




such that tactile stimulation of A� fibers produces pain 
(ie, allodynia), and noxious stimulation of C and A� fibers 
produces intensified pain (ie, hyperalgesia).
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Figure 1. Mechanisms of peripheral pain transmission. Under normal 
conditions, tactile stimulation activates large myelinated A� fibers that 
mediate sensations of touch, pressure, and vibration. These A� fibers 
terminate on laminas III and IV of the dorsal horn and project rostrally 
through dorsal columns. Thin myelinated A� fibers and thin myelinated 
C fibers terminate on laminas I, II, and V of the dorsal horn and give rise to 
the spinothalamic tract (STT). The A� and C fibers mediate transmission of 
pain signals initiated by neuronal receptors (eg, nerve growth factor [NGF], 
artemin [ART], glial-derived neurotrophic factor [GDNF]).  

Evidence suggests that changes in pain signaling result 
from upregulation of ion channel and receptor function 
at peripheral and central sensory nerve terminals.3

Inflammatory mediators released from injured nerve 
tissue cause a sustained increase in primary sensory 
neurons in the peripheral nervous system, resulting in 
their continued ectopic firing. This hyperexcitability 
also occurs within the central nervous system (CNS; 
eg, dorsal horn neurons) so that spontaneous pain may 
occur or normally innocuous stimuli may produce pain. 
The release of inflammatory mediators and increase 
in abnormal neuronal activity results in activation of 
multiple intracellular signaling pathways in primary 
sensory and dorsal horn neurons that regulate the 
induction and maintenance of neuropathic pain through 
posttranslational and transcriptional mechanisms. These 
changes in neuroplasticity ultimately result in altered 
cortical processing of nociceptive processing, resulting in 
symptoms of chronic pain.

Cutaneous nociceptive hypersensitivity

Peripheral sensitization
The onset of abnormal pain following peripheral nerve 
injury is thought to be dependent on spontaneous firing 
of sensory afferents at the site of injury or at the dorsal 
root ganglia (Figure 2).1 Peripheral sensitization involves 
the sensitization of primary afferent nociceptors, release 
of prononciceptive substances (eg, nerve growth factor), 
and activation of pronociceptive receptors (eg, transient 
receptor potential vanilloid 1 [TRPV1] receptor) resulting 
in posttranslational changes and initiation of aberrant 
ectopic firing.4 This injury-initiated increase in afferent 
nerve firing correlates with the onset of thermal and 
tactile hypersensitivities in animal models of neuropathic 
pain.5-7 However, results from these studies indicate 

that the hypersensitivity diminishes within 3 to 8 days, 
whereas symptoms of neuropathic pain in humans 
endure at the same intensity for several months or more 
following injury. Thus, additional mechanisms likely 
contribute to the pathophysiology of neuropathic pain.

Central sensitization
A significant consequence of nerve damage and aberrant 
nerve firing is sensitization of the CNS (Figure 2). Central 
sensitization is thought to result from the increased 
release of excitatory amino acids that bind and activate 
receptors (eg, N-methyl-D-aspartate [NMDA] receptors), 
ultimately causing enhanced responses to nociceptive 
stimuli.8,9 In animal models of nerve injury, spinal 
administration of NMDA receptor antagonists inhibits 
spinal sensitization resulting from nerve injury.10,11

However, the activation of NMDA receptors alone is not 
sufficient to cause nociception. Therefore, in the context 
of neuronal injury, administration of NMDA receptor 
antagonists cannot inhibit the nociceptor response; 
rather, they only appear to normalize the enhanced pain 
response to nociceptive stimuli.12,13

Activation of descending facilitation
Descending facilitation is the potentiation of 
neurotransmission in the spinal cord by neurons that 
originate in higher brain centers (eg, rostral ventromedial 
medulla [RVM]) for the purpose of forming functional 
synaptic connections.1,14 It has been suggested that 
abnormal pain induced following nerve injury is 
mediated by these descending facilitatory pathways 
originating from the RVM (Figure 2). In response to 
noxious stimuli, cells of the RVM initiate aberrant firing 
and subsequently activate pain pathways. Furthermore, 
in experimental models, interference with descending 
facilitation substantially reduced symptoms of 
neuropathic pain. In an animal model of nerve injury, 
injection of lidocaine directly into the RVM reversibly 
inhibited neuropathic pain.15 Additionally, targeted 
destruction of RVM neurons also blocked neuropathic 
pain.16 Interestingly, inhibition of RVM-induced 
abnormal pain was only effective if behavioral symptoms 
of pain (eg, hindlimb withdrawal response to mechanical 
stimulation, heat-induced tail flick response) had been 
established for several days, indicating a role for long-
term neuroplastic changes.14,17

Altered intracellular signaling
Substantial evidence demonstrates an association 
between peripheral nerve injury and upregulation 
of spinal dynorphin, an opiate peptide (Figure 2).1

Specifically, data suggest a role for spinal dynorphin in 
the maintenance of neuroplastic changes rather than 
the initiation of neuropathic pain. For example, spinal 
administration of dynorphin antiserum inhibited both 
thermal and tactile hypersensitivity in mice after 10 days, 
but not after 2 days, following nerve injury. Additionally, 
studies evaluating sciatic nerve injury reported increased 
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spinal dynorphin levels and symptoms of neuropathic 
pain in response to sciatic nerve injury that was inhibited 
by spinal administration of dynorphin antiserum 14 to 
21 days following nerve injury.18,19 Overall, intracellular 
levels of spinal dynorphin appear to contribute to the 
complex neuroplastic changes that occur following 
peripheral nerve injury.

Altered ion channel expression
An additional consequence of peripheral nerve injury 
is the development of spontaneous burst of action 
potentials at sites that do not normally initiate firing 
of nerve impulses, known as ectopic discharges.1 This 
abnormal nerve firing originates at the site of injury 
and the dorsal root ganglia and is thought to represent 
an alteration in voltage-gated sodium channels 
located on the plasma membrane that mediate entry 
of action potentials into the cell (Figure 2). Many 
therapies demonstrating clinical efficacy in treatment 
of neuropathic pain also function to inhibit sodium 
channels (eg, anticonvulsants, local anesthetics, TCAs). 
Results from several studies suggest that the tetrodotoxin-
insensitive sodium channel Nav1.8 may contribute to the 
pathophysiology of neuropathic pain.20-23

Stimulus
to skin

Spontaneous
ectopic firing

Descending facilitation
from RVM

DRG

DRG

DRG

Spinal sensitization

Dynorphin
NK1R
CCK

Neuroplastic changes

CGRP BDNF
P2X 3 CCK
SP NPY

Figure 2. Cellular mechanisms of neuropathic pain. Peripheral nerve 
injury results in spontaneous firing at the site of injury, at the dorsal root 
ganglia (DRG), and adjacent nerve fibers. This aberrant nerve firing leads 
to spinal sensitization mediated by upregulation of spinal dynorphin, 
neuropeptides (eg, cholecystokinin [CCK]), and neuropeptide receptors (eg, 
neurokinin-1 receptor [NK1R]). Descending facilitation functions to sustain 
the neuropathic state. Long-term neuroplastic changes result in upregulation 
or downregulation of various neurotransmitters, neurotransmitter receptors, 
and other components of intracellular neuronal signaling. BDNF = brain-
derived neurotrophic factor; CGRP = calcitonin gene-related peptide; NPY = 
neuropeptide Y; P2X3 = adenosine triphosphate-gated ion channel subtype; 
RVM = rostral ventral medulla; SP = substance P. 

N E U R O PAT H I C PA I N TA R G E T S : 
S Y S T E M I C T H E R A P Y

Potential CNS targets for management of neuropathic 
pain include opiate receptors, components of serotonin 
and norepinephrine intracellular signaling pathways, 
and NMDA receptor modulation of glutamate release 
(Table 2).3 Currently available treatments for neuropathic 
pain include systemic agents (eg, orally administered 
TCAs, anticonvulsants, and opiates) that modulate 

these CNS targets. Tricyclic antidepressants function 
intracellularly to inhibit reuptake of norepinephrine and 
serotonin. Several small controlled studies have reported 
the efficacy of TCAs (eg, amitriptyline, desipramine, 
nortriptyline) in the treatment of diabetic polyneuropathy 
and postherpetic neuralgia.1 Opioids are administered 
for the treatment of acute pain, and their efficacy in 
chronic neuropathic pain is not well studied. However, 
a small number of studies have reported the short-term 
clinical efficacy of oxycodone, tramadol, and morphine 
in the treatment of neuropathic pain.24,25

Anticonvulsants are a large, diverse class of drugs 
that have been evaluated in pilot studies of various 
neuropathic pain conditions. In controlled trials, 
carbamazepine and lamotrigine have demonstrated 
clinical efficacy.26 Gabapentin, an anticonvulsant 
indicated for the treatment of postherpetic neuralgia, 
has also shown efficacy for the treatment of painful 
diabetic neuropathy. Additionally, pregabalin was 
recently approved for the treatment of painful diabetic 
neuropathy and postherpetic neuropathy based on 
findings from several double-blind, placebo-controlled 
studies.27 However, these systemic therapies often 
provide temporary relief rather than a clinical cure of 
neuropathic pain and are associated with less than 
optimal safety and tolerability profiles. Thus, an unmet 
medical need exists for agents that target the underlying 
pathophysiologic mechanisms of neuropathic pain 
described above. 

Table 2. CNS Targets for Treatment of Neuropathic Pain

CNS target/mechanism Drug or drug class

Inhibition of serotonin and 
norepinephrine uptake

TCAs
Tramadol
Duloxetine
Venlafaxine

Blockade of voltage-dependent 
sodium channels

TCAs
Lamotrigine
Carbamazepine
Oxcarbazepine

Modulation of NMDA receptors 
and/or glutamate release

TCAs
Lamotrigine

Blockade of voltage-gated 
calcium channel subunit

TCAs
Gabapentin
Pregabalin

Modulation of opioid receptors Opioids

CNS = central nervous system; NMDA = N-methyl-D-aspartate; TCA = tricyclic 
antidepressant.

N E U R O PAT H I C PA I N TA R G E T S : 
L O CA L I Z E D T H E R A P Y

An alternative approach to pharmacologic management 
of neuropathic pain involves treatment with localized, 
nonsystemic therapies. The rationale of localized 
treatment of neuropathic pain is to target specific 
underlying mechanisms in the peripheral nervous 
system that contribute to the pathophysiology of 
neuropathic pain syndromes. Several localized 
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therapeutic options are currently in development for 
the treatment of neuropathic pain, including local 
anesthetics, sodium and calcium channels modulators, 
nociceptor antagonists, �2 adrenoceptor modulators, 
counterirritants, and TRPV1 receptor agonists (Table 3).

Table 3. PNS Targets for Treatment of Neuropathic Pain

PNS target/mechanism Drug or drug class

Inhibition of voltage-gated sodium 
channels Local anesthetics

Inhibition of calcium channel function 
and reduction in membrane excitability

Calcium channel 
modulators

Modulation of �2 adrenoceptors Clonidine

Blockade of adenosine uptake TCAs

Nociceptor antagonism Neuropeptides
Botulinum toxin

TRPV1 receptor agonism Capsaicin

PNS = peripheral nervous system; TRPV1 = transient receptor potential vanilloid 1.

Local anesthetics
Local anesthetics, particularly lidocaine, have been 
administered for the treatment of neuropathic pain. 
Local anesthetics block voltage-gated sodium channels, 
thus inhibiting the initiation and propagation of action 
potentials. The expression of specific types of sodium 
channels is altered in several models of nerve injury, and 
such alterations are thought to contribute to neuropathic 
pain. Lidocaine is thought to inhibit sodium channels on 
sensory afferents to decrease afferent pain transmission. 
Local anesthetics also appear to have antiinflammatory 
effects that might contribute to relief of neuropathic pain.28

Lidocaine 5% gel and patch formulations have been 
shown to relieve pain associated with postherpetic 
neuralgia. A 1999 randomized, controlled, crossover 
study by Galer et al evaluated the efficacy of the local 
anesthetic lidocaine versus placebo in the form of 
a patch applied directly to the skin of patients with 
postherpetic neuralgia.29 The study involved 2 treatment 
periods, and the primary efficacy variable was “time to 
exit” (ie, patients were allowed to exit either treatment 
period if their pain relief score decreased substantially 
for any 2 consecutive days). The lidocaine patch 
significantly improved symptoms of neuropathic pain, 
with a reported >14-day exit time versus placebo 
(3.8 days; P<0.001). At the end of the study, 78% of 
patients preferred the lidocaine patch compared with 
9.4% treated with placebo (P<0.001). Furthermore, 
the safety and tolerability of lidocaine was similar to 
placebo. Additional controlled studies and open-label 
studies have also supported the efficacy of the lidocaine 
5% patch in achieving relief of pain in patients with 
neuropathic pain syndromes (Figure 3).30-34

Postapplication time, hours

No treatment
Vehicle patch
Lidocaine 5% patch

C
ha

ng
e 

in
 V

A
S,

 m
m

5

0

-5

-10

-15
0.5 1 2 4 6 9 12

Figure 3. Change in pain intensity visual analog scale (VAS) scores in patients 
with postherpetic neuralgia who were administered lidocaine 5% patch, 
vehicle patch, or no treatment. A negative change indicates reduced pain 
intensity. Lidocaine 5% significantly reduced pain intensity compared with 
vehicle at 4, 6, 9, and 12 hours (P=0.038 for pooled data) and compared 
with no treatment at all time points evaluated (P=0.021 for pooled data). 

Calcium channel modulators
Activation of calcium channels increases intracellular 
calcium, mediates neurotransmitter release, and triggers 
intracellular signaling pathways that alter membrane 
excitability and initiate protein transcription. Although 
multiple types of calcium channels have been identified, 
the high voltage–activated N-type and the low voltage–
activated T-type calcium channels demonstrate the most 
promise for treatment of neuropathic pain, specifically 
with respect to antihyperalgesic and antiallodynic 
effects.35 Auxiliary subunits of calcium channels may 
also be an important target of therapy for neuropathic 
pain as agents that bind the �2� auxiliary subunit 
reduce membrane excitability without blocking the 
calcium channel function. The �2� ligand tetrazole has 
demonstrated efficacy similar to pregabalin in animal 
models of neuropathic pain.36

Adrenoceptor agonists
�2 Adrenoreceptors are located on peripheral nerve 
terminals, the spinal dorsal horn, and supraspinal 
regions, and spinal �2 adrenoceptor agonism results 
in substantial pain reduction in models of neuropathic 
pain. Clonidine is an �2 adrenoceptor agonist that 
binds to presynaptic receptors on noradrenergic nerve 
terminals and prevents release of norepinephrine. 
Intradermally administered clonidine has shown promise 
in an animal model of neuropathic pain.37 Furthermore, 
topical clonidine cream applied 4 times daily to patients 
with oral neuropathic pain demonstrated effectiveness 
in a small pilot study.38 Two small, randomized, double-
blind studies (N=24 and N=41) assessed the efficacy of a 
clonidine transdermal patch 0.3 mg daily in patients with 
painful diabetic polyneuropathy and reported a modest 
treatment effect of clonidine (13%–20% less pain) 
compared with placebo.39,40 These findings suggest that a 
subset of patients with painful diabetic neuropathy might 
benefit from clonidine therapy.40

Reprinted from Rowbotham et al.30 ©1996, with permission from Elsevier.



Topical TCAs/NMDA receptor antagonists
Although the TCAs function centrally when administered 
systemically for neuropathic pain, recent data show 
that the TCAs can function peripherally to produce 
analgesia.41-44 Some evidence indicates that antidepressant 
blockade of adenosine uptake might account for the 
topical analgesic effects of TCAs; however, data regarding 
the clinical efficacy of topical TCAs are conflicting. In 
a double-blind, placebo-controlled study of topical 
amitriptyline 2%, ketamine 1%, or combination therapy 
with both, no difference was observed among any of 
the active treatments versus placebo for pain relief.43

Alternatively, a 12-month, open-label study of topical 
amitriptyline 2%/ketamine 1% cream in 28 patients 
with refractory peripheral neuropathy reported an 
average reduction in pain of 37%, with 40% of patients 
experiencing ≥50% pain reduction after 12 months of 
treatment.44 These findings suggest a potential benefit 
of topical TCA therapy for relief of neuropathic pain, 
warranting further clinical study. However, although 
treatment with topical TCAs is generally well tolerated, 
these treatments are only suitable for small areas of 
application, as systemic absorption may occur with larger 
application areas. The possibility of systemic absorption 
was demonstrated in a randomized, double-blind, 
parallel-group, placebo-controlled study (N=200) of 
doxepin in patients with neuropathic pain in which 
4 patients (~10%) treated with 3.3% doxepin cream for 
3 weeks complained of drowsiness.41

One randomized, double-blind, crossover study 
evaluated the effects of topically applied ketamine 
50 mg/mL versus placebo in 9 healthy volunteers using 
the intradermal capsaicin model.45 One mL of ketamine 
gel or placebo was applied to the skin of both forearms 
in crossover fashion, 10 minutes prior to intradermal 
injection of capsaicin, and the pain response was 
assessed at intervals up to 60 minutes. Topical treatment 
with ketamine gel significantly reduced the intensity of 
capsaicin-induced mechanical hyperalgesia (P<0.05 
versus placebo). Furthermore, no local or systemic 
adverse events were observed.

Botulinum toxin
Botulinum toxin has been administered for the treatment 
of non-neuropathic pain syndromes such as migraine,46

but only case reports have been described for the 
management of neuropathic pain.47-49 Although the 
mechanism of action of botulinum toxin in neuropathic 
pain has not been elucidated, it is thought that the 
toxin may inhibit the release of various chemicals that 
sensitize nociceptors. 

Neuropeptide receptors
Interest for the role of neuropeptides in nociception 
intensified after substance P (neurokinin-1 [NK1]) was 
found in high concentrations in dorsal roots.50 The 
antinociceptive effects of NK1 antagonists have been 

reported in animal models of neuropathic pain; however, 
the orally active NK1 receptor antagonists aprepitant 
and lanepitant have not been effective in treatment of 
neuropathic pain in humans.51,52 Additional neuropeptides 
have been identified in primary afferent fibers of dorsal 
horn (eg, cholecystokinin, bradykinin, calcitonin gene-
related peptide) that may contribute to pain perception or 
modulation. Local application of these neuropeptides may 
be a more effective approach to therapy. 

Counterirritants
Menthol is an alcohol byproduct of the peppermint 
herb Mentha piperita widely used in the pharmaceutical 
industry for its cooling/soothing properties.53 Topical 
preparations containing menthol are applied to relieve 
neuralgia in traditional Chinese and European medicine, 
and clinical data have demonstrated a benefit of cooling 
in the treatment of chronic back pain, dental pain, 
postsurgical pain, and muscle injuries.54 Although the 
physiologic mechanism of cold-induced analgesia is 
not completely understood, recent evidence suggests 
that menthol modulates the activity of sensory nerve 
receptors such as the TRPM8 and �-opioid receptors.53-55

One case study evaluated the effectiveness of peppermint 
oil (ie, menthol) for the treatment of postherpetic 
neuralgia in a 76-year-old female whose pain, rated as 
73 on a visual analog scale of 0 (none) to 100 (severe), 
was resistant to treatment with standard therapies for 
the previous 3 years.56 Application of peppermint oil 
containing 10% menthol resulted in almost immediate 
improvement in pain, and the relief persisted for 
approximately 6 hours following application. After 
2 weeks of treatment, the patient rated her pain as 19, 
a substantially lower rating compared with baseline. 
After 8 weeks of treatment, the patient continued 
to experience analgesic effects with application of 
peppermint oil and reported a minor adverse effect of 
skin reddening. The authors concluded that this was 
the first case study reporting a strong analgesic effect of 
peppermint oil in the treatment of neuropathic pain.

Capsaicin
Capsaicin is a TRPV1 receptor agonist and, interest-
ingly, is a natural component of chili peppers. Capsaicin 
activates vanilloid-1 ligand-gated cation channels on C 
fibers and some A� fibers to allow calcium entry into the 
cell. Calcium entry causes neuronal activation and the 
release of peptides that initiate transmission of pain sig-
nals to the spinal cord. Desensitization of this response 
occurs with repeated applications of small concentra-
tions of capsaicin, and also with a single application 
of a large concentration, resulting in inhibition of pain 
transmission. Topically administered capsaicin 0.025% 
and 0.075% cream and gel formulations exhibit modest 
relief in postherpetic neuralgia, diabetic neuropathy, and 
trigeminal neuralgia.50,57 Additionally, in patients with 
nonspecific low back pain (N=319), a capsicum 
plaster formulation (capsaicin 22 µg/cm2) provided a 



significantly greater clinical response, defined as ≥50% 
reduction in pain score, versus placebo (45% versus 
24%, respectively; P=0.001).58 However, at these low 
concentrations, multiple daily applications are required, 
and patient compliance is generally poor due to the 
sensation of burning pain at the application site. 

NGX-4010, a high-concentration dermal patch contain-
ing capsaicin 8%, is being developed for the treatment 
of neuropathic pain. A phase 3, randomized, double-
blind, controlled clinical study evaluated the efficacy of 
NGX-4010 applied for 30, 60, or 90 minutes versus a 
low-concentration capsaicin control (0.04%) in patients 
with neuropathic pain.59 Eligible patients experienced ≥2 
months of moderate-to-severe bipedal neuropathic pain 
secondary to human immunodeficiency virus–associated 
distal sensory neuropathy (HIV-DSP) or antiretroviral drug 
exposure and a score of 3 to 9 on the Numeric Pain Rat-
ing Scale (NPRS). For the double-blind phase of the study, 
a single treatment of NGX-4010 or the control patch was 
applied for 30, 60, or 90 minutes to painful areas on the 
feet, and patients were assessed for 12 weeks posttreat-
ment. An open-label extension phase was also included 
in which patients received up to 3 additional 60-minute 
applications of NGX-4010 and were assessed for 40 
weeks posttreatment. A single treatment with NGX-4010 
provided significantly greater pain relief compared with 
a low-concentration capsaicin control patch beginning at 
2 weeks posttreatment (P<0.05 versus control), an effect 
that was maintained at 12 weeks posttreatment (P=0.016 
versus control; Figure 4). Additionally, a single 60-minute 
application of the NGX-4010 patch provided at least 1 
month of pain relief. Similar results were demonstrated 
in a 12-week, phase 3 clinical study of NGX-4010 
(n=205) versus a low-concentration capsaicin control 
patch (n=197) in patients with postherpetic neuralgia.59

Eligible patients had a diagnosis of postherpetic neural-
gia and scored an average of 3 to 9 on the NPRS during 
screening. A single 60-minute application of NGX-4010 
significantly reduced the NPRS score for average pain in 
the last 24 hours from baseline to week 8 compared with 
control (30% versus 20%, respectively; P=0.001). Maxi-
mum reduction in pain was evident on day 1 and main-
tained through 12 weeks posttreatment.

Regarding clinical safety and tolerability, the most 
frequently reported adverse event associated with 
NGX-4010 treatment in either study was mild or 
moderate application-site reactions (eg, erythema).59

In the postherpetic neuralgia study, 99% of patients 
completed the full duration of treatment. Additionally, in 
the 40-week, open-label extension phase of the HIV-DSP 
trial, no increase in adverse events was observed with 
repeated 60-minute application of NGX-4010. Overall, 
NGX-4010 was associated with a favorable efficacy, 
safety, and tolerability profile. 
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Figure 4. Change from baseline diary scores for average pain in last 24 hours 
in patients with human immunodeficiency virus–associated distal sensory 
polyneuropathy treated with single application of a capsaicin 8% patch 
(NGX-4010) or low-concentration capsaicin 0.04% patch (control) and 
assessed for 12 weeks.59 Data are presented as mean percent change with 
standard error and are pooled from 30-, 60-, and 90-minute applications. 
A negative change indicates reduced pain intensity. NGX-4010 significantly 
improved average pain from baseline versus low-dose capsaicin patch 
starting at 2 weeks and maintained this beneficial effect through 12 weeks 
posttreatment. *P<0.05; †P≤0.01; ‡P≤0.001; §P=0.016. 

S U M M A RY

Alterations in the excitability of peripheral sensory nerves 
and corresponding changes in skin sensory function con-
tribute significantly to the pathophysiology of neuropathic 
pain. Localized treatments targeting peripheral pain mecha-
nisms are a promising approach to the treatment of neuro-
pathic pain in that they provide highly targeted therapy that 
minimizes the risks of adverse effects and drug interactions. 
Of the localized therapeutic options, a lidocaine 5% patch 
demonstrated clinical efficacy in treatment of postherpetic 
neuralgia versus placebo. Additionally, NGX-4010, a 
capsaicin 8% patch, was significantly more effective versus 
a low-concentration control patch (0.04%) for the treat-
ment of postherpetic neuralgia and HIV-DSP in large, phase 
3 clinical trials. Limited observational data for clonidine, 
TCAs, and botulinum toxin suggest that these agents might 
be effective; however, further clinical evaluation is needed 
to identify the appropriate algorithm for these therapeutic 
agents in the management of neuropathic pain.
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Neuropathic Pain Syndromes: New Localized Therapeutic Options CME Posttest
Instructions: This activity should take approximately 1 hour to complete. The participant should, in order, read the 
learning objectives and monograph, answer the 10-question multiple-choice posttest below, and circle the single-
letter response or responses that best answer the question. The completed form should be sent via US mail to the 
American Academy of Pain Management, Education Department, 77 Park Avenue, New York, NY 10016 or faxed to
(212) 532-5397.

1. Which statement is not true regarding 
neuropathic pain? Neuropathic pain is

A. A chronic, debilitating condition 
associated with injury or damage to 
the nervous system

B. Associated with metabolic polyneu-
ropathies including painful diabetic 
neuropathy and postherpetic neuralgia

C. Frequently cured with systemic admin-
istration of tricyclic anti-depressants

D. Thought to involve cutaneous 
nociceptive hypersensitivity as a 
pathophysiologic mechanism

2. Potential advantages of targeted 
delivery of localized therapy for 
neuropathic pain include 

A. Minimized systemic absorption
B. Reduced risk of serious adverse effects 

and drug interactions
C. Increased patient compliance
D. None of the above
E.  All of the above

3. Under normal conditions, innocuous 
tactile stimuli activate myelinated 
A� fibers and noxious stimuli activate 
unmyelinated C fibers and myelinated 
A� fibers.

A. True B. False

4. The physiologic condition in which 
innocuous tactile stimulation of 
A� fibers produces pain is called

A. Inflammation
B. Hyperalgesia
C. Neuroplasticity
D. Allodynia
E. None of the above

5. Peripheral sensitization, a key 
pathophysiologic contributor to 
neuropathic pain, involves increased 
release of excitatory amino acids that 
ultimately cause enhanced responses 
to nociceptive stimuli.

A. True B. False

6. Which of the following statements are 
true regarding descending facilitation? 
(circle all that apply)

A. Descending facilitation involves 
potentiation of neurotransmission in 
the spinal cord by neurons originating 
in higher brain centers such as the 
rostral ventromedial medulla

B. Neuropathic pain induced following 
nerve injury is mediated by descending 
facilitatory pathways

C. In experimental animal models, 
interference with descending facilita-
tion substantially reduced behavior 
associated with neuropathic pain

D. Alteration of pain signaling by 
descending facilitatory pathways 
is associated with long-term neuro-
plastic changes

7. Systemic treatment for neuropathic 
pain targeting central nervous system 
pathophysiology involves (circle all 
that apply)

A. Modulation of opiate receptors, 
serotonin and norepinephrine 
intracellular signaling pathways, 
and N-methyl-D-aspartate receptor-
mediated glutamate release

B. Anticonvulsant therapy
C. Localized external application of 

tricyclic antidepressants
D. Risk of serious adverse effects and 

drug interactions due to systemic 
absorption

8. In a randomized controlled study by 
Galer et al that evaluated a lidocaine 
5% patch applied directly to the 
skin of patients with postherpetic 
neuralgia, 78% of patients preferred 
the lidocaine patch versus placebo.

A. True B. False

9. Which of the following character-
istics are true regarding capsaicin? 
(circle all that apply)

A. Agonist of the transient receptor 
potential vanilloid 1 receptor

B. Naturally occurring component of 
chili peppers

C. Neurokinin-1 receptor antagonist
D. Modulates calcium channel function
E. Associated with inhibition of pain 

transmission at high concentrations

10. A high-concentration dermal patch 
containing an 8% concentration of 
capsaicin exhibits

A. Greater relief of pain versus a low-
concentration capsaicin control 
dermal patch

B. At least 1 month of pain relief 
following a single 1-hour application

C. Clinical efficacy in treatment of 
neuropathic pain syndromes

D. A favorable safety and tolerability 
profile

E.   None of the above
F. All of the above
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