerve. This often leads to hoarseness, a feeling
of having a lump in the throat, and a subjective feeling
of shortness of breath and difficulty swallowing. Bilateral
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stellate ganglion block should not be performed because
bilateral recurrent laryngeal nerve blocks may well lead
to loss of laryngeal reflexes and respiratory compromise.
The phrenic nerve is also commonly blocked by direct
spread of local anesthetic, which can lead to unilateral
diaphragmatic paresis. Diffusion of local anesthetic as
well as direct placement of local anesthetic adjacent to
the posterior tubercle will result in somatic block of the
upper extremity. This may take the form of a small area of
sensory loss due to diffusion of local anesthetic or a complete brachial plexus block when the local anesthetic is
placed within the nerve sheath. Patients with significant
somatic block to the upper extremity should be sent home
with a sling in place and counseled to guard their limb,
just as one would instruct a patient who had received a
brachial plexus block.
Major complications associated with stellate ganglion
block include neuraxial block (spinal or epidural) and
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Fig. 44.7 Anatomy of the stellate ganglion. The stellate ganglion
conveys sympathetic fibers to and from the upper extremities
and the head and neck. The ganglion comprises the fused superior thoracic ganglion and the inferior cervical ganglion and is
named for its fusiform shape (in many individuals, the two ganglia remain separate). The stellate ganglia lies over the head of
the first rib at the junction of the transverse process and uncinate
process of T1. The ganglion is just posteromedial to the cupola
of the lung and medial to the vertebral artery. Stellate ganglion
block is typically carried out at the C6 or C7 level to avoid pneumothorax, and a volume of solution that will spread along the
prevertebral fascia inferiorly to the stellate ganglion is employed
(usually 10 mL). When radiographic guidance is not used, the
operator palpates the anterior tubercle of the transverse process
of C6 (Chassaignac tubercle), and a needle is seated in the location. With radiographic guidance it is simpler and safer to place a
needle over the vertebral body just inferior the uncinate process
of C6 or C7. Particular care should be taken when performing
the block at the C7 level to assure that the needle does not stray
lateral to the uncinate process, as the vertebral artery courses anterior to transverse process at this level and is often not protected
within a bony foramen transversarium. (Redrawn from Rathmell
JP. Atlas of image-guided intervention in regional anesthesia
and pain medicine. Philadelphia: Lippincott Williams & Wilkins;
2006:116, used with permission.)

seizures. Extreme medial angulation of the needle from
a relatively lateral skin entry point may lead to needle
placement into the spinal canal through the anterolaterally oriented intervertebral foramen. In this manner,
local anesthetic can be deposited in the epidural space,
or if the needle is advanced far enough, it may penetrate
the dural cuff surrounding the exiting nerve root and lie
within the intrathecal space. More likely is placement of
the needle tip on the posterior tubercle and spread of local
anesthetic proximally along the nerve root to enter the
epidural space. In this case, partial or profound neuraxial

block, including high spinal or epidural block with loss
of consciousness and apnea, may ensue. Airway protection, ventilation, and intravenous sedation should be
promptly administered and continued until the patient
regains airway reflexes and consciousness. Because the
maximal effects of epidural local anesthetic may require
15 to 20 minutes to develop when using longer acting
local anesthetics, it is imperative that patients are monitored for at least 30 minutes after stellate ganglion block.
Intravascular injection during stellate ganglion block will
likely result in immediate onset of generalized seizures.
The carotid artery lies just anteromedial to the Chassaignac tubercle, and the vertebral artery lies within the bony
transverse foramen just posteromedial to the tubercle.
If injection occurs into either structure, the local anesthetic injected enters the arterial supply traveling directly
to the brain, and generalized seizures typically begin rapidly and after only small amounts of local anesthetic (as
little as 0.2 mL of 0.25% bupivacaine have led to seizure).
However, because the local anesthetic rapidly redistributes, the seizures are typically brief and do not require
treatment. In the event of seizure, halt the injection,
remove the needle, and begin supportive care.!
Celiac Plexus Block

Neurolytic celiac plexus block (NCPB) is among the most
widely applicable of all neurolytic blocks. NCPB has a
long-lasting benefit for 70% to 90% of patients with pancreatic and other intra-abdominal malignancies.29 Several
techniques have been described for localizing the celiac
plexus. The classic technique employs a percutaneous
posterior approach using surface and bony landmarks to
position needles in the vicinity of the plexus. Numerous
reports have described new approaches for celiac plexus
block using guidance from plain radiographs, fluoroscopy, computed tomography (CT), and ultrasound (an
endoscopic transgastric technique).
No single methodology has proved clearly superior
in either its safety or success rate. In recent years, general agreement has arisen that radiographic guidance is
necessary to perform celiac plexus block. Some practitioners have turned to routine use of CT, taking advantage of the ability to visualize adjacent structures when
performing this technique. The celiac plexus comprises
a diffuse network of nerve fibers and individual ganglia
that lie over the anterolateral surface of the aorta at the
T12-L1 vertebral level. Sympathetic innervation to the
abdominal viscera arises from the anterolateral horn of
the spinal cord between the T5 and T12 levels. Nociceptive information from the abdominal viscera is carried
by afferents that accompany the sympathetic nerves.
Presynaptic sympathetic fibers travel from the thoracic
sympathetic chain toward the ganglion, traversing over
the anterolateral aspect of the inferior thoracic vertebrae
as the greater (T5 to T9), lesser (T10 to T11), and least
(T12) splanchnic nerves (Fig. 44.8). Presynaptic fibers
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Fig. 44.8 Anatomy of the celiac plexus and splanchnic nerves.
The celiac plexus comprises a diffuse network of nerve fibers
and individual ganglia that lie over the anterolateral surface
of the aorta at the T12-L1 vertebral level. Presynaptic sympathetic fibers travel from the thoracic sympathetic chain toward
the ganglion, traversing over the anterolateral aspect of the
inferior thoracic vertebrae as the greater (T5-T9), lesser (T10T11), and least (T12) splanchnic nerves. Celiac plexus block
using a transcrural approach places the local anesthetic or
neurolytic solution directly on the celiac ganglion anterolateral
to the aorta. The needles pass directly through the crura of
the diaphragm to the celiac plexus. In contrast, for splanchnic
nerve block the needles remain posterior to the diaphragmatic
crura in close apposition to the T12 vertebral body. Shading
indicates the pattern of solution spread for each technique.
(Redrawn from Rathmell JP. Atlas of image-guided intervention
in regional anesthesia and pain medicine. Philadelphia: Lippincott Williams & Wilkins; 2006:124, used with permission.)

traveling via the splanchnic nerves synapse within the
celiac ganglia, over the anterolateral surface of the aorta
surrounding the origin of the celiac and superior mesenteric arteries at approximately the L1 vertebral level.
Postsynaptic fibers from the celiac ganglia innervate
all of the abdominal viscera with the exception of the
descending colon, sigmoid colon, rectum, and pelvic viscera. Celiac plexus block using a transcrural approach
places the local anesthetic or neurolytic solution directly
on the celiac ganglion anterolateral to the aorta (see Fig.
44.8). The needles pass directly through the crura of the
diaphragm en route to the celiac plexus. Spread of the
solution toward the posterior surface of the aorta may
thus be limited, perhaps reducing the chance of nerve
root or spinal segmental artery involvement. In contrast,
splanchnic nerve block (see Fig. 44.8) avoids the risk of
penetrating the aorta, uses smaller volumes of solution,
and the success is unlikely to be affected by anatomic distortion caused by extensive tumor or adenopathy within
the pancreas. Because the needles remain posterior to the
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diaphragmatic crura in close apposition to the T12 vertebral body, this has been termed the retrocrural technique.
Splanchnic nerve block is a minor modification of the
classic retrocrural celiac plexus block, the only difference
being that for splanchnic block, the needles are placed
over the midportion of the T12 vertebral body rather
than the cephalad portion of L1. Retrocrural celiac plexus
block at the superior aspect of the L1 vertebral body and
splanchnic nerve block at the mid T12 vertebral body
have both been described, and they are essentially the
same technique relying on cephalad spread of solution to
block the splanchnic nerves in a retrocrural location. In
most cases, celiac plexus (transcrural or retrocrural) and
splanchnic nerve block can be used interchangeably to
effect the same results. Even though there are those who
strongly advocate one approach or the other, there is no
evidence that either approach results in superior clinical
outcomes. Celiac plexus and splanchnic nerve block are
used to control pain arising from intra-abdominal structures. These structures include the pancreas, liver, gallbladder, omentum, mesentery, and alimentary tract from
the stomach to the transverse colon. The most common
application of NCPB is to treat pain associated with intraabdominal malignancy, particularly pain associated with
pancreatic cancer. Neurolysis of the splanchnic nerves
or celiac plexus can produce dramatic pain relief, reduce
or eliminate the need for supplemental analgesics, and
improve quality of life in patients with pancreatic cancer
and other intra-abdominal malignancies.
The long-term benefit of NCPB in those with chronic
nonmalignant pain, particularly those with chronic pancreatitis, is debatable. Many patients with pancreatic cancer have a short remaining life span. Analgesia sometimes
lasts the rest of their lives.
Several physiologic side effects are expected following
celiac plexus block and include diarrhea and orthostatic
hypotension. Blockade of the sympathetic innervations to
the abdominal viscera results in unopposed parasympathetic innervation of the alimentary tract and may produce abdominal cramping and sudden diarrhea. Likewise,
the vasodilation that ensues often results in orthostatic
hypotension. These effects are invariably transient, but
may persist for several days after neurolytic block. The
hypotension seldom requires treatment other than intravenous hydration.
Complications of celiac plexus and splanchnic nerve
block include hematuria, intravascular injection, and
pneumothorax. The kidneys extend from between T12
and L3 with the left kidney slightly more cephalad than
the right. The aorta lies over the left anterolateral border
of the vertebral column. The celiac arterial trunk arises
from the anterior surface of the aorta at the T12 level and
divides into the hepatic, left gastric, and splenic arteries.
Using the transaortic technique, caution must be used to
avoid needle placement directly through the axis of the
celiac trunk as it exits anteriorly. The inferior vena cava
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lies just to the right of the aorta over the anterolateral surface of the vertebral column. The medial pleural reflection
extends inferomedially as low as the T12-L1 level. NCPB
carries small but significant additional risk. Intravascular
injection of 30 mL of 100% ethanol will result in a blood
ethanol level well above the legal limit for intoxication
but below danger of severe alcohol toxicity. Intravascular
injection of phenol is associated with clinical manifestations similar to those of local anesthetic toxicity: CNS
excitation, followed by seizures and, in extreme toxicity,
cardiovascular collapse.
The most devastating complication associated with
NCPB using either alcohol or phenol is paraplegia. The
theoretical mechanism is spread of the neurolytic solution toward the posterior surface of the aorta to surround the spinal segmental arteries. At the level of T12
or L1, it is common to have a single, dominant spinal
segmental artery, the artery of Adamkiewicz. In some
individuals, this artery is the dominant arterial supply
to the anterior two thirds of the spinal cord in the low
thoracic region. Neurolytic solution may cause spasm
or even necrosis and occlusion of the artery of Adamkiewicz leading to paralysis. The actual incidence of
this complication is unknown, but appears to be less
than 1:1000.!
Lumbar Sympathetic Block

The sympathetic nervous system is involved in the
pathophysiology that leads to a number of different
chronic pain conditions, including CRPS and ischemic
pain. The lumbar sympathetic chain consists of four to
five paired ganglia that lie over the anterolateral surface of the L2 through L4 vertebrae (Fig. 44.9). The cell
bodies that travel to the lumbar sympathetic ganglia
lie in the anterolateral region of the spinal cord from
T11 to L2, with variable contributions from T10 and L3.
The preganglionic fibers leave the spinal canal with the
corresponding spinal nerve root, join the sympathetic
chain as white communicating rami, and then synapse
within the appropriate ganglion. Postganglionic fibers
exit the chain to join either the diffuse perivascular
plexus around the iliac and femoral arteries or via
the gray communicating rami to join the nerve roots
that form the lumbar and lumbosacral plexuses. Sympathetic fibers accompany all of the major nerves to
the lower extremities. The majority of the sympathetic
innervation to the lower extremities passes through the
L2 and L3 lumbar sympathetic ganglia, and blockade
of these ganglia results in near complete sympathetic
denervation of the lower extremities. Lumbar sympathetic blockade has been used extensively in the treatment of sympathetically maintained pain syndromes
involving the lower extremities. The most common of
these are the CRPS type 1 (reflex sympathetic dystrophy) and type 2 (causalgia). The local anesthetic block
can produce marked pain relief of long duration, and
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Fig. 44.9 Anatomy of the lumbar sympathetic chain. The lumbar sympathetic ganglia are variable in number and location from
one individual to another. Most commonly, the ganglia lie over the
anteromedial surface of the vertebral bodies between L2 and L4.
Temporary lumbar sympathetic block using local anesthetic is best
performed by advancing a single needle cephalad to the transverse
process of L3 in order to avoid the exiting nerve root. The needle
tip is placed adjacent to the superior portion of the anteromedial
surface of the L3 vertebral body. Use of 15 to 20 mL of local anesthetic solution will spread to cover multiple vertebral levels (shaded
region). (Redrawn from Rathmell JP. Atlas of image-guided intervention in regional anesthesia and pain medicine. Philadelphia:
Lippincott Williams & Wilkins; 2006:136, used with permission.)

this block is used as part of a comprehensive treatment
plan to provide analgesia and facilitate functional restoration. Patients with peripheral vascular insufficiency
due to small vessel occlusion may also be treated effectively with lumbar sympathetic blockade. Proximal
fixed lesions are best treated with surgical intervention
using bypass grafting or intra-arterial stent placement
to restore blood flow. In those patients with diffuse,
small vessel occlusion, lumbar sympathetic block can
improve microvascular circulation and reduce ischemic
pain. If local anesthetic block improves blood flow and
reduces pain, these patients will often benefit from surgical or chemical sympathectomy.
Other patients with neuropathic pain involving the
lower extremities have shown variable response to
lumbar sympathetic block. In those with acute herpes
zoster and early PHN, sympathetic block may reduce
pain. However, once PHN is well established (beyond
3 to 6 months from onset), sympathetic blockade is
rarely helpful. Likewise, deafferentation syndromes such
as phantom limb pain and neuropathic lower extremity pain following spinal cord injury have shown variable and largely disappointing responses to sympathetic
blockade.
Significant and potentially toxic levels of local anesthetic can result from direct needle placement into a
blood vessel and intravascular injection during lumbar
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sympathetic block. Hematuria can follow direct needle
placement through the kidney and is usually self-limited.
Nerve root, epidural, or intrathecal injection can
arise when the needle is advanced through the intervertebral foramen and is usually avoided entirely with
proper use of radiographic guidance. Following neurolytic lumbar sympathetic block, significant postsympathectomy pain arises in the L1 and L2 nerve root
distribution over the anterior thigh in as many as
10% of treated patients. This observation stems from
the results following open surgical sympathectomy,
but such postsympathectomy neuralgia has also been
reported after both chemical and radiofrequency sympathectomy. Postsympathectomy neuralgic pain in the
anterior thigh has been postulated to result from partial neurolysis of adjacent sensory fibers, most often
the genitofemoral nerve.!

Spinal Cord Stimulation
Based on the theory that nonnoxious sensory input interferes with the perception of pain, direct activation of the
ascending fibers within the dorsal columns of the spinal cord that transmit nonpainful stimuli is used to treat
chronic back pain. Modern systems make use of pacemaker-like, implanted pulse generators connected to a
small electrode array positioned within the dorsal epidural
space of the spinal column. These systems are implanted
in a simple, brief surgical procedure. Spinal cord stimulation (SCS) is safe and effective in management of CRPS,
unilateral radicular pain, and failed back surgery syndrome. Typically, patients undergo an initial externalized
lead trial lasting approximately 1 week. Those with successful trials can receive surgical implantation of the spinal cord stimulator. This can be done with a percutaneous
approach or with surgical paddle lead placement.34 Pain
scores and analgesic use are decreased in cancer pain
patients implanted with spinal cord stimulators.35 Adverse
effects are declining and complications are less frequent
with the advent of newer devices and improved surgical
techniques. Common complications and their frequency
are as follows: cerebrospinal fluid leakage (0.3% to 7%),
pain or discomfort over the implanted pulse generator site
(1% to 12%), and subcutaneous hematoma or seroma (0%
to 9%).36!

Intrathecal Drug Delivery
Evidence that direct application of morphine to the spinal
cord produces spinally mediated analgesia first appeared
in the mid-1970s. The advent of small, programmable
pumps that can be implanted in the abdominal wall, and
deliver precise, continuous drug infusions into the thecal
space via a catheter, has allowed application of this technology to patients with chronic noncancer-related pain.
Intrathecal drug delivery is usually reserved for patients
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with either severe pain that does not respond to conservative management or oral analgesic dose escalations over
many years to the point that intolerable side effects or
ineffective pain control obviate oral therapy.37A comparison of maximal medical therapy (oral or parenteral
opioids) with intrathecal drug delivery for cancer-related
pain showed similar improvement in analgesia and
reduction in opioid-related side effects (less somnolence
and fatigue) in those who received intrathecal therapy.
Morphine is currently the only opioid that is approved
for intrathecal use by the Food and Drug Administration, but other drugs singly and in combination are also
used. Ziconotide delivered intrathecally provides significant analgesia in patients with severe chronic pain, but
side effects are common, the most common being CNS
side effects. Intrathecal drug delivery in noncancerrelated pain has not been subject to controlled trials and
remains controversial, but numerous observational studies suggest it provides significant pain reduction in some
patients whose chronic low back pain fails to respond to
more conservative management.!

SUMMARY
A brief overview of the most common chronic pain problems and treatments used in the modern practice of pain
medicine is presented. Our understanding of chronic pain
as a discrete disease of the nervous system continues to
evolve, as does our understanding of the link between acute
and chronic pain. The anesthesia provider is well poised in
the perioperative arena to help with gaining a better understanding of how new approaches to the treatment of acute
pain following surgery can be used to effectively reduce
the incidence and severity of chronic pain and to provide
precise delivery of new therapeutics to the neuraxis.!

QUESTIONS OF THE DAY
1. What is the typical clinical course of a patient with
acute lower back pain? What are the risk factors for
chronic low back pain?
2. What are the clinical characteristics of neuropathic
pain? What are the most common presentations of
diabetic peripheral neuropathy (DPN) and postherpetic
neuralgia (PHN)?
3. What are the diagnostic criteria for complex regional
pain syndrome (CRPS)? What are the most important
aspects of CRPS management?
4. For a patient with cancer-related pain, what is the
approach to providing analgesia?
5. What is the efficacy of opioid therapy for the following types of pain: acute postoperative pain, moderate
to severe cancer pain, chronic noncancer pain?
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6. What is the magnitude of the opioid epidemic in the
United States? What approaches can be used to prevent opioid abuse for patients undergoing chronic
opioid therapy?

7. What are the anatomic landmarks relevant to performance of stellate ganglion block via the anterior
paratracheal approach?
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