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OBJECTIVE: To review pathophysiology and CUlTent concepts in the 
treatment of diabetic peripheral neuropathy (PN). 
DATA SOURCES: References were identified tln'ough a MEDLINE 
search of the English-language literature from 1976 tln'ough 1994. 
Additional references were obtained from reference lists of mticles 
identified tln'ough the search. 
STIlDY SELECTION AND DATA EXTRACTION: AH mticles were considered 
for possible inclusion in the review. Clinical trials that involved an 
adequate number of patients and review mticles were selected. 
Information from mticles that was judged by the authors to be 
significant was selected for discussion. 
DATA SYNTIIESIS: PN affects 5-50% of people with diabetes in the 
US and most cornmonly is chm'acterized by tingling or burning 
sensations, pmticularly in the calves, ankles, and feet, with a los s of 
vibratory sense. Treatment of PN, for the most pmt, has been 
unsatisfactOlY. Therapy has been directed towm'd either improving 
nerve function or aHeviating symptoms ofPN, including pain and 
paresthesia. Glycemic control may slow the progression ofPN. 
Hyperglycemia also is associated with decreased pain threshold in 
patients with diabetes mellitus. The aldose reductase inhibitors, 
particularly tolrestat, have been shown to improve objective and 
subjective neurologic function. Pain or paresthesia has been treated 
effectively with antidepressants, lidocaine, mexiletine, and 
capsaicin. The anticonvulsants phenytoin and carbamazepine may 
be effective, but are associated with a greater degree of adverse 
effects. Experimental treatments, such as gamma-linolenic acid, 
gangliosides, utidine, and the cOlticotropin4•9 analog ORG 2766, 
have been effective in improving neurologic function. 
CONCLUSI0NS: Treatment of PN remains unsatisfactory. Therapy 
should be directed toward prevention with glycemic control and 
symptomatic treatment of existing PN. 

Ann Pharmacother 1995;29:769-77. 

PERIPHERAL NEUROPATHY (PN) AFFECTS 5-50% of people 
with diabetes mellitus in the US.1 The wide range in preva-
lence reflects the lack of agreement in a standard definition 
of PN.2,3 Factors contributing to a lack of a clear definition 
of PN inelude an absence of simple diagnostic methods, 
the varied disease presentation, and the differentiation of 
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diabetic PN from other potential etiologies of PN.2 Neuro-
pathic symptoms usually begin with tingling or burning 
sensations, particularly in the calves, ankles, and feet, as well 
as a loss of vibratory sense. As neuropathic problems pro-
gress, the patient may lose all sensation in an area, resulting 
in the inability to detect heat, cold, or pain. Circulation to 
these areas also may be impaired secondmy to atheroscle-
rosis. The los s of neural function plus atherosclerosis may 
predispose the patient to infection and gangrene, especially 
in the toes, feet, and legs.4 This artiele reviews drug thera-
py to prevent, delay progression, and treat sensory PN. 

Etiology and Pathogellesis 

The exact etiology and pathogenesis of PN is unelear. 
PN may be the result of insulin deficiency or hype1'gly-
cemia coupled with poorly defined genetic 01' environmen-
tal facto1's. 1,3 Several prominent theories have emerged to 
explain the pathogenesis ofPN. These include (1) accumu-
lation of sorbitol in the nerve cells, (2) dec1'ease in ne1've-
free myoinositol and decreased activity of nerve sodium-
potassium adenosine triphosphatase, (3) increased nonenzy-
matic peripheral nerve glycosylation, and (4) nerve hypoxia. 

SORBITOL ACCUMULATION 

Chronic hyperglycemia has been correlated with a de-
crease in nerve conduction velocity and the clinical symp-
toms of PN. Earlier studies linked so1'bitol accumulation 
with late diabetic complications such as PN. Glucose usu-
ally is metabolized by hexokinase to glucose-6-phosphate. 
In the p1'esence of pe1'sistent hyperglycemia, saturation of 
hexokinase occurs and excess glucose is converted to sor-
bitol by the polyol pathway. Animal studies have linked 
accumulation of sorbitol in the lenses of diabetic rats to the 
development of cataracts. Because sorbitol cannot diffuse 
easily out of the cell, the accumulation of so1'bitol was 
thought to result in cellular toxicity and damage by a direct 
osmotic effect.5 This effect has been shown to explain the 
development of cataracts in persons with diabetes mellitus. 
Howeve1', it cannot be used to explain PN because the so1'-
bitol concentration in nerve cells has been found to be too 
low to cause cellular toxicity 01' damage. Therefore, it is 
unlikely that the osmotic effects of increased sorbitol con-
centrations in the nerve and Schwann cells contribute to 
the pathogenesis of PN. 
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MYOINOSITOL AND THE SODIUM-POTASSIUM 
ADENOSINE TRIPHOSPHATASE PUMP 

Activation of the polyol pathway in the presence of hy-
perglycemia still may be important in the patho.gen~sis of 
PN. Activation of the polyol pathway has been Imphcated 
in a decrease of cellular myoinositol,1·5 Myoinositol is a 
precursor of polyphosphoinositol, an .impOltant component 
of plasma cell membranes and a requrred eleme~t for nerve 
cellular functions, including the transport of sodmm, potas-
sium, and calcium ions across cell membranes and nerve 
conduction. A sodium-dependent active transport system 
maintains the cellular concentration of myoinositol at a 
concentration 30-90 times that of plasma. 

Insulin deficiency and hyperglycemia decrease the myoin-
ositol concentration, resulting in a decreased nerve conduc-
tion velocity.5 This is thought to occur as a result of increased 
polyol pathway activity 01' inhibition of the sodium-depen-
dent carrier-mediated myoinositol transport system. The 
role of myoinositol depletion is supported by ~e obse~ati~n 
that normalization of myoinositol concentratlOn by msulin 
administration, myoinositol supplementation, 01' treatment 
with aldose-reductase inhibitor restores decreased nerve 
conduction velocities in diabetic animals. Therefore, it is 
believed that polyol pathway overactivity is linked to my-
oinositol depletion. However, it is important to note that 
the same observation has not been seen consistently in hu-
mans with diabetes and PN. It is believed that the human 
subjects studied had already expe.rienced struc~ral darn,age 
to both microvessels and nerve ftbers that was l1'1'eversIble 
and, therefore, not reversible by these measures. The point 
at which early and reversible changes have progressed to 
irreversible changes has not been defined. 

PROTEIN GLYCOSYLATION 

Like the processes resulting in glycosylated hemoglo-
bin, it has been hypothesiz~d that hyperglyce~a caus~s 
glycosylation of nerve myelin and a subsequent mcrease m 
myelin turnover and demyelination. In addition, glycosyla-
tion also may trap plasma proteins in myelin.1 These changes 
to myelin are thought to result in neural damage 01' a de-
crease in nerve conduction. 

NERVE HYPOXIA 

In diabetic animal s and humans, blood flow and oxygen 
tension are decreased. These changes may cause a de-
creased delivery of blood and oxygen to the nerves, which 
results in microvascular damage and fmther hypoxia.1 

Clillical Manifestatiolls 

Despite problems with recognition, diabetic PN has 
been subclassified into a number of clinical syndromes 
(Table 1).6 Sensory polyneuropathies are usually symmet-
rical, involve both sides of the body, and affect distal rather 
than proximal sensory nerves. When sensory polyneuropa-
thy involves small fibers, pain and paresthesia in the legs 
and feet most commonly occur. The pain is described as 
dull, burning, lancinating, crushing, aching, 01' cramp-like. 
Paresthesia ofien is described as feelings of coldness, numb-
ness, tingling, 01' burning. In addition, tempemture and pain 

perception may be decreased, especially in the legs and 
feet.1 

Positional and vibratory sensation impairment, mani-
fest by diminished ankle reflexes and ataxia, are corru:n.on 
features of large-fiber sensory neuropathy.6 Abnormaht1es 
of gait and Charcot joints sometimes are observed in the 
presence of proprioceptive fiber involvement with the pos-
sible complication of foot arch loss and multiple metatarsal 
bone fractures. Loss of stretch reflexes and vibratory sen-
sation often are noted in physical examination. Overall, 
sensory polyneuropathies are the most common syndromes 
described and are usually more intense at night. Extremely 
painful periods often are limited to a few months 01' few 
years.6 

. •• 
Proximal motor neuropathles may present elther 111 a 

symmetric 01' asymmetric pattern, an~ are subdi,:ided clini-
cally into acute, subacute, and chrollically evolvmg. Acute 
and subacute, believed to be the result of neuromuscular 
junction ischemia, are usually manifes~ed by th~ sudden 
onset of asymmetric weakness of the hIp and thlg~ mus-
cles with 01' without pain. Chronic motor neuropathIes are 
thought to result from metabolic changes in the nerves. 
Symptoms usually resolve with restoration of glycemic 
control. 

Cranial motor neuropathy, caused by occlusion of the 
vascular supply, is usually asymmetrical and involves mono-
neuropathy of cranial nerves m (oculomotor), N (trochlear), 
and VI (abducens), the cranial nerves responsible for ocular 
movement, accommodation, and pupilar constriction, re-
spectively. Neuropathy of these nerves r~sults in extraocular 
muscle palsies (diabetic ophthalmoplegm).l The most com-
mon manifestation of diabetic ophthalrnoplegia is diplopia 
that is preceded by severe retroorbital pain for 5-7 days in 
50% of the cases. Onset of symptoms is sudden and dissi-
pates when vascular supply is restored. . 

Mononeuropathies involving the median, ulnar, common 
peroneal, and femoral nerves, termed entrapment neuropa-
thy of the limbs, are characterized by sudden wrist 01' foot 
drop. Truncal neuropathy (thoracoabdominal neuropathy) 
is usually self-limiting and is manifested by a gradual on-
set of burning pain in the lower anterior chest 01' upper ab-
domen. When several thoracic nerves are involved, weak-
ness and denervation of the abdominal wall muscles may 
occur. 

Alternately, the classification of PN has been described 
by Pfeifer et al. according to spec~fic pain syndr~~es as~o­
ciated with the disease.7 These mclude superftcIal pam, 
deep pain, and muscular pain. Superficial pain, character-
ized by burning, allodynia, and tingling, is believed to be 

Table 1. Classification of Diabetic Neuropathies6 

Symmetric 
distal. primarily sensory polyneuropathy 
• mainly large fibers 
• mixed 
• mainly small fibers 

chronically evolving proximal motor neuropathy 
Asymmetric 
acute or subacl!te proximal motor neuropathy 
cranial motor neuropathy 
truncal neuropathy 
entrapment neuropathy of the limbs 
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In conclusion, glycemic control may prevent the devel-
opment or progression of PN. Hyperglycemia also is asso-
ciated with decreased pain threshold in patients with dia-
betes mellitus. 

TREATMENT 

Aldose Reduetase Inhíbito/'s. The aldose reductase in-
hibitors (e.g., sorbinil, ponalrestat, tolrestat) inhibit the 
conversion of glucose to sorbitol by the polyol pathway. 
This is believed to prevent a neuronal myoinositol defi-
ciency, and increase the activity of the sodium-potassium 
adenosine triphosphatase pump, thereby preventing 01' 
slowing the neural structural damage and conduction ve-
locity caused by overactivity of this pathway. Experience 
with these agents has been reviewed elsewhereY Studies 
with sorbinil and ponalrestat were stopped because of ad-
verse effects and lack of efficacy. Studies with tolrestat 
have continued. Differences among the aldose reductase 
inhibitors may be expected because they are structurally 
dissimilar. In the first of these trials, Boulton et al,15 ran-
domized 550 patients with diabetes and existing PN to re-
ceive tolrestat 200 mg/d or placebo for 12 months. At the 
end of the follow-up period, paresthesia symptom scores 
and motor conduction velocities improved significantIy (p 
< 0.05) in the tolrestat group. 

In a study by van Gerven et al.,16 35 patients were ran-
domized to receive tolrestat 200 mg/d or placebo for 6 
months. This was followed by an open-Iabel phase, during 
which all patients received tolrestat. After the f11'st 6 months, 
motor conduction velocity, sens01y and vibration percep-
tion thresholds worsened significantIy in the group receiv-
ing placebo, but not in the treated group. Subjective im-
provement in neuropathic symptoms, as assessed by a 5-
point scale, was not observed in either group. In the open-
label phase of the trial, patients who initially received place-
bo demonstrated significant improvement in motor nerve 
conduction velocity and vibrational sensation afier 6 months 
of treatment with tolrestat (p < 0.05). Those who received 
tolrestat in the initial 6-month double-blind phase showed 
improvement in either motor nerve conduction velocity 01' 
vibration sensation. 

In a trial by Macleod et al.,!7 190 patients were random-
ized to receive tolrestat 200 mgld or placebo for 6 months. 
Subjective assessment of paresthesia, but not pain, was sig-
nificantly improved in those receiving tolrestat (p < 0.02). 
Motor nerve conduction velocity and vibration threshold 
significantly improved in sorne, but not all, sites tested (p < 
0.05). Changes in sensory nerve conduction velocity were 
not significantly different between the groups. Three pa-
tients receiving tolrestat were withdra:wn from the trial be-
cause of an increase in liver enzyme concentrations. In-
creases in alanine aminotransferase concentrations aboye 
baseline occurred in 34% of those treated with tolrestat and 
in 13% treated with placebo (p < 0.005). 

In a trial by Guigliano et al.,t8 45 patients with mild au-
tonomic and peripheral neuropathy were randomized to re-
ceive tolrestat 200 mg/d 01' placebo for 52 weeks. At the 
end of the study period, the vibrational threshold improved 
significantly in those treated with tolrestat, whereas vibra-
tional threshold deteriorated in those receiving placebo (p 
< 0.05). Pain and paresthesia measured by a visual analog 
scale were present in 4 patients in the tolrestat group and in 

3 in the placebo group. Tlu'ee of the 4 patients in the toh'e-
stat group improved, whereas the 3 in the placebo group 
experienced worsening symptoms. The small number of 
patients with significant neuropathic symptoms did not al-
low statistical analysis. 

Finally, in a trial by Santiago et al.,19 372 patients with 
PN who had received tolrestat for an average of 4.2 years 
were continued on tolrestat 200-400 mg/d 01' placebo for 
an additional52 weeks. Pain scores worsened significantly 
(p < 0.05) in both groups compared with baseline. At 52 
weeks, the mean pain score of tolrestat-treated patients was 
not significantly different from the placebo mean. The mean 
motor and sensory conduction velocities deteriorated sig-
nificantly (p < 0.05) in those receiving placebo compared 
with baseline and with those receiving tolrestat. 

Flaws in experimental design must be considered when 
interpreting the results. First, many of these trials were 
plagued by broad entry criteria and poorly defined end-
points. Therefore, it is difficult to know whether these 
agents would be beneficial in patients with specific pain 
syndromes 01' neuronal damage manifested by specific 
ranges in abnormal conduction velocity. Second, a com-
monly used endpoint, conduction velocity, measures the 
integrity of the large myelinated fibers, and therefore, con-
duction velocity improvements in smaller fibers would not 
be detected. Finally, animal data suggest that the longer PN 
is present, the less effective the aldose reductase inhibitors 
are. Therefore, the prophylactic use of these agents may 
need to be explored for safety and efficacy rather than for 
treatment ofexisting disease. Overall, however, the results 
of thes5}trials appear to show some promise. 

Antidepressants. Tricyclic antidepressants (TCAs) are 
used widely to treat painful PN. The TCAs are thought to 
relieve pain by blocking the central neuronal reuptake of 
serotonin and norepinephrine, thereby potentiating the in-
hibitory effect of these neurotransmitters on nocireceptive 
pathways. Several clinical trials have evaluated the effec-
tiveness of antidepressants in treating the painful symp-
toms of PN (Table 2).20.23 The effect of relieving pain ap-
pears to be independent of the antidepressant effect of 
these drugs.2°,21 In randomized, double-blind, crossover tri-
als, imipramine, amitriptyline, desipramine, clomiprarnine, 
and the combination of fluphenazine and nortriptyline have 
been found superior to placebo.20.27 Comparative trials sug-
gest that the TCAs produce similar relief of symptoms.21,27 
Sorne clinical trials showed a correlation between plasma 
concentrations and relief of neuropathic symptoms. 20,21,28 
For imipramine, achievement of target serum concentra-
tions of 400-600 nmol/L (of imipramine plus desipram-
ine) has. been suggested to obtain maximal symptomatic 
relief.28 The role of serum conc;;entrations in clinical prac-
tice has not been established. However, serum concentra-
tions may guide clinicians in dosage adjustments for pa-
tients receiving TCAs who still do not achieve symptomat-
ic relief, as there appears to be a wide interpatient variation 
between dosage and serum concentration. 

Two selective serotonin receptor reuptake inhibitors, 
paroxetene and citalopram, also appear to be effective in 
PN.29,30 In 1 study, both paroxetine and imipramine were 
found to be more effective than placebo.30 In sorne patients 
paroxetine elicited a weaker therapeutic response than did 
imipramine. This may be attributed to the,lower serum con-
centrations achieved with standard dosages. Optimal re-
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sponse to paroxetine appeared to require semm concentra-
tions in excess of 150-200 nM. 

Fluoxetine, another selective serotonin receptor reup-
take inhibitor, and the non-TCA mianserin have not been 
shown to work more effectively than placebo in clinical 
trials.27,31 Fluoxetine effectiveness was not correlated with 
semm concentrations achieved with 20-40 mg/d.Dosages 
of fluoxetine of more than 40 mg have not been studied. 

placebo effect with the vehicle was observed. In a trial by 
Tandan et al., patients were randomized to apply capsaicin 
0.075% cream or vehicle 4 times daily for 8 weeks. Pain 
assessment and relief as measured by a PGE showed cap-
saicin to be more effective than the vehicle. However, pain 
intensity, as assessed by the visual analog scale, was not 
significantly different between the groupS.34 

Capsaicin. In addition to the antidepressants, capsaicin 
has been shown to be effective in relieving pain associated 
with PN.32.34 Capsaicin appears to alleviate pain and burn-
ing by stimulating the release and subsequent depletion of 
substance P from sensory fibers. It also may block substance 
P axonal transporto Vibration, temperature, and touch per-
ception are not altered.34 

The results of these trials were not confirmed by Chad 
et al.,35 who randomized 58 patients with painful PN to 
apply capsaicin 0.075% cream or vehicle 4 times daily for 
4 weeks. Pain assessment and relief as measured by PGE, 
visual analog scale, and a categorical pain scale were not 
significantly different between groups. 

Finally, Zhang and Li-Wan-P0 36 evaluated the effective-
ness of topical capsaicin in diabetic neuropathy, using a 
meta-analysis of clinical trials. They found that capsaicin 
cream resulted in more pain relief than placebo, with an 
odds ratio of 2.74 (95% confidence interval2.77 to 6.88) 
in favor of capsaicin. 

In a trial by the Capsaicin Study Group,32,33 277 patients 
were randomized to apply capsaicin 0.075% cream or ve-
hicle 4 times daily for 8 weeks. Pain assessment and relief, 
as measured by a physician's global evaluation (pGE) and 
by visual analog scale, showed capsaicin to be significant-
ly (p < 0.05) more effective than placebo. A substantial 

Capsaicin therapy may have a number of inherent prob-
lems, which include poor compliance associated with fre-

Table 2. Surnmary of Trials with Antidepressants in Diabetic Patients with Peripheral Neuropathy 

REF. 

Max et al. (1987/" 

Sindrup et al. 
(1990)21 

Sindrup et al. 
(1989)22 

Max et al. (1991)23 

K vinesdal et al. 
(1984)24 

Gomez-Perez et al. 
(1985)25 

Max et al. ( 1992)27 

Sindrup et al. 
(1992)29 

Sindrup et al. 
(1990)30 

Sindrup et al. 
(1992)31 

DESIGN 

29 patients with painful PN; assessment 
of pain by patient diary and global 
assessment, depression by HDS 

26 patients with painful PN; assessment 
by Neuropathic 6-Item Observer Scalea 

9 patients with painful PN; assessment 
by Neuropathic 6-Item Observer Scalea 

20 patients with painful PN; pain assess-
ment by patient diary and global 
assessment 

12 patients with severe painful PN; 
assessment by Neuropathic 6-Item 
Observer Scalea and global assessment 

18 patients with painful PN; assessment 
of pain and paresthesia by visual 
analog scale 

57 patients with painful PN; pain as ses s-
ment by patient diary and global assess-
ment, depression by HDS 

15 patients with painful PN; assessment 
by Neuropathic 6-Item Observer Scale" 

29 patients with painful PN; assessment 
by Neuropathic 6-Item Observer Scalea 

18 patients with painful PN; assessment 
by Neuropathic 6-Item Observer Scale" 

TREATMENT 

amitriptyline 25-150 mg/d or 
placebob x 6 wk, then crossed 
over x 6 wk 

clomipramine 50-75 mg/d, des-
ipramine 50-200 mg/d, or 
placebo x 2 wk, then crossed 
over 

imipramine 50-75 mgC or 
placebo x 3 weeks, then 
crossed over x 3 wk 

desipramine 12.5-150 mg/d or 
placebob x 6 wk, then crossed 
oyer 

imipramine 100 mgld or placebo 
x 5 wk, then crossed over x 
5wk 

nortriptyline 60 mg + fluphena-
zine 3 mg combination or 
placebo daily x 30 d, then 
crossed over for 30 d 

desipramine 12.5-150 mgld, 
amitriptyline 12.5-150 mg/d, 
fluoxetine 20--40 mg/d or 
placebob x 6 wk, then 
crossed oyer 

citalopram 40 mgld or placebo 
x 3 wk, then cros&ed over 

imipramine 50-75 mg/d,C 
paroxetine 40 mg/d or placebo 
x 2 wk, then crossed over 

imipramine 25-350 mg/d,C 
mianserin 60 mg/d, or placebo 
x 2 wk, then crossed over 

HDS = 21-item Hamilton Depression Scale; PN = peripheral neuropathy. 

OUTCOMEfEFFECT 

amitriptyline improved global assessment scores 
(p < 0.0001); this effect was not influenced by 
the presence or absence of depression 

clomipramine and desipramine decreased 
neuropathic symptoms (p < 0.05); clomipra-
mine tended to be more efficacious than 
desipramine 

imipramine decreased neuropathic symptoms 
OYer placebo (p < 0.01) 

desipramine decreased painful symptoms com-
pared with placebo (p < 0.01); pain relief 
tended to be greater in depressed patients 

imipramine caused improyement in global 
assessment scores compared with placebo 
(p < 0.02), but not neuropathic score (p < 0.1) 

nortripty line-fluphenazine decreased pain and 
paresthesia scores compared with placebo 
(p < 0.01) 

desipramine and amitriptyline decreased painful 
symptoms compared with baseline; fluoxetine 
was no more effective than placebo in reliey-
ing painful symptoms; no correlation be-
tween effect and serum concentration of 
drugs observed 

citalopram decreased neuropathic symptoms 
compared with placebo (p < 0.02); no correla-
tion between serum concentration and effect 

imipramine and paroxetine decreased neuro-
pathic symptoms (p < 0.02), with imipramine 
showing a greater effect than paroxetine 

imipramine decreased neuropathic symptoms 
compared with placebo and mianserin (p = 
0.030 and p = 0.033, respectively); mianserin 
resulted in no improvement in neuropathic 
symptoms when compared with imipramine 
or placebo 

"Neuropathic 6-Item Observer Scale domains include pain, dysesthesia, paresthesia, numbness, nocturnal deterioration, and sleep disturbances. 
bPlacebo = benztropine 0.5-1 mg used to mimic dry mouth of the tricyclic antidepressants. 
clmipramine dosage titrated to obtain serum concentration of 400-600 nmol/L achieved with imipramine plus desipramine. 
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quent application and with adverse effects, such as burn-
ing, redness, and stinging at the application site. Neurotox-
icity resulting in functional impairment of sensory fibers 
has been observed in experimental trials and may limit 
long-term use.37,38 

Lidocaine and Mexiletine. Lidocaine and mexiletine are 
class I-B antiarrhythmic agents. In a study by Kastrup et 
al.,39 15 patients with diabetes mellitus and painful PN re-
ceived a 30-minute infusion of lidocaine 5 mg/kg 01' a 
placebo (NaCI 0.9%) in a double-blind, crossover fashion. 
Lidocaine was shown to decrease painful symptoms of PN 
significantly (p < 0.05) for a duration ranging from 3 to 21 
days. Similarly, in a trial by Dejgard et al.,40 16 diabetic pa-
tients with painful PN were randomized to receive mexile-
tine 10 mg/kg/d po for 26 weeks in a double-blind, place-
bo-controlled, crossover trial. Pain, as as ses sed by subjec-
tive scoring, was decreased significantly in the mexiletine, 
but not the placebo-treated, group. Finally, in a tri al by 
Stracke et a1.,41 95 diabetic patients were randomized to re-
ceive mexi1etine 225 mg po tid or matched placebo for 5 
weeks. Mexiletine appeared to be effective in diabetic pa-
tients with PN who had burning 01' stabbing pain, heat sen-
sations, and formication-type discomfort. These studies 
suggest that both lidocaine and mexiletine are useful to de-
crease symptoms in patients with diabetes mellitus who 
experience painful PN. 

Phenytoin and Carbamazepine. Both phenytoin and 
carbamazepine appear to be effective in the treatment of 
pain associated with PN. In an early study by Ellenburg,42 
60 patients with diabetes mellitus who had symptomatic 
neuropathy received phenytoin 100 mg po 3 to 4 times dai-
ly. Serum phenytoin cuncentrations were not monitored. 
Of these patients, 51 reported symptomatic improvement 
in symptoms, primarily pain and paresthesia. The results of 
this study, however, were not confrrmed by Saudek et al.,43 
whose 12 patients received phenytoin 01' placebo in a dou-
ble-blind, crossover fashion. Dosages were adjusted to 
achieve serum concentrations between 5 and 20 mg/L. In 
addition to observing no effect on pain 01' paresthesia, the 
investigators observed that patients receiving phenytoin 
had increased blood sugar concentrations and a high de-
gree of adverse effects such as ataxia, blurred vision, dizzi-
ness, and rash. No correlation between serum concentra-
tions and efficacy was observed. 

In a study by Rull et al.,44 a total daily dosage of carba-
mazepine 600 mg was compared with placebo in a cross-
over, double-blind trial. Serum concentrations were not 
monitored. In the 30 patients with diabetes mellitus stud-
ied, 28 repOlted symptomatic relief of pain and paresthesia 
while receiving carbamazepine. Adverse effects included 
somnolence, dizziness, gait changes, urticaria, nausea, and 
vomiting. Most of the adverse affects reported were mild 
and transient. The development of urticaria required dis-
continuation of the drug. 

Because of the high degree of adverse effects, the use of 
anticonvulsants for treatment of pain and paresthesia should 
be limited to patients in whom other treatments have failed. 
Carbamazepine may be the preferred agent, as it is not as-
sociated with increases in blood glucose concentration and 
has fewer intolerable adverse effects. 

Comprehensive Management. Pfeifer et al,7 have ex-
plored a comprehensive approach in the management of 
painful PN. In a controlled case study, 75 patients with dia-

betes mellitus and painful PN received 1 of 3 treatment 
protocols or no treatment. Pain in the treated group was 
categorized and treated as follows: Those with supetficial 
pain were treated with capsaicin 0.075% cream applied 4 
times daily. Deep pain was treated with imipramine 50-150 
mg po hs. If imiprarnine therapy was not effective 01' toler-
ated, mexiletine was added 01' substituted and titrated to a 
maximum dosage of 10 mg/kg/d in divided doses. Mus-
cular pain was treated with stretching exercises and the 
muscle relaxant metaxolone 800 mg po 3 to 4 times daily. 
Piroxicam therapy was added if metaxolone and the stretch-
ing exercises were not effective. All treatments were con-
tinued for 3 months. Pain, as assessed by a graphic rating 
scale, was decreased significantly (p = 0.001) in the treat-
ment group compared with the untreated group. Capsaicin 
was well-tolerated and imipramine provided excellent pain 
relief, so that addition of mexiletine was largely unneces-
sary. Those who received mexiletine could not tolerate imi-
pramine secondary to urinary retention or postural hypoten-
sion. Metaxolone also was well-tolerated, with 3 patients 
requiring dosage reduction because of nausea 01' sedation. 
This comprehensive approach to management of painful 
PN in patients with diabetes meBitus is a further refine-
ment of the single drug treatments used in the previously 
discussed studies. However, further double-blind, controlled 
studies are required to confirm these results. Important is 
the addition of a placebo arm to such studies, as the place-
bo effect of these treatments, especially capsaicin, may be 
substantial. 

EXPERIMENTAL TREATMENTS 

Gal11l11a-Linolenic Acid. Gamma-linolenic acid is an es-
sential component of myelin and the neuronal cell mem-
brane. The synthesis of gamma-linolenic acid from linoleic 
acid is disturbed in patients with diabetes mellitus, the de-
gree of which is correlated to glycosylated hemoglobin 
concentrations. Therefore, it is believed that a decrease in 
the concentration of gamma-linolenic acid is associated 
with development of PN. 

In 2 trials, the effect of gamma-linolenic acid was stud-
ied in patients with PN. In the first of these trials, patients 
received gamma-linolenic acid (from evening primrose 
oil) 360 mg/d for 6 months.45 In the second trial, patients 
were given 480 mg/d for 12 months. In both studies sub-
jective plus objective improvements in conduction veloci-
ty, heat and sensation indices, tendon reflexes, and muscle 
strength were noted.46 Both studies indicated that gamma-
linolenic acid may have a beneficial role in the treatment 
ofPN. 

Gangliosides. Gangliosides are complex sialoglyco-
lipids found in nerve tissue, which appear in animal stud-
ies to promote regeneration of synapses.47 In clinical trials, 
mixed bovine gangliosides have been shown to improve 
the activity of neural sodium-potassium adenosine triphos-
phatase and to restore impaired electrophysiologic parame-
ters in diabetic rats. Several double-blind, placebo-cón-
trolled trials have evaluated the effect of gangliosides in 
dosages of20-40 mg/d im given for 6-16 weeks to pa-
tients with diabetes mellitus with PN. In sorne, but not aB, 
of the studies modest improvements in sensory and motor 
conduction velocity as well as subjeétivy improvement in 
symptoms have been found. 47-52 Additionallong-term stud-

774 • The Annals ofPhal711acotherapy • 1995 fu/y/August, Volume 29 



ies are required to evaluate the role of gangliosides in the 
treatment of PN. 

Uridine. Uridine, a pyrimidine base and precursor to 
RNA, is believed to increase the synthesis of cytosine tri-
phosphate. Cytosine triphosphate promotes the synthesis 
of phosphatidylinositol, which is required for the function-
ing of the sodium-potassium adenosine triphósphatase 
pump in neural cells and is thought to be deficient in pa-
tients with PN. Uridine monophosphate, which is derived 
from uridine, promotes the biotransformation of glucose 1-
phosphate to glycogen. Transformation of excess glucose 
into glycogen may discourage activation of the polyol 
pathway and protein glycosylation. Furthermore, uridine 
may promote synthesis of polyphosphinositol, a compo-
nent of plasma membranes and a required element of nerve 
cellular functions.S3 

In a 6-month, double-blind, placebo-controlled trial in-
volving 40 diabetic patients with PN,S3 uridine 300 mg/d 
tid improved conduction velocity in all nerves tested. The 
authors concluded that uridine may be effective in the 
treatment of PN. 

Corticotropin4.9 Analog. The corticotropin4.9 analog 
ORG 2766 is a neuropeptide that exhibits a neurotropic ef-
fect on damaged peripheral nervous tissue, accelerating tis-
sue repair.S4 In a double-blind, placebo-controlled trial 
involving 62 patients with diabetic neuropathy,S4 the corti-
cotropin4.9 analog, ORG 2766, 3 mg/d sc for 1 year signifi-
cantIy (p < 0.05) improved vibration threshold. However, 
other parameters, including conduction velocity, remained 
unchanged. The authors concluded that ORG 2766 may be 
effective in improving the vibration threshold, indicating 
large myelinated fiber function, but not other neural physi-
ologic function tests. 

Other Agents. Pentoxifylline and cyclandelate are rheo-
logic agents that improve erythrocyte deformability, there-
by improving blood flow through partially occluded ves-
seIs. Because microvascular diseases may contribute to di-
abetic neuropathy by depriving nerve cells of blood and 
oxygen, an agent that improves blood flow should theoreti-
cally del ay 01' retard progression of PN. However, in 2 sep-
arate studies,sS,S6 both pentoxifylline and cyclandelate were 
found to be no more effective than placebo in the treatment 
ofPN. 

Clonidine has been shown to be effective in the treat-
ment of a number of painful disorders, including postoper-
ative pain, cancel' pain, pain associated with arachnoiditis, 
and postherpetic pain. However, in a trial of patients with 
pain associated with PN, clonidine was no more effective 
than placebo.s7 

S1l11l11lary 

PN is a significant complication of diabetes mellitus. 
Dmg therapy has been onIy partially successful in prevent-
ing or reversing the progression 01' alleviating the symp-
toms ofPN. 

Normalization of blood glucose concentrations may pre-
vent the development or progression of PN. In addition, 
the aldose reductase inhibitors need to be studied to deter-
mine if they have a role in the prevention 01' progression of 
PN. Likewise, glycemic control and the aldose reductase 
inhibitors may be effective in the treatment of PN. Other 
treatments such as gamma-linolenic acid, gangliosides, 

Peripheral Diabetic Neuropathy 

and uridine require further study to determine their role in 
the treatment of PN. 

Pain associated with PN may be treated successfully 
with antidepressants, such as TCAs, and the SSRIs paroxe-
tine, mexiletine, and capsaicin. Selection of the best agent 
may depend on the specific pain syndrome or severity of 
symptoms that the patient exhibits. The anticonvulsants 
phenytoin and carbamazepine should be considered third-
line agents, as their use is associated with a high degree of 
possible adverse reactions. ~ 
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EXTRACTO 

OBJETIVO: Discutir la patofisiología y conceptos actualizados sobre el 
tratamiento de la neuropatía periférica (NP) diabética. 

FUENTES DE INFORMACIÓN: Búsqueda bibliográfica en MEDLINE de 
mtículos en inglés publicados durante el periodo de 1976--1994. Las listas de 
referencias de estos mtícu10s fueron revisadas para identificar otros mtículos 
de interés. 

SELECCIÓN DE FUENTES DE INI'ORMACIÓN y MÉTODO DE EXTRACCIÓN: Se 
consideraron todos los mtículos identificados en la búsqueda bibliográfica. 
Se seleccionaron mtícu10s que discutian estudios clínicos en donde se 
incluyó un número adecuado de pacientes y mtículos donde se revisó la 
literatura. De estos mtículos, los autores seleccionaron la información 
necesm'ia para generar su discusión. 

SÍNTESIS: 'La NP afecta aproximadamente 5-50% de los diabéticos en los 
Estados Unidos. Esta se caractetiza por una sensación de cosquilleo o 
quemazón, primordialmente en las pantorillas, los tobillos, y los pies, 
acompañada de una pérdida de sentido de vibración. El tratamiento para la 
NP ha sido, generalmente, poco satisfactorio. La terapia ha sido dirigida a 
mejorar la función nerviosa o aliviar los síntomas de NP incluyendo el dolor 
y la parestesia. El control glicémico puede detener la progresión de la NP. La 
hiperglicemia ha sido asociada con una tolerancia más baja de dolor en 
pacientes con diabetes mellitus. Se ha demostrado que los inhibidores de la 
aldosa reductasa, en patticu1ar tolrestat, mejoran la función neuro1ógiea 
objetiva y subjetiva. El dolor y la parestesia han sido tratados con efectividad 
con antidepresivos, lidocaina, mexiletina, y capsaicina. La fenitoina y la 
carbamazepina pueden ser efectivos en el tratamiento del dolor y la 
pm'estesia, pero éstos agentes están asociados con un mayor número de 
efectos secundarios. Existen tratamientos con agente's experimentales, tales 
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como el ácido gamalinoleico, los gangliósidos, la uridina, y el análogo de 
ACTH4.9 denominado ORG 2766, los cuales han demostrado ser efectivos 
en mejorar la función neurológica. 
CONCLUSIÓNES: El tratamiento de NP continua siendo poco satisfactorio. La 
terapia debe estar dirigida hacia la prevención de la condición por medio del 
control glicémico y el tratamiento de síntomas asociados a NP en pacientes 
que padecen de la condición. 

HOMBRO A MONSANTO 

RÉsUMÉ 
OBJECTIF: Réviser la pathophysiologie et les concepts courants du 
traitement de la neuropathie pétiphérique diabétique. 
REVUE DE LITTÉRATURE: Les références de langue anglaise ont été 
identifiées al' aide d'une recherche sur MEDLINE pour la pétiode de 
1976-1994. Des références supplémentaires ont été identifiées a l'aide 
de la liste des références des aJticles identifiés paJ' la recherche. 
SÉLECTIONS DES ÉTUDES ET DE L'INFORMATION: Tous les mticles identifiés 
par la recherche ont été retenus. Les études cliniques qui avaient inclus 
un nombre suffisant de sujets ainsi que les artic1es de revue ont été 
sélectionnés. Les auteurs ont jugé de la pertinence de l'information a 
inc1ure dans cette revue. 
RÉSUMÉ: La neuropathie pétiphétique affecte de 5-50% des diabétiques 
aux États-Unis. Elle se manifeste par des fOUlmillements et des brUlures 
aux mollets, aux chevilles, et aux pieds associés a une pelte de la 

Pel'ipheral Diabetic Nelll'opathy 

sensation de vibration. A ce jour, le traitement de la neuropathie 
pétiphétique s'est avéré insatisfaisant. La thérapie actuelle cib1e 
l' amélioration de la fonction neurologique ou le soulagement de la 
douleur et des paresthésies. Le controle de la glycémie ralentirait la 
progression de la neuropathie pétiphétique. L'hyperglycémie est 
associée avec une diminution du seuil de la douleur chez les diabétiques. 
Les inhibiteurs de l'aldose réductase, notamment le tolrestat, ont 
démontré une amélioration subjective et objective de la fonction 
neuro1ogique. La douleur ou les paresthésies peuvent etre traitées 
efficacement avec les antidépresseurs, la lidocai'ne, la mexiletine, et la 
capsalcine. La phénytoi'ne et la carbamazépine peuvent etre efficaces, 
mais sont associées a une incidence plus élevée d' effets indésirables. 
Des thérapies expétimentales telles l'acide garnma-lino1énique, les 
gangliosides, l'utidine, et l' analogue de l' ACTR,¡.9' ORG 2766, se sont 
avérées efficaces dans l' amélioration de la fonction neurologique. 
CONCLUSIONS: Le traitement actue1 de la neuropathie diabétique est peu 
satisfaisant. La thérapie doit cib1er la prévention par un controle de la 
glycémie ou s' otienter vers le traitement symptomatique. 
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