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Opinion statement

Neuropathic pain is notoriously variable in its severity and impact on patients, as well as in
its response to treatment. Certain therapies for neuropathic pain have better evidence for
their use; however, it is apparent that although some therapies provide relief for only a
minority of patients, the relief may be significant. Without a trial of therapy, there is no
way to know if that relief is achievable. Our treatment experiences have shown that
occasionally unexpected benefit is obtained through a thorough investigation of all
options, even in the setting of failure of those with the most compelling evidence or
indication. Chronic neuropathic pain is generally best treated with regularly dosed
medications, balancing efficacy and tolerability. Evidence supports first-line trials of
anticonvulsants, tricyclic antidepressants, and serotonin-norepinephrine reuptake inhib-
itors, alone or in certain combinations. While opioid medications, particularly methadone,
can be effective in treating neuropathic pain, they are best used only in refractory cases
and by experienced clinicians, due to concerns for both short- and long-term safety. Some
therapies have a long history of successful use for certain syndromes (e.g., carbamazepine
for trigeminal neuralgia pain), but these should not be considered to the exclusion of
other more recent, less-supported therapies (e.g., botulinum toxin A for the same),
particularly in refractory cases. We find the principles of palliative care highly applicable
in the treatment of chronic neuropathic pain, including managing expectations, mutually
agreed-upon meaningful outcomes, and a carefully cultivated therapeutic relationship.
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Introduction

The diagnosis and treatment of neuropathic pain has
received much attention in recent literature, including
a revised definition and grading system by Treede et al.
[1] intended for use both in clinical practice and in
research studies. The prior definition used by the Inter-
national Association for the Study of Pain (IASP) was,
“pain initiated or caused by a primary lesion, dysfunc-
tion, or transitory perturbation of the peripheral or cen-
tral nervous system,” which has been revised to, “pain
caused by a lesion or disease of the somatosensory
system.” It was felt important to remove the term “dys-
function” from the definition, with preference for the
terms “disease” and “lesion,” specifically of the somato-
sensory system, thus focusing on classical neuropathic
pain syndromes with an identifiable cause. Neuropathic
pain is further divided into central (e.g., from a stroke, as
in thalamic pain syndrome) and peripheral neuropa-
thies (e.g., due to diabetes), and does not include pain
caused by other disorders of the nervous system, such as
spinal cord injury resulting in painful muscle spasms
and contractures. This definition therefore includes clas-
sical neuropathic pain syndromes of diabetic peripheral
neuropathy, post-herpetic neuralgia, radiculopathy and
neuropathic pain from nerve injury, multiple sclerosis,
and central post-stroke pain. Of note, it excludes condi-
tions like fibromyalgia and complex regional pain syn-
drome, although there are reports of efficacy of neuro-
pathic pain medications in the treatment of these con-
ditions [2, 3].

In developing this review, our intent is to present
practical information to the clinician attempting to treat
and achieve meaningful outcomes in patients with
chronic neuropathic pain, on a case-by-case basis. It is
through a familiarity with a variety of potential therapies
that a clinician has the best chance of discovering the
best possible treatment for an individual’s pain, starting
with treatments more likely to be effective, and account-
ing for cautions and contraindications, medication in-
teractions, and previous therapeutic successes or failures.

If conservative and pharmacologic medical treat-
ments have failed, invasive therapies such as intrathecal
drug administration, neurosurgical stimulation tech-
niques, and surgical intervention, beyond the scope of
this review, may be considered.

Neuropathic pain can be highly difficult to treat to
the satisfaction of patients and clinicians alike. Frequent
trials and failures of pharmacotherapy can cause patients
to feel “experimented upon,” a comment we have not
infrequently heard from our patients. Multiple reasons
for treatment failure have been identified and discussed
in the literature, including incorrect diagnosis, failure to
manage comorbid conditions, incorrect selection of
therapy, and inadequate outcomesmeasures [4]. In gen-
eral, to achieve the best outcomes in the treatment of
neuropathic pain, we find it useful to agree upon goals
for treatment that are both realistic to the clinician and
meaningful to the patient, taking into account the mul-
tiple domains of a patient’s daily life that are affected.

Treatment
Pharmacologic treatment

Anticonvulsants
Given the similarities of certain mechanisms of neuropathic pain to those of
epilepsy [5], some medications originally developed for the treatment of
epilepsy have found widespread use in the treatment of neuropathic pain.
Typically these medications are used chronically to maintain a consistent
level of pain control. These agents have shown effectiveness in the treatment
of neuropathic pain of varying etiologies—a few in particular. All anticon-
vulsants should be titrated up with initiation and tapered off with
discontinuation.
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Gabapentin and pregabalin

Gabapentin and pregabalin interact with neuronal L-type calcium channels,
reducing neurotransmitter release. Both agents have been shown to be
effective in the treatment of post-herpetic neuralgia (PHN) and diabetic
peripheral neuropathy (DPN). Pregabalin has also been effective for pain
associated with spinal cord injury [2] and is the first drug to receive
approval for the treatment of fibromyalgia [3].

Standard dosage Gabapentin: Initial recommended starting dose is 300 mg three times daily.
Effective doses can be as high as 900 to 3600 mg daily, usually titrated by
300 mg/day every 1–3 days.
Pregabalin: Initial recommended starting dose is 150 mg in divided daily
doses—up to 300 to 450 mg per day. Doses up to 600 mg daily have been
evaluated but are associated with increased adverse effects, and no improve-
ment in efficacy.
For both agents, dose-reduction is required in renal insufficiency, and dose
supplementation in the setting of hemodialysis.

Contraindications Hypersensitivity to gabapentin or pregabalin

Main drug interactions Other CNS depressants

Main side effects Sedation, dizziness, confusion, peripheral edema, weight gain, possible sexual
side effects

Special points Sedation often limits the tolerability of gabapentinwith the initial recommended
dose; therefore, starting at lower doses with relatively rapid titration is recom-
mended. The bioavailability of gabapentin is inversely proportional to dose due
to saturable absorption. For example, at doses of 2400 mg daily, absorption is
35%; at doses of 3600mg daily, absorption is 33%, resulting in a net increase of
300 mg absorbed despite a 900-mg increase in daily dose. Patients may benefit
from a higher nighttime dose for helpwith symptoms during sleep. Some studies
suggest the effects of gabapentin on neuropathic pain may be synergistic in
combination with tricyclic antidepressants (TCAs) [6].
Pregabalin is associated with faster titration, lower pill burden, and fewer side
effects than gabapentin. Unlike gabapentin, pregabalin is a controlled medica-
tion. Pregabalin is more expensive andmay bemore difficult to obtain through
insurance. Accordingly, gabapentin is often utilized first, with attempts to titrate
to therapeutic dosing. If therapy fails, pregabalin may be considered.

Cost/cost-effectiveness Gabapentin—inexpensive; pregabalin—more expensive

Carbamazepine and oxcarbazepine

Both drugs are efficacious for the treatment of trigeminal neuralgia pain [7•],
though there is little evidence to recommend their use in other neuropathic
pain conditions [8, 9]. Similarly, there is little evidence to recommend the
use of other medications for the treatment of trigeminal neuralgia [10••].

Standard dosage Carbamazepine (CBZ): Initial recommended starting dose is 100 mg twice
daily, increasing by 200 mg/day; most therapeutic doses are between 400 and
800mg/day. Oxcarbazepine (OXC): Initial recommended dose is 300mg twice
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daily, increasing by 300–600mg/day weekly; maximumdose for both agents is
1200 mg/day.

Contraindications Avoid use of CBZ in patients who test positive for the HLA-B*1052 allele, most
common in those of Asian descent; the risk of Stevens-Johnson syndrome is
high in such patients.

Main drug interactions CBZ should not be used in conjunction with an MAOI, nefazodone, or with
non-nucleoside reverse transcriptase inhibitors (NNRTIs).

Main side effects Drowsiness, blurred vision/diplopia, dizziness, nausea, hyponatremia, rash.
CBZ has been associated with aplastic anemia and agranulocytosis; baseline
testing and monitoring of blood counts are recommended.

Special points Hyponatremia is more likely with OXC, though the other side effects of OXC
may be better tolerated compared to CBZ [11–13]. A normal sodium level early
in treatment course suggests that levels will remain stable [11], though the
degree of hyponatremia is correlated to dose and blood levels of CBZ, sug-
gesting re-assessment of sodium levels with significant dose changes [12]. OXC
is associated with reduced concern for hematologicmonitoring and fewer drug-
drug interactions, and it has a twice-daily dosing schedule [14]. Regular re-
evaluation is recommended with dose reductions or tapering to discontinua-
tion for asymptomatic periods of 3–6 months.

Cost/cost-effectiveness Oxcarbazepine is more expensive than carbamazepine, though both are rela-
tively inexpensive.

Antidepressants
As the neurochemical pathways involved both in mood disorders and in the
transmission and processing of pain share multiple neurotransmitters in com-
mon, it is perhaps unsurprising that some compounds used to treat depression
have been used to treat chronic pain. Lower doses are needed for pain treatment
than for mood [15]. In general, there is no good data to suggest which com-
pound will be most effective for a particular patient or syndrome. The agents
with norepinephrine reuptake properties are generally effective in the treatment
of neuropathic pain. The use of tricyclic antidepressants and selective serotonin-
norepinephrine reuptake inhibitors (SNRI) is supported by both the European
Federation of Neurological Societies (level A evidence) and the American
Academy of Neurology (level B evidence) guidelines [16]. In general, all anti-
depressants are associated with increased risk of suicidality in children and
young adults—monitor closely for clinical worsening, suicidality, or unusual
changes in behavior, particularly during the first few months of therapy or
during periods of dosage adjustments.

Tricyclic antidepressants (TCA)

The TCAs most commonly used for pain are amitriptyline and nortripty-
line. Amitriptyline inhibits both norepinephrine and serotonin reuptake,
and is associated with a greater incidence of anticholinergic effects than
nortriptyline, its metabolite, which more specifically inhibits norepineph-
rine reuptake. Other mechanisms have been proposed [17]. The TCAs have
shown effectiveness inDPN and PHN, and to a lesser degree in central post-
stroke pain and fibromyalgia.While evidence is limited and only aminority
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of patients benefit fromTCAs for chronic pain, the benefits to some patients
are significant [18, 19].

Standard dosage The recommended starting dose is 10–25 mg, usually as a single dose at
bedtime. Increase by 10–25mg per day, nomore often thanweekly. The dosage
for analgesic effect is considered to be in the range of 25–100 mg daily [16].

Contraindications MAOI use within the last 14 days; recent myocardial infarction. Use caution in
patients with angle-closure glaucoma, issues of constipation or urinary reten-
tion, severe heart disease or QT interval prolongation, or severe liver disease.

Main drug interactions Other QT-prolonging agents or agents that potentiate serotonin activity

Main side effects Sedation, urinary retention, orthostatic hypotension, dry mouth, dizziness,
constipation, weight gain

Special points In general, the analgesic effects of TCAs require days to weeks to take effect.
Caution or avoidance is recommended in the elderly, who may be more
sensitive to anticholinergic effects. TCAs can be useful in combination with
other neuropathic pain medications, and one study suggested synergy between
nortriptyline and gabapentin [6]. TCAs should be tapered off slowly to avoid
withdrawal effects.

Cost/cost-effectiveness Inexpensive

Duloxetine

A serotonin and norepinephrine reuptake inhibitor (SNRI), duloxetine has
demonstrated efficacy for the treatment of pain associated with DPN and
chronic musculoskeletal conditions, and may be useful in other pain
syndromes like fibromyalgia [20].

Standard dosage Initially 30 mg daily, the dosage can be increased to 60mg daily in 1 week. The
maximum recommended daily dose is 120 mg, but evidence shows little
benefit from doses higher than 60 mg daily. Avoid in patients with creatinine
clearance less than 30 ml/min or with hepatic impairment.

Contraindications MAOI use within the last 14 days

Main drug interactions Other agents that inhibit serotonin reuptake; strong inhibitors of cytochrome
P450 1A2 and 2D6

Main side effects Nausea, sedation, headache

Special points One study involving sleep polysomnography demonstrated an activating effect
of duloxetine and disruption of normal sleep architecture, suggesting AM
dosing is preferable [21]. Duloxetine is likely best considered for patients in
whom there is comorbid mood disorder. Patients should be educated on the
risk of withdrawal syndrome with abrupt discontinuation.

Cost/cost-effectiveness Expensive

Venlafaxine

This atypical antidepressant inhibits the reuptake of serotonin, norepi-
nephrine, and dopamine, in order of potency. Among the antidepressants,
venlafaxine has more robust evidence for effect on chronic neuropathic
pain, specifically that from DPN. Its efficacy appears comparable to the
TCAs and warrants further investigation [18, 22].
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Standard dosage Initial starting dose is 37.5 mg daily to twice daily, increasing by 75 mg/day
every 4–7 days. Venlafaxine functions like an SSRI at low doses (37.5 mg/day)
and an SNRI at doses between 150 and 225mg/day [23, 24]. Maximum dose is
225–375 mg daily. Reduce dose in patients with renal or hepatic dysfunction.

Contraindications MAOI use within the last 14 days

Main drug interactions Other serotonergic drugs; moderate to strong inhibitors of cytochrome P450
3A4 and 2D6.

Main side effects Significant nausea, hypertension, sexual side effects; acute withdrawal
syndrome

Special points One study has suggested venlafaxine may be a useful adjunct to gabapentin in
the treatment of DPN [25]. Venlafaxinemay be considered for patients in whom
there is a comorbid mood disorder. Nausea and vomiting can limit clinical dose
titrations and efficacy. Patients should be educated on the risk of withdrawal
syndrome and the importance of compliance with daily dosing schedule.

Cost/cost-effectiveness Inexpensive

Opioid analgesics
Opioids decrease neuropathic pain by at least 30 %, which is comparable in
efficacy to TCAs [26]. They are considered a second- or third-line option with a
weak grade of evidence due to their side effect profile and abuse potential [10••,
27, 28]. Opioids may be used in the short term to achieve rapid relief during
titration of preferred agents, with the intention to titrate off once effective doses
of other agents are achieved. Patients may have a difficult time weaning off and
also run the risk of adverse events and dependency during this period. Clinical
judgment should be exercised and proper screening in place when deciding to
treat with opioids, as mentioned in a recently published Position Paper from
the American Academy of Neurology, which concludes that the risks of chronic
opioid therapy for headache, back pain, and fibromyalgia likely outweigh the
benefits [29••]. Nevertheless, there are a few opioids with evidence of efficacy in
the treatment of neuropathic pain.

Methadone

Methadone is a mu receptor agonist that also exhibits NMDA receptor
antagonism. It is indicated for the treatment of chronic pain.

Standard dosage Opioid naïve: 2.5–5 mg every 8–12 h.
Opioid tolerant: Methadone conversions are not linear and should be left to
providers with expertise in methadone management.
Full analgesic benefit is not seen before 3 to 5 days of therapy and steady-state
concentrations are achieved within 5 to 7 days. Avoid in patients with severe
liver disease.

Contraindications Respiratory depression, acute or severe asthma or hypercapnia in unmonitored
settings, known or suspected paralytic ileus, use of MAO inhibitors within the
past 14 days; use caution in patients with a history of substance abuse or suicide
risk, those taking concomitant serotonergic agents, and in older adults.

Main drug interactions Other CNS depressant drugs or serotonin-modulating agents; moderate to
strong CYP3A4 inhibiting or inducing agents; other QTc-prolonging agents
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Main side effects Drowsiness, dizziness, sedation, nausea and vomiting, diaphoresis, constipa-
tion, urinary retention, increased risk of QTc prolongation

Special points Case reports and two randomized controlled trials exist supporting the utility of
methadone for refractory neuropathic pain of many different origins, including
PHN [30–34]. The risk of QTc prolongation is generally associated with higher
doses ofmethadone (9200mg/day).Dose adjustments shouldbe considered if the
QTc is prolonged beyond 450ms, andmethadone should be carefully considered
or avoided in patients with a history of structural heart disease, arrhythmia, or
syncope, and in those with the potential for significant drug interactions [35].
The social stigma associated with methadone leads many patients to fear they
will be labeled as drug addicts. It is important to discuss these concerns with
patients when considering treatment with methadone.

Cost/cost-effectiveness Inexpensive

Tramadol

Tramadol is a weak mu opioid receptor agonist (6000 times less affinity
than that of morphine) with inhibition of monoamine reuptake [26]. It is
indicated for the treatment of moderate to severe pain.

Standard dosage 50 mg once or twice daily, up to 400 mg daily. Dose can be increased by 50 to
100 mg every 3 to 7 days. Dose-adjust for renal and/or liver impairment.

Contraindications Use extreme caution in patients with a history of or risk for seizures, with a
history of substance abuse or suicide risk, and in older adults.

Main drug interactions Other CNS depressant drugs or serotonin-modulating agents; moderate to
strong inhibitors of CYP 450, 3A4, and 2D6

Main side effects Nausea, vomiting, constipation, dizziness, somnolence

Special points Tramadol is indicated in the treatment of neuropathic pain as a second line agent,
with weak grade of evidence [10••, 36••]. Tramadol was recently reclassified to a
Schedule IV drug by the FDA, reflecting the potential for misuse, though this is
considered to be less than the risk associated with pure opioid agonists.

Cost/cost-effectiveness Inexpensive

Tapentadol

Tapentadol is a weak mu opioid receptor agonist (50 % the affinity of
morphine for the mu receptor) and inhibitor of adrenergic reuptake [26]. It
is indicated for the treatment of moderate-to-severe acute, chronic, and
DPN pain.

Standard dosage 50 mg every 12 h, up to 100–250 mg daily (maximum of 500 mg daily).
Increase by no more than 50 mg every 3 days. Avoid in patients with a
creatinine clearance less than 30 ml/min and dose-adjust for liver impairment.

Contraindications Acute or severe asthma or hypercapnia in unmonitored settings, known or
suspected paralytic ileus, use of MAO inhibitors within the past 14 days. Caution
should be used in patients with a history of substance abuse, suicide risk,
concomitant use of serotonergic agents, and in older adults. Tapentadol can cause
significant hypotension; use caution in patients with risk factors for hypotension.

Main drug interactions Other CNS depressant drugs or serotonin-modulating agents
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Main side effects Dizziness, drowsiness, nausea and vomiting, constipation, headache

Special points There is a weak recommendation for use of tapentadol in neuropathic pain, as
evidence is equivocal [10••, 36••]. Data does not support that tapentadol is any
more effective than tramadol, or any other opioids at alleviating neuropathic
pain [26, 37]. Tapentadol is more expensive than most other available agents.

Cost/cost-effectiveness Expensive

Lidocaine (IV)

Lidocaine is a Class 1b antiarrythmic drug that inhibits sodium and potas-
sium channels, theNMDA receptor, and the glycine transporter I [38, 39]. Its
effects on granulocyte migration and pro-inflammatory cytokines result in
anti-inflammatory action [40]. Intravenous administration has been shown
to be effective for chronic pain, including neuropathic pain syndromes.

Standard dosage Loading dose is 1–2 mg/kg over 15 to 20 min. If pain responds, consider
continuous infusion at 1–3 mg/kg/h. The therapeutic blood level for analgesia
is 2–6 mcg/ml. Obtain levels at least 8–10 h after the start of infusion. Use
caution in renal dysfunction with infusions of greater than 24 h. Use caution in
patients with severe liver impairment or decreased cardiac output.

Contraindications Hypersensitivity to any local amide anesthetics; Adam-Stokes syndrome,Wolff-
Parkinson-White syndrome, and severe degrees of SA, AV, or intraventricular
heart block

Main drug interactions Moderate to strong inhibitors of CYP3A4 or CYP1A2. Beta blockers and ami-
odarone increase lidocaine serum concentrations.

Main side effects Associated with serum blood concentrations and should quickly resolve with
lowering of the infusion rate. Lidocaine can become toxic for any level 96 mcg/
ml; stop lidocaine infusion immediately.

Special points Lidocaine has been shown to be effective for neuropathic pain of varying
etiologies, and for opioid-refractory nociceptive and neuropathic pain [41].
There is evidence for efficacy in patients with peripheral nerve lesions, DPN,
spinal cord injury, PHN, and CRPS [42–47]. Lidocaine may also be effective in
conditions such as post-amputation pain and fibromyalgia [48, 49].
The ideal strategy for use of intravenous lidocaine in the management of
chronic pain is to rapidly decrease severe pain while up-titrating oral analgesics
to a therapeutic dose. If oral medications are ineffective, patients can be main-
tained on an intravenous lidocaine infusion for weeks to months [50]. Opioid
doses should be rapidly reduced if analgesia is rapidly achieved.

Cost/cost-effectiveness Inexpensive

Ketamine

Ketamine is a non-barbiturate dissociative anesthetic agent. It functions as
an NMDA receptor antagonist, demonstrates activity at opioid receptors,
and inhibits reuptake of dopamine and serotonin [51]. Sub-anesthetic
doses have analgesic and anti-hyperalgesic effects.

Standard dosage 0.1 to 0.5 mg/kg/h. Maximum dose is up to 600–700 mg over 24 h. When the
IV formulation is administered orally, mixed with orange juice; the dosing is
10–25 mg three to four times daily. The conversion from IV to PO is 1:1 due to
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enteral metabolism to the active metabolite, norketamine, which increases the
analgesic potency [52].

Contraindications Relative contraindications include pregnant or nursing women, a history of
psychiatric disease (bipolar disorder, schizophrenia, psychosis), severe hyper-
tension, bradycardia, or tachycardia, known coronary artery disease, glaucoma,
intracranial hypertension, traumatic brain injury.

Main drug interactions Moderate to strong inhibitors of CYP2B6, CYP2C9, and CYP3A4

Main side effects Increased intracranial pressure, sialorrhea, nausea and vomiting, increased in-
traocular pressure, central nervous system depression, and spontaneous invol-
untary movements. Laryngospasm has been reported with ketamine anesthesia.
About 12 % of patients will experience an emergence reaction, for which the
incidence can be decreased by 50 % if pretreated with a benzodiazepine [52].

Special points Two small studies found a decrease in stump and phantom limb pain with the
administration of sub-anesthetic doses of ketamine [53, 54]. Ketamine has
documented efficacy in CRPS [55, 56]. Topical preparations may also contrib-
ute to effective analgesia [57, 58]. The duration of analgesia with a single dose
of intravenous ketamine is approximately 60 min and is dose-related. Its active
metabolite allows for up to 6 h of analgesia when ketamine is administered
orally. Opioid doses should be decreased by 25–50%when initiating ketamine
therapy due to the potential for reversal of opioid tolerance.

Cost/cost-effectiveness Inexpensive

Non-steroidal anti-inflammatory drugs (NSAIDs)

Although NSAIDs are not considered first-line treatment for neuropathic
pain, surveys of patients with PHN, DPN, and other conditions have
shown that a significant number use NSAIDs. Vo and colleagues
propose that either a large placebo effect exists, that more mild
neuropathic pain perhaps responds better to NSAID therapy, or that
those who achieve significant pain relief with NSAIDs do not present
for further management; thus pain management clinicians are per-
haps led to believe that NSAIDs are ineffective for neuropathic pain,
simply because they do not encounter these patients [59]. There may
be mechanistic reasons supporting the use of NSAIDs in neuropathic
pain involving prostaglandin pathways, and some studies in animal
models suggest theoretical effect [60].
There may be a role for NSAIDs in milder cases of neuropathic pain, or as
adjuncts with other therapies where not contraindicated.

Standard dosage Pain and fever are treated at lower doses, whereas anti-inflammatory
properties are generally demonstrated at higher doses. Dosing varies by
individual agent.

Contraindications Use caution in patients with chronic kidney disease, history of gastric ulceration
or bleeding, CHF, or hypertension.

Main drug interactions Anticoagulants, antiplatelet agents, antihypertensives and diuretics, antide-
pressants with serotoninergic activity, corticosteroids, cyclosporine,
methotrexate

Main side effects Peripheral edema, nausea, heartburn, dyspepsia, rash, tinnitus; increased risk of
gastrointestinal and cardiovascular adverse events with chronic use [61, 62]
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Special points Use caution in those with chronic headache, due to the phenomenon of
medication-overuse and rebound headache. NSAIDs can lead to a risk of
bleeding due to inhibition of platelet aggregation. NSAIDs are recom-
mended for short courses and acute flares of pain, given the risk of
adverse effects with chronic use. Use caution in the elderly.

Cost/cost-effectiveness Inexpensive

Corticosteroids
Systemic corticosteroids may be of use for acute neuropathic pain, particularly
related to surgical intervention [63]. These agents are occasionally used when
mechanical swelling is thought to be a contributor to a pain syndrome, such as in
space-occupying malignancy [64]. Epidural injections of long-acting steroids
have long been used to treat radicular neuropathic pain. Evidence suggests they
can be effective for short-term control of lumbosacral radicular pain overmonths,
though data are inadequate to recommend these techniques for cervical radicular
pain or for long-term pain control [65]. Steroid agents are likely best considered
for short-term control of pain, as chronic use can produce undesirable side effects.

Topical agents
Topical analgesics are an attractive option as they offer a targeted route of
therapy. With good overall safety and tolerability, but weak level of evidence to
support their efficacy, the topical transdermal patch preparations are recom-
mended as second-line for the treatment of peripheral neuropathic pain [10••].

Lidocaine (topical)

Topical lidocaine may be useful for localized, allodynic neuropathic pain;
the dermal patch form is indicated for treatment of PHN. Neither prepa-
ration is recommended for diffuse or central neuropathic pain [66, 67].

Standard dosage Topical lidocaine is applied to the site of pain as either a gel or containedwithin
the matrix of an adhesive patch. The gel form is commonly a 5 % ointment; a
single application dose is 5 g, with 20 g maximum daily application. The
adhesive patch may be cut to size and is recommended to be applied for 12 h,
with 12 h off between applications. A maximum of three patches may be
applied simultaneously.

Contraindications Hypersensitivity to lidocaine

Main drug interactions Despite minimal systemic absorption, topical lidocaine should not be admin-
istered with other class I antiarrhythmics (e.g., mexiletine).

Main drug interactions Local skin reactions

Special points Avoid use on broken or inflamed skin, or exposure of the application site to
external heat sources, like heating pads. Small studies demonstrate that there is
no significant systemic absorption or significant adverse effect associated with
topical application of the patch for 24 h at a time, up to 3 consecutive days [68].
The patch must be placed directly over the site of the pain; it does not cause
“numbing” of the area, but alters transmission of pain signals. The ointment, on
the other hand, will cause a localized anesthetic effect at the site of application.

Cost/cost-effectiveness Gel—inexpensive; patch—expensive
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Capsaicin

An extract from chili peppers, capsaicin binds the vanilloid receptor TrpV1,
involved in the nociception of heat. Its mechanism is proposed to be a
“defunctionalization” of hyperactive cutaneous nociceptive nerve endings
[69]. Studies suggest that only the patch is significantly effective for PHN
and HIV-associated neuropathy [70].

Standard dosage Capsaicin cream is an over-the-counter product; four daily applications are
recommended. Capsaicin 8 % patches are applied only by healthcare profes-
sionals. The skin is first treated with a local anesthetic (e.g., lidocaine topical),
and up to four patches are applied and are left in place for up to 60 min.
Treatment can be repeated in 3 months.

Contraindications Hypersensitivity to capsaicin

Main drug interactions Increased risk of cough when used in patients taking ACE inhibitors

Main side effects Local skin reactions

Special points Long-term effects with repeated applications of the high-concentration patches
are unknown. The topical cream is associated with a burning sensation at the
site of application, which may make it difficult to tolerate. Compliance with
four-times-daily dosing is imperative for efficacy of the drug, as nociceptive
defunctionalization occurs with consistent use. Educate patients to wash their
hands and avoid touching mucosal or other sensitive tissues after application.

Cost/cost-effectiveness Over-the-counter creams—inexpensive; high-concentration patch—expensive

Physical therapy and exercise

Usage Routine exercise has been shown to preserve and promote peripheral nerve
function, reduce pain and other sensory dysfunction, and improve functional
mobility in those with peripheral neuropathy [71]. Physical therapy techniques
include pain modulators such as hot and cold packs, ultrasound, short-wave
diathermy, low-frequency currents (transcutaneous electrical nerve stimulation
[TENS], etc.), high-voltage galvanic stimulation, laser, and neurostimulation
techniques such as deep brain stimulation and transcranial magnetic stimula-
tion [72]. Avoid extreme heat or cold.

Special points Parkinson disease (PD): The benefit of exercise on PD-associated pain is not as
well defined as its benefits on neuroplasticity, strength, and fitness. One review
in patients with PD recommends general exercise for central neuropathic pain
and peripheral pain, and more specific exercises to reduce compression of the
nerve and mechanosensitivity [73].
Diabetes (DPN): The benefit of exercise seems to be in prevention ofmotor and
sensory nerve dysfunction as well as increased cutaneous sensation and per-
ception [74–76].

Other treatments

Botulinum toxin and cannabinoids
These agents have been investigated in small studies for the treatment of
neuropathic pain syndromes. Data is generally weak, and given the concerns
about long-term use of either substance, as well as access due to costs or legal
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concerns, these modalities either cannot be recommended or should be re-
served for patients who have been refractory to other medical therapies [10••,
36••, 77–81]. Of note, one systematic review with several Class I studies
suggests that oral cannabis extract is effective for central neuropathic pain, while
tetrahydrocannabinol and nabiximols are probably effective; smoked marijua-
na has insufficient data [81].

Complementary therapies
The main goals of complementary treatments are to decrease pain, improve
function, increase quality of life and physical activity, and improve self-esteem [72].
& Psychosocial support has been shown to increase the efficacy of treat-

ment [82].
& There are small studies in rodents and humans suggesting that acu-

puncture may decrease pain intensity [72].
& Visual feedback has demonstrated efficacy in decreasing pain in pa-

tients with SCI [83].
& Mirror-box therapy has been found to increase upper extremity func-

tionality and decrease pain in patients with stroke, phantom limb pain,
and CRPS [72, 84].
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