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Opinion statement

e Treatment of neuropathic pain is the primary focus of management for many
patients with painful peripheral neuropathies. Neuropathic pain is a common fea-
ture of many peripheral neuropathies including those associated with diabetes,
uremia, HIV infection, and alcohol abuse. Pain is also present in the majority of
patients with idiopathic sensory and sensorimotor polyneuropathies.

e A growing number of pharmacologic agents are available for the treatment of neu-
ropathic pain. The medications that have undergone the most rigorous study are
the tricyclic antidepressants and anticonvulsants. These two families of medica-

tions are widely used and represent first-line agents in the management of neuro-
pathic pain [1ee].

Pain management should begin with a concerted effort to identify the etiology of
the neuropathy, as directed therapy may help alleviate the symptoms. When initiat-
ing pharmacotherapy for neuropathic pain, one must individualize treatment and
choose an agent that is likely to be tolerated, as adverse events are not uncommon
for some of the medications. Treatment of neuropathic pain remains challenging,
with considerable variability in an individual’s response to the various agents and
even to different drugs in the same class. However, monotherapy with a well-cho-

sen agent or rational polypharmacy that combines medications with different
mechanisms of action will benefit a majority of patients with neuropathic pain.

Introduction

Primary care physicians, neurologists, and other special-
ists commonly encounter peripheral neuropathies associ-
ated with neuropathic pain. It has been estimated that
neuropathic pain affects at least 2% of the US population.
Painful peripheral neuropathies can be challenging to
evaluate and treat. The cause of the peripheral neuropathy
may remain unknown in a majority of patients [2], the so-
called idiopathic or cryptogenic sensory polyneuropathies
[3,4]. The inability to identify a specific etiology for the
neuropathy can be frustrating for both patients and their
clinicians. Of identifiable etiologies, diabetes and alcohol
abuse are the most common, but there are a large number
of other causes (Table 1).

DEFINITION
The conventional definition of neuropathic pain is pain
resulting from injury to or dysfunction of the nervous

system in the absence of direct nociceptive input. The
injury or dysfunction may involve peripheral or central
nervous system structures.

The symptoms of neuropathic pain are generally
referred to as the "positive" symptoms of peripheral
neuropathy. Paresthesias are abnormal spontaneous or
stimulus-independent sensations that may be described
as tingling or compared with a body part that is
"asleep." Descriptors of spontaneous painful sensation
vary widely in these patients and include burning, stab-
bing, stinging, squeezing, aching, cramping, shooting,
and freezing. "Pins and needles, broken glass, and vice-
like" sensations may be elicited by history. Stimulus-
evoked pain is also common and is experienced in a
variety of forms. Dysesthesia refers to discomfort gener-
ated by contact with an object, allodynia to pain follow-
ing contact by a normally innocuous stimulus, and
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Table 1. Causes of painful peripheral neuropathy

Major causes of painful peripheral neuropathy
Idiopathic or cryptogenic
Diabetes
Alcohol abuse and malnutrition
HIV infection or AIDS
Post-herpetic

Other causes of painful peripheral neuropathy
Amyloidosis
Cancer
Fabry disease
Guillian-Barré syndrome
Hereditary sensory and autonomic neuropathies (HSAN)
Leprosy
Lyme disease
Medications

Metronidazole
Misonidazole
Nitrofurantoin
Suramin
Taxol
Thalidomide
2',3'-dideoxycytidine (ddC)
2',3'-dideoxyinosine (ddI)
Porphyria
Sarcoidosis
Sjogren's syndrome
Tangier disease
Toxins
Arsenic
Thallium
Vasculitis
Vitamin deficiency
Thamine
Pyridoxine (vitamin B6)
Pantothenic acid
Cobalamin (vitamin B12)
Uremia

hyperpathia to exaggerated pain from a noxious stimu-
lus. A variety of positive symptoms often coexist in an
individual. Given the length-dependent pattern of
many peripheral neuropathies, neuropathic pain symp-
toms tend to predominate in the distal limbs, typically
involving the feet to a greater degree than the hands. As
an example, in a cohort of 117 patients presenting with
painful, burning feet, 89% had laboratory evidence of a
peripheral neuropathy [2].

OVERVIEW OF PAIN MECHANISMS

The pathophysiologic basis of neuropathic pain is com-
plex and not fully understood, but a number of mecha-
nisms have been proposed. Peripheral mechanisms

include altered sensitivity and activation of C nociceptor
terminals resulting in ectopic discharges in damaged or
regenerating fibers, recruitment of silent nociceptors, and
spontaneous discharges in more proximal segments of the
sensory nerve, including the dorsal root ganglion. Change
in sodium channel expression and permeability appears to
be a common event in these peripheral alterations, and
many pharmacologic agents used in neuropathic pain
have activity at these ion channels. Damaged peripheral
nerve fibers express a-adrenoreceptors and exhibit height-
ened sensitivity to sympathetic stimulation, raising the
possibility of a sympathetically mediated component to
neuropathic pain states [5]. Waves of increased peripheral
nerve activity move centrally, producing central sensitiza-
tion in second- and third-order neurons. Central sensitiza-
tion appears to result from increased and prolonged
release of excitatory amino acids such as glutamate and
neuropeptides [6®]. The release of substance P with pro-
longed activity along nociceptive pathways, for instance,
can potentiate activation of post-synaptic N-methyl-d-
aspartate (NMDA) receptors. Additional ion channels are
subsequently opened, enhancing the generation of action
potentials in central sensory pathways. In addition, neu-
ropeptides may diffuse through the dorsal horn, sensitiz-
ing neurons that would otherwise be "bystanders,"
producing the phenomenon of enlarged peripheral recep-
tive fields. The perception of pain over a wider distribution
with greater intensity and duration results. Of the newer
pharmacologic agents found efficacious in neuropathic
pain, many are thought to inhibit central sensitization by
blocking the activity of glutamate, excitatory neuropep-
tides, and presynaptic calcium channels, or enhancing
inhibitory pathways such as those mediated by gamma-
aminobutyric acid (GABA) and its receptors.

In addition, according to the classical "gate control"
theory of Melzack and Wall [7], the loss of large-fiber
input from an underlying neuropathic injury may disin-
hibit spinal cord pathways that would normally dampen
the transmission of painful stimuli through small-fiber
afferents, thereby enhancing the pain experience. The gate
control theory provides some basis for the many electrical
stimulation techniques that have entered the pain field. A
variety of pathophysiologic processes may be at work in
an individual patient, and the same mechanisms may not
be present in all patients who share a specific neuropathic
pain state. This pathophysiologic variability likely
accounts for some of the heterogeneity of patient
responses to therapeutic interventions [8].

TREATMENT GUIDELINES

Pain management should begin with a concerted effort to
identify the etiology of the neuropathy, as directed therapy
may help alleviate the symptoms. When initiating phar-
macologic or nonpharmacologic therapies, a number of
general guidelines should be followed including the fol-
lowing: 1) the patient and physician agree that the goal is



Painful Peripheral Neuropathy Wolfe and Barohn

179

to identify an effective therapy with tolerable side effects;
2) understand that the response can vary considerably
between patients and that pain relief is rarely complete; 3)
initiate mediations at low doses, titrating them slowly
until an adequate clinical response is observed or intolera-
ble side effects appear; and 4) consider polypharmacy or
multidimensional therapy approaches when one drug
provides partial relief, but higher doses produce trouble-
some side effects. In this setting, adding a medication or
initiating a non-pharmacologic modality that has a differ-
ent mechanism of action is a rational approach.

An oral drug trial of at least 4 to 6 weeks is recom-
mended before switching to or adding another medi-
cation. Shorter trials can be considered with topical
agents, although capsaicin cream should be continued
for at least 3 to 4 weeks, and patients should be
warned that neuropathic pain symptoms might
worsen initially with capsaicin.

Treatment

Table 2. Recommendations for pharmacotherapy of
painful peripheral neuropathy

First-line Route
Tricyclic antidepressants Orally
Carbamazepine Orally
Gabapentin Orally
Capsaicin Topical

Second-line Route
Tramadol Orally
Lamotrigine Orally
Topiramate Orally
Lidocaine patch Topical

Third-line Route
Venlafaxine XR Orally
Mexiletine Orally
Chronic opiates Orally

Diet and lifestyle

Avoid excessive alcohol intake. In general, patients with neuropathy should
limit consumption to one serving of alcohol daily. If the neuropathy is
related to alcohol abuse, abstinence should be stressed.

Maintain a balanced diet. Patients with diabetes should follow appropriate
American Diabetes Association guidelines.

Encourage the development of coping skills, stress management, relaxation
techniques, and biofeedback.

Multivitamin supplementation can be considered, especially in patients
with neuropathy related to alcohol abuse. However, overuse of pyridoxine
(more than 200 mg per day) should be avoided.

Pharmacologic treatment

A number of randomized, double blinded trials have found tricyclic antide-
pressants—imipramine, amitriptyline, desipramine, and clomipramine—to
be superior to placebo in painful diabetic neuropathy [8,9, Class I]. Both car-
bamazepine and gabapentin, have reduced the pain of diabetic neuropathy
in well-designed studies [10e,11, Class I]. Recently, tramadol, a primary anal-
gesic, demonstrated efficacy in diabetic and other forms of painful polyneur-
opathy [12,13e, Class I]. Capsaicin cream, a chili-derived alkaloid that
depletes the neurotransmitter substance P from sensory nerves, also has
reduced neuropathic pain in a majority of placebo-controlled studies,
although the effectiveness of blinding has been questioned [1ee,14, Class IJ.

Using a numbers-needed-to-treat methodology based on data from random-
ized, placebo-controlled, double blinded trials, tricyclic antidepressants were
recently recommended as first-line therapy for neuropathic pain [1ee]. Gaba-
pentin, carbamazepine, and tramadol were the leading alternatives (Table 2).
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Tricyclic antidepressants

Carbamazepine

Gabapentin

Standard dosage

Contraindications

Main drug interactions
Main side effects

Special points

Cost/cost effectiveness

Standard dosage

Contraindications
Main drug interactions
Main side effects

Special points

Cost/cost effectiveness

Tricyclic antidepressants have been tested and are used extensively in a variety of
neuropathic pain syndromes including diabetic neuropathy and post-herpetic neu-
ralgia [8,9, Class I]. Efficacy for the individual agents (amitriptyline, nortriptyline,
desipramine, and imipramine) is roughly similar [1ee,15].

Dosing should begin at 10 to 25 mg at bedtime. Dosing is increased slowly by 10
to 25 mg increments every 1 to 2 weeks up to 100 to 150 mg at bedtime, as toler-
ated and required to control symptoms.

Drug sensitivity, cardiac arrhythmias, congestive heart failure, recent myocardial
infarction, narrow angle glaucoma, urinary retention from prostatic hypertrophy, or
other causes.

Concurrent use of central nervous system depressants or anticholinergic agents.
Dry mouth, sedation, urinary retention, cardiac arrhythmias, orthostatic hypoten-
sion, dizziness, constipation, and weight gain. Secondary amines (nortriptyline,
desipramine) have less sedating and anticholinergic activity than other drugs in
this class.

As is true for most agents, the use of tricyclic antidepressants in neuropathic pain
is off-label. In elderly patients, initiating treatment at a dose of 10 mg at bedtime
may be better tolerated. Tricyclic antidepressants may be useful in combination
with other agents.

Amitriptyline 25-mg tablets (90 tablets) cost $10.80; nortriptyline 25-mg tablets
(90 tablets) cost $18.06; desipramine 25-mg tablets (180 tablets) cost $21.65;
imipramine 25-mg tablets (90 tablets) cost $17.88.

Carbamazepine is a first-generation anticonvulsant that modulates voltage-gated
sodium channel activity and has a minor antagonistic effect at calcium channels.
It is structurally similar to tricyclic antidepressants. It has been used effectively in
a number of neuropathic pain states including diabetic neuropathy [11, Class I]
and trigeminal neuralgia.

Dosing should begin at 100 to 200 mg twice daily, increasing by 100 to 200 mg
increments to a target dose of 200 to 400 mg three to four times a day. Serum lev-
els should be monitored for doses of 600 mg a day or greater. Extended-release
forms can be substituted once a maintenance dose is determined.

Drug sensitivity, bone marrow depression, concurrent use of monoamine oxidase
inhibitors (MAQIs).

Barbiturates, cimetidine, cisplatin, diltiazem, erythromycin, fluoxetine, isoniazid,
ketoconazole, lithium, oral contraceptives, phenytoin, rifampin, theophylline, ver-
apamil, and valproate.

Dizziness, drowsiness, nausea and vomiting, swelling, skin rash, leukopenia,
thrombocytopenia, hyponatremia, and hepatic dysfunction.

Carbamazepine is labeled for use in trigeminal neuralgia. Starting with 100-mg
doses is better tolerated in the elderly. Complete blood counts and liver function
tests should be checked at drug initiation and at least once during the first few
months of therapy.

100-mg tablets (60 tablets) cost $12.20.

Gabapentin is now the most widely used anticonvulsant for neuropathic pain. It has
several proposed modes of action, including increasing brain GABA levels and bind-

ing to the ad2 subunit of voltage-gated calcium channels. In a double blinded, pla-
cebo-controlled trial, gabapentin demonstrated efficacy in the treatment of painful

diabetic neuropathy at a dose of 3600 mg per day [10e, Class I]. Doses below 1800

mg per day are less likely to be effective. In comparative studies, gabapentin is as or
more effective than amitriptyline in painful diabetic neuropathy [16].
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Lamotrigine

Topiramate

Standard dosage

Contraindications
Main drug interactions
Main side effects

Special points

Cost/cost effectiveness

Standard dosage

Contraindications
Main drug interactions
Main side effects

Special points

Cost/cost effectiveness

Standard dosage

Contraindications
Main drug interactions
Main side effects

Special points

Cost/cost effectiveness

Gabapentin can generally be initiated at a dose of 300 mg three times daily. In
some circumstances, beginning at 300 mg nightly is advisable. Dosing should be
titrated as needed and tolerated by 300-mg increments every week to a target of
900 mg to 1200 mg three times daily. Higher doses can be used safely, but single
doses should not exceed 1200 mg, and the frequency of dosing must be increased
to a four or five-time-per-day regimen.

Prior hypersensitivity.

Drug interactions are relatively trivial. Cimetidine alters the renal excretion of
gabapentin. Bioavailability is reduced by concomitant use of magnesium or alumi-
num-based antacids.

Sedation, fatigue, dizziness, confusion, tremors, weight gain, peripheral edema,
and headache.

In general, gabapentin is better tolerated than other anticonvulsants, and its
favorable side effect profile has made it a popular choice in the treatment of
neuropathic pain.

300-mg capsules (90 capsules) cost $105.12.

Lamotrigine is a novel anticonvulsant that stabilizes the slow inactivated conforma-
tion of a subtype of sodium channels. It may also inhibit the release of neurotrans-
mitters including glutamate. Although data from well-designed studies in
neuropathic pain are conflicting, lamotrigine was recently found to be effective in a
randomized, double blinded, placebo-controlled trial of 59 patients with painful dia-
betic neuropathy [17, Class I]. Doses of 200 mg per day and greater were effective.
Dosing begins at 25 mg nightly or twice per day and continued for 2 weeks. The dose is
increased slowly be 25-mg increments weekly to a target of 100 to 200 mg twice daily.

Hypersensitivity.
Valproic acid, phenytoin, and carbamazepine.

Mild to serious rashes including Stevens-Johnson syndrome, dizziness, unsteadi-
ness, drowsiness, and diplopia.

Rashes are more common in children and with faster titration schedules. At the
first sign of drug-related rash, lamotrigine should be discontinued. Maintenance
doses with concomitant valproic acid are lower, in the range of 100 to 150 mg per
day in two divided doses.

25-mg tablets (60 tablets) cost $129.60.

Neuropathic pain studies of this novel anticonvulsant are in the initial stages. It has
been effective in open-label studies of refractory neuropathic pain and in a preliminary
report of a small, randomized, double blinded, placebo-controlled study in diabetic
neuropathy [18, Class I (preliminary)]. Topiramate can cause weight loss, a potential
advantage in the management of diabetic patients who are overweight. Topiramate has
multiple mechanisms of action that may relate to its analgesic effect. These include
blockade of voltage-gated sodium and calcium channels, inhibition of glutamate recep-
tors, and modulatory effects on GABA receptors.

Dosing begins at 25 to 50 mg at bedtime for a week, increasing by 25 to 50 mg
increments on a weekly basis up to 200 mg twice daily.

Hypersensitivity and concomitant use of other carbonic anhydrase inhibitors.
Carbamazepine, phenytoin, valproic acid, oral contraceptives, and digoxin.
Psychomotor slowing, confusion, fatigue, weight loss, kidney stones, paresthesias,
acute myopia, and secondary angle closure glaucoma.

Patients should be advised to maintain adequate fluid intake to minimize the risk
of kidney stone formation.

25-mg tablets (60 tablets) cost $76.11.
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Tramadol

Mexiletine

Opioids

Standard dosage

Contraindications

Main drug interactions

Main side effects
Special points

Cost/cost effectiveness

Standard dosage

Contraindications
Main drug interactions
Main side effects

Special points

Cost/cost effectiveness

Standard dosage

Contraindications

Main drug interactions
Main side effects

Tramadol, an analgesic medication with monoaminergic and opiate activity, has
been effective in blinded, placebo-controlled studies of diabetic neuropathy and
other forms of painful polyneuropathy [12,13e, Class I].

Dosing usually begins at 50 mg two times per day. The dose can be titrated upwards
slowly at increments of 50 mg every 3 to 7 days, using a three or four times daily
schedule. The maximum recommended daily dose is 100 mg four times a day.
Previous hypersensitivity to opioid analgesics. It should be avoided in the setting
of acute intoxication with alcohol, hypnotics, centrally acting analgesics, opioids,
or psychotropic drugs.

Increased risk of central nervous system (CNS) depression or seizures has been
described with concurrent use of other centrally acting drugs including neurolep-
tics and all major families of antidepressants. Other potential drug interactions
include carbamazepine, digoxin, and warfarin.

Sedation, dizziness, constipation, headache, nausea, and vomiting.

The abuse potential of tramadol appears to be low, but this agent is best avoided
in patients with a prior history of addiction. Because tramadol undergoes hepatic
metabolism and is partially excreted unchanged in the urine, dosing should be
reduced in patients with either hepatic (maximum dose of 50 mg twice a day) or
renal insufficiency (maximum dose of 100 mg twice a day).

50-mg tablets (30 tablets) cost $26.33.

Mexiletine, an oral analogue of lidocaine that similarly blocks sodium channels,
has demonstrated mixed results in placebo-controlled studies of diabetic and HIV-
related neuropathies [1#®,19-21, Class I]. Mexiletine's main use is as a class 1B
anti-arrhythmic. Many patients find this agent difficult to tolerate.

The recommended starting dose is 150 mg per day. The dose is increased in 150-mg
increments every 7 days to a maximum of 10 mg/kg per day, given on a three times
per day basis. Doses should not exceed a daily dose of 900 mg. Plasma levels can
be measured. Levels greater than 2.0 ug/mL are associated with a greater fre-
quency of adverse events.

Preexisting second or third-degree atrioventricular blockade, cardiogenic shock.
Theophylline, phenytoin, rifampin, phenobarbital, and cimetidine.

Nausea, vomiting, dizziness, tremor, nervousness, headache, and liver
function abnormalities.

Mexiletine should be taken with food, because nausea is a major side effect.
Patients with a prior cardiac history or cardiac symptoms should be medically
cleared before mexiletine is initiated for pain.

150-mg capsules (90 capsules) cost $34.21.

Controlled data on the use of opioids for neuropathic pain is lacking. Because of
the high incidence of side effects and potential for abuse, chronic opioids should
be reserved for refractory patients [22ee]. Longer-acting agents are preferred,
including extended-release oxycodone or morphine and methadone. The chronic
use of opioids in neuropathic pain can be justified if other avenues of therapy have
failed, pain relief enhances overall functioning, and close monitoring is feasible.
There is no standard dosage. The dose should be slowly titrated until there is pain relief
and improvement in function. Effective daily doses may be relatively low: 30 to 60 mg
per day for extended-release oxycodone and 1 to 15 mg per day for methadone.
Hypersensitivity, significant respiratory depression or obstructive pulmonary
disease, paralytic ileus, and intolerance.

Central nervous system depressants.

Respiratory depression, constipation, nausea, vomiting, sedation, dizziness,
and asthenia.
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Special points

Cost/cost effectiveness

Topical agents
Capsaicin

Standard dosage
Contraindications
Main drug interactions
Main side effects
Special points

Cost/cost effectiveness

Lidocaine patch

Standard dosage

Contraindications
Main drug interactions
Main side effects
Special points

Cost/cost effectiveness

Patients should be advised of the potential for drug tolerance. Tolerance and addic-
tive behavior have been uncommon in the experience of specialists using chronic
opioids in this clinical setting [22ee].

No data available.

Capsaicin, an alkaloid extracted from chili peppers that depletes substance P from
sensory nerves, has had a significant effect on neuropathic pain in a majority of
studies of diabetic neuropathy [1ee,14, Class I]. The burning sensation induced
during early phases of treatment has raised concerns about inadequate blinding in
studies. The one study that used a burning vehicle as a control failed to demon-
strate a positive effect for capsaicin [23].

0.075% capsaicin cream is applied to the painful area three to four times daily.
Prior hypersensitivity to topical application or to hot peppers.

No significant interactions for topical use.

Transient burning, sneezing, coughing, and skin irritation and rash.

Capsaicin cream is available over-the-counter. The cream should be used in well-
ventilated areas, and patients should avoid rubbing their eyes after use. Nonsteroi-
dal anti-inflammatory agents may be added if the initial burning from capsaicin is
intense. This side effect usually improves over several weeks.

15 pain-relief patches cost $10.99.

A 5% lidocaine patch has been approved by the US Food and Drug Administration
(FDA) for treatment of post-herpetic neuralgia, based on double blinded, placebo-
controlled data [24, Class I].

Dosing begins with one patch applied to intact skin for up to 12 hours of a 24-
hour period. The number of patches can be increased to a maximum of three
applied for 12 hours of a 24-hour period. Patches cannot be reused.

Prior hypersensitivity to local amide anesthetics.

Lidocaine patches should be used with caution in patients receiving antiarrhythmic
or local anesthetic drugs.

Local skin erythema or edema.

Patches can be cut to conform to a desired area prior to removal of the release
liner. Patients with severe hepatic disease are at greater risk of developing toxic
blood concentrations of lidocaine.

No data available.

Interventional procedures

¢ There are a wide variety of interventional therapies for painful peripheral

neuropathy. In general, these approaches are reserved for patients who have
failed a number of aggressive trials using oral or topical agents. Interven-
tional techniques include local anesthetic blocks, acupuncture, percutane-
ous as well as implanted spinal cord stimulators, and implanted intrathecal
catheters for delivery of opiates, local anesthetics, and antispasticity agents.
Interventional therapies are best performed by physicians with specialized
skill who are familiar with and are able to manage potentially serious
adverse events, which can include respiratory depression and apnea from
intrathecal drug delivery. These techniques are mainly available through
anesthesiologist-staffed pain clinics.
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Acupuncture

Standard procedure

Contraindications
Complications

Special points
Cost/cost effectiveness

Spinal cord stimulators

Standard procedure

Contraindications
Complications
Special points

Cost/cost effectiveness

Percutaneous stimulators

Standard procedure

Contraindications
Complications

Clinical efficacy for interventional procedures is generally based on Class II
and III evidence and is not universally accepted.

Efficacy has been claimed for acupuncture in several studies of chronic pain, including
painful diabetic neuropathy with some 75% of patients showing a favorable response
[25, Class III]. However, nearly all acupuncture trials in chronic pain have method-
ologic limitations including small sample sizes and inadequate controls for the nonspe-
cific effect of acupuncture. Certainly, designing a placebo arm for an acupuncture study
is a challenging task. When a standardized acupuncture regimen was evaluated in pain-
ful HIV-related peripheral neuropathy that used three control points on the calf as the
placebo arm, there was no analgesic advantage for acupuncture over the control point
insertions at either the 6- or 14-week time points [26]. The investigators did raise the
possibility that the control point insertions may have had an analgesic effect and did
not represent a true, inert control.

Acupuncture regimens are largely individualized in practice. One to three acupunc-
ture treatments per week is a typical schedule. Acupuncture points corresponding
to those used in traditional Chinese medicine are usually chosen.

Essentially none.

Essentially none. There is a minimal risk of bleeding and skin infection. Occasional
patients (less than 5% in published series) find the procedure uncomfortable and
cannot tolerate it.

Acupuncture variations include the application of heat or an electrical current to
the stainless steel needles.

The charge for each sesson is approximately $85.

Approximately 50% of patients with neuropathic pain from diabetes, postherpetic
neuralgia, and other etiologies that are refractory to conventional therapies have a
long-term response to spinal cord stimulation [27,28, Class IT and III].

Pulse widths range from 50 to 1000 microseconds at a preferred frequency of 50 to
120 Hz and stimulation intensity of 0 to 10 volts.

Concurrent use of anticoagulants.
Tolerance over time, wound infection, lead migration.

After the epidural electrode is placed, an external stimulator is used to ensure that
the patient has a favorable response over a trial period of 3 to 7 days. Implanta-
tion of a permanent internal device can proceed in those patients who report a sat-
isfactory response (7e, a 50% or greater reduction in pain intensity).

The stimulator costs approximately $2000. Implantation costs approximately $1500.

Percutaneous electrical nerve stimulation (PENS) is a relatively novel analgesic
approach that combines the advantages of transcutaneous stimulation and elec-
troacupuncture. Multiple acupuncture-like needle probes are inserted into the
painful area and then connected to a low-output electrical source. In a recent,
investigator-blinded crossover study of 50 patients with painful diabetic neuropa-
thy, pain scores, physical activity, and sleep quality improved with PENS treatment
compared with baseline values [29, Class II]. No significant change was seen fol-
lowing sham treatments. The treatment effect is short-lived, however, and the
response to long-term therapy was not studied.

Treatment initiation usually begins with two to three sessions a week. Stimulation
frequencies are typically 15 to 30 Hz with a maximal current of 25 mamps and
pulse width of 0.5 msec.

Essentially none.

Essentially none. There is a minimal risk of bleeding and skin infection with
needle insertion.
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Special points Percutaneous electrical nerve stimulation has decreased the daily oral analgesic
requirements in a number of chronic pain states. Based on current studies, it
should be viewed as an adjunctive, and not primary, therapy.

Cost/cost effectiveness sessons cost approximately $85 each.

Assistive devices

Transcutaneous stimulation

Transcutaneous electrical stimulation (TENS) is widely used in neuromuscular and
pain syndromes, although its efficacy is actively debated. Response to this nonin-
vasive technique varies significantly between studies and patients. In a trial of
painful diabetic polyneuropathy in which the investigators blinded the subjects as
to whether they received active or sham electrodes, both groups exhibited a signif-
icant decline in pain scores, although the magnitude of improvement and the per-
centage of patients responding were greater in the active electrode arm [30].
When the sham group crossed over to active therapy, their pain scores decreased
significantly [Class II].

Standard procedure Treatment with TENS units generally begins daily, with stimulation sessions lasting
30 minutes or longer. Over time, one can reduce the frequency of treatment ses-
sions, although the analgesic effect is transient, and the procedure needs to be
repeated at least every few weeks.

Contraindications None.

Complications Essentially none. Some patients find it difficult to tolerate the surface stimulation
due to allodynia.

Special points Individual adjustments of the pulse waveform, duration, frequency, and voltage are
required to maximize the clinical response.

Cost/cost effectiveness Basic TENS units range in cost from $700 to $900.

Magnetic therapy

Annual worldwide spending for magnetic devices to treat pain is estimated to be in
the billions of dollars. Public acceptance of subthreshold magnetic devices is
largely based on anecdotal statements, although rigorous trials are now being per-
formed to test this alternative approach. A preliminary randomized, sham-con-
trolled crossover study of magnetic insoles in peripheral neuropathic pain provides
some basis for efficacy [31, Class III]. However, the study was small, diabetic
patients responded far better than non-diabetics, and no group was ever assigned
to sham magnets for both feet at the same time, complicating the analysis. Results
from a larger, double blinded, placebo-controlled study of magnetic insoles in dia-
betic neuropathy are pending.
Standard procedure There are no standards.
Contraindications None.

Complications Essentially none. The uneven surface of some magnetic insoles may place neuropa-

thy patients with foot ulceration or sores at risk.

Cost/cost effectiveness No data available.

Physical therapy and exercise

¢ Physical therapy and exercise may indirectly benefit patients with neuro-
pathic pain. Muscle function and cardiovascular fitness can improve.
Improving a patient's overall condition and well-being may enhance pain
management efforts.

® Exercise is a key component of most weight-loss programs, an important
factor for diabetics in controlling hyperglycemia.
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¢ Physical therapy programs may include relaxation and stretching tech-
niques that are beneficial.

Emerging therapies

¢ As our understanding of the mechanisms responsible for neuropathic pain
expands, potential molecular targets also widen. New agents in clinical trials
or under development include sodium channel blockers designed as analge-
sics, calcium channel blockers, NMDA antagonists, GABA agonists, inhibitors
of inflammatory mediators and cytokines, and nerve growth factors.

¢ Although antidepressants with single modes of action, such as the selective
serotonin reuptake inhibitors, have had mixed success in neuropathic pain,
new agents with balanced inhibition of serotonin and norepinephrine offer
theoretical advantages and are likely to be better tolerated than the tricyclics.

¢ The growing number of third generation anticonvulsants are likely candi-
dates for neuropathic pain. Zonisamide, an anticonvulsant already on the
market, and pregabalin, an anticonvulsant still under investigation, have
shown promise in open-label and preliminary placebo-controlled studies.

¢ Tizanidine, a central a2-adrenoreceptor agonist marketed for spasticity that
reduces the release of excitatory amino acids and substance P, has demon-
strated efficacy in an open-label study.

Venlafaxine

Standard dosage This antidepressant strongly inhibits the reuptake of both serotonin and norepi-
nephrine, but has minimal muscarinic and histaminergic activity compared to tri-
cyclic antidepressants and should be better tolerated by most patients. In a
preliminary report, venlafaxine extended release was superior to placebo in the
amelioration of pain in nondepressed patients with diabetic neuropathy at daily
doses of 150 to 225 mg [32].

Contraindications Prior hypersensitivity and concomitant use of MAOIs.
Main side effects Nausea, dizziness, somnolence, insomnia, sexual dysfunction, and dry mouth.
Cost/cost effectiveness No data available.

Pregabalin

Standard dosage This investigational agent with GABAergic properties has demonstrated efficacy in
a preliminary report of a double blind, placebo-controlled study in painful diabetic
neuropathy [33]. Effective doses were 300 and 600 mg per day, and both pain and
sleep interference improved.

Main side effects Pregabalin has been well tolerated in studies. Dizziness and somnolence have been
the most common adverse events.

Cost/cost effectiveness No data available.

Tizanidine

Standard dosage Dosing begins at 2 to 4 mg nightly, with weekly escalations of 2 to 4 mg until a
favorable response or significant adverse events occur. The total dose can be given
on a once daily to three times daily basis. Effective doses in an open-label study
ranged from 6 to 36 mg daily [34, Class III]. The maximum recommended daily
dose is 36 mg.

Contraindications Prior hypersensitivity.
Main side effects Dizziness, lightheadedness, hypotension, drowsiness, fatigue, and dry mouth.
Cost/cost effectiveness 2-mg tablets (90 tablets) cost $102.81.



Painful Peripheral Neuropathy Wolfe and Barohn

187

References and Recommended Reading

Papers of particular interest, published recently, have been highlighted as:

e  Ofimportance
ee  Of major importance

1.e Sindrup SH, Jensen TS: Pharmacologic treatment of
pain in polyneuropathy. Neurology 2000, 55:915-920.
The authors analyze data from doubleblinded, placebo-con-
trolled pharmacologic trials in neuropathic pain. Using a num-
bers needed to treat methodology defined as the number of
patients required to obtain one patient with at least 50% pain
relief, comparisons are made between the different agents.
Results from the analysis support the use of tricyclic antidepres-
sants as first-line agents for neuropathic pain. Leading alterna-
tives are gabapentin, tramadol, and carbamazepine.
2. Periquet MI, NovakV, Collins MP, et al.: Painful sensory
neuropathy: prospective evaluation using skin biopsy.
Neurology 2000, 53:1641-1647.

3.  Wolfe GI, Baker NS, Amato AA, et al.: Chronic cryptoge-
nic sensory polyneuropathy: clinical and laboratory
characteristics. Arch Neurol 1999, 56:540-547.

4. Holland NR, Crawford TO, Hauer D, et al.: Small-fiber
sensory neuropathies: clinical course and neuropathol-
ogy of idiopathic cases. Ann Neurol 1998, 44:47-59.

5. Bennett G: The role of the sympathetic nervous system in
painful peripheral neuropathy. Pain 1991, 45:221-223.

6. Woolf CJ, Mannion RJ: Neuropathic pain: etiology,
symptoms, mechanisms, and management. Lancet
1999, 353:1959-1964.

Current theories and understanding of neuropathic pain

mechanisms are presented. The pathophysiology of stimulus-

independent and stimulus-evoked pain and central mecha-
nisms are discussed. Future therapeutic directions are consid-
ered from a mechanistic point of view.

7. Melzack R, Wall PD: Pain mechanisms: a new theory.
Science 1965, 150:971-979.

8.  Galer BS: Neuropathic pain of peripheral origin:
advances in pharmacologic treatment. Neurology 1995,
45 (suppl 9):S17-S25.

9. Calissi PT, Jaber LA: Peripheral diabetic neuropathy:
current concepts of treatment. Ann Pharmacother 1995,
29:769-777.

Backonja M, Beydoun A, Edwards KR, et al.: Gabapentin

for the symptomatic treatment of painful neuropathy

in patients with diabetes mellitus. JAMA 1998,

280:1831-1836.

The authors report findings from a double blinded, placebo-

controlled study of gabapentin in 165 patients. Mean daily

pain scores and all secondary pain outcome measures were
significantly better in the gabapentin group. Positive effects
on quality of life and mood were also observed in the actively

treated group. Pain rating scales showed improvement when a

dose of 1800 mg a day was reached. Two thirds of patients

achieved the maximal study dosage of 3600 mg a day. Eight
percent of patients receiving gabapentin withdrew because of
adverse events, compared with 6% in the placebo arm.

11. Rull JA, Quibrera R, Gonzélez-Milldn H, Castaneda OL:
Symptomatic treatment of peripheral diabetic neurop-
athy with carbamazepine: double blind crossover
trial. Diabetologia 1969, 5:215-218.

10.e

12. Sindrup SH, Andersen G, Madsen C, et al.: Tramadol
relieves pain and allodynia in polyneuropathy. Pain
1999, 83:85-90.

Harati Y, Gooch C, Swenson M, et al.: Double-blind ran-
domized trial of tramadol for the treatment of the pain
of diabetic neuropathy. Neurology 1998, 50:1842-1846.
Results from this 42-day, 131-patient trial are presented. Mean
pain intensity scores showed a favorable trend for tramadol by
day 14, although a statistically significant effect was not
observed until day 42. Actively treated patients also scored sig-
nificantly better on physical and social functioning scales. The
average tramadol dose was just over 200 mg a day. The most
common side effects for tramadol were nausea and constipa-
tion, both present in over 20% of patients.

14. Capsaicin Study Group: Treatment of painful diabetic
neuropathy with topical capsaicin. Arch Intern Med
1991, 151:2225-2229.

15. Max MB, Lynch SA, Muir J, et al.: Effects of desipramine,
amitriptyline, and fluoxetine on pain in diabetic neur-
opathy. N Engl ] Med 1992, 326:1250-1256.

16. Dallocchio C, Buffa C, Mazzarello P, Chiroli S: Gabap-
entin versus amitriptyline in painful diabetic neuro-
pathic pain: an open-label pilot study. J Pain Symptom
Manag 2000, 20:280-285.

17. Eisenberg E, Lurie Y, Braker C, et al.: Lamotrigine

reduces painful diabetic neuropathy: a randomized,

controlled study. Neurology 2001, 57:505-509.

18. Edwards KR, Glantz MJ, Button J, et al.: Efficacy and
safety of topiramate in the treatment of painful dia-
betic neuropathy: a double-blind, placebo-controlled
study. Neurology 2000, 54(suppl):A81.

19. Dejgard A, Petersen P, Kastrup J: Mexiletine for treat-
ment of chronic painful diabetic neuropathy. Lancet
1988, 1:9-11.

20. Oskarsson P, Ljunggren JG, Lins GE, et al.: Efficacy and
safety of mexiletine in the treatment of painful dia-
betic neuropathy. Diabetes Care 1997, 20:1594-1597.

21. Kieburtz K, Simpson D, Yiannoutsos C, et al.: A ran-

domized trial of amitriptyline and mexiletine for

painful neuropathy in HIV infection. Neurology 1998,

51:1682-1688.

Galer BS: Painful polyneuropathy. Neurol Clin 1998,

16:791-811.

The author provides an overview to the clinical approach and

diagnosis of painful polyneuropathy syndromes. What follows is

a thorough discussion of the available oral, intravenous, and top-

ical pharmacologic therapies for neuropathic pain.

23. Low PA, Opfer-Gehrking TL, Dyck PJ, et al.: Double-
blind placebo-controlled study of the application of
capsaicin cream in chronic distal painful polyneurop-
athy. Pain 1995, 62:163-168.

24. Rowbotham MC, Davies PS, Verkempinck C, Galer BS:
Lidocaine patch: double-blind controlled study of a
new treatment method for post-herpetic neuralgia.
Pain 1996, 65:39-44.

13.e

22



188

Neuromuscular Disorders

25.

26.

27.

28.

29.

Abuaisha BB, Costanzi JB, Boulton AJM: Acupuncture
for the treatment of chronic painful peripheral dia-
betic neuropathy: a long-term study. Diab Res Clin
Practice 1998, 39:115-121.

Shlay JC, Chaloner K, Max MB, et al.: Acupuncture and
amitriptyline for pain due to HIV-related peripheral
neuropathy: a randomized controlled trial. JAMA
1998, 280:1590-1595.

Kumar K, Toth C, Nath RK: Spinal cord stimulation for
chronic pain in peripheral neuropathy. Surg Neurol
1996, 46:363-369.

Tesfaye S, Watt J, Benbow §J, et al.: Electrical spinal-
cord stimulation for painful diabetic peripheral neur-
opathy. Lancet 1996, 348:1696-1701.

Hamza MA, White PE Craig WE et al.: Percutaneous elec-
trical stimulation: a novel analgesic therapy for diabetic
neuropathic pain. Diabetes Care 2000, 23:365-370.

31.

32.

33.

34.

Kumar D, Marshall HJ: Diabetic peripheral neuropa-
thy: amelioration of pain with transcutaneous electro-
stimulation. Diabetes Care 1997, 20:1702-1705.
Weintraub MI: Magnetic bio-stimulation in painful
diabetic peripheral neuropathy: a novel intervention -
a randomized, double-placebo crossover study. Amer |
Pain Manag 1999, 9:8-17.

Kunz NR, Goli V, Entsuah AR: Venlafaxine extended
release in the treatment of pain associated with dia-
betic neuropathy [abstract]. Neurology 2000,
54(suppl):A441.

Tacobellis D, Allen R, Lamoreaux L, Poole RM: A dou-
ble-blind, placebo-controlled trial of pregabalin for
the treatment of painful diabetic peripheral neuropa-
thy [abstract]. Neurology 2000, 54(suppl):A177.
Semenchuk MR, Sherman S: Effectiveness of tizanidine
in neuropathic pain: an open-label study. J Pain 2000,
1:285-292.



	Painful Peripheral Neuropathy
	Painful Peripheral Neuropathy
	Gil
	Gil
	I.
	Wolfe,
	MD*

	Richard
	Richard
	J.
	Barohn,
	MD

	Address
	Address
	*Department of Neurology,
	*Department of Neurology,
	University of Texas Southwestern Medical Center,
	5323 Harry Hines Boulevard,
	Dallas,
	TX
	75390-8897,
	USA.
	E-mail: gil.wolfe@utsouthwestern.edu

	Current Treatment Options in Neurology
	Current Treatment Options in Neurology
	2002,

	Current Science Inc. ISSN
	Copyright © 2002 by Current Science Inc.

	<TABLE>
	Opinion statement
	Opinion statement

	<TABLE BODY>
	<TABLE ROW>
	• Treatment of neuropathic pain is the primary focus of management for many patients with painful...
	• Treatment of neuropathic pain is the primary focus of management for many patients with painful...


	<TABLE ROW>
	• A growing number of pharmacologic agents are available for the treatment of neuropathic pain. T...
	• A growing number of pharmacologic agents are available for the treatment of neuropathic pain. T...


	<TABLE ROW>
	• Pain management should begin with a concerted effort to identify the etiology of the neuropathy...
	• Pain management should begin with a concerted effort to identify the etiology of the neuropathy...



	Primary care physicians, neurologists, and other specialists commonly encounter peripheral neurop...
	Definition
	Definition
	The conventional definition of neuropathic pain is pain resulting from injury to or dysfunction o...
	<TABLE>
	Table 1. Causes of painful peripheral neuropathy
	<TABLE BODY>
	<TABLE ROW>
	Major causes of painful peripheral neuropathy

	<TABLE ROW>
	Idiopathic or cryptogenic

	<TABLE ROW>
	Diabetes

	<TABLE ROW>
	Alcohol abuse and malnutrition

	<TABLE ROW>
	HIV infection or AIDS

	<TABLE ROW>
	Post-herpetic

	<TABLE ROW>
	Other causes of painful peripheral neuropathy

	<TABLE ROW>
	Amyloidosis

	<TABLE ROW>
	Cancer

	<TABLE ROW>
	Fabry disease

	<TABLE ROW>
	Guillian-Barré syndrome

	<TABLE ROW>
	Hereditary sensory and autonomic neuropathies (HSAN)

	<TABLE ROW>
	Leprosy

	<TABLE ROW>
	Lyme disease

	<TABLE ROW>
	Medications

	<TABLE ROW>
	Metronidazole

	<TABLE ROW>
	Misonidazole

	<TABLE ROW>
	Nitrofurantoin

	<TABLE ROW>
	Suramin

	<TABLE ROW>
	Taxol

	<TABLE ROW>
	Thalidomide

	<TABLE ROW>
	2',3'-dideoxycytidine (ddC)

	<TABLE ROW>
	2',3'-dideoxyinosine (ddI)

	<TABLE ROW>
	Porphyria

	<TABLE ROW>
	Sarcoidosis

	<TABLE ROW>
	Sjögren's syndrome

	<TABLE ROW>
	Tangier disease

	<TABLE ROW>
	Toxins

	<TABLE ROW>
	Arsenic

	<TABLE ROW>
	Thallium

	<TABLE ROW>
	Vasculitis

	<TABLE ROW>
	Vitamin deficiency

	<TABLE ROW>
	Thamine

	<TABLE ROW>
	Pyridoxine (vitamin B6)

	<TABLE ROW>
	Pantothenic acid

	<TABLE ROW>
	Cobalamin (vitamin B12)

	<TABLE ROW>
	Uremia



	The symptoms of neuropathic pain are generally referred to as the "positive" symptoms of peripher...

	Overview of pain mechanisms
	Overview of pain mechanisms
	The pathophysiologic basis of neuropathic pain is complex and not fully understood, but a number ...
	In addition, according to the classical "gate control" theory of Melzack and Wall [

	Treatment guidelines
	Treatment guidelines
	Pain management should begin with a concerted effort to identify the etiology of the neuropathy, ...
	An oral drug trial of at least 4 to 6 weeks is recommended before switching to or adding another ...
	<TABLE>
	Table 2. Recommendations for pharmacotherapy of painful peripheral neuropathy
	<TABLE BODY>
	<TABLE ROW>
	First-line
	Route

	<TABLE ROW>
	Tricyclic antidepressants
	Orally

	<TABLE ROW>
	Carbamazepine
	Orally

	<TABLE ROW>
	Gabapentin
	Orally

	<TABLE ROW>
	Capsaicin
	Topical

	<TABLE ROW>
	Second-line
	Route

	<TABLE ROW>
	Tramadol
	Orally

	<TABLE ROW>
	Lamotrigine
	Orally

	<TABLE ROW>
	Topiramate
	Orally

	<TABLE ROW>
	Lidocaine patch
	Topical

	<TABLE ROW>
	Third-line
	Route

	<TABLE ROW>
	Venlafaxine XR
	Orally

	<TABLE ROW>
	Mexiletine
	Orally

	<TABLE ROW>
	Chronic opiates
	Orally





	Treatment
	Treatment
	<TABLE>
	<TABLE BODY>
	<TABLE ROW>
	Diet and lifestyle



	• Avoid excessive alcohol intake. In general, patients with neuropathy should limit consumption t...
	• Avoid excessive alcohol intake. In general, patients with neuropathy should limit consumption t...
	• Avoid excessive alcohol intake. In general, patients with neuropathy should limit consumption t...

	• Maintain a balanced diet. Patients with diabetes should follow appropriate American Diabetes As...
	• Maintain a balanced diet. Patients with diabetes should follow appropriate American Diabetes As...

	• Encourage the development of coping skills, stress management, relaxation techniques, and biofe...
	• Encourage the development of coping skills, stress management, relaxation techniques, and biofe...

	• Multivitamin supplementation can be considered, especially in patients with neuropathy related ...
	• Multivitamin supplementation can be considered, especially in patients with neuropathy related ...


	<TABLE>
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	Pharmacologic treatment



	• A number of randomized, double blinded trials have found tricyclic antidepressants—imipramine, ...
	• A number of randomized, double blinded trials have found tricyclic antidepressants—imipramine, ...
	• A number of randomized, double blinded trials have found tricyclic antidepressants—imipramine, ...

	• Using a numbers-needed-to-treat methodology based on data from randomized, placebo-controlled, ...
	• Using a numbers-needed-to-treat methodology based on data from randomized, placebo-controlled, ...

	Tricyclic antidepressants
	Tricyclic antidepressants
	Tricyclic antidepressants have been tested and are used extensively in a variety of neuropathic p...
	Standard dosage
	Dosing should begin at 10 to 25 mg at bedtime. Dosing is increased slowly by 10 to 25 mg incremen...
	Contraindications
	Drug sensitivity, cardiac arrhythmias, congestive heart failure, recent myocardial infarction, na...
	Main drug interactions
	Concurrent use of central nervous system depressants or anticholinergic agents.
	Main side effects
	Dry mouth, sedation, urinary retention, cardiac arrhythmias, orthostatic hypotension, dizziness, ...
	Special points
	As is true for most agents, the use of tricyclic antidepressants in neuropathic pain is off-label...
	Cost/cost effectiveness
	Amitriptyline 25-mg tablets (90 tablets) cost $10.80; nortriptyline 25-mg tablets (90 tablets) co...

	Carbamazepine
	Carbamazepine
	Carbamazepine is a first-generation anticonvulsant that modulates voltage-gated sodium channel ac...
	Standard dosage
	Dosing should begin at 100 to 200 mg twice daily, increasing by 100 to 200 mg increments to a tar...
	Contraindications
	Drug sensitivity, bone marrow depression, concurrent use of monoamine oxidase inhibitors (MAOIs).
	Main drug interactions
	Barbiturates, cimetidine, cisplatin, diltiazem, erythromycin, fluoxetine, isoniazid, ketoconazole...
	Main side effects
	Dizziness, drowsiness, nausea and vomiting, swelling, skin rash, leukopenia, thrombocytopenia, hy...
	Special points
	Carbamazepine is labeled for use in trigeminal neuralgia. Starting with 100-mg doses is better to...
	Cost/cost effectiveness
	100-mg tablets (60 tablets) cost $12.20.

	Gabapentin
	Gabapentin
	Gabapentin is now the most widely used anticonvulsant for neuropathic pain. It has several propos...
	Standard dosage
	Gabapentin can generally be initiated at a dose of 300 mg three times daily. In some circumstance...
	Contraindications
	Prior hypersensitivity.
	Main drug interactions
	Drug interactions are relatively trivial. Cimetidine alters the renal excretion of gabapentin. Bi...
	Main side effects
	Sedation, fatigue, dizziness, confusion, tremors, weight gain, peripheral edema, and headache.
	Special points
	In general, gabapentin is better tolerated than other anticonvulsants, and its favorable side eff...
	Cost/cost effectiveness
	300-mg capsules (90 capsules) cost $105.12.

	Lamotrigine
	Lamotrigine
	Lamotrigine is a novel anticonvulsant that stabilizes the slow inactivated conformation of a subt...
	Standard dosage
	Dosing begins at 25 mg nightly or twice per day and continued for 2 weeks. The dose is increased ...
	Contraindications
	Hypersensitivity.
	Main drug interactions
	Valproic acid, phenytoin, and carbamazepine.
	Main side effects
	Mild to serious rashes including Stevens-Johnson syndrome, dizziness, unsteadiness, drowsiness, a...
	Special points
	Rashes are more common in children and with faster titration schedules. At the first sign of drug...
	Cost/cost effectiveness
	25-mg tablets (60 tablets) cost $129.60.

	Topiramate
	Topiramate
	Neuropathic pain studies of this novel anticonvulsant are in the initial stages. It has been effe...
	Standard dosage
	Dosing begins at 25 to 50 mg at bedtime for a week, increasing by 25 to 50 mg increments on a wee...
	Contraindications
	Hypersensitivity and concomitant use of other carbonic anhydrase inhibitors.
	Main drug interactions
	Carbamazepine, phenytoin, valproic acid, oral contraceptives, and digoxin.
	Main side effects
	Psychomotor slowing, confusion, fatigue, weight loss, kidney stones, paresthesias, acute myopia, ...
	Special points
	Patients should be advised to maintain adequate fluid intake to minimize the risk of kidney stone...
	Cost/cost effectiveness
	25-mg tablets (60 tablets) cost $76.11.

	Tramadol
	Tramadol
	Tramadol, an analgesic medication with monoaminergic and opiate activity, has been effective in b...
	Standard dosage
	Dosing usually begins at 50 mg two times per day. The dose can be titrated upwards slowly at incr...
	Contraindications
	Previous hypersensitivity to opioid analgesics. It should be avoided in the setting of acute into...
	Main drug interactions
	Increased risk of central nervous system (CNS) depression or seizures has been described with con...
	Main side effects
	Sedation, dizziness, constipation, headache, nausea, and vomiting.
	Special points
	The abuse potential of tramadol appears to be low, but this agent is best avoided in patients wit...
	Cost/cost effectiveness
	50-mg tablets (30 tablets) cost $26.33.

	Mexiletine
	Mexiletine
	Mexiletine, an oral analogue of lidocaine that similarly blocks sodium channels, has demonstrated...
	Standard dosage
	The recommended starting dose is 150 mg per day. The dose is increased in 150-mg increments every...
	Contraindications
	Preexisting second or third-degree atrioventricular blockade, cardiogenic shock.
	Main drug interactions
	Theophylline, phenytoin, rifampin, phenobarbital, and cimetidine.
	Main side effects
	Nausea, vomiting, dizziness, tremor, nervousness, headache, and liver function abnormalities.
	Special points
	Mexiletine should be taken with food, because nausea is a major side effect. Patients with a prio...
	Cost/cost effectiveness
	150-mg capsules (90 capsules) cost $34.21.

	Opioids
	Opioids
	Controlled data on the use of opioids for neuropathic pain is lacking. Because of the high incide...
	Standard dosage
	There is no standard dosage. The dose should be slowly titrated until there is pain relief and im...
	Contraindications
	Hypersensitivity, significant respiratory depression or obstructive pulmonary disease, paralytic ...
	Main drug interactions
	Central nervous system depressants.
	Main side effects
	Respiratory depression, constipation, nausea, vomiting, sedation, dizziness, and asthenia.
	Special points
	Patients should be advised of the potential for drug tolerance. Tolerance and addictive behavior ...
	Cost/cost effectiveness
	No data available.

	Topical agents
	Topical agents
	Capsaicin
	Capsaicin
	Capsaicin, an alkaloid extracted from chili peppers that depletes substance P from sensory nerves...
	Standard dosage
	0.075% capsaicin cream is applied to the painful area three to four times daily.
	Contraindications
	Prior hypersensitivity to topical application or to hot peppers.
	Main drug interactions
	No significant interactions for topical use.
	Main side effects
	Transient burning, sneezing, coughing, and skin irritation and rash.
	Special points
	Capsaicin cream is available over-the-counter. The cream should be used in well- ventilated areas...
	Cost/cost effectiveness
	15 pain-relief patches cost $10.99.

	Lidocaine patch
	Lidocaine patch
	A 5% lidocaine patch has been approved by the US Food and Drug Administration (FDA) for treatment...
	Standard dosage
	Dosing begins with one patch applied to intact skin for up to 12 hours of a 24- hour period. The ...
	Contraindications
	Prior hypersensitivity to local amide anesthetics.
	Main drug interactions
	Lidocaine patches should be used with caution in patients receiving antiarrhythmic or local anest...
	Main side effects
	Local skin erythema or edema.
	Special points
	Patches can be cut to conform to a desired area prior to removal of the release liner. Patients w...
	Cost/cost effectiveness
	No data available.



	<TABLE>
	<TABLE BODY>
	<TABLE ROW>
	Interventional procedures



	• There are a wide variety of interventional therapies for painful peripheral neuropathy. In gene...
	• There are a wide variety of interventional therapies for painful peripheral neuropathy. In gene...
	• There are a wide variety of interventional therapies for painful peripheral neuropathy. In gene...

	• Interventional therapies are best performed by physicians with specialized skill who are famili...
	• Interventional therapies are best performed by physicians with specialized skill who are famili...

	• Clinical efficacy for interventional procedures is generally based on Class II and III evidence...
	• Clinical efficacy for interventional procedures is generally based on Class II and III evidence...

	Acupuncture
	Acupuncture
	Efficacy has been claimed for acupuncture in several studies of chronic pain, including painful d...
	Standard procedure
	Acupuncture regimens are largely individualized in practice. One to three acupuncture treatments ...
	Contraindications
	Essentially none.
	Complications
	Essentially none. There is a minimal risk of bleeding and skin infection. Occasional patients (le...
	Special points
	Acupuncture variations include the application of heat or an electrical current to the stainless ...
	Cost/cost effectiveness
	The charge for each sesson is approximately $85.

	Spinal cord stimulators
	Spinal cord stimulators
	Approximately 50% of patients with neuropathic pain from diabetes, postherpetic neuralgia, and ot...
	Standard procedure
	Pulse widths range from 50 to 1000 microseconds at a preferred frequency of 50 to 120 Hz and stim...
	Contraindications
	Concurrent use of anticoagulants.
	Complications
	Tolerance over time, wound infection, lead migration.
	Special points
	After the epidural electrode is placed, an external stimulator is used to ensure that the patient...
	Cost/cost effectiveness
	The stimulator costs approximately $2000. Implantation costs approximately $1500.

	Percutaneous stimulators
	Percutaneous stimulators
	Percutaneous electrical nerve stimulation (PENS) is a relatively novel analgesic approach that co...
	Standard procedure
	Treatment initiation usually begins with two to three sessions a week. Stimulation frequencies ar...
	Contraindications
	Essentially none.
	Complications
	Essentially none. There is a minimal risk of bleeding and skin infection with needle insertion.
	Special points
	Percutaneous electrical nerve stimulation has decreased the daily oral analgesic requirements in ...
	Cost/cost effectiveness
	sessons cost approximately $85 each.


	<TABLE>
	<TABLE BODY>
	<TABLE ROW>
	Assistive devices



	Transcutaneous stimulation
	Transcutaneous stimulation
	Transcutaneous stimulation
	Transcutaneous electrical stimulation (TENS) is widely used in neuromuscular and pain syndromes, ...
	Standard procedure
	Treatment with TENS units generally begins daily, with stimulation sessions lasting 30 minutes or...
	Contraindications
	None.
	Complications
	Essentially none. Some patients find it difficult to tolerate the surface stimulation due to allo...
	Special points
	Individual adjustments of the pulse waveform, duration, frequency, and voltage are required to ma...
	Cost/cost effectiveness
	Basic TENS units range in cost from $700 to $900.

	Magnetic therapy
	Magnetic therapy
	Annual worldwide spending for magnetic devices to treat pain is estimated to be in the billions o...
	Standard procedure
	There are no standards.
	Contraindications
	None.
	Complications
	Essentially none. The uneven surface of some magnetic insoles may place neuropathy patients with ...
	Cost/cost effectiveness
	No data available.
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	• Physical therapy and exercise may indirectly benefit patients with neuropathic pain. Muscle fun...
	• Physical therapy and exercise may indirectly benefit patients with neuropathic pain. Muscle fun...
	• Physical therapy and exercise may indirectly benefit patients with neuropathic pain. Muscle fun...

	• Exercise is a key component of most weight-loss programs, an important factor for diabetics in ...
	• Exercise is a key component of most weight-loss programs, an important factor for diabetics in ...

	• Physical therapy programs may include relaxation and stretching techniques that are beneficial.
	• Physical therapy programs may include relaxation and stretching techniques that are beneficial.
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	• As our understanding of the mechanisms responsible for neuropathic pain expands, potential mole...
	• As our understanding of the mechanisms responsible for neuropathic pain expands, potential mole...
	• As our understanding of the mechanisms responsible for neuropathic pain expands, potential mole...

	• Although antidepressants with single modes of action, such as the selective serotonin reuptake ...
	• Although antidepressants with single modes of action, such as the selective serotonin reuptake ...

	• The growing number of third generation anticonvulsants are likely candidates for neuropathic pa...
	• The growing number of third generation anticonvulsants are likely candidates for neuropathic pa...

	• Tizanidine, a central a2-adrenoreceptor agonist marketed for spasticity that reduces the releas...
	• Tizanidine, a central a2-adrenoreceptor agonist marketed for spasticity that reduces the releas...

	Venlafaxine
	Venlafaxine
	Standard dosage
	This antidepressant strongly inhibits the reuptake of both serotonin and norepinephrine, but has ...
	Contraindications
	Prior hypersensitivity and concomitant use of MAOIs.
	Main side effects
	Nausea, dizziness, somnolence, insomnia, sexual dysfunction, and dry mouth.
	Cost/cost effectiveness
	No data available.

	Pregabalin
	Pregabalin
	Standard dosage
	This investigational agent with GABAergic properties has demonstrated efficacy in a preliminary r...
	Main side effects
	Pregabalin has been well tolerated in studies. Dizziness and somnolence have been the most common...
	Cost/cost effectiveness
	No data available.

	Tizanidine
	Tizanidine
	Standard dosage
	Dosing begins at 2 to 4 mg nightly, with weekly escalations of 2 to 4 mg until a favorable respon...
	Contraindications
	Prior hypersensitivity.
	Main side effects
	Dizziness, lightheadedness, hypotension, drowsiness, fatigue, and dry mouth.
	Cost/cost effectiveness
	2-mg tablets (90 tablets) cost $102.81.



	References and Recommended Reading
	References and Recommended Reading
	Papers of particular interest, published recently, have been highlighted as:
	Papers of particular interest, published recently, have been highlighted as:
	• Of importance
	•• Of major importance

	1. •• Sindrup
	1. •• Sindrup
	1. •• Sindrup
	SH,
	Jensen
	TS:
	Pharmacologic treatment of pain in polyneuropathy.
	Neurology
	2000,
	55:
	915–
	920.


	The authors analyze data from doubleblinded, placebo-controlled pharmacologic trials in neuropath...
	2. Periquet
	2. Periquet
	2. Periquet
	MI,
	Novak
	V,
	Collins
	MP,
	et al.


	3. Wolfe
	3. Wolfe
	3. Wolfe
	GI,
	Baker
	NS,
	Amato
	AA,
	et al.


	4. Holland
	4. Holland
	4. Holland
	NR,
	Crawford
	TO,
	Hauer
	P,
	et al.


	5. Bennett
	5. Bennett
	5. Bennett
	G:
	The role of the sympathetic nervous system in painful peripheral neuropathy.
	Pain
	1991,
	45:
	221–
	223.


	6. • Woolf
	6. • Woolf
	6. • Woolf
	CJ,
	Mannion
	RJ:
	Neuropathic pain: etiology, symptoms, mechanisms, and management.
	Lancet
	1999,
	353:
	1959–
	1964.


	Current theories and understanding of neuropathic pain mechanisms are presented. The pathophysiol...
	7. Melzack
	7. Melzack
	7. Melzack
	R,
	Wall
	PD:
	Pain mechanisms: a new theory.
	Science
	1965,
	150:
	971–
	979.


	8. Galer
	8. Galer
	8. Galer
	BS:
	Neuropathic pain of peripheral origin: advances in pharmacologic treatment.
	Neurology
	1995,
	45 (suppl 9):
	S17–
	S25.


	9. Calissi
	9. Calissi
	9. Calissi
	PT,
	Jaber
	LA:
	Peripheral diabetic neuropathy: current concepts of treatment.
	Ann Pharmacother
	1995,
	29:
	769–
	777.


	10. • Backonja
	10. • Backonja
	10. • Backonja
	M,
	Beydoun
	A,
	Edwards
	KR,
	et al.


	The authors report findings from a double blinded, placebo- controlled study of gabapentin in 165...
	11. Rull
	11. Rull
	11. Rull
	JA,
	Quibrera
	R,
	González-Millán
	H,
	Castañeda
	OL:
	Symptomatic treatment of peripheral diabetic neuropathy with carbamazepine: double blind crossove...
	Diabetologia
	1969,
	5:
	215–
	218.


	12. Sindrup
	12. Sindrup
	12. Sindrup
	SH,
	Andersen
	G,
	Madsen
	C,
	et al.


	13. • Harati
	13. • Harati
	13. • Harati
	Y,
	Gooch
	C,
	Swenson
	M,
	et al.


	Results from this 42-day, 131-patient trial are presented. Mean pain intensity scores showed a fa...
	14. Capsaicin Study Group:
	14. Capsaicin Study Group:
	14. Capsaicin Study Group:
	Treatment of painful diabetic neuropathy with topical capsaicin.
	Arch Intern Med
	1991,
	151:
	2225–
	2229.


	15. Max
	15. Max
	15. Max
	MB,
	Lynch
	SA,
	Muir
	J,
	et al.


	16. Dallocchio
	16. Dallocchio
	16. Dallocchio
	C,
	Buffa
	C,
	Mazzarello
	P,
	Chiroli
	S:
	Gabapentin versus amitriptyline in painful diabetic neuropathic pain: an open-label pilot study.
	J Pain Symptom Manag
	2000,
	20:
	280–
	285.


	17. Eisenberg
	17. Eisenberg
	17. Eisenberg
	E,
	Lurie
	Y,
	Braker
	C,
	et al.


	18. Edwards
	18. Edwards
	18. Edwards
	KR,
	Glantz
	MJ,
	Button
	J,
	et al.


	19. Dejgard
	19. Dejgard
	19. Dejgard
	A,
	Petersen
	P,
	Kastrup
	J:
	Mexiletine for treatment of chronic painful diabetic neuropathy.
	Lancet
	1988,
	1:
	9–
	11.


	20. Oskarsson
	20. Oskarsson
	20. Oskarsson
	P,
	Ljunggren
	JG,
	Lins
	GE,
	et al.


	21. Kieburtz
	21. Kieburtz
	21. Kieburtz
	K,
	Simpson
	D,
	Yiannoutsos
	C,
	et al.


	22. • Galer
	22. • Galer
	22. • Galer
	BS:
	Painful polyneuropathy.
	Neurol Clin
	1998,
	16:
	791–
	811.


	The author provides an overview to the clinical approach and diagnosis of painful polyneuropathy ...
	23. Low
	23. Low
	23. Low
	PA,
	Opfer-Gehrking
	TL,
	Dyck
	PJ,
	et al.


	24. Rowbotham
	24. Rowbotham
	24. Rowbotham
	MC,
	Davies
	PS,
	Verkempinck
	C,
	Galer
	BS:
	Lidocaine patch: double-blind controlled study of a new treatment method for post-herpetic neural...
	Pain
	1996,
	65:
	39–
	44.


	25. Abuaisha
	25. Abuaisha
	25. Abuaisha
	BB,
	Costanzi
	JB,
	Boulton
	AJM:
	Acupuncture for the treatment of chronic painful peripheral diabetic neuropathy: a long-term study.
	Diab Res Clin Practice
	1998,
	39:
	115–
	121.


	26. Shlay
	26. Shlay
	26. Shlay
	JC,
	Chaloner
	K,
	Max
	MB,
	et al.


	27. Kumar
	27. Kumar
	27. Kumar
	K,
	Toth
	C,
	Nath
	RK:
	Spinal cord stimulation for chronic pain in peripheral neuropathy.
	Surg Neurol
	1996,
	46:
	363–
	369.


	28. Tesfaye
	28. Tesfaye
	28. Tesfaye
	S,
	Watt
	J,
	Benbow
	SJ,
	et al.


	29. Hamza
	29. Hamza
	29. Hamza
	MA,
	White
	PF,
	Craig
	WF,
	et al.


	30. Kumar
	30. Kumar
	30. Kumar
	D,
	Marshall
	HJ:
	Diabetic peripheral neuropathy: amelioration of pain with transcutaneous electrostimulation.
	Diabetes Care
	1997,
	20:
	1702–
	1705.


	31. Weintraub
	31. Weintraub
	31. Weintraub
	MI:
	Magnetic bio-stimulation in painful diabetic peripheral neuropathy: a novel intervention - a rand...
	Amer J Pain Manag
	1999,
	9:
	8–
	17.


	32. Kunz
	32. Kunz
	32. Kunz
	NR,
	Goli
	V,
	Entsuah
	AR:
	Venlafaxine extended release in the treatment of pain associated with diabetic neuropathy [abstra...
	Neurology
	2000,
	54(suppl):
	A441.


	33. Iacobellis
	33. Iacobellis
	33. Iacobellis
	D,
	Allen
	R,
	Lamoreaux
	L,
	Poole
	RM:
	A double-blind, placebo-controlled trial of pregabalin for the treatment of painful diabetic peri...
	Neurology
	2000,
	54(suppl):
	A177.


	34. Semenchuk
	34. Semenchuk
	34. Semenchuk
	MR,
	Sherman
	S:
	Effectiveness of tizanidine in neuropathic pain: an open-label study.
	J Pain
	2000,
	1:
	285–
	292.





