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

‘This Journal feature begins with a case vignette highlighting a common clintal problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
whien they exist. The article ends with tire authoss” clinical recommendations.

A G67-year-old woman whe 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 botl: 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?

There are tany causes of painful sensory neuropathy (Tible 1). In one subtype referred
to as “small-fiber pzinful sensory neuropathy,” only the A-5 (small myelinated) and no-
ciceptive C {unmyelinated) newve Bbers are affectsd. Studies indicate that this condition
represenis the mostcommon type of painfitl sensory neuropathy in patients older than
50years ofage. Itis vastly underrecognized, and in most cases, no cause can be found. >3
In another group of neuropathies associated with pain, the discomfortis caused in part
by damage to small neve fibees, butlarge nerve fibers (A-B and A- nexve fibers) thatare
responsible for propzioception, vibratory sensation, muscle-strerch reftexes, and muscle
strength are also affected. The distinction between the two subtypes of painful sensory
neuropathies is not trivial, since the underlying cause is mare likely to be identifiable
when both large and small fibers are affected 2 Irrespective of the subtype of neurcepathy,
the pain generated by damage to small nerve fibers is debilitating and responds pootly to
treatment. Finding and treating the cause is the best long-tenn strategy but is not rou-
tinely possible, and even when itis possible, treatment may not begin to relieve pain for
many months or langer.

— T

[NITIAL EVALUATION

Since neurcpathy 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 nevro-
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 longestaxons). Pain emanating
from the peripheral necves is indicated by the description of the feet as tingling, numb,
or feeling dght, wooden, or dead. Peripheral-netve pain is often exacetbated at night,
but some patients describe pressure-induced pain with standing or walking. The histo-
ry will help distinguish among problems associated with plantar fasctitis, arthrids, bur-
sitis, tendonitis, and polymyalgia theunatica.4 Lumbosacral radiculopathies (with oc
without spinal stenasis) arc not dependent on nerve length and may be accompanied
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by paraspinal muscle spasta and aggravated by ac-
tivities (such as lifting). Pain in the wes, related 10
entrapment of the posterior tibial nerve at the tarsal
tunnel (the space beneath the flexor retinacuium
and behind the medial malleolus), may mimic pain-
ful sensory neuropathy.5 Nerve entrapment at the
carpal tunnel accompanying painful sensory ne-
topathy may point to diabetes mellitus or amyloi-
dosis.

In disorders with exclusive or predominant in-
volvement of small netve fibers, there is 2 damatic
mismatch between symptoms and observable neu-
rologic deficits. In the typical small-fiber sensory
neuropathy affecting patients older than 50years of
age,! there is an abnormal loss of pinprick sensation
inthe feet, which may extend centripetally to the lev-
el of the knees but rately 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 ceduced proprioception, loss of mus-
cle-stretch reflexes, and muscle weakness, reflect-
ing the loss of large fibers, Loss ofvibratory sensa-
tion that is restricted to the toes can be a notmal
finding in the elderly but is abnormal if it extends
to the ankles,

Two findings on physical examination may help
distinguish the pain oftarsal tunnel syndrome from
small-fiber neuropathy: Tinel's sign (tingling in the
limb served by the nerve aftet percussion) over the
tarsal tunnel and tenderness 1o palpation over
the flexor retinaculum.® A loss ofsensation thatis
restricted to the medial aspect of the foot, sparing
the heel, also points 1o tacsal tunnel syndrome.

Theinitial evaluation mustinclude elecromyog-
raphy and nerve-conduction studies, unless the di-
agnosis is known (for example, in a padent with
diabetes and known mictovascular disease). Elec-
trodiagnostic studies are useful in patients with
painful sensoty neuropathy for identifying a mono-
neuropathy (such as focal entrapment at the tacsal
tunnel); differentiating multiple mononeuropathy
(whichis chacacteristic of peripheral-netve vasculi-
tis) from polyneuropathy (which is syrmettic); and
distinguishing axonal neuropathies (e.g., diabetic
neuropathy} fiom demyelinating neuropathies.®
Normal studies are consistent with pure sroall-fiber
neuropathy.

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

system causes, such as myelopathy) mustbe consid-
ered; further testing is warranted o establish the di-
agnosis of small-fiber neuropathy. The sudomator-
axon reflex test, which quantitates sweating, is a
practical, highly specific, and sensitive methoed (sen-
sitivity, approximately 80 percent) for documenting
damage to small nerve fibers.? Skin biopsies that
demonstrate loss of intracpidermal necve fibers rep-
resent an alternative method with slighdy greater
sensitivity for documenting small-fiber neuropathy:
approximately 10 percent of patients with a noomal
sweattestwill have abnormat skin biopsies. 32 How-
ever, skin biopsies are not widely available, and the
morphometric analysis is laborious. Quantitative
sensoty testing assesses small-fiber damage by
measuring pain and temperatute thresholds in the
skin,3 Sensitvity and specificity are lowex than those
of skin biopsies or sudomotor testing,X? and per-
formancedepends on patients’ cooperation and at-
tention.®

TREATMENT OF PAINFUL NEURQPATHIES
Management of the neuropathy is guided by two
principles: weatment of the underlying condition
(which will notbe discussed here) and strategies de-
signed to relieve peripheral-nerve pain ircespective
of cause,

PATHOPHYSIOLOGY OF FAINFUL NEUROPATHY
Pain is a protective response o tissue injury, but
persistent pain is maladaptive, Pain can occur with-
out provocation (be stmulus-independent, as with
buening and paresthesias accompanying small-
fiber neuropathies) or can be simulus-evolced (for
example, hypemlgesia 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 rom peripheral neuropathy and suggests po-
tential pharmacclogic stracegies for treatraent.

SUMMARY OF CLIMICAL TRIALS
Judging theefficacy of treatments for painful neu-
ropathies is challenging. Reports can be mislead-
ing, because cesults for a given drug can be statis-
tically significant despite the face that good oc
excellent pain relief has been achieved in relatively
few patients. In addition, patients expect substan-
tial pain reliefwith celatively few side efects. Failure
to meet these expectations leads to disappojntment.

We summarize hete the results of rmndomized,
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CLINICAL PRACTICE

controlled trials ofagents 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 5¢ pet-
centpain reliefin one patent) has merts, because it
provides information on both the rate and the mag-
nitude ofresponse,? italso has limitations, especial-
ly when itis used to compare studies perfocmed 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 whe
have a response to weatrent,

ANTIDEPRESSANT DRUGS

Tricyelic Antidepressants

No agents have been as thoroughly studied for re-
liefofneuropathic pain as the tricyclic antidepres-
sants.’® These drugs block reuptake of serotonin
and noradrenaline and presumably relieve pain by
inbibition of the sodium channel. Both spontane-
ous pain and hyperalgesia respond to trigyclic
ageats. 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-t3 Re-
sponses are often insufficient in clinical practice,
and benefits are sometimes outweighed by side ef-
fects, especizlly among the eldedy (Table 2).

Selective Serotonin-Reuptake Inhibitors

Selective serotonin-reuptake inhibitocs differ from
tricyclicantidepressants in that they selectively block
serotonin reuptake. Clinical trials of these agents
(which have involved fewer than 100 patents over-
all) suggestthat theiv efficacy is lower than that of
tricyclic agents.24-16 Paroxetine reduces the pain
ofdiabetic neuropathy better than placebo butwas
notas effective as the ticyclic antdepressantimip-
raminein a head-to-head comparison. 4 Cltalopram
diminishes neurapathic pain with an efficacy equal
to that of paroxetine,*s whereas fluoxetine showed
no benefitin diabetic neuropathy.1®

Other Antidepressants

Venlafaxine has fewer side effects than wypical uicy-
clic antidepressants because of reduced binding to
musecarinic, histamine, and a,-adrenergic tecep-
tozs; one small randomized study suggested that
the drug had benefitin patients with painful sensory
neuropathy related to cancer.?? Bupropion, a sec-
ond-generation, specificinhibitor of neuronal not-

epinephrine reuptake, diminished neuropathic pain
by about 30 percent in a cohort of 41 subjects with
neuropathy from muliple causes who were treated
for sixweeks.12

ANTICONVULSANTS
Carbamazepine

Carbamazepine stabilizes membranes by inhibiting
sodium channels. Although itis effective for trigem-
inal neuralgia, data with regard to painful petipher-
al neuropathy are limited. One placebo-controlled
trial involving 30 subjects? suggested a benefitin
diabetic neuropathy equivalent to that of wicyclic
antidepressants. In practice, intolerance to the side
effects of carbamazepine limits its use, especially in
the eldecly. Oxcarbazepine, a ketu-acid analogue
ofcarbamazepine, is better tolerated. Data on the
drug's efficacy for painful sensory neuropathy are
notavailable, but its efficacy for trigeminal neural-
gia is similar to that of catbamazepine.20

Phenytoin

Phenytoln, which also blocks sodium channels, js
rarely used as first-line therapy for neuropathic pain,
since it has inconsistent effectiveness in patients
with painfisl 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 aftera 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 uncertzin. Two clinical trials demonstrated
pain reliefin paticnts with diabetic neuropathy, 2425
whereas a third wial did not.2¢ When compared
head-to-head with amitriptyline, gabapentin had
cqual efficacy.25 Reduetion in neuropathic pain re-
quired doses higher than 1600 rag per day ~— an
itnportant consideration, since many patents are
given doses thatare oo small. The side-effect pro-
file of gabapentin is more Gvorable than those of
many otheragents, butneatly 25 percentof patients
report dizziness, and 30 percent report sedation.

Lamotrigine

Lamotuigine (ata dose of400 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.??
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ANTIARRHYTHMIC DRUGS
Maexiletine

Intravenous lidocaine produced moderate reduc-
tons in pain jn patients with diabetic neuropathy,
but this method ofadministration is impractical.2®
There have been inconsistent results with the use of
mexiletine, theorml analogue oftidocaine. ‘Fwo stud-
ies in patients with diabetic neuropathy showed a
beneficial effect?9:39; another demonstrated efficacy
with regard to secondary outcomes but notwith re-
gard to globa! pain relief31; and a fourth tral in pa-
tients with diabetic neuropathy,32 aswell as a trialin
patients with HIV-associated neuropathy,33:34 fajled
to demonstrate bepefit.

N-METHYL-D-ASPARTATE GLUTAMATE
ANTAGONISTS

Very few controlled studies, involving only a small
number of patients with diabetic neurepathy, have
addressed the efficacy of N-methyl-p-aspartate
glutemate antagonists (e.g., dextromethorphan) in
painful sensory neuropathy.2536 The studies sug-
gesta beneficial effect in selected patients who can
tolerate the sedation, but there are numerous side
effects, including impairment of memory, ataxi,
and motor incoordination.

NARCOTIC AND NONNARCOTIC ANALGESICS
Clinicians whose patients have refractory painful
sctsory neuropathy may feel pressure to use opioid
analgesics, although thereis concern about the po-
tential for addiction. Oxycodone has been shown to
reduce pain in postherpetic neuralgia 37 butdata are
sparse regarding the effects of opioid analgesics on
painful sensocy neuropathy. An article in this issue
ofthe Journal38 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. Howey-
er, side effects were frequent — including itching,
mood changes, weakness, and confusion. These
side effects were less comman when lower doses
were used, butlower doses were less effective. Effi-
cacy was lower for painful sensoty neuropathy than
for postherpetic neuralgia, spinal cord injury, or
multple sclerosis, underscoting the refractory na-
ture of pain from damage to peripheral nerves.
Tramadol is a dg that shares propetties with
opioid analgesics but demonstrates low-affinity
binding wo p-opioid receptors. Itis well olerated and

less likely than other opioid agonists o cause de-
pendence and lead to abuse. Data from trials involv-
ingapproximately 100 patients with painful sensory
neutopathy related to diabetes or other causeso0
suggest that the efficacy of ramadol is similar to
that of tricyclic antidepressants or levorphanol.
Nausea and constipation occur in about 20 percent
of patieuts, and headache and somnolence occurin
about15 percent, but generally the drug is well ml-
erated.

LEYODOPA

Dopamine agonists can modify pain, presumably
througl: the inhibition of input to segments oFthe
spinal cord. A single study demonstratad a geduc-
tion of pain in a small cohort of subjects with dia-
betic neuropathy. 4

TOPICAL AGENTS
Capsaicin

Capsaicin depletes substance P from sensory nerves
in the skin, butoutcames in patients with neuropa-
thy have been inconsistent. Atleast thres studies in-
volving more than 250 subjects in total have shown
moderate cfficacy in diabetic neuropathy.42-44 fn
contrast, no pain reliefwas achieved in patients with
chronic painful distal neuropathy or HIV-associated
neuropathy.45+6 In practice, the effects of capsaicin
are inconsistent, and a disincentive to use it is that
pain is exacerbated when it is firstad ministered.

Topical Lidocaine

Topically applied lidocaine exetts 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 neutopathies,
the pain extends over wider areas, which limits the
usefitlness of such patchies, but some patients may
benefit from patches trimmed to mateh a specific
area whete there is excessive pain.

ALTERNATIVE THERAPIES

In the only controlled study of acupuncture for pe-

tipheral-nerve pzin related to HIV, the placement of
needles in traditional sites resulted in no greater re-
lief of pain than the use of sham sites.+7 Although

transcutaneous stimulation of netves showed short-
termn benefitamong subjects with diabetic neurop-

athy,*349 it has not been effective in practice.
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AREAS IR OB
At best, current therapies for painful sensoty neu-
ropathy resultin a 30 to 50 percent reduction in
pain, and such a reduction rarely meets parients’ ex-
pectations. Randomized trials are warranted for es-
tablished anticonvulsant agents (such as valproic
acid and clonazepam) as well as the newer anti-
cotivilsant agents*? (such as oxcarbazepine, tiaga-
bine,59 topiramate, pregabalin, and vigabanin), The
antidepressants venlafaxine and bupropion also
meritadditdonal 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.

- COTREE hy

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

SUMMARY: SN EGNDT Geboink

Treaunent of painful sensory nentopathy presents
enormous challenges and §s currently inadequate.
The evaluation of patients with this condition does
notnecessarily vequire 2 neurologist, butitdoes re-
quire clinicians experienced with efecttomyogra-
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 1o
be achieved with our current armamentarium of
agents (Tuble 2). A diary of side effects and per-
ceived benefits should be maintained by patients
and shared with the physician so that drug regi-

mens can be adjusted as necessary. Because mono-
thecapy penerally results ina 30 to 50 percent reduc-
tion in pain at best, a multidrug regimen may be
helpful. Although data are lacking to support the
use of combination therapy, 2 logical strategy is to
use combinations of drugs that targetdifferent sites
in the pain pathway (Fig. 2).

There is no one setapproach to the treatment of
patients with painful sensory neuropathy such as
the patient described in the vignette. We consider
gabapentin to be a reasonable first choice on the
basis of clinical trials showing efficacy and its rela-
tively Gvorable side-effect profile. A starting dose of
900 mg per day is well tolerated, but in all probabit-
ity, higher doses will be necessary. The dose should
be slowly increased to at least 1600 mg per day and
can be as high as 3600 mg per day, if necessary. IF
pain relief is inadequate at the maximal.dose, then
another drug should be added and its dose slowly
increased. Tramadol has shown efficacy in clinical
trials and is also well tolerated; we would therefore
add this agent in patients who have inadequate pain
relief with gabapentin alone and would substitute
tramadol for gabapentin in patients who are inwl-
erantof gabapentin. {Fpain persists, any of several
drugs can be considered as additions to the treat-
ment regimen (Table 2). Tricyclic antidepressants
have been the best studied, but they are notwell tol-
etated. In practice, we have found oxcarbazepine to
be better tolerated than ticyclic agents (Table 2). If
a three-drug regimen is ineffective, itls reasonable
to substitutc a narcotic analgesic. Oxycodone or
levorphanol can be used, butwe prefer sustained-
release oral morphine. Methadone treatment may
also be appropriate for some patients. However,
even opioid agonists are unlikely to provide com-
plete pain reliefin patients with painful sensory neu-
ropathy.

REFEREMCES

1. Dedquet M, Navak V, Collins MP, etal.
Painful sensory neuropathy: prospective cval-
vation using skin biopsy. Neurology 1999;
93:1641-7.

2. Holland NR, Stocks A, Hauer I, Corn-
blath DR, Griffin fW, McActhur JC, Inteaspi-
dermat nerve fber density in patients with
painful sensory neuropathy, Neurology 1997;
48:708-11.

3. Lacomis, D. Small-fiker meuropathy.
Muscle Nerve 2002;26:173-88.

4. Salvarant C, Cantini F, Boissdi L, Hun-
det GG. Polymyalgia rheumatica and giant-
cell aneritis, N ingl] Med 2002;347:361-71.
5, OhS§]J, Mcyer RD, Entrapment nensopa-

thies of the tibial (posterior tbial) newve.
Neurol Clin 1999;17:593-615,

6, Mendell JR, Barohn RJ, Freimer ML, et
al, Randomized controlied trisl of IVIg in
untreated chronle inflammatory demyefin-
ating polyradiculoneuropathy. Neurology
2001;56:445-9,

7. Swwart JD, Low PA, Fealey RD, Distal
small fiber neuropathy: resulis of tasts of
sweating and autcnomic cardiovascular re-
flexes. Muscle Nerve 1992;15:661-5.

8. Dyek £J, O'Brien PC. Quantitative sen-
sation testing in cpidemiological and thera-
peuticstudies ofperipheral nevropathy. Mus-
cleNerve 1999;22:659-62.

9, Cook R}, Sacketr L. The number need-
ed to treat: 3 eliniclly usefid measure of
treztment clfect. BMJ 1995;310:452-4. (Er-
ratum, BM] 1595;310:1056.)

10. Sindrup SH, Jensen TS. Phacmacologic
traement of pain fn polyneuropachy. Neurol-
©OEy 2000;55:915-20.

11, ldem, Efficacy of pharmacological treat-
ments of ncuropathic pain: an update and
effect refated to mechanism of deug acton.
Pain 1999;83:389-400.

12. MeQuay HJ, Tramer M, Nye BA, Carroll
D, Wiffen ), Moore RA. A systematic review
ofantidepressants in neuropathic pain. Fain
1996;08:217-27.

N ENGL J BED 348:1) WWW.NEM.ORG MARCH 27, 2003

Downloadad from www.nejm.org at UNIV CO HLTH SCI CTR on April 18, 2003,
For personal or educalional use only. No olher uses without permission. All rights reserved.



13, McQuay HJ, Carroll D, Glynn CJ. Doge-
tesponse foc analgesic cffvet of amiwipty-
fine in chronic pain. Anzesthesiz 1993;48:
283+5,

14. Sindrup SH, Gram LE, Srfsen K, Bshéj
0, Mogensen EF. The selective serotonin re-
uptake inhibitor paroxetine Is effeetve in
the treatment of diabetic neuropathy symp-
oms. Pain 1990;42:13544,

15. Sindrap SH, Bjerre U, Dejgaand A, Bros-
en K, Ases-Jorgensen T, Gram LF, Thagelee-
tive serotonin reuptake Inkibitor citlopram
relieves the symptoms of diabetic neuropa-
thy: Clin Phammacol Ther 1992:52:547-52.
16. Max MB, Lynch SA, Mulr J, Shoaf SE,
Smofler B, Dubner R Effects of desipra-
mine, amitriptyline, 2nd Ouoxctine on pain
in diabetic neuropathy. N Eagl ] Med 1952;
326:1250-6,

17, Tasmuth T, Hartel B, Kalso B, Venlafx-
ine in nearopathic pain following teatment
of breasteancer, Eur) Pain 2002:6:17-24.
18, Semenchuk MR, Sherman 5, Daris B.
Double-blind, mndomized trial eFbupropi-
on SR forthe treatment of neuropathic pain.
Neurology 2001;57:1583-B.

19. Rull ], Quibrera R, Gonzalez-Millan H,
Lazano Castaneda Q. Symptomaie treat-
mentof peripheral diabetic neuropathy with
catbamazepine (Tegretol): double blind
crossover trial. Diabetolopia 1969;5:215-8.
0. Beydoun A, Kutluay E. Oxearbazepine.
Expere Opin Pharmacotiier 2002;3:59-7L
21. Chadda V5, Mathue MS. Double blind
smdy ofthe effecey of diphzeylhydantoin so-
dium on diabetic neuropathy. J Assoc Physi-
cizhs India 1978;26:403-6.

L. Saudck CD, Wemns S, Reldenberg MM
Thenaytoin in the teatment of diabetic sym-
metricl polyneuropathy. Clin Pharmacol
Ther 1977;32:196-9.

8. McCleane GJ. Intravenous infusion of
phenytoin celicves nenropathic pain: a ran-
domized double-blinded, placcho-con-
trolled, crossover study. Anesth Anslg 1999;
§9:985-8.

24, Backonja M-M, Beydoun A, Edwands
KI, et al, Gabapentn for the symplomatic
treatment of painful acucopathy in paticnts
with diabetes mellitus; a randomized con-
trotled trial. JAMA 1998;280:1831-6.

25. Morelio CM, Leckband SG, Stoner CR
Randomized double-blind study comparing
the cfficacy of gabapentin with amitiptyline
oi diabetic periphem! neucopathy paln.
Arch Intern Med 1999;159:1931-7.

26, Gomon K, SchottC, Herman R, Ropper

4 ENGL ] MED 343503 www.NEJM.ORG

CLINICAL PRACTICE

AH, Rand WM. Gabapentio in theweatment
of painfil diabetic nextropathy: 3 placcho
controlled, double blind erassover trial.
J Heurol Neurosueg Dsychiatry 1999;66:251-
2

27. Simpson DM, Olney B, McArthur JC,
Khan A, Godbold], Ebel-Frommer K. A pla-
cebo~controlied trial oftamotrigine for pain-
ful HIV-associated peripheral neutopathy.
Neurology 2000;54:2115-3.

28. Kastrup], Petersen B, Dejgird A, Angeio
H, Hilsted J. Intravenous lidocine infusion
— a pew trestment of chronic palnful dia-
betic neucapathy? Pzin 1987;28:69-75.

29, Defpzrd A, Petersen P, Kastrup . Mexile-
tinefortreatment of chronic painfil diabetic
neuropathy. Lancet 1988;1:9-11-

30, Oslarsson P, Ljunggren )@, Ling PE. EF
ficacy and salety of mexdletine in the reat-
ment, of painful diabetic neuropathy. Diabe-
tes Care 1997;20:1594-7.

31. Stacke H, Meyer UE, Schumacher HE,
Fededin K. Mexiletine in the treatment of di-
abetic neuropathy. Diabetes Care 1992;15:
1550-5.

Iz WrightJM, O JC, Graves L KL Mexile-
tinein the symptomatic trearmentof diabet-
ie peripheral neuropathy, Ann Plurmaco-
ther 1997;31:2934,

33, Kichuaz K, Simpson D, Yiannoucsos G,
etal. A mndomized uial ofamiuiptyline and
mexiletine for painful nevropathy in HIV in-
fection. Neurology 1998;51:1682-8,

34. Kemper CA, Kent G, Burton §, Deresin-
ki SC. Mexiletine for HIV-infected patients
with painful peripheral neuropathy: a dou-
ble-blind, placcbo-controlled, crossover
treatment irial, ) Acquic Immune Defic Syn-
dr Hum etrovirol 1998;19:367-72.

35. Nelsea KA, Pack KM, Robinoviz E, Tsi-
£03 C, Max MB, Higl-dose oral dextrometiy-
orphan versus placebo in painful diabetic
neuropatlyy and postherpetic nouralgia. Neu-
rologty 1997;48:1212-8.

16, Sanp CN, Bocher 5, Gilron |, Parads S,
Max MB. Dextromethorphan and meman-
tine in painful disbetic newropathy and
postherpetic neuralgia: efficacy znd dose-
responsc trials, Ancsthesiclogy 2002;96:
1053-61.

37. Watson PN, Babul N, Eficacy of oxyco-
doneln neutopsthic paki a randomized wial
in posthierpetic neurlgia. Neuralogy 1998;
50:1837-41.

38, Rowbotham MC, Twilling L, Bavies PS,
ReisnerL, Taylor i, Molic D. Orzl opioid ther-
apy for chronde perdpheral and central peu-

ropathicpain. N Eogl ] Med 2003;348:1223-
32

39, Hamti Y, Gooch C, Swenson M, et al.
Double-blind randomized mial of ramadel
for the treatment of the pain of dlibetic neu-
ropathy. Neurology 1998;50:1842-6.

40. Sindrup SH, Andersen G, Madsen C,
Smith T, Brosen K, Jensen TS. Tamadol re-
licves painacd allodynia in polyacuropatiy:
2 ndomised, double-bliad, controlled tri-
al. Pain 1599;83:85-90.

41. Ermas M, Sapdayu A, Acac N, Uludag B,
Enekin C. Use of levodopa ta reficve paln
from painful symmetrical dizbetic polyneu-
copatly, Pain 1998;75:257-9,

42, Scheiller NM, Sheitel PL, Lipton MK,
“Treatment of painful diabetic peuropathy
with capsaicin 0.075%. J Am Podlawe Med
Assoc1991;81:288-93,

43, The Capsaicin Study Group, Treatmeat
of painful disbetic nevropathy with topical
capsalcin: 2 muldeenter, double-blind, vehi-
cle-controlled study. Arch Intern Med 1991;
151:2235-9,

44, TandanR, Lewis GA, KrusinskiPB, Bad-
ger OB, Fries T). Topical eapsalicin in palnfid
diabetic neuropathy: eentrolled sardy with
long-term foliow-up. Diabetes Care 1992;
15:8-14. |

45. Low PA, Opfec-Geheking TL, Dyck P,
Litchy W], O’Brien PC, Double-blind, pla-
cebo-contralled strdy of the application of
capsaicio cream in chronic distal painfl
polyneuropathy. Pain 1995;62:163-8.

46. Palce]A, Ferrans CE, Lashley FR, ShottS,
Vizgirda ¥, Pitrak D. Toplcal capsaicinin the
management of HIV-associated peripheral
neucopathy. § Pain Symptom Manage 2000;
19:45-52.

47. Shlay]C, Chaloner K, Max MB, etal. Acy-
puncture and amiviptyline for pain due to
HiV-related pedpheral neuropathy: a can-
domized controlled trial. JAMA 1998;280:
1590-5.

44, Kumar D, Marshall H). Diabetic periph-
eral nevropathy: amelioratlon of pala with
transcutancous clectrostimulation. Dizbe-
tes Care 1997;20:1702-5.

49, Hamza MA, White PE, Craip WE, et al.
Percutaneous electrical nerve stimulation: 2
novel analgesic therapy for dlabetic neveo-
pathic pain. Diabetes Care 2000;23:365-70.
50, Novak ¥, Kanard R, Kisscl JT, Mendell
JR. Trestmentof painful sensacy nevropathy
with tiagabinc: a pilotstudy. Clin Auton Res
2001;11:357-61.

Capytight © 2003 Maysechusstic Madical Sodcty.

MARCH 27, 200}

Bownloaded from www.nejm.org at UNIV CO HLTH SCI CTR on April 18, 2003,
For personal or educational use only, No other uses withoul parmission. Al rghis reserved.

1155



