
Clinical impact of diabetic polyneuropathy

Diabetic neuropathy has been defined as a
demonstrable disorder, either clinically evident
or subclinical, that occurs in the setting of dia-
betes mellitus without other causes of peripheral
neuropathy. It includes manifestations in the
somatic and/or autonomic parts of the peripher-
al nervous system [1], which are being classified
along clinical criteria. However, due to the vari-
ety of the clinical syndromes with possible over-
laps, there is no universally accepted classifica-
tion. The most widely used classification of dia-
betic neuropathy has been proposed by Thomas
[2], who differentiates between diffuse symmet-
ric polyneuropathies on the one hand and focal
and multifocal neuropathies on the other.

In this review I will focus on distal symmetri-
cal sensory or sensorimotor polyneuropathy
(DSP), which represents the most important
clinical manifestation affecting approximately
30% of the hospital-based diabetic population
and 20% of community-based samples of dia-
betic patients. The incidence of DSP is approxi-
mately 2% per year. The most important aetio-
logical factors that have been associated with
DSP are poor glycaemic control, diabetes dura-
tion, and height, with possible roles for hyper-
tension, age, smoking, hypoinsulinaemia and
dyslipidaemia [3]. Moreover, DSP is related to
both lower extremity impairments, such as
diminished position sense, and functional limita-
tions, such as walking ability [4]. There is accu-
mulating evidence suggesting that not only sur-
rogate markers of microangiopathy such as albu-
minuria but also those used for polyneuropathy
such as nerve conduction velocity and vibration
perception threshold may predict mortality in
diabetic patients [5, 6]. Elevated vibration per-
ception threshold also predicts the development
of neuropathic foot ulceration, one of the most
common causes of hospital admission and lower
limb amputation among diabetic patients [7].

Neuropathic symptoms are present in 15–20%
of diabetic patients, 7.5% of whom experience
chronic neuropathic pain [8]. Pain associated
with diabetic neuropathy exerts a substantial
impact on quality of life, particularly by interfer-
ing with sleep and enjoyment of life [9]. Despite
this significant impact, one-quarter of diabetic
patients and one-fifth of non-diabetic subjects
had received no treatment for their pain accord-
ing to a 1990 survey [8]. Pain is a subjective
symptom of major clinical importance as it is

often this complaint that motivates patients to
seek health care. People with diabetes experi-
ence more chronic pain than the non-diabetic
population. It has been found that 25% of dia-
betic patients had chronic pain compared with
15% of non-diabetic subjects [8]. This differ-
ence is largely attributable to the pain associated
with polyneuropathy.

Pathogenetic mechanisms

Recent experimental studies suggest a multifac-
torial pathogenesis of diabetic neuropathy. Most
data have been generated in the diabetic rat
model, on the basis of which two approaches
have been chosen to contribute to the clarifica-
tion of the pathogenesis of diabetic neuropathy.
Firstly, it has been attempted to characterize the
pathophysiological, pathobiochemical and struc-
tural abnormalities that result in experimental
diabetic neuropathy. Secondly, specific thera-
peutic interventions have been employed to pre-
vent the development of these alterations, to halt
their progression or to induce their regression
despite concomitant hyperglycaemia.
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At present, the following seven pathogenetic
mechanisms are being discussed. However, they
are no longer regarded as separate hypotheses but
as a complex interplay of multiple interactions
between metabolic and vascular factors [10]:
• increased flux through the polyol pathway that

leads to accumulation of sorbitol and fructose,
myo-inositol depletion and a reduction in
Na+,K+-ATPase activity;

• disturbances in n-6 essential fatty acid and
prostaglandin metabolism that result in alter-
ations of nerve membrane structure and
microvascular and haemorrheological abnor-
malities;

• endoneural microvascular deficits with subse-
quent ischaemia and hypoxia as well as genera-
tion of reactive oxygen species (oxidative stress)
and so-called hyperglycaemic pseudohypoxia;

• increased activity of protein kinase C;
• deficits in neurotrophism leading to reduced

expression and depletion of neurotrophic fac-
tors such as nerve growth factor (NGF), neu-
rotrophin-3 and insulin-like growth factor,
and alterations in axonal transport;

• accumulation of non-enzymatic advanced gly-
cation endproducts on nerve and/or vessel
proteins;

• immunological processes with autoantibodies
to vagal nerve, sympathetic ganglia and adren-
al medulla as well as inflammatory changes.
From a clinical point of view it is important to

note that, based on these pathogenetic mecha-

nisms, therapeutic approaches could be derived,
some of which have been evaluated in randomized
clinical trials (Table I).These treatments include
the inhibition of the increased flux through the
polyol pathway by aldose reductase inhibitors
(ARI); correction of the deficits in essential fatty
acid and prostanoid metabolism by substitution of
γ-linolenic acid contained in evening primrose oil;
administration of antioxidants (α-lipoic acid) to
reduce the enhanced formation of reactive oxygen
species that induce increased oxidative stress;
improvement in endoneurial blood flow and
resulting hypoxia by vasodilating agents such as
ACE inhibitors, prostaglandin analogues, a pro-
tein kinase C β inhibitor and C-peptide; neu-
rotrophic support by administration of recombi-
nant human NGF; inhibition of non-enzymatic
glycation and formation of advanced glycation
endproducts by aminoguanidine; and immuno-
suppressive treatment.

Since in the foreseeable future normogly-
caemia will not be achievable in the majority of
diabetic patients, the advantage of the aforemen-
tioned treatment approaches is that they may
exert their effects despite prevailing hypergly-
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Polyol pathway ↑ Aldose reductase inhibitors Nerve sorbitol ↓
Sorbinil Withdrawn (AE)
Tolrestat Withdrawn (AE)
Ponalrestat Ineffective
Zopolrestat Withdrawn (marginal effects)
Zenarestat Withdrawn (AE)
Epalrestat Marketed in Japan
Fidarestat Studies ongoing

myo-Inositol ↑ myo-Inositol Nerve myo-inositol ↑ Equivocal
γ-Linolenic acid synthesis ↓ γ-Linolenic acid EFA metabolism ↑ Withdrawn (effective: deficits)
Oxidative stress ↑ α -Lipoic acid Oxygen free radicals ↓ Effective in RCTs (studies 

ongoing)
Vitamin E Oxygen free radicals ↓ Effective in one RCT

Nerve hypoxia ↑ Vasodilators NBF ↑
ACE inhibitors Effective in one RCT
Prostaglandin analogues Effective in one RCT

Protein kinase C ↑ Protein kinase C β inhibitor NBF ↑ RCTs ongoing
C-peptide ↓ C-peptide NBF ↑ Studies ongoing
Neurotrophism ↓ Nerve growth factor Nerve regeneration, growth ↑ Ineffective
LCFA metabolism ↓ Acetyl-L-carnitine LCFA accumulation ↓ Ineffective
Non-enzymatic glycation ↑ Aminoguanidine AGE accumulation ↓ Withdrawn

RCT, randomized clinical trial; AE, adverse events; EFA, essential fatty acid; NBF, nerve blood flow; LCFA, long-chain
fatty acid; AGE, advanced glycation endproduct.

Table I: Treatment of diabetic neuropathy based on the putative pathogenetic mechanisms.

Abnormality Compound Effect of treatment Status of RCTs

Recent experimental studies suggest 
a multifactorial pathogenesis of 

diabetic neuropathy



caemia. Experimental studies of low-dose com-
bined drug treatment suggest enhanced drug
efficacy mediated by facilitatory interactions
between drugs. Thus, administration of low
doses of an α-lipoic acid/γ-linolenic acid conju-
gate corrected the nerve conduction and nerve

blood flow deficits [11] as well as sciatic nerve
contents of NGF, substance P and neuropeptide
Y [12] in diabetic rats, suggesting a synergistic
action of these compounds.

In future, combinations of certain drugs that
produce such synergistic effects could be used
as therapeutic options.

Treatment based on pathogenetic concepts

Aldose reductase inhibitors (ARI)

An increased flux through the polyol pathway
resulting in multiple biochemical abnormalities
in the diabetic nerve is thought to play a major
role in the pathogenesis of diabetic neuropathy.
ARI block the increased activity of aldose reduc-
tase, the rate-limiting enzyme that converts glu-
cose to sorbitol. The first trials of ARI in diabet-
ic neuropathy were published 20 years ago. The
various compounds that have been evaluated are
alrestatin, sorbinil, ponalrestat, tolrestat, epal-
restat, zopolrestat and zenarestat. Except for
epalrestat, which is marketed in Japan, none of
these agents could be licensed due to serious
adverse effects (sorbinil, tolrestat, zenarestat) or
lack of efficacy (ponalrestat, zopolrestat).

A meta-analysis of 13 clinical trials with ARI
revealed a marginal effect on peroneal motor
nerve conduction velocity (NCV) of 1.24 m/s
and an even weaker effect on median motor
NCV of 0.69 m/s after 1 year [13]. Data of 738
subjects from three trials of tolrestat showed a
benefit equal to 1 m/s in a pooled analysis of
NCV in all the nerves studied [14]. The follow-
ing degrees of changes in motor and sensory
NCV that are associated with a change in the
Neuropathy Impairment Score of two points
have been considered to be clinically meaningful
in controlled clinical trials: median motor NCV
2.5 m/s, ulnar motor NCV 4.6 m/s, peroneal
motor NCV 2.2 m/s, median sensory NCV 1.9
m/s, and sural sensory NCV 5.6 m/s [15].
According to this suggestion the changes in

NCV obtained from the ARI trials so far do not
appear to reflect a meaningful magnitude of a
treatment effect. In a recent 1-year phase II trial
of zenarestat including 208 patients with diabet-
ic polyneuropathy, a dose-dependent improve-
ment in small myelinated fibre loss and peroneal
NCV was observed [16], but subsequent large
phase III trials of zenarestat had to be prema-
turely terminated due to a significant deteriora-
tion in renal function in some patients.

Only a few large-scale trials reported the
effects of ARI on neuropathic pain. In a multi-
centre trial of tolrestat in 219 patients with
symptomatic polyneuropathy, paraesthetic
symptoms but not pain were significantly
improved after 1 year [17]. In the Sorbinil
Retinopathy Trial including 497 patients, no
favourable effect on the neuropathic symptoms
could be detected after a median follow-up of
39 months [18]. In a 12-week controlled study
including 196 patients, complete pain relief was
noted in 48.6% of the patients receiving epal-
restat compared with 22.6% of those on placebo
[19]. Thus, only this one trial reported that ARI
treatment is associated with pain relief.

γγ  -Linolenic acid

Two multicentre trials have demonstrated
improvement in neuropathic deficits and NCV
after 1 year of treatment with γ-linolenic acid in
diabetic peripheral neuropathy [20, 21]. How-
ever, after γ-linolenic acid could not be licensed
on the basis of these data in the UK, no further
trials were initiated.

αα-Lipoic acid (thioctic acid)

There is accumulating evidence suggesting that
free-radical-mediated oxidative stress is implicat-
ed in the pathogenesis of diabetic neuropathy by
inducing neurovascular defects that result in
endoneurial hypoxia and subsequent nerve dys-
function [10]. Antioxidant treatment with 
α-lipoic acid has been shown to prevent these
abnormalities in experimental diabetes [11, 12],
thus providing a rationale for a potential thera-
peutic value in diabetic patients. In Germany, α-
lipoic acid has been licensed and used for the
treatment of symptomatic diabetic neuropathy
for more than 20 years. Thus far, five random-
ized placebo-controlled clinical trials have been
published suggesting the following:
• Short-term treatment for 3 weeks using 600

mg thioctic acid i.v. per day appears to reduce
the chief neuropathic symptoms including
pain, paraesthesiae and numbness. A 3-week
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pilot study of 1800 mg per day indicates that
the therapeutic effect may be independent of
the route of administration, but this needs to
be confirmed in a larger sample size.

• Three-week treatment also improves neuro-
pathic deficits; subsequent oral treatment for
4–7 months tends to reduce neuropathic
deficits and improves cardiac autonomic neu-
ropathy.

• Preliminary data over 2 years indicate possible
long-term improvement in motor and sensory
NCV in the lower limbs.

• Clinical and postmarketing surveillance stud-
ies have revealed a highly favourable safety
profile of the drug [22].
Two large multicentre trials are being con-

ducted in North America and Europe to verify
the results of the ALADIN [Alpha-Lipoic Acid
in Diabetic Neuropathy] studies (NATHAN 2
Study) and to evaluate the efficacy and safety of
long-term treatment with α-lipoic acid over 4
years on neuropathic deficits (NATHAN 1
Study).

No clinical trials in painful diabetic neuropa-
thy are available for other antioxidants. In a pre-
liminary study including 21 patients with symp-
tomatic polyneuropathy, vitamin E improved
motor but not sensory NCV after 6 months, but
it was not reported whether the neuropathic
symptoms were influenced [23].

Vasodilators

Microvascular changes of the vasa nervorum
and reduced endoneurial blood flow resulting in
hypoxia are thought to be important factors in
the pathogenesis of diabetic neuropathy [10].
Thus, there is a solid theoretical background to
support treatment with vasodilating drugs. In a
1-year trial including 41 normotensive patients
with mild neuropathy, several attributes of NCV,
but not neuropathic symptoms and deficits,
were improved after 1 year of treatment with the
ACE inhibitor trandolapril [24]. Further studies
are clearly needed to define the therapeutic role
of ACE inhibitors in diabetic neuropathy.

Several open-label trials from Japan reported
relief of pain or dysaesthetic symptoms after
treatment with vasodilating agents such as the
prostacyclin (PGI2) analogues iloprost or
beraprost and the prostaglandin derivative
PGE1-αCD after 2, 12 and 4 weeks, respective-
ly. However, due to the uncontrolled study
designs, these effects are uninterpretable. A
large controlled multicentre trial including 170
patients with symptomatic polyneuropathy or
foot ulcers showed a >50% improvement in

pain or other neuropathic symptoms in 56% of
the patients treated with an intravenous infusion
of PGE1 incorporated in lipid microspheres
(lipo-PGE1) for 4 weeks, compared with 28%
on placebo. In a second trial comparing lipo-
PGE1 with PGE1-CD in 194 patients, the corre-
sponding rates were 51 and 35%. Side effects
were observed in 7% of the patients treated with
lipo-PGE1 [25]. Further studies are needed to
confirm these findings.

Nerve growth factor (NGF)

NGF selectively promotes the survival, differenti-
ation and maintenance of small fibre sensory and
sympathetic neurons in the peripheral nervous
system. It is expressed in the skin and other tar-
get tissues of its responsive neuronal populations,
binds to its high-affinity receptor (trk A) on nerve
terminals, and exerts its trophic effects after being
retrogradely transported back to the neuronal
perikaryon [26]. A 6-month phase II trial includ-
ing 250 patients with symptomatic diabetic neu-
ropathy showed an improvement in the sensory
component of the neurological examination and
both cooling detection and heat as pain thresh-
old, but no effect on neuropathic symptoms
could be observed following treatment with
recombinant human NGF [27]. In contrast, a
subsequent large 12-month phase III trial failed
to demonstrate a favourable effect of recombi-
nant human NGF on subjective and objective
variables of diabetic neuropathy [28].The reasons
for the latter disappointing result could be the
following:
• the DSP did not progress during the trial in

the placebo group;
• the dose chosen may have been below the

threshold to produce an effect;
• the most distal testing site (big toe) was

selected for assessment, where the most
advanced neuropathic changes are expected
which are less susceptible to intervention than
more proximal sites;

• the primary outcome measure (Neuropathy
Impairment Score at the Lower Limbs) is not
sensitive to small fibre sensory dysfunction;

• the drug did not get to the target tissue;
• the manufacturing process for NGF was

altered after the phase II trial prior to the
phase III trial, leaving the possibility that the
drug was not identical [28].

Protein kinase C ‚ inhibitor

Increased activity of protein kinase C, a family
of serine-threonine kinases that regulate various
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vascular functions, including contractility,
haemodynamics and cellular proliferation, has
been implicated in the pathogenesis of diabetic
complications including neuropathy [29]. Treat-
ment with a protein kinase C β selective
inhibitor ameliorated several neuropathic
deficits in experimental diabetic neuropathy
[30]. Clinical trials using this agent are currently
underway.

C-peptide

Recent studies suggest that C-peptide shows
specific binding to cell membrane binding sites
and augments skin microcirculation in type 1
diabetic patients [31], possibly via an increase in
both nitric oxide production and Na+,K+-
ATPase activity [32]. In experimental diabetic
neuropathy, C-peptide administration prevented
the NCV deficit, axonal atrophy, and paranodal
swelling and demyelination, and produced an
increase in Na+,K+-ATPase activity and phos-
phorylation of the insulin receptor [33]. A pilot
study showed an improvement in small fibre
sensory and autonomic function in type 1 dia-
betic patients [34]. Phase II and phase III trials
in diabetic neuropathy are needed to confirm
these preliminary data.

Symptomatic treatment of painful 
neuropathy

Painful symptoms in diabetic polyneuropathy
may constitute a considerable management prob-
lem.The efficacy of a single therapeutic agent is
not the rule, and simple analgesics are usually
inadequate to control the pain.Therefore, various
therapeutic schemes have been previously pro-
posed, but none has been validated. Nonetheless,
there is agreement that patients should be offered
the available therapies in a stepwise fashion.
Effective pain treatment considers a favourable
balance between pain relief and side effects with-
out implying a maximum effect.

The possible treatments are summarized in
Table II. Prior to any decision regarding the
appropriate treatment option, the diagnosis of
the underlying neuropathic manifestation allow-
ing estimation of its natural history should be

established. In contrast to the agents that have
been derived from the pathogenetic mechanisms
of diabetic neuropathy, those used for sympto-
matic therapy were designed to modulate the
pain without favourably influencing the under-
lying neuropathy. A number of trials have been
conducted to evaluate the efficacy and safety of
these drugs, but only a few have included large
patient samples.

The relative benefit of an active treatment
over a control in clinical trials is usually
expressed as the relative risk, the relative risk
reduction or the odds ratio [50]. However, to
estimate the extent of a therapeutic effect (i.e.
pain relief) that can be translated into clinical
practice, it is useful to apply a simple measure
that serves the physician to select the appropri-
ate treatment for the individual patient. Such a
practical measure is the ‘number needed to
treat’ (NNT), i.e. the number of patients who
need to be treated with a particular therapy to
observe a clinically relevant effect or adverse
event in one patient [50, 51]. This measure is
expressed as the reciprocal of the absolute risk
reduction, i.e. the difference between the pro-
portion of events in the control group (Pc) and
the proportion of events in the intervention
group (Pi): NNT = 1/(Pc–Pi). The 95% confi-
dence interval (CI) of NNT can be obtained
from the reciprocal value of the 95% CI for the
absolute risk reduction. The NNT and NNH
(number needed to harm) for the individual
agents used in the treatment of painful diabetic
neuropathy are given in Table II.

New drugs for treatment of painful 
neuropathy

Selective serotonin reuptake inhibitors (SSRI)

Psychotropic agents, among which antidepres-
sants have been evaluated most extensively, have
constituted an important component in the
treatment of chronic pain syndromes for more
than 30 years. Several authors consider the tri-
cyclic antidepressants (TCA) to be the drug 
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treatment of choice for neuropathic pain [52,
53]. However, their limiting factors are the rela-
tively high rates of adverse effects and several
contraindications. Consequently, it has been
considered whether patients who do not tolerate
TCA due to adverse events could alternatively
be treated with selective serotonin reuptake
inhibitors (SSRI). SSRI specifically inhibit
presynaptic reuptake of serotonin but not nor-
epinephrine, and, unlike TCA, they lack the
postsynaptic receptor blocking effects and quini-
dine-like membrane stabilization.

Three studies showed that treatment with
paroxetine [39] and citalopram [38], but not
fluoxetine [35], resulted in significant pain
reduction. Paroxetine appeared to influence 
both steady and lancinating pain qualities [39].
The therapeutic effect was observed within 1 

week and was dependent on the plasma levels,
being maximal at concentrations of 300–400
nmol/l. Besides the relatively low rates of
adverse events, the advantage of SSRI compared
with TCA is the markedly lower risk of mortality
due to overdose [54]. However, a recent case-
control study suggested that SSRI moderately
increased the risk of upper gastrointestinal
bleeding to a degree roughly equivalent to that
with low-dose ibuprofen. The concurrent use of
non-steroidal anti-inflammatory drugs or aspirin
greatly increases this risk [55].

Venlafaxine

Venlafaxine is an antidepressant that inhibits the
reuptake of serotonin, norepinephrine and,
weakly, dopamine, but unlike TCA, it does not
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Optimal diabetes Diet, OAD, insulin Individual adaptation Aim: HbA1c <7.0% —
control

Pathogenetically α-Lipoic acid 600 mg i.v. infusion Duration: 3 weeks 4.0b Ziegler et al. [22]
oriented treatment (thioctic acid)a 1200–1800 mg orally AE rare 

Symptomatic TCA
treatment Amitriptyline (10–)25–150 mg NNMH: 15 3.0/2.0 Max et al. [35]

Desipramine (10–)25–150 mg NNMH: 24 2.2/5.0 Max et al. [35]
Imipramine (10–)25–150 mg CRR 1.4/1.7/3.0 Sindrup [36]
Clomipramine (10–)25–150 mg NNMH: 8.7 2.1 Sindrup [36]
Nortriptyline (10–)25–150 mg + Fluphenazine 1.6c Gomez-Perez et al. [37]

SSRI
Citalopram 40 mg Small sample 7.7 Sindrup et al. [38]
Paroxetine 40 mg CRR 2.9 Sindrup et al. [39]

Other antidepressants
Venlafaxine 150–220 mg Abstract 4.5 Kunz et al. [40]

NMDA antagonists
Memantine 40 mg Abstract 6.7 Pellegrino [41]

Ion channel blockers
Carbamazepine 200–800 mg NNMH: 15 3.3 Rull et al. [42]
Gabapentin 900–3600 mg Fewer AE 3.7 Backonja et al. [43]
Mexiletine 675 mg Modest effect 10.3 Oskarsson et al. [44]

Weak opioids
Tramadol 50–400 mg NNMH: 7.8 3.1 Harati et al. [45]

Local treatment
Capsaicin (0.075%) q.i.d.Topically Max. duration: 8 weeks 4.2d Zhang & Li Wan Po [46]
cream

Ultima ratio in pain Strong opioids Individual adaptation Potential of dependence
resistant to standard ESCS Invasive, complications — Tesfaye et al. [47]
pharmacotherapy

Physical therapy TENS, medical gymnastics No AE — Kumar & Marshall [48]
Balneotherapy, relaxation therapy No AE —
Acupuncture Uncontrolled study — Abuaisha et al. [49]

aAvailable only in some countries; b 30% symptom relief; ccombined with fluphenazine; danalgesic effectiveness as ascertained by the
physician.
NNT, number needed to treat; OAD, oral antidiabetic drugs; AE, adverse events; NNMH, number needed for major harm; CRR,
concentration-response relationship; ESCS, electrical spinal cord stimulation; TENS, transcutaneous electrical nerve stimulation.

Table II: Treatment options for painful diabetic neuropathy.

Approach Compound/measure Dose per day Remarks NNT Author



block the muscarinic, histaminergic and adren-
ergic receptors. It has been suggested that drugs
with a balanced inhibition of serotonin and nor-
epinephrine, but without the postsynaptic and
quinidine-like effects of TCA, could exert simi-
lar effects but be better tolerated [56]. In a 6-
week trial including 244 patients, the analgesic
response rates were 56%, 39% and 34% in
patients given venlafaxine 150–225 mg, ven-
lafaxine 75 mg and placebo, respectively.
Because patients with depression were excluded,
the effect of venlafaxine 150–225 mg was attrib-
uted to an analgesic, rather than to an anti-
depressant, effect. The most common adverse
effect was nausea [40].

Gabapentin

Gabapentin is an anticonvulsant structurally
related to γ-aminobutyric acid, a neurotransmitter
that plays a role in pain transmission and modu-
lation.The exact mechanisms of action of this
drug in neuropathic pain are not fully elucidated
but among others involve the interaction with the
system L-amino acid transporter and high-affinity
binding to the α-2-∆-subunit of voltage-activated
calcium channels.The antihyperalgesic properties
of gabapentin are at least partially modulated
through spinal cord mechanisms [43].

In an 8-week multicentre dose-escalation trial
including 165 diabetic patients with painful
neuropathy, 60% of the patients on gabapentin
(3600 mg/day achieved in 67%) had at least
moderate pain relief compared with 33% on
placebo. Furthermore, gabapentin treatment was
associated with improvement in quality of life.
Dizziness and somnolence were the most fre-
quent adverse events in about 24% and 23%,
respectively, of the patients treated with
gabapentin [43].

A 6-week study comparing the efficacy of
gabapentin (1800 mg/day achieved in 65%) with
amitriptyline showed at least moderate pain
relief in 52% and 67% of the patients, respec-
tively [57]. Thus, no significant difference was
noted between the two treatments, but given the
small patient sample (n = 28), the probability of
a type II (β) error was high.

Gabapentin has been suggested to be the pre-
ferred drug for patients in whom TCA are con-
traindicated or who do not tolerate their adverse
effects [58].

Tramadol

Tramadol acts directly via opioid receptors and
indirectly via monoaminergic receptor systems.

Because the development of tolerance and
dependence during long-term tramadol treat-
ment is uncommon and its abuse liability
appears to be low, it is an alternative to strong
opioids in neuropathic pain [53].

Tramadol (up to 400 mg per day orally, mean
dose 210 mg per day) has been studied in a 6-
week multicentre trial including 131 patients
suffering from painful diabetic neuropathy [45].
Pain relief was obtained in 44% of patients on
tramadol vs. 12% on placebo. The most fre-
quent adverse events were nausea and constipa-
tion. The NNH of 7.8 for dropouts due to
adverse events was relatively low, indicating sig-
nificant toxicity.

In a 4-week study of patients with painful
neuropathy of different origins, one-third of
which was due to diabetes, tramadol significant-
ly relieved pain (NNT 4.3 [2.4–20]) and
mechanical allodynia [59].

One conceivable mechanism for the
favourable effect of tramadol could be a hyper-
polarization of postsynaptic neurons via post-
synaptic opioid receptors. Alternatively, the
reduction in central hyperexcitability by tra-
madol could be due to a monoaminergic or a
combined opioid and monoaminergic effect
[53].

Trials to assess equivalence (e.g. vs. anti-
depressants) should clarify the relative potency
and toxicity of tramadol in painful neuropathy.

N-methyl-D-aspartate (NMDA) receptor
antagonists

Dextromethorphan

Inhibition of N-methyl-D-aspartate (NMDA)
receptor-mediated central nervous system exci-
tation alleviates neuropathic pain in animal
models, but adverse effects of dissociative anaes-
thetic channel blockers such as ketamine limit
clinical application. It has been hypothesized
that relatively high doses of low-affinity, non-
competitive channel blocking NMDA receptor
antagonists such as dextromethorphan may have
a more favourable therapeutic ratio than disso-
ciative anaesthetic-like blockers [60].

In a 6-week study, 7 out of 13 patients report-
ed moderate or greater relief of pain during dex-
tromethorphan treatment (mean dose 381
mg/day), compared with none taking placebo,
giving an NNT of 1.9 (95% CI 1.1–3.7). How-
ever, 5 of 31 patients who took dextromethor-
phan dropped out due to sedation or ataxia dur-
ing dose escalation [60].
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Memantine

In an 8-week multicentre study including 375
patients, the analgesic response rates defined as
≥50% pain relief were 44% in patients given 40
mg of the NMDA receptor blocker memantine,
compared with 29% in those given placebo
(NNT 6.7). There was no difference between
patients treated with memantine 20 mg and
placebo. The most frequent adverse effects were
diarrhoea in 11% and dizziness in 26% of the
patients treated with 40 mg memantine [41].
The NNT for this agent is comparable with that
obtained for SSRI.

Conclusions

Although considerable improvement in the qual-
ity of randomized clinical trials has recently
been achieved, no major breakthrough in terms
of long-term slowing of the progression of dia-
betic neuropathy by drugs derived from the
pathogenetic concepts has been demonstrated.
Thus, several of the lessons learnt in the past
have yet to be incorporated into the designs of
future trials. Some of the newer drugs have been
evaluated in phase II trials, the results of which
require confirmation from large phase III trials.
Adequate designs for randomized clinical trials
in diabetic neuropathy have to consider particu-
larly the following aspects: type and stage of
neuropathy, homogeneity of the study popula-
tion, outcome measures (neurophysiological
markers, intermediate clinical endpoints, ulti-
mate clinical outcomes, quality of life), natural
history, sample size and study duration. It has
been suggested that these trials should be long
enough (3–5 years), adequately large (n ≥ 500),
include patients with mild rather than advanced
neuropathy, and aim at clinically meaningful
and reliable outcome measures assessed by
high-quality standards which are rigorously con-
trolled [61]. It is also conceivable that drugs
interfering with the pathogenesis of diabetic
neuropathy may be more effective in terms of
prevention rather than intervention.

Despite the recently accelerating publication
rate for randomized clinical trials demonstrating

significant pain relief with several agents, the
symptomatic pharmacological treatment of
chronic painful diabetic neuropathy remains a
challenge for the physician. A survey of physi-
cians experienced in treating neuropathic pain
demonstrated that only a minority would judge
their analgesia results as excellent or good with
antidepressants (40%), anticonvulsants (35%),
opioids (30%) or simple analgesics (18%) [62].
Major limiting factors are still the paucity of
adequately large conclusive trials and the rela-
tively high rates of adverse effects for several
drug classes. Recent trials evaluating agents
such as gabapentin or tramadol have included
adequately large patient samples, but the effect
on pain was not superior to that obtained with
the tricyclic compounds which have been used
for many years. Thus, individual tolerability will
be a major aspect in the physician’s treatment
decision.

There is almost no information available from
controlled trials on long-term analgesic efficacy
and the use of drug combinations. Combination
drug use or the addition of a new drug to a
therapeutic regimen may adversely lead to
increased drug toxicity or decreased efficacy.
Drug interactions should be more predictable
based on the knowledge of which compounds
induce inhibition or are metabolized by specific
cytochrome P450 enzymes [63]. Drug combina-
tions might also include those aimed at sympto-
matic pain relief and quality of life on the one
hand and improvement or slowing the progres-
sion of the underlying neuropathic process on
the other. Future trials should consider these
aspects in order to optimize the current treat-
ment strategies in painful diabetic neuropathy.
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