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CLINICAL PRACTICE

Painful Sensory Neuropathy
Jerry R. Mendell, M.D., and Zarife Sahenk, M.D., Ph.D.

This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the authors’ clinical recommendations.

A 67-year-old woman who had been in excellent health noticed the onset of burning
pain in the left great toe two years before evaluation. The pain subsequently extended
to involve both feet, from the toes to the heels, and was associated with numbness, tin-
gling, and burning. The discomfort has become severe, is present throughout the day,
and disrupts sleep. A physical examination reveals normal muscle strength, muscle-
stretch reflexes, proprioception, and vibratory sensation; only pinprick sensation in
the toes and feet is diminished. How should this patient be evaluated and treated?

THE CLINICAL PROBLEM

There are many causes of painful sensory neuropathy (Table 1). In one subtype referred
to as “small-fiber painful sensory neuropathy,” only the A-6 (small myelinated) and no-
ciceptive C (unmyelinated) nerve fibers are affected. Studies indicate that this condition
represents the most common type of painful sensory neuropathy in patients older than
50 years of age. Itis vastly underrecognized, and in most cases, no cause can be found.1-3
In another group of neuropathies associated with pain, the discomfort is caused in part
by damage to small nerve fibers, but large nerve fibers (A-B and A-« nerve fibers) thatare
responsible for proprioception, vibratory sensation, muscle-stretch reflexes, and muscle
strength are also affected. The distinction between the two subtypes of painful sensory
neuropathies is not trivial, since the underlying cause is more likely to be identifiable
when both large and small fibers are affected.® Irrespective of the subtype of neuropathy,
the pain generated by damage to small nerve fibers is debilitating and responds poorly to
treatment. Finding and treating the cause is the best long-term strategy but is not rou-
tinely possible, and even when it is possible, treatment may not begin to relieve pain for
many months or longer.

STRATEGIES AND EVIDENCE

INITIAL EVALUATION

Since neuropathy is not the only cause of pain in the feet, one must first determine
whether the peripheral nerve is the source of discomfort. Typical symptoms of neuro-
pathic pain related to small fibers include burning (the sensation that the feet are on
fire), sharp pain (described as knife-like, jabbing, or pins and needles), shooting pain,
and aching in the toes and feet (reflecting damage to the longest axons). Pain emanating
from the peripheral nerves is indicated by the description of the feet as tingling, numb,
or feeling tight, wooden, or dead. Peripheral-nerve pain is often exacerbated at night,
but some patients describe pressure-induced pain with standing or walking. The histo-
ry will help distinguish among problems associated with plantar fasciitis, arthritis, bur-
sitis, tendonitis, and polymyalgia rheumatica.* Lumbosacral radiculopathies (with or
without spinal stenosis) are not dependent on nerve length and may be accompanied
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by paraspinal muscle spasm and aggravated by ac-
tivities (such as lifting). Pain in the toes, related to
entrapment of the posterior tibial nerve at the tarsal
tunnel (the space beneath the flexor retinaculum
and behind the medial malleolus), may mimic pain-
ful sensory neuropathy.> Nerve entrapment at the
carpal tunnel accompanying painful sensory neu-
ropathy may point to diabetes mellitus or amyloi-
dosis.

In disorders with exclusive or predominant in-
volvement of small nerve fibers, there is a dramatic
mismatch between symptoms and observable neu-
rologic deficits. In the typical small-fiber sensory
neuropathy affecting patients older than 50 years of
age,! there is an abnormal loss of pinprick sensation
in the feet, which may extend centripetally to the lev-
el of the knees but rarely above the knees. The sen-
sation of touch may also be diminished, whereas
other types of sensation are preserved. In painful
sensory neuropathies affecting both large and small
fibers, there is reduced proprioception, loss of mus-
cle-stretch reflexes, and muscle weakness, reflect-
ing the loss of large fibers. Loss of vibratory sensa-
tion that is restricted to the toes can be a normal
finding in the elderly but is abnormal if it extends
to the ankles.

Two findings on physical examination may help
distinguish the pain of tarsal tunnel syndrome from
small-fiber neuropathy: Tinel’s sign (tingling in the
limb served by the nerve after percussion) over the
tarsal tunnel and tenderness to palpation over
the flexor retinaculum.> A loss of sensation that is
restricted to the medial aspect of the foot, sparing
the heel, also points to tarsal tunnel syndrome.

The initial evaluation must include electromyog-
raphy and nerve-conduction studies, unless the di-
agnosis is known (for example, in a patient with
diabetes and known microvascular disease). Elec-
trodiagnostic studies are useful in patients with
painful sensory neuropathy for identifying a mono-
neuropathy (such as focal entrapment at the tarsal
tunnel); differentiating multiple mononeuropathy
(which is characteristic of peripheral-nerve vasculi-
tis) from polyneuropathy (which is symmetric); and
distinguishing axonal neuropathies (e.g., diabetic
neuropathy) from demyelinating neuropathies.®
Normal studies are consistent with pure small-fiber
neuropathy.

Laboratory evaluation should be guided by the
results of electrodiagnostic testing (Fig. 1). If elec-
trodiagnostic studies are normal, nonneuropathic
causes of pain (including local inflammation, such
as arthritis or plantar fasciitis, or central nervous

system causes, such as myelopathy) must be consid-
ered; further testing is warranted to establish the di-
agnosis of small-fiber neuropathy. The sudomotor-
axon reflex test, which quantitates sweating, is a
practical, highly specific, and sensitive method (sen-
sitivity, approximately 80 percent) for documenting
damage to small nerve fibers.? Skin biopsies that
demonstrate loss of intraepidermal nerve fibers rep-
resent an alternative method with slightly greater
sensitivity for documenting small-fiber neuropathy:
approximately 10 percent of patients with a normal
sweat test will have abnormal skin biopsies.1-2 How-
ever, skin biopsies are not widely available, and the
morphometric analysis is laborious. Quantitative
sensory testing assesses small-fiber damage by
measuring pain and temperature thresholds in the
skin.3 Sensitivity and specificity are lower than those
of skin biopsies or sudomotor testing,-3 and per-
formance depends on patients’ cooperation and at-
tention.®

TREATMENT OF PAINFUL NEUROPATHIES
Management of the neuropathy is guided by two
principles: treatment of the underlying condition
(which will not be discussed here) and strategies de-
signed to relieve peripheral-nerve pain irrespective
of cause.

PATHOPHYSIOLOGY OF PAINFUL NEUROPATHY
Pain is a protective response to tissue injury, but
persistent pain is maladaptive. Pain can occur with-
out provocation (be stimulus-independent, as with
burning and paresthesias accompanying small-
fiber neuropathies) or can be stimulus-evoked (for
example, hyperalgesia in response to noxious stim-
uli or allodynia induced by non-noxious stimuli).
The cause of the nerve damage does not dictate
the type of pain, and nonspecific therapies that are
effective for one cause should also be applicable to
others. Figure 2 summarizes the pathophysiology of
pain from peripheral neuropathy and suggests po-
tential pharmacologic strategies for treatment.

SUMMARY OF CLINICAL TRIALS
Judging the efficacy of treatments for painful neu-
ropathies is challenging. Reports can be mislead-
ing, because results for a given drug can be statis-
tically significant despite the fact that good or
excellent pain relief has been achieved in relatively
few patients. In addition, patients expect substan-
tial pain reliefwith relatively few side effects. Failure
to meet these expectations leads to disappointment.
We summarize here the results of randomized,

N ENGL J MED 348;13 WWW.NEJM.ORG MARCH 27, 2003

Downloaded from www.nejm.org at MAYO CLINIC LIBRARY on March 22, 2010 .
Copyright © 2003 Massachusetts Medical Society. All rights reserved.



CLINICAL PRACTICE

History
Predisposing factors

Physical Examination

Small-fiber neuropathy: Large-fiber neuropathy:

Reduced or absent muscle-stretch reflexes
Normal muscle strength Normal or slightly reduced muscle strength
Normal proprioception and vibration sensation Reduced proprioception and vibration sensation
Reduced distal pinprick sensation (touch sensation variable) Pinprick and touch sensation usually reduced

Normal muscle-stretch reflexes

Electromyography and nerve-conduction studies

' l

Electrodiagnostic findings distinguish types of
large-fiber neuropathies:

Normal in small-fiber neuropathies

Demyelinating vs. axonal neuropathy
Multiple mononeuropathy vs. polyneuropathy

Autonomic testing, skin biopsy, or both abnormal
in small-fiber neuropathy

Laboratory evaluation guided by predisposing
factors, physical findings, and electrodiagnostic
studies; nerve biopsy indicated for suspected
vasculitic neuropathy and amyloidosis

Laboratory evaluation to rule out diabetes
mellitus and age- and sex-appropriate screening
for cancer; nerve biopsy not indicated

|

Diagnosis can be established in <10% of cases

with pure small-fiber involvement; most common
diagnoses are idiopathic small-fiber painful
sensory neuropathy and diabetic neuropathy

Diagnosis can be established in about 30%
of cases of painful sensory neuropathy with
large-fiber involvement

Figure 1. Algorithm for the Evaluation of Painful Sensory Neuropathy.

The physical findings are used to distinguish between small-fiber and large-fiber neuropathy. If electrodiagnostic studies
and autonomic testing or skin biopsy suggest pure small-fiber neuropathy, the plasma glucose level should be assessed
while the patient is fasting; if it or a random measurement of glucose is not diagnostic of diabetes mellitus, a two-hour
glucose-tolerance test should be performed. Paraneoplastic neuropathies rarely affect exclusively small fibers, but a test
for anti-Hu antibodies should be obtained if there is a history of smoking, and age-related screening for cancer should be
performed. Screening for Fabry’s disease (a-galactosidase A in serum, leukocytes, or tears) is indicated in patients with an
onset of symptoms before 20 years of age. Large-fiber neuropathy includes loss of large and small fibers. The laboratory
evaluation for large-fiber neuropathy depends on the results of the electrodiagnostic studies. In patients with multiple
mononeuropathies, screening for vasculitis and connective-tissue disease is appropriate (evaluation of the erythrocyte
sedimentation rate and evaluation for antineutrophil cytoplasmic antibodies [with a cytoplasmic or perinuclear pattern of

staining], hepatitis C, cryoglobulins, antinuclear antibodies, rheumatoid factor, and extractable nuclear antigens). Associ-

ated ataxia suggests Sjégren’s syndrome or cancer, and testing for antinuclear antibodies and antibodies against SS-A,
SS-B, and Hu should be performed. Older patients should have serum electrophoresis with immunofixation to rule out
monoclonal gammopathy. If the workup is unrevealing and the fasting and randomly measured glucose levels are normal,
a two-hour glucose-tolerance test is warranted. Screening of urine or serum for heavy metals is appropriate only if there
has been industrial exposure or if there are findings on physical examination that suggest arsenic poisoning (Mees’ lines).
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Figure 2. Pathways Leading to Pain in Peripheral Neuropathy and Potential Sites of Pharmacologic Interventions.

After peripheral-nerve injury, a cascade of events up-regulates expression of membrane channels in the nociceptive neurons of the dorsal-root
ganglion. Potential inhibitors of the sodium channel include tricyclic antidepressants, carbamazepine, oxcarbazepine, phenytoin, topiramate,
lamotrigine, mexiletine, and lidocaine; a potential inhibitor of the potassium channel is gabapentin; and potential inhibitors of the calcium
channel are gabapentin and lamotrigine. Sprouting sympathetic axons form interwoven baskets around cell bodies, causing exaggerated
pain, which may be inhibited by tricyclic antidepressants, bupropion, or venlafaxine. At the site of peripheral-nerve damage (inset), sodium
channels (which may be inhibited by the agents listed above) spread along the axon, resulting in ectopic neural discharges. Projections from
nociceptive neurons in the dorsal-root ganglion to spinal interneurons enhance excitation by release of substance P, calcitonin gene—related
protein (CGRP), and glutamate. The second-order neuron in the spinal cord, which is normally activated by glutamate through the a-amino-
3-hydroxy-5-methyl-4-isoxazole prioponic acid (AMPA) receptors (orange triangle), is induced to fire spontaneously (central sensitization)
through activation of the N-methyl-p-aspartate (NMDA) receptor (green triangle). Excitation of the second-order neuron leads to an increase
in intracellular calcium and activation of protein kinases (PK) that phosphorylate intracellular proteins such as NMDA receptors. Potential in-
hibitors include gabapentin, lamotrigine, oxcarbazepine, topiramate, dextromethorphan, tramadol, opiates, selective serotonin-reuptake in-
hibitors, and venlafaxine. Dynorphin, an opioid neuropeptide whose levels are elevated in chronic pain syndromes, can also contribute to
ectopic excitation of the second-order neuron through activation of NMDA receptors. There is loss of inhibition of second-order neurons by
reduction of input from y-aminobutyric acid (GABA) through down-regulation of GABA4 receptors (pink oval). Sprouts of central terminals
of nonnociceptive neurons in the dorsal-root ganglion (AB neurons) express nociceptive substances (potentially inhibited by levodopa) in the
dorsal horn, contributing to hyperalgesia and tactile allodynia.

1248 N ENGL J MED 348;13 WWW.NEJM.ORG MARCH 27, 2003

Downloaded from www.nejm.org at MAYO CLINIC LIBRARY on March 22, 2010 .
Copyright © 2003 Massachusetts Medical Society. All rights reserved.



CLINICAL PRACTICE

controlled trials of agents for painful sensory neu-
ropathy. Although the “number needed to treat”
(an estimate of the total number of patients who
would need to be treated in order to achieve 50 per-
cent pain relief in one patient) has merits, because it
provides information on both the rate and the mag-
nitude of response,® italso has limitations, especial-
ly when it is used to compare studies performed in
different populations of patients or for different du-
rations. Thus, we provide the size of the treated co-
hort and the percentage of cohort members who
have a response to treatment.

ANTIDEPRESSANT DRUGS

Tricyclic Antidepressants

No agents have been as thoroughly studied for re-
lief of neuropathic pain as the tricyclic antidepres-
sants.1° These drugs block reuptake of serotonin
and noradrenaline and presumably relieve pain by
inhibition of the sodium channel. Both spontane-
ous pain and hyperalgesia respond to tricyclic
agents. Approximately 300 subjects with diabetic
neuropathy have participated in controlled trials of
various tricyclic agents. The accumulative efficacy
suggests that about one third of patients achieve a
50 percent reduction in neuropathic pain.11-13 Re-
sponses are often insufficient in clinical practice,
and benefits are sometimes outweighed by side ef-
fects, especially among the elderly (Table 2).

Selective Serotonin-Reuptake Inhibitors

Selective serotonin-reuptake inhibitors differ from
tricyclic antidepressants in that they selectively block
serotonin reuptake. Clinical trials of these agents
(which have involved fewer than 100 patients over-
all) suggest that their efficacy is lower than that of
tricyclic agents.14-16 Paroxetine reduces the pain
of diabetic neuropathy better than placebo but was
not as effective as the tricyclic antidepressant imip-
ramine in a head-to-head comparison.1# Citalopram
diminishes neuropathic pain with an efficacy equal
to that of paroxetine, 15 whereas fluoxetine showed
no benefit in diabetic neuropathy.16

Other Antidepressants

Venlafaxine has fewer side effects than typical tricy-
clic antidepressants because of reduced binding to
muscarinic, histamine, and «;-adrenergic recep-
tors; one small randomized study suggested that
the drug had benefit in patients with painful sensory
neuropathy related to cancer.1” Bupropion, a sec-
ond-generation, specific inhibitor of neuronal nor-

epinephrine reuptake, diminished neuropathic pain
by about 30 percent in a cohort of 41 subjects with
neuropathy from multiple causes who were treated
for six weeks.18

ANTICONVULSANTS

Carbamazepine

Carbamazepine stabilizes membranes by inhibiting
sodium channels. Although it s effective for trigem-
inal neuralgia, data with regard to painful peripher-
al neuropathy are limited. One placebo-controlled
trial involving 30 subjects® suggested a benefit in
diabetic neuropathy equivalent to that of tricyclic
antidepressants. In practice, intolerance to the side
effects of carbamazepine limits its use, especially in
the elderly. Oxcarbazepine, a keto-acid analogue
of carbamazepine, is better tolerated. Data on the
drug’s efficacy for painful sensory neuropathy are
not available, butits efficacy for trigeminal neural-
gia is similar to that of carbamazepine.2°

Phenytoin

Phenytoin, which also blocks sodium channels, is
rarely used as first-line therapy for neuropathic pain,
since it has inconsistent effectiveness in patients
with painful diabetic neuropathy.21,22 However, pos-
sible benefit was suggested by a recent small study
reporting a reduction in pain due to neuropathy
from various causes after a single intravenous infu-
sion of phenytoin.23

Gabapentin

Gabapentin was designed as a y-aminobutyric—acid
agonist, but its precise mechanism of action re-
mains uncertain. Two clinical trials demonstrated
pain reliefin patients with diabetic neuropathy,24.25
whereas a third trial did not.26 When compared
head-to-head with amitriptyline, gabapentin had
equal efficacy.25 Reduction in neuropathic pain re-
quired doses higher than 1600 mg per day — an
important consideration, since many patients are
given doses that are too small. The side-effect pro-
file of gabapentin is more favorable than those of
many other agents, but nearly 25 percent of patients
report dizziness, and 30 percent report sedation.

Lamotrigine

Lamotrigine (ata dose 0400 to 600 mg per day) re-
sulted in moderate pain reliefwith minimal side ef-
fects in a single small trial involving patients with
diabetic or human immunodeficiency virus (HIV)—
associated neuropathy.2?
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ANTIARRHYTHMIC DRUGS

Mexiletine

Intravenous lidocaine produced moderate reduc-

tions in pain in patients with diabetic neuropathy,

but this method of administration is impractical.28

There have been inconsistent results with the use of
mexiletine, the oral analogue of lidocaine. Two stud-

ies in patients with diabetic neuropathy showed a
beneficial effect29:39; another demonstrated efficacy
with regard to secondary outcomes but not with re-

gard to global pain relief31; and a fourth trial in pa-

tients with diabetic neuropathy,32 as well as a trial in
patients with HIV-associated neuropathy,33.34 failed
to demonstrate benefit.

N-METHYL-D-ASPARTATE GLUTAMATE
ANTAGONISTS

Very few controlled studies, involving only a small
number of patients with diabetic neuropathy, have
addressed the efficacy of N-methyl-D-aspartate
glutamate antagonists (e.g., dextromethorphan) in
painful sensory neuropathy.35:3¢ The studies sug-
gest a beneficial effect in selected patients who can
tolerate the sedation, but there are numerous side
effects, including impairment of memory, ataxia,
and motor incoordination.

NARCOTIC AND NONNARCOTIC ANALGESICS
Clinicians whose patients have refractory painful
sensory neuropathy may feel pressure to use opioid
analgesics, although there is concern about the po-
tential for addiction. Oxycodone has been shown to
reduce pain in postherpetic neuralgia,3” but data are
sparse regarding the effects of opioid analgesics on
painful sensory neuropathy. An article in this issue
of the Journal3® demonstrates that the opioid agonist
levorphanol reduced neuropathic pain (including
pain in 32 patients with sensory neuropathy) by 36
percent, atan average daily dose of 8.9 mg. Howev-
er, side effects were frequent — including itching,
mood changes, weakness, and confusion. These
side effects were less common when lower doses
were used, but lower doses were less effective. Effi-
cacy was lower for painful sensory neuropathy than
for postherpetic neuralgia, spinal cord injury, or
multiple sclerosis, underscoring the refractory na-
ture of pain from damage to peripheral nerves.
Tramadol is a drug that shares properties with
opioid analgesics but demonstrates low-affinity
binding to p-opioid receptors. Itis well tolerated and

less likely than other opioid agonists to cause de-
pendence and lead to abuse. Data from trials involv-
ing approximately 100 patients with painful sensory
neuropathy related to diabetes or other causes39-4°
suggest that the efficacy of tramadol is similar to
that of tricyclic antidepressants or levorphanol.
Nausea and constipation occur in about 20 percent
of patients, and headache and somnolence occur in
about 15 percent, but generally the drug is well tol-
erated.

LEVODOPA

Dopamine agonists can modify pain, presumably
through the inhibition of input to segments of the
spinal cord. A single study demonstrated a reduc-
tion of pain in a small cohort of subjects with dia-
betic neuropathy.+1

TOPICAL AGENTS

Capsaicin

Capsaicin depletes substance P from sensory nerves
in the skin, but outcomes in patients with neuropa-
thy have been inconsistent. At least three studies in-
volving more than 250 subjects in total have shown
moderate efficacy in diabetic neuropathy.42-44 In
contrast, no pain reliefwas achieved in patients with
chronic painful distal neuropathy or HIV-associated
neuropathy.#>-4¢ In practice, the effects of capsaicin
are inconsistent, and a disincentive to use it is that
pain is exacerbated when it is first administered.

Topical Lidocaine

Topically applied lidocaine exerts effects by reduc-
ing ectopic neural discharges in superficial nerves.
Patches containing 5 percent lidocaine have been
approved by the Food and Drug Administration for
postherpetic neuralgia. In peripheral neuropathies,
the pain extends over wider areas, which limits the
usefulness of such patches, but some patients may
benefit from patches trimmed to match a specific
area where there is excessive pain.

ALTERNATIVE THERAPIES

In the only controlled study of acupuncture for pe-
ripheral-nerve pain related to HIV, the placement of
needles in traditional sites resulted in no greater re-
lief of pain than the use of sham sites.4” Although
transcutaneous stimulation of nerves showed short-
term benefit among subjects with diabetic neurop-
athy,*849 it has not been effective in practice.
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AREAS OF UNCERTAINTY

At best, current therapies for painful sensory neu-
ropathy result in a 30 to 50 percent reduction in
pain, and such a reduction rarely meets patients’ ex-
pectations. Randomized trials are warranted for es-
tablished anticonvulsant agents (such as valproic
acid and clonazepam) as well as the newer anti-
convulsant agents*° (such as oxcarbazepine, tiaga-
bine,>° topiramate, pregabalin, and vigabatrin). The
antidepressants venlafaxine and bupropion also
merit additional study.

It remains uncertain whether adequate pain re-
lief can be achieved with a multidrug strategy, par-
ticularly with the use of pharmacologic agents tar-
geted at more than one site in the pain pathway.

GUIDELINES

There are no guidelines available from professional
organizations for the treatment of painful sensory
neuropathy.

SUMMARY AND CONCLUSIONS

Treatment of painful sensory neuropathy presents
enormous challenges and is currently inadequate.
The evaluation of patients with this condition does
not necessarily require a neurologist, but it does re-
quire clinicians experienced with electromyogra-
phy and autonomic nervous system testing (Fig. 1).
Education of the patient is critical in order to define
realistic goals and expectations. Patients must un-
derstand that complete relief of pain is unlikely to
be achieved with our current armamentarium of
agents (Table 2). A diary of side effects and per-
ceived benefits should be maintained by patients
and shared with the physician so that drug regi-
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