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Abstract

The prevalence of painful diabetic peripheral neuropathy (PDN) is about 20% in patients with type 2 diabetes and 5% in those with type 1.
Patients should be systematically questioned concerning suggestive symptoms, as they are not usually volunteers. As PDN is due to small-fibre
injury, the 10 g monofilament pressure test as well as the standard electrophysiological procedures may be normal. Diagnosis is based on clinical
findings: type of pain (burning discomfort, electric shock-like sensation, aching coldness in the lower limbs); time of occurrence (mostly at rest
and at night); and abnormal sensations (such as tingling or numbness). The DN4 questionnaire is an easy-to-use validated diagnostic tool. Three
classes of drugs are of equal value in treating PDN: tricyclic antidepressants; anticonvulsants; and selective serotonin-reuptake inhibitors. These
compounds may be prescribed as first-line therapy following pain assessment using a visual analogue scale. If the initial drug at its maximum
tolerated dose does not lead to a decrease in pain of at least 30%, another drug class should be prescribed; if the pain is decreased by 30% but
remains greater than 3/10, a drug from a different class may be given in association.
© 2011 Elsevier Masson SAS. All rights reserved.

Keywords: Diabetic peripheral neuropathy; Painful neuropathy; Treatment; Review; Guidelines

Résumé

Neuropathie diabétique douloureuse. Diagnostic et traitement.
La neuropathie douloureuse concerne environ 20% des diabétiques de type 2 et 5% des diabétiques de type 1. Elle doit être systématiquement

cherchée par l’interrogatoire car les patients n’en parlent pas spontanément. C’est une complication qui concerne les petites fibres. Elle peut donc
s’accompagner d’un test au monofilament et d’un électromyogramme normaux. Le diagnostic est clinique : type de douleur (brûlure, décharge
électrique, froid douloureux. . .), horaire de survenue (plutôt au repos, plutôt la nuit), sensations anormales (fourmillement, engourdissement. . .).
Le questionnaire DN4 est un outil diagnostique simple et validé. Trois classes médicamenteuses ont fait la preuve d’une efficacité équivalente :
les antiépileptiques, les anti-dépresseurs tricycliques et les inhibiteurs mixtes de la recapture de la sérotonine et de la noradrénaline. Elles peuvent
donc être prescrites en première intention, après évaluation de la douleur sur une échelle numérique. À dose maximale tolérée, si le traitement
initial n’a pas permis de diminuer la douleur de 30%, une autre classe doit être choisie. Si la douleur a diminué de 30% mais reste supérieure à
3/10, deux classes peuvent être associées.
© 2011 Elsevier Masson SAS. Tous droits réservés.

Mots clés : Neuropathie périphérique diabétique ; Neuropathie diabétique ; Traitement ; Revue générale ; Recommandations

Abbreviations: PDN, diabetic peripheral neuropathy; CSDPN, chronic sensorimotor diabetic peripheral neuropathy; QoL, quality of life; IGT, impaired glucose
tolerance; MNSI, Michigan neuropathy screening instrument; NNT, Number of patients to treat to obtain a beneficial effect; NNMH, Number of patients to treat to
obtain a major side effect; NSAID, Non-steroidal anti-inflammatory drug; SSNRI, Selective serotonin-norepinephrine reuptake inhibitor;
SRI, Serotonin reuptake inhibitor; GABA, gamma-aminobutyric acid.

∗ Corresponding author. Tel.: +33 1 42 17 81 18; fax: +33 1 42 17 82 39.
E-mail address: agnes.hartemann@psl.aphp.fr (A. Hartemann).

1262-3636/$ – see front matter © 2011 Elsevier Masson SAS. All rights reserved.
doi:10.1016/j.diabet.2011.06.003



378 A. Hartemann et al. / Diabetes & Metabolism 37 (2011) 377–388

1. Epidemiology

The acute presentation of PDN is rare, and the chronic variant
is by far themost common form, presenting as part of theCSPDN
[1].

1.1. Prevalence and incidence

The prevalence and incidence of PDN are difficult to assess
precisely: indeed, few studies have focused only on the painful
form of CSDPN; and differences in the selected studied pop-
ulations and diagnostic criteria account for the wide range of
published estimates. However, 50% of diabetic patients with
peripheral neuropathy are estimated to report painful symp-
toms [2–4]. Earlier studies reported a prevalence of lower-limb
pain ranging from 6% [5] to 27% [6], and it was more com-
mon in type 2 (32%) than in type 1 (12%) diabetes [7].
According to a hospital-based study, the prevalence of PDN
was estimated to be 11% in diabetic patients aged > 60 years
[8]; a similar rate was reported in a study from Germany
[9].
Three studies give more precise data, two of which were con-

ducted in the UK in primary-care practices. The study byDaousi
et al. [10] included 356 (mainly type 2) diabetic patients: from
a structured questionnaire and clinical examination, CSDPN
was diagnosed in nearly half the patients, but only a third of
them complained of chronic pain (present for at least 1 year),
giving a prevalence rate of 16% for PDN compared with 5%
for chronic neuropathic pain in an age- and gender-matched
non-diabetic population. Also, 12.5% of the patients with PDN
reported that they had never talked about their symptoms to
a physician, and 39% said they had never been treated for
the condition. The study by Davies et al. [11] showed a 26%
prevalence of PDN in a type 2 diabetic population; this preva-
lence rate rose to 44% for diabetic patients suffering from
CSDPN.
The third study—a multicentre study recently conducted in

Belgium of 1111 diabetic patients—estimated the prevalence
rates of CSDPN and PDN using validated tools [12]. In every
patient, hypoaesthesia was tested using the Neuropen®, a device
that assesses both pain and pressure (monofilament) perception,
and allowsCSDPN tobe identifiedwith confidence [13]. Patients
complaining of pain completed the DN4 neuropathic pain diag-
nostic questionnaire to confirm that the pain was of neuropathic
origin. Mean diabetes duration was significantly longer in type
1 (16 years) compared with type 2 (11 years) diabetic patients.
The prevalence of CSDPN was 43%, and was higher in type
2 (51%) than in type 1 (26%) diabetics; also, around one-third
of these patients had lower-limb neuropathic pain with a preva-
lence of PDN of 14%, which was higher in type 2 (18%) than in
type 1 (6%) diabetic patients. These estimates from specialized
centres are similar to those reported in primary-care practice
[10,11].
In France, a prevalence rate of 8% was reported for PDN;

however, this study was of questionable reliability [15].
Taking all these studies into consideration, the prevalence of

PDN may be estimated at 15–20% in type 2 and about 5% in

type 1 diabetic patients. The incidence rate would be around 2%
per year [16].

1.2. Quality of life

PDN greatly alters the QoL, as shown by many studies
[4,11,12,17]. Benbow et al. [18] reported that scores were
significantly lower in patients with PDN for five of the six
health-relatedQoLdomains (energy, sleep, pain, physicalmobil-
ity and emotional reactions). In the study by Van Acker et al.
[12], whereas painless CSDPN appeared to not have a signifi-
cant impact on QoL, PDNwas associated with severe alterations
in both the physical and mental components of QoL. The dele-
terious impact was particularly marked on sleep and joy in life
[3,17–19]. Many studies have shown a significant relationship
between pain intensity and worsening of self-assessed health
status [3,20].

1.3. Cost of illness

The average annual cost of pain medication as monother-
apy in patients with PDN is estimated to be about $ 300.
However, the cost varies widely according to the type of medi-
cation, and increases substantially when several drugs are used.
Furthermore, extra medical costs due to physician visits and
neurological tests, as well as indirect costs associated with loss
of productivity, should be added to the pharmaceutical cost of
treating PDN [21,22].

1.4. Risk factors

The results of studies of risk factors for PDN are sometimes
conflicting [23,24], but age and diabetes duration have been the
most frequently reported risk factors [5,6,9,12,25,26]. Harris
et al. [6] showed that arterial hypertension was significantly
associated with PDN. Tall stature has been implicated as a risk
factor for neuropathy because of the length-dependent deterio-
ration of nerve fibres [27,28]; however, unlike sensitivity loss,
the patient’s height was not a significant, independent factor for
the occurrence of pain [25]. The role of hyperglycaemia is not
clear as regards the painful component of CSDPN [5,6,10,25].
Painful neuropathy has been associated with IGT [29]. Around
10% of patients with IGT and 4% with moderate fasting hyper-
glycaemia suffer from painful neuropathy [9,30]. On the other
hand, IGT can also be seen in 30–55%of patientswith idiopathic
sensitive neuropathy and especially in those complaining of pain
[31,32]. In the study by Sumner et al. [29], 26 out of 73 patients
with peripheral neuropathy of unknown origin had IGT (36%)
and 15 were diabetic (21%): neuropathy was painful in 77% of
those with IGT and in 93% of the diabetic patients. The severity
of neuropathy, as assessed by the results of electrophysiologi-
cal studies and the density of intradermal neural fibres, was less
marked in cases of IGT than of diabetes, and mostly involved
nerve fibres of small diameter. Autonomic dysfunction, also due
to preferential damage to small nerve fibres, may be present in
cases of IGT [33].
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In the study of Van Acker et al. [12], neuropathy was associ-
ated with obesity, and with low high-density lipoprotein (HDL)
cholesterol and high plasma triglyceride levels. This relationship
was particularly marked in the presence of PDN, suggesting that
some components of the metabolic syndrome could play a role
not only in the development of neuropathy [34,35], but also of
neuropathic pain. However, as IGT and the metabolic syndrome
are frequently associated, it is difficult to distinguish between
confounding factors, and the relationship of cause and effect.
The role of a genetic predisposition and/or environmental

factors has been suggested by Galer et al. [3], who reported that
a large percentage (56%) of patients with PND also had first- or
second-degree relatives who suffered from PND.
PND can have an acute onset shortly after a sudden improve-

ment of glycaemic control, usually related to the initiation of
insulin treatment (so-called ‘insulin neuritis’) [23,24,36–42].On
the other hand, a similar clinical condition has been described,
but in association with poor glycaemic control and rapid weight
loss [43,44] and, sometimes, in girls with eating disorders.
As yet, no epidemiological study is available of these acute
painful forms of diabetic neuropathy that are known to be rare
[1,24,45,46].

2. Pathophysiology

Diabetic polyneuropathy always involves damage to the
small neural fibres [47,48]. However, a distinction must be
made with the small myelinated (A-delta) fibres that are
associated with sensitivity to cold and prick, and the small
unmyelinated (C) fibres that are responsible for sensitivity to
heat and pain (Table S1; see supplementary material asso-
ciated with this article online). These small fibres are not
assessed by electrophysiological procedures. Autonomic fibres
(sympathetic and parasympathetic nerves) are also part of
this small-fibre group. In contrast, the large myelinated fibres
responsible for sensitivity to touch (tested by monofilament)
and proprioception (tested by tuning fork) are affected later
(Table S1; see supplementary material associated with this arti-
cle online), and electrophysiological procedures explore only
these large neural fibres.
Despite the large number of studies, it has still not been possi-

ble to allocate the occurrence of nerve-related pain to a particular
type of lesion [49]. Recent studies of the intraepidermal nerve
endings, as a means to analyze small fibres, showed that a major
loss of these endings was associated with neuropathic pain only
in patients who had little or no objective signs of neuropathy,
thereby suggesting that the loss of nerve endings is not sufficient
to induce pain [50].
Usingmicroneurographic recordings that can study unmyeli-

nated C-fibre function, the sensitization of C nociceptors was
shown in diabetic patients with neuropathy, as well as a decrease
in the number of mechanoresponsive to mechano-insensitive
nociceptors and the presence of abnormal fibres (probably
degenerated). As a consequence, the distribution of C nocicep-
tors is modified and their excitability altered [51].
Mechanisms that might explain nociceptor hyperexcitabil-

ity include dysregulation of the synthesis and function of ionic

channels (mainly sodium channel) [52], and a genetic suscep-
tibility, as suggested by a mutation of the gene coding for a
unit of the sodium channel (NaV1.7); this channel is largely
present in the dorsal root ganglion of the peripheral nerves of
most nociceptors. The mutation has been identified especially in
patients with erythromelalgia, whose symptoms are character-
ized by paroxysmal pain (burning) in the limbs associated with
vasomotor dysfunction [53].

3. Diagnosing diabetic polyneuropathy

3.1. Diabetic polyneuropathy, ‘at-risk’ foot and
neuropathic pain: how to tell the difference

3.1.1. Chronic sensorimotor diabetic peripheral
neuropathy and foot at risk for ulceration
CSPDN is distal, symmetrical and often asymptomatic. The

subjective symptoms are usually discrete or absent, although the
diagnosis can be made on examination using the Neuropen [13].
Resembling a small pen, this device has a 10 gmonofilament that
tests the touch/pressure sensation (large nerve fibres) at one end,
and a blunt needle at the other end for assessing sharpness/pain
sensation (small fibres) (Table S1; see supplementary mate-
rial associated with this article online). The Neuropen enables
screening for CSDPN with good sensitivity and specificity. A
screening diagnostic scale such as the MNSI can also be used
to calculate a probability score for CSDPN based on a question-
naire and physical examination [24,54].
In CSDPN, the large nerve fibres are damaged later than the

small ones. This means that the monofilament and tuning fork
(128Hz) test become abnormal only at a late stage of CSDPN.
The risk of foot ulceration in diabetic patients is due to dam-
aged large nerve fibres. The tuning fork and monofilament tests
are therefore not tools for diagnosing CSDPN or PDN, but for
screening patients whose feet may be at risk of skin ulcera-
tion. Thus, a normal monofilament test does not argue against a
diagnosis of CSDPN.
Electrophysiological tests have no place in the diagnosis

of CSDPN, as they can be normal when only small-diameter
fibres are damaged. Such procedures should be performed only
when the clinical presentation is atypical and the diabetic origin
uncertain (asymmetrical symptoms or involvement of the upper
limbs).

3.1.2. Diabetic peripheral neuropathy
PDN is due to the involvement of the small nerve fibres

[55,56], and its diagnosis is based on the patient’s history and
physical examination. The symptoms of neuropathic pain are
highly varied in contrast to nociceptive pain [14]. The pain
occurs usually at rest, and is typically worse at night and some-
times relieved by walking barefoot. The pain may be moderate
or severe and spontaneous or provoked by some external stim-
uli. Some patients complain of allodynia induced by contact
with bedclothes or diapers, or provoked by a non-painful ther-
mal stimulus; other patients are prone to hyperalgesia (Appendix
S1: Glossary; see supplementary material associated with this
article online). Finally, the pain may be described as sudden
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burning discomfort, a stabbing or an electric shock-like sensa-
tion; paraesthesia and dysaesthesia are also frequently reported,
including squeezing, tingling or numbness. These symptoms
may be isolated or variably associated.
Physical examination should look for signs typical of small-

fibre involvement, such as a decrease in prick or temperature
perception, or allodynia induced by touching or rubbing. Signs
of autonomic neuropathymay be associated when A-delta fibres
are damaged.
Involvement of large-diameter fibres, as assessed by the 10 g

monofilament and tuning fork tests, usually arises later. How-
ever, these two tests as well as electrophysiological procedures,
which detect only lesions of the large fibres, may be completely
normal in painful neuropathy.
A number of questionnaires have been developed to help

practitioners diagnose neuropathic pain [57]. The DN4 ques-
tionnaire is of particular interest, as it can be rapidly completed,
is easy to use and has a good diagnostic performance: for
a score≥ 4/10, it has a sensitivity of 83% and a specificity
of 90% for diagnosing neuropathic pain (Appendix S2; see
supplementary material associated with this article online).
Once neuropathic pain has been diagnosed, the intensity of

the pain needs to be assessed, using a visual analogue or numer-
ical (10-point) scale, before introducing any treatment in order
to evaluate treatment efficacy.

3.2. Diagnostic problems

Any pain occurring in a diabetic patient is not necessarily due
to neuropathy and, conversely, diabetic neuropathy is not always
painful. Studies in a large number of patients [14,56,58–61] sug-
gest that, in most cases, a clinical approach may be sufficient for
diagnosis.

3.2.1. Peripheral artery disease of the lower limb
Themost commondiagnostic error is to superficially question

the patient about the ‘pain in the legs’ and to consider the pain
to be mainly related to arterial disease [62,63]. If Doppler ultra-
sonography is required, it should be correctly interpreted: pain
related to arterial disease occurs only if stenosis is > 70%.Simple
parietal lesions do not induce pain and may be associated with
a genuine diabetic painful neuropathy. Also, the diagnosis of
neuropathic pain should be a positive diagnosis, not a diagnosis
made by exclusion of other causes [64].

3.2.2. Other causes of neuropathic pain
Mononeuritis, entrapment syndromes (particularly Morton’s

neuroma) and congenital or acquired spinal stenosis can also
induce neuropathic pain. Each of these conditions has specific
characteristics: painful mononeuritis (focal neuropathy) is gen-
erally unilateral or asymmetrical and localized to a defined
neuroanatomical area (dermatome), and a typical example is
cruralgia, which is commonly seen in diabetic patients and may
be associated with symptomatic polyneuropathy; spinal steno-
sis induces radicular lumbosacral pain, which occurs only when
walking and with symptoms of typical intermittent claudication

[65]; it is sometimes associated with discopathy, and electro-
physiological studies may confirm the radicular involvement.

3.2.3. Other differential diagnoses
Restless legs syndrome may be associated with paraesthe-

sia and dysaesthesia of the lower limbs. Symptoms occur at
rest particularly before sleep and are associated with an urge
to move the legs, sometimes associated with periodic move-
ments of the lower limbs. Symptoms are alleviated by voluntary
movements and walking [66]. Co-morbidities—whether local,
regional or systemic—should be carefully monitored [64], and
venous insufficiency, hip or knee chondropathy and muscle dis-
orders must also be assessed.

4. Treatment

4.1. Drug treatments

There is now a consensus among experts that the analgesic
efficacy of drug treatments for neuropathic pain is independent
of the aetiology of neuropathy. However, most trials of neu-
ropathic pain have been conducted in DPN and postherpetic
neuralgia. A number of drug classes are available for treatment,
but there are still only a few large-scale comparative studies
(see the evidence-grading system for drugs in Appendix S3 in
the supplementary material associated with this article online).
The benefit/risk ratio of the drugs available for neuropathic

pain is generally evaluated using the NNT—the number of
patients that have to be treated to obtain one additional bene-
ficial outcome, such as pain improved by at least 50%, with the
active drug vs the placebo—and the number needed for major
harm (NNMH)—the number of patients that have to be treated to
obtain one major side effect compared with a placebo (Table 1).

4.1.1. Level 1 analgesics [paracetamol, salicylates and
non-steroidal anti-inflammatory drugs (NSAIDs)]
These drugs are considered ineffective or poorly effective

against neuropathic pain [67,68].

4.1.2. Tricyclic antidepressants
These drugs have been widely used for the treatment of

neuropathic pain. Their analgesic effects are independent of
their antidepressant effects, and mainly involve their action on
descending norepinephrine-related inhibitory systems. Efficacy
(amitriptyline, imipramine, clomipramine) has been demon-
strated in several placebo-controlled studies (level A) [69–78],
although these were generally of short duration and included
only a small number of patients. The efficacy was similar across
all of these drugs [79] (Appendix 1; see supplementary material
associated with this article online).
To minimize side effects, the treatment should be initiated

at low dosages in the evening (10mg/day of amitriptyline, for
example) and titrated progressively (for example, 10mg every
7 days up to 150mg/day for clomipramine).
Side effects are dose-dependent and may limit the use of

these drugs, and include sedation, anticholinergic effects (dry
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Table 1
Efficacy and side effects of the most commonly used pharmacological agents
for painful diabetic neuropathy.

Drug class INN NNMH NNT

TCAs Amitriptyline 15 2.1
Desipramine 24 2.2/3.2
Imipramine 1.3/2.4/3.0
Clomipramine 8.7 2.1

SSNRIs Duloxetine 18 (60mg/J) 5.3 (60mg/J)
9 (120mg/J) 4.9 (120mg/J)

Venlafaxine 21 (75–225mg/J) 6.9 (75–225mg/J)
17 (150–225mg/J) 4.6 (150–225mg/J)

�2� Ligands Pregabalin 23 (300mg/J) 6.0 (300mg/J)
11 (600mg/J) 4.0 (600mg/J)

Gabapentin 3.8/4.0

Opioids Oxycodone 2.6
Tramadol 7.8 3.1/4.3

(Adapted from [38])
INN: International non-proprietary name; NNMH: number needed for major
harm (number of patients who have to be treated with a drug to show one major
adverse effect); NNT: number needed to treat (number of patients who have to be
treatedwith a therapy to observe a clinically relevant effect in one patient); TCAs:
tricyclic antidepressants; SSNRIs: selective serotonin-norepinephrine reuptake
inhibitors;�2�Ligands: ligands to the alpha-2-delta subunit of voltage-activated
calcium channels.

mouth, constipation, blurred vision, sweating, tachycardia, uri-
nary retention), adrenolytic effects (orthostatic hypotension,
impotence) and weight gain. Anticholinergic effects and weight
gain are especially prominent with amitriptyline [80]. The main
contraindications include prostatic adenoma, recent myocar-
dial infarction, glaucoma and heart conduction abnormalities.
Imipramine and clomipramine are approved for treating ‘neu-
ropathic pain’ in France, and amitriptyline for ‘peripheral
neuropathic pain’ and ‘refractory pain’.

4.1.3. Selective serotonin-norepinephrine reuptake
inhibitors (SSNRIs)
These drugs have beenmore recently developed, based on the

significant role of norepinephrine in endogenous pain modula-
tion through the descending norepinephrine inhibitory pathway.
Well-conducted studies have shown some efficacy with dulox-
etine in PDN (level A) [81,83]. A significant improvement in
sleep disturbance and QoL has also been reported. The max-
imum effect is obtained with a dose of 60mg/day (Table 1)
[84,85]; the use of higher dosages does not improve efficacy, but
is instead associated with more frequent side effects [81,82].
Duloxetine (30 or 60mg tablets) is approved only for the pain

associated with diabetic neuropathy. A slow titration, starting
at 30mg, may reduce the occurrence of side effects, includ-
ing somnolence, nausea, dizziness, constipation, dry mouth and
loss of appetite. Severe hepatitis has been rarely reported. In
clinical trials, duloxetine treatment was discontinued by around
20% of patients because of side effects. Liver disease, renal
failure (creatinine clearance < 30mL/min) and glaucoma are
contraindications for duloxetine. Also, the drug can raise blood
pressure, and must not be combined with inhibitors of CYP1A2
(fluvoxamine, ciproflaxine, enoxacine).

Venlafaxine has also shownefficacy inPDN[86,87], but is not
approved for treating painful neuropathy. The treatment, start-
ing at 37.5mg/day may be progressively increased by steps of
75mg/week to up to 150–225mg/day. The slow-release form
can be administered once a day. Side effects are similar to those
described above for duloxetine, although cardiovascular adverse
events are more frequent (electrocardiographic abnormalities
and increases in blood pressure with higher dosages).

4.1.4. Selective serotonin reuptake inhibitors (SSRIs)
Two randomized controlled studies, but with methodological

flaws (level B), have suggested some efficacy with paroxe-
tine [88] and citalopram [89]. Nevertheless, in one comparative
study, their efficacywas less than that of tricyclic antidepressants
[88], and another reported no efficacy with fluoxetine [73]. A
systematic review concluded that SSRIs have only limited and
clinically non-significant effects on neuropathic pain. The most
frequent side effects of SSRIs include dizziness, somnolence,
headache and nausea.

4.1.5. Anticonvulsants
Despite its name and its structural similarity to GABA,

gabapentin does not act directly on the GABAergic system. Its
analgesic effects are probably mostly related to its binding to the
alpha-2-delta subunit of the voltage-gated calcium channels of
the central nervous system, thereby inducing a decrease in the
release of glutamate.
Gabapentin has been proved effective against neuropathic

pain in a number of randomized controlled studies (level A)
[90–94] (Table 1). The analgesic effects were associated with a
significant positive impact on sleep disturbance and QoL.
Plasma concentrations of gabapentin are not directly pro-

portional to the dose administered, as its digestive absorption
depends on the saturable transport system. This explains why
high dosages given three or four times a day are necessary
[95]. However, a recent double-blind randomized controlled
trial showed that a slow-release formulation given once a day
was equally effective for PDN [96]. Gabapentin is not signifi-
cantly metabolized in humans and has only a few interactions
with concomitant pharmacological treatments. However, as
gabapentin is only eliminated by the kidneys as unchanged drug,
dosages need to be adjusted in patients with renal impairment
[95].
The starting dose should be 300mg TID, with a progressive

increase every 7 days up to 1200–3600mg/day. Discontinuation
of gabapentin should also be progressive (tapered).
The main side effects include somnolence, asthenia, dizzi-

ness, gastrointestinal disorders, drymouth and headache.Weight
gain and peripheral oedema have also been reported. Gabapentin
is currently approved for peripheral neuropathic pain.
Pregabalin has been marketed more recently, and its mecha-

nisms of action are similar to those of gabapentin. The efficacy
of pregabalin for neuropathic pain has been shown in several
good-quality studies (level A) [97–101]. The NNT to obtain a
reduction in pain intensity of at least 50% is six patients at a dose
of 300mg/day, and four patients at a dose of 600mg/day [102]
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(Table 1). Sleep disturbance and anxiety are also significantly
reduced by the treatment.
Pregabalin is not metabolized in the liver, and only elimi-

nated by the kidneys. There are no significant pharmacological
interactions with other drugs. Thus, it is not necessary to adjust
dosages according to liver function, although the daily dose
needs to be adapted in patients with renal failure. The start-
ing dose is 150mg/day BID, to be progressively increased every
3–7 days up to 600mg/day BID. Discontinuation of treatment
should also be progressive.
The main side effects are somnolence, asthenia, dizziness,

gastrointestinal disorders, drymouth, headache, weight gain and
peripheral oedema. Pregabalin is currently approved for both
peripheral and central neuropathic pain.
Carbamazepine is the first-line treatment for trigeminal neu-

ralgia. Early studies (level C) suggested that it might be effective
in PDN [103,104] and, in France, carbamazepine is approved
for neuropathic pain in adults. The usual treatment dosages are
between 600 and 1600mg/day, starting at 200mg/day and pro-
gressively increased every 3 days by 200mg/day, depending on
the side effects and clinical efficacy.
Carbamazepine induces a number of dose-related side effects,

including hepatitis, skin rash and other severe dermatolog-
ical reactions (Stevens–Johnson syndrome), haematological
complications (agranulocytosis), hyponatraemia and cognitive
dysfunction. The drug is almost fully metabolized in the liver
(CYP450, 3A4) and produces an active metabolite. In addition,
carbamazepine is a powerful enzyme inducer with a large num-
ber of drug interactions. Its prescription should be carefully
monitored with blood tests every 2–3months.
In good-quality studies (level A), other anticonvul-

sants/antiepileptics such as lamotrigine [105,106] and oxcar-
bazepine [107] have not shown any clinically significant
efficacy. Also, the efficacy of sodium valproate [108] remains
open to discussion (level B), as two studies gave conflict-
ing results. In addition, these agents can induce potentially
serious adverse events, thus limiting their use. Furthermore,
topiramate showed no significant efficacy in PDN [67]. None
of these antiepileptics has official approval for their use in
PDN.
However, clonazepam is one of the most prescribed

antiepileptics for neuropathic pain in France. Its efficacy for
paroxysmal painwas long suggested by one study of poor quality
(level C) [109], but no controlled study was conducted in PDN.
Its possible efficacy, reported only in practice, could be related
to its hypnotic and anxiolytic properties. Nevertheless, the drug
has no official authorization for the treatment of neuropathic
pain.
Clonazepam is commonly administered as drops in the

evening: the starting dose is usually five drops, to be increased
gradually; the effective dosage varies greatly from one patient
to another.
Its most common unwanted side effect is daytime somno-

lence. As clonazepam is a benzodiazepine, its prolonged use
at high dosages can also induce tolerance, leading to a risk of
physical and psychological dependence during treatment, and
withdrawal syndrome on discontinuation.

4.1.6. Opioids
Extended-release oxycodone has proved its efficacy in PDN

(level A) [110–112] as well as in postherpetic pain. Never-
theless, opioids should only be used for patients failing to
respond to non-opioid treatment. The most frequent side effects
include nausea, constipation, drowsiness, dizziness and dry
mouth; the frequency of such adverse events explains why fewer
than one patient in five continues the treatment beyond 1 year
[67]. The rules of prescription are the same as those for any
long-term morphine-like agent. Effective dosages range from
10–120mg/day for oxycodone (40–60mg/day on average), and
from 15–300mg/day for morphine.
Tramadol possesses agonist properties at the opioid recep-

tors and inhibits the recapture of monoamines. Its efficacy was
proven in PDN by studies of goodmethodology (level A), with a
possible effect on allodynia [113,114]. The effective dose range
is 200–400mg/day. Tramadol is available as an immediate- or
delayed-release capsule. It is advisable to start treatment using
regular capsules at lowdosages (50mg/day in the evening), espe-
cially in the elderly, and then to increase dosages by steps of
50mg every 4–7 days.
The most frequent unwanted side effects include nausea,

constipation, headache, somnolence, dizziness, dry mouth and
urinary disorders, although the extended-release form is better
tolerated. Risk of seizure is increasedwhen combinedwith drugs
that lower the epileptogenic threshold, such as tricyclic antide-
pressants, or in patients with epilepsy. Precautionary measures
for its use are imperative when associated with SSRIs because
of the potential risk of serotoninergic syndrome.

4.1.7. Comparison of treatments
Comparative drug studies are relatively rare. Amitriptyline

was compared with gabapentin in studies of good quality (level
A) [78,115] that concluded that these two agents have similar
efficacy. Amitriptyline was also compared with pregabalin in a
level A study [116]: no difference in effectiveness was reported,
but drowsiness wasmore frequent with amitriptyline (43%) than
with pregabalin (20%). In another good-quality study (level A),
amitriptyline and duloxetine were shown to have similar effec-
tiveness [117]. Yet another study of good methodology, but a
limited number of patients [74], found no difference between
amitriptyline and lamotrigine as regards pain. However, drowsi-
ness was more frequently reported with amitriptyline, although
side effects were more serious—albeit less frequent—with lam-
otrigine (renal failure in 9% of patients). Finally, ameta-analysis
comparing pregabalin, duloxetine and gabapentin [118] con-
cluded that duloxetine was as effective as the other two drugs.

4.1.8. Combination therapy
Few studies have tested the efficacy of combination drug

therapies. Gabapentin associated with the SSNRI venlafax-
ine appeared to be more effective than gabapentin alone
(level C) [93]. An additive effect was found when combining
gabapentin with morphine compared with monotherapy with
either gabapentin or morphine alone (level A) [119]: the efficacy
of the combination against pain was greater at lower doses than
those used in monotherapy. Similar results were also reported
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for the combination of gabapentin and a tricyclic antidepressant
(nortriptyline, a metabolite of amitriptyline) in a level A study
[78].

4.1.9. Treatment costs
These are presented in Table S2 (see supplementary mate-

rial associated with this article online).

4.1.10. ‘Emergent’ treatments
A recent study involving a small number of subjects showed

no superiority of the cannabinoid compounds over placebo in
the treatment of PDN [120]. However, numerous other experi-
mental agents are currently in development, such as ABT-594,
an agonist of the nicotinic receptor in cholinergic neurons that
was proved effective in a double-blind, randomized, placebo-
controlled trial of 266 patients with PND; however, there was a
high rate of side effects [121]. In addition, a study involving a
small number of patients with PND suggested that intradermal
injection of botulinum toxin type A might be able to alleviate
pain and improve quality of sleep [122].

4.2. Non-pharmacological treatments

Transcutaneous electrical nerve stimulation (TENS) has
been the subject of a few randomized studies [123], and can
be recommended in cases of pain in a limited area (level B).
More invasive treatments, such as central neurostimulation,
may be discussed for patients unresponsive to pharmacological
treatments. Other non-drug treatments, such as acupuncture

and psychotherapy, are available, although recommendations
are not possible, given that very few trials have been carried out
and with conflicting results.

4.3. Pathogenetic treatments

4.3.1. Glycaemic control
The Diabetes Control and Complications Trial (DCCT)

clearly established that poor glycaemic control is associatedwith
the occurrence or worsening of peripheral neuropathy [124],
but whether improvements in glycaemic control can decrease
neuropathic pain intensity is still a subject of debate.
In addition, proving that a treatment for painful neuropathy

is effective in the long-term is difficult, as a decrease in pain
intensity does not necessarily mean that the anatomical lesions
are improving. In fact, neuromuscular biopsies have shown that
the improvement of pain is associated with the disappearance of
nerve fibres [125,126].
Studies involving a large number of patients, such as the

BARI 2D study in patients with coronary disease [127], suggest
that a decrease in HbA1c is not associated with improvement
of neuropathic pain [128]. Sorensen et al. [25] reported similar
results. A few studies gave the opposite view, but the number of
included patients was often very small (level C) [129]. In type
1 diabetic patients with PDN, the role of glycaemic excursions
was evaluated using a continuous glucose measurement system
[130], which showed that the number of glycaemic excursions is
not related to the level of neuropathic pain.Also, continuous sub-
cutaneous insulin infusion did not improve pain [129]. Indeed,

Table 2
Advantages and disadvantages of the most commonly used pharmacological agents for painful neuropathy.

INN Trade name Advantages Disadvantages

Gabapentin Neurontin® or
generic drugs

No major drug interactions Adverse events
Titration
TID
Cost

Duloxetine Cymbalta® Easy and rapid dose titration
Taken daily
Antidepressant/antianxiety effects

Adverse events
Drug interactions

Pregabalin Lyrica® No major drug interactions
Antianxiety effect

Adverse events
Titration
Cost

AmitriptylineImipramineClomipramine Laroxyl®

Tofranil®

Anafranil®

Drops
Low cost
Antianxiety effect (clomipramine)
Antidepressant effect at high doses

Titration scheme
Anticholinergic/ adrenolytic effects

Oxycodone Morphine (slow-release) Oxycontin
LP®

Beneficial effect on possibly associated
inflammatory pain

Adverse events
Physical dependence

Tramadol Beneficial effect on possibly associated
inflammatory pain

Adverse events
Physical dependence

Carbamazepine Tegretol® Titration scheme
Enzyme inducer
Adverse events
Cost

Clonazepam Rivotril® Drops
Low cost

No available study of analgesic effects
Somnolence, memory problems
Dependence, withdrawal syndrome

INN: International non-proprietary name.
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as already mentioned above, the increase in pain intensity may
be the result of too-rapid glycaemic normalization.
Pancreas transplantation is a good means of studying the

impact of normalizing blood glucose levels. However, studies of
peripheral neuropathy outcomes in the first year after pancreas
transplants gave discordant conclusions [131,132]. Over the first
4 years, peripheral neuropathy did not improve [133], although
improvements in electrophysiological data and pain levels were
later observed [134,135]. These results need to be interpreted
with caution, as the studies involved kidney plus pancreas trans-
plantation. Therefore, it is possible that the improvement of the
uraemic syndrome related to kidney transplantation, which is
also involved in painful neuropathy,might explain this beneficial
effect.

4.4. Other treatments

Many treatments have been proposed to prevent or
improve peripheral neuropathy, such as aldose reductase
inhibitors, inhibitors of glycation, protein kinase C-� inhibitors,
angiotensin-converting enzyme inhibitors and nerve growth
factors [24]. Two meta-analyses and two randomized studies
suggest that the antioxidative properties of alpha-lipoic acid
may improve peripheral neuropathy symptoms such as pain and
motor dysfunction [38]. This product, however, is not available
in France. The use of capsaicin [137] and lidocaine [138] have
also been proposed.

5. Therapeutic recommendations

Treatments for PDN aim to decrease pain intensity (symp-
tomatic treatment) and, wherever possible, improve QoL
(Table 2 and Appendix 1). Such treatments are not intended
to act on abnormal sensations (dysaesthesia), but only on pain.
Patients need to be informed that the complete disappearance of
pain is rarely achieved.
Pain intensity (as determined by a visual analogue scale,

for example) and its consequences have to be evaluated before
starting treatment and at each step of titration. A decrease in
pain of at least 30% is considered clinically acceptable [136]. If
the pain intensity decreases by < 30% with the maximum toler-
ated dose, then changing the drug class is recommended (expert
consensus).
For low-intensity pain (< 3/10), it is possible to start with a

first-level analgesic drug, as these compounds are well toler-
ated and inexpensive—but they usually lack efficacy. For more
severe pain (≥ 3/10), and relying only on the evidence found in
the published studies so far (most of which are sponsored by
pharmaceutical companies), it would be recommended to first
use gabapentin, duloxetine, pregabalin or tricyclic antidepres-
sants such as clomipramine. These drugs have similar efficacy
on pain, although each one also has advantages and disadvan-
tages (Table 2). Tricyclic antidepressants, for example, have
potentially more serious side effects, but are less expensive and
formulated as drops, which facilitates titration whereas, with
duloxetine, titration is easy and it is taken only once a day, but
it comes with many side effects. The initial choice of treatment

may also be influenced by the co-morbidities associated with
PDN, such as depression, insomnia and anxiety.
Clonazepam has never been evaluated in controlled studies. It

has the advantages of being a sedative taken at night, formulated
as drops and having no serious side effects, but it can induce
dependence, as with other benzodiazepines. It can also be given
as an add-on treatment at night. However, as its efficacy has
never been proven, its use should be discouraged.
The efficacy of antidepressants in the SSRI class and of

the antiepileptic drugs (lamotrigine, topiramate, oxcarbazepine,
lacosamide) is low or inconsistent, and the evidence for the effi-
cacy of carbamazepine is insufficient. Furthermore, the latter
comes with many side effects, some of which are serious.
Whatever the agent(s) used, if efficacy is incomplete (effi-

cacy > 30%, but pain intensity > 3/10), it is recommended to give
a second drug from another class (for example, an antidepres-
sant with an antiepileptic drug). As a last resort, opioids or even
morphine can be used (Appendix 1).

Reminders and guidelines (see the decision
tree in Appendix 1)

- There is no firm evidence that strict glycaemic
control can alleviate pain; sudden improve-
ments in glycaemic control may even precipitate
pain or worsen painful symptoms.

- Pain intensity must be assessed before initiating
any pharmacological treatment, and reassessed
at each step of titration of drug dosage.

- For low-intensity pain (< 3/10), level 1 analgesics
(WHO ladder) may be given, but their efficacy is
generally low.

- For pain with an intensity ≥ 3/10, the following
agents are recommended as first-line ther-
apy: amitriptyline (Laroxyl®) or clomipramine
(Anafranil®) at an average effective dosage of
75 mg/day; duloxetine (Cymbalta®: 60 mg/day);
gabapentin (Neurontin® or generic drugs:
1200–3600 mg/day); and pregabalin (Lyrica®:
150–600 mg/day, average effective dosage:
300 mg/day). All of these drugs are of simi-
lar efficacy, and dosages must be gradually
increased step-by-step according to side effects
and pain relief (titration scheme). They do, how-
ever, differ in manageability (titration scheme,
number of tablets per day), cost and tolerability.

- As a rule, a drug is deemed successful if it
reduces pain intensity by at least 30% at the
maximum tolerated dose.

- If a drug is without efficacy, it is advisable to try
another drug.
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- If a drug is effective for pain relief, but pain
intensity remains > 3/10, it is recommended to
add another drug from a different class: if pos-
sible, the add-on drug should have an additive
effect to relieve pain (so the combination of
gabapentin and pregabalin, for example, is not
advisable).

- Tramadol or strong opioids such as morphine
and oxycodone are to be used only if first-line
therapeutic agents (alone or in combination)
have failed to adequately control pain.

- Regarding clonazepam (Rivotril®), no random-
ized controlled study is available for its putative
effect on pain. As with all benzodiazepines, the
long-term use of clonazepam can induce physi-
cal dependence.

Disclosure of interest

A. Hartemann: Lilly, Pfizer, Sanofi-Aventis. N. Attal: Pfizer,
Boehringer Ingelheim/Lilly, Grunenthal, Daiichi. D. Bouhas-
sira: Pfizer, Boehringer, Astra-Zeneca, Johnson & Johnson,
Grunenthal, Pierre Fabre, Astellas, Esteve, Medtronic, Newron,
Sanofi-MSDand Sanofi-Aventis. I. Dumont: none. H.Gin: Lilly,
Boehringer-Ingelheim, Pfizer. S. Jeanne: Lilly. G. Saïd: Lilly.
J.L. Richard: Lilly, Johnson and Johnson, Quigley Pharma.

Appendix A. Supplementary data

Supplementary material (Tables S1, S2; Appendices S1–S3)
associated with this article can be found at http://www.
sciencedirect.com, at doi:10.1016/j.diabet.2011.06.003.

References

[1] Tesfaye S, Templer P. Painful diabetic neuropathy. Diabetologia
2005;48:805–7.

[2] Veves A, Manes C, Murray HJ, Young MJ, Boulton AJM. Painful
neuropathy and foot ulceration in diabetic patients. Diabetes Care
1998;16:1187–9.

[3] Galer BS, Gianas A, Jensen MP. Painful diabetic polyneuropathy: epi-
demiology, pain description, and quality of life. Diab Res Clin Pract
2000;47:123–8.

[4] Gordois A, Seuffham P, Shearer A, Oglesby A, Tobian JA. The health
care costs of diabetic peripheral neuropathy in the US. Diabetes Care
2003;26:1790–5.

[5] Partanen J, Niskanen L, Lehtinen J, Mervaala E, Siitonen O, Uusitupa
N. Natural history of peripheral neuropathy in patients with non-insulin
dependent diabetes mellitus. N Engl J Med 1995;333:89–94.

[6] Harris MI, Eastman R, Cowie C. Symptoms of sensory neuropa-
thy in adults with NIDDM in the U.S. population. Diabetes Care
1993;16:1446–52.

[7] Diabetic Cardiovascular Autonomic Neuropathy Multicenter Study
GroupZiegler D, Gries FA, Spuler M, Lessmann F. The epidemiology
of diabetic neuropathy. J Diabetes Complications 1992;6:49–57.

[8] Boulton AJM, Knight G, Drury J, Ward JD. The prevalence of symp-
tomatic diabetic neuropathy in an insulin-treated population. Diabetes
Care 1985;8:125–8.

[9] Ziegler D, Rathmann W, Dickhaus T, Meisinger C, Mielck A, KORA
Study Group. Neuropathic pain in diabetes, prediabetes and normal glu-
cose tolerance: the MONICA/KORA Augsburg Surveys S2 and S3. Pain
Med 2009;10:393–400.

[10] Daousi C,MacFarlane IA,WoodwardA,NurmikkoTJ, Bundred PE,Ben-
bow SJ. Chronic painful peripheral neuropathy in an urban community: a
controlled comparison of people with and without diabetes. Diabet Med
2004;21:976–82.

[11] Davies M, Brophy S, Williams R, Taylor A. The prevalence, severity,
and impact of painful diabetic peripheral neuropathy in type 2 diabetes.
Diabetes Care 2006;29:1518–22.

[12] Van Acker K, Bouhassira D, De Bacquer D,Weiss S, Matthys K, Raemen
H, et al. Prevalence and impact on quality of life of peripheral neu-
ropathy with or without neuropathic pain in type 1 and type 2 diabetic
patients attending hospital outpatients clinics. Diabetes Metab 2009;35:
206–13.

[13] Paisley AN, Abbott CA, van Schie CH, Boulton AJ. A comparison
of the Neuropen against standard quantitative sensory-threshold mea-
sures for assessing peripheral nerve function. Diabet Med 2002;19:
400–5.

[14] Bouhassira D, Attal N, Alchaar H, Boureau F, Brochet B, Bruxelle J, et al.
Comparison of pain syndromes associatedwith nervous or somatic lesions
and development of a new neuropathic pain diagnostic questionnaire
(DN4). Pain 2005;114:29–36.

[15] Wu EQ, Borton J, Said G, Le TK, Monz B, Rosilio M, et al. Estimated
prevalence of peripheral neuropathy and associated pain in adults with
diabetes in France. Curr Med Res Opin 2007;23:2035–42.

[16] Ziegler D. Painful diabetic neuropathy: treatment and future aspects.
Diabetes Metab Res Rev 2008;24:S52–7.

[17] Jensen MP, Chodroff MJ, Dworkin RH. The impact of neuropathic pain
on health-related quality of life. Review and implications. Neurology
2007;68:1178–82.

[18] Benbow SJ,WallymahmedME,MacFarlane IA. Diabetic peripheral neu-
ropathy and quality of life. Q J Med 1998;91:733–7.

[19] ZelmanDC, BrandenburgNA,GoreM. Sleep impairment in patients with
painful diabetic peripheral neuropathy. Clin J Pain 2006;22:681–5.

[20] Tölle T, XuX, Sadoski AB. Painful diabetic neuropathy: a cross-sectional
survey of health state impairment and treatment patterns. J Diabetes
Complications 2006;20:26–33.

[21] Barrett AM, LuceroMA, Le T, Robinson RL, Dworkin RH, Chappell AS.
Epidemiology, public health burden, and treatment of diabetic peripheral
neuropathic pain: a review. Pain Med 2007;8:S50–62.

[22] GoreM, BrandenburgNA,HoffmanDL, Tai K-S, Stacey B. Burden of ill-
ness in painful diabetic peripheral neuropathy: the patients’ perspectives.
J Pain 2006;7:892–900.

[23] Argoff CE, Cole BE, Fishbain DA, Irving GA. Diabetic peripheral
neuropathic pain: clinical and quality-of-life issues. Mayo Clin Proc
2006;81:S3–11.

[24] Boulton AJM, Malik RA, Arezzo JC, Sosenko JM. Diabetic somatic
neuropathies. Diabetes Care 2004;27:1458–86.

[25] Sorensen L, Molyneaux L, Yue DK. Insensate versus painful diabetic
neuropathy: the effects of height, gender, ethnicity and glycaemic control.
Diabetes Res Clin Pract 2002;57:45–51.

[26] Pirart J. Diabetes mellitus and its degenerative complications: a prospec-
tive study of 4,400 patients observed between 1947 and 1973. Diabetes
Care 1978;1:168–88.

[27] Robinson LR, Stolov WC, Rubner DE, Wahl PW, Leonetti DL, Fujimoto
WY. Height is an independent risk factor for neuropathy in diabetic men.
Diabetes Res Clin Pract 1992;16:97–102.

[28] Adler AI, Boyko EJ, Ahroni JH, Stensel V, Forsberg RC, Smith DG. Risk
factors for diabetic peripheral sensory neuropathy. Results of the Seattle
Prospective Diabetic Foot Study. Diabetes Care 1997;20:1162–7.

[29] Sumner CJ, Sheth S, Griffin JW, Cornblath DR, Polydefkis M. The spec-
trumof neuropathy in diabetes and impaired glucose tolerance.Neurology
2003;60:108–11.



386 A. Hartemann et al. / Diabetes & Metabolism 37 (2011) 377–388

[30] FranklinGM,KahnLB,Baxter J,Marshall JA,HammanRF. Sensory neu-
ropathy in non-insulin-dependent diabetes mellitus. The San Luis Valley
Diabetes Study. Am J Epidemiol 1990;131:633–43.

[31] Novella SP, Inzucchi SE, Goldstein JM. The frequency of undiagnosed
diabetes and impaired glucose tolerance in patients with idiopathic sen-
sory neuropathy. Muscle Nerve 2001;24:1229–31.

[32] Singleton JR, Smith AG, Bromberg MB. Painful sensory polyneu-
ropathy associated with impaired glucose tolerance. Muscle Nerve
2001;24:1225–8.

[33] Putz Z, Tabák AG, Tóth N, Istenes I, Németh N, Gandhi RA, et al. Nonin-
vasive evaluation of neural impairment in subjects with impaired glucose
tolerance. Diabetes Care 2009;32:181–3.

[34] Tesfaye S, Stevens LK, Stephenson JM, Fuller JH, Plater M, Ionescu-
Tirgoviste C, et al. Prevalence of diabetic peripheral neuropathy and its
relation to glycaemic control and potential risk factors: the EURODIAB
IDDM Complications Study. Diabetologia 1996;39:1377–84.

[35] Elliott J, TesfayeS,ChaturvediN,GandhiRA,StevensLK,EmeryC, et al.
Large-fiber dysfunction in diabetic peripheral neuropathy is predicted by
cardiovascular risk factors. Diabetes Care 2009;32:1896–900.

[36] Archer SC,Watkins PJ, ThomasPK,SharmaAK,Payan J. The natural his-
tory of acute painful neuropathy in diabetes mellitus. J Neurol Neurosurg
Psychiatry 1983;46:491–9.

[37] BoultonAJ,VinikAI,Arezzo JC, Bril V, FeldmanR,MalikRA, et al. Dia-
betic neuropathies. A statement by the American Diabetes Association.
Diabetes Care 2005;28:956–62.

[38] Ziegler D, Painful diabetic neuropathy. Diabetes Care 2009;32:S414–9.
[39] Ellenberg M. Diabetic neuropathy precipitating after institution of dia-

betic control. Am J Med Sci 1958;236:446–71.
[40] Gemignani F. Acute painful diabetic neuropathy induced by strict

glycemic control (“insulin neuritis”): the old enigma is still unsolved.
Biomed Pharmacother 2009;63:249–50.

[41] Llewelyn JG, Thomas PK, FonsecaV,KingRH,Dandona P.Acute painful
diabetic neuropathy precipitated by strict glycaemic control. Acta Neu-
ropathol 1986;72:157–63.

[42] Tesfaye S, Malik R, Harris N, Jakubowski JJ, Mody C, Rennie IG, et al.
Arterio-venous shunting and proliferating new vessels in acute painful
neuropathy of rapid glycemic control (insulin neuritis). Diabetologia
1996;39:329–35.

[43] Ellenberg M. Diabetic neuropathic cachexia. Diabetes 1974;23:418–23.
[44] Steel JM, Young RJ, LloydGG, Clarke BF. Clinically apparent eating dis-

orders in young diabetic women: associations with painful neuropathies
and other complications. Br Med J 1987;296:859–66.

[45] Sadosky A, McDermott AM, Brandenburg NA, Strauss M. A review of
the epidemiology of painful diabetic peripheral neuropathy, postherpetic
neuralgia, and less commonly studied neuropathic pain conditions. Pain
Pract 2008;8:45–56.

[46] Marchettini P, Lacerenza M, Mauri E, Marangoni C. Painful peripheral
neuropathies. Curr Neuropharmacol 2006;4:175–81.

[47] Krishnan STM, Rayman G. The LDI flare. A novel test for C-fiber func-
tion demonstrates early neuropathy in type 2 diabetes. Diabetes Care
2004;27:2930–5.

[48] Quattrini C, Takavoli M, Jeziorska M, Kallinikos P, Tesfaye S, Finni-
gan J, et al. Surrogate markers of small fiber damage in human diabetic
neuropathy. Diabetes 2007;56:2148–54.

[49] Said G, Baudoin D, Toyooka K. Sensory loss, pains, motor deficit and
axonal regeneration in length-dependent diabetic polyneuropathy. J Neu-
rol 2008;255:1693–702.

[50] Sorensen L,MolyneauxL,YueDK. The relationship among pain, sensory
loss, and small nerve fibers in diabetes. Diabetes Care 2006;29:883–7.

[51] Ørstavik K, Namer B, Schmidt R, Schmelz M, Hilliges M, Weidner C,
et al. Abnormal function of C-fibers in patients with diabetic neuropathy.
J Neuroscience 2006;26:11287–94.

[52] Waxman SG. Neurobiology: a channel sets the gain on pain. Nature
2006;444:831–2.

[53] Dib-Hajj SD, Yang Y, Waxman SG. Genetics and molecular patho-
physiology of Na(v)1.7-related pain syndromes. Adv Genet 2008;63:
85–110.

[54] Lunetta M, Le Moli R, Grasso G, Sangiorgio L. A simplified diagnostic
test for ambulatory screening of peripheral diabetic neuropathy. Diabetes
Res Clin Pract 1998;39:165–72.

[55] Devigili G, Tugnoli V, Penza P, Camozzi F, Lombardi R, Melli G, et al.
The diagnostic criteria for small fibre neuropathy: from symptoms to
neuropathology. Brain 2008;131:1912–25.

[56] Bennett MI, Smith BH, Torrance N, Lee AJ. Can pain can be more or less
neuropathic? Comparison of symptom assessment tools with ratings of
certainty by clinicians. Pain 2006;122:289–94.

[57] Bennett MI, Attal N, Backonja MM, Baron R, Bouhassira D, Freyn-
hagen R, et al. Using screening tools to identify neuropathic pain. Pain
2007;127:199–203.

[58] DworkinRH, JensenMP,GammaitoniAR,OlaleyeDO,Galer BS. Symp-
tom profiles differ in patients with neuropathic versus non-neuropathic
pain. J Pain 2007;8:118–26.

[59] Fishbain DA, Lewis JE, Cutler R, Cole B, Rosomoff HL, Rosomoff RS.
Can the neuropathic pain scale discriminate between non-neuropathic and
neuropathic pain? Pain Med 2008;9:149–60.

[60] Daousi C, Benbow SJ, Woodward A, MacFarlane IA. The natural his-
tory of chronic painful peripheral neuropathy in a community diabetes
population. Diabet Med 2006;23:1021–4.

[61] Crawford B, Bouhassira D, Wong A, Dukes E. Conceptual adequacy of
the neuropathic pain symptom inventory in six countries. Health Qual
Life Outcomes 2008;18:6–62.

[62] Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA, Fowkes
FG, TASC II Working Group. Inter-Society Consensus for the Manage-
ment of Peripheral Arterial Disease (TASC II). J Vasc Surg 2007;45:
S5–67.

[63] HAS. Prise en charge de l’artériopathie chronique oblitérante
athéroscléreuse des membres inférieurs. Avril 2006. www.has-sante.fr.

[64] Horowitz SH. The diagnostic workup of patients with neuropathic pain.
Med Clin North Am 2007;91:21–30.

[65] Siebert E, Prüss H, Klingebiel R, Failli V, Einhäupl KM, Schwab JM.
Lumbar spinal stenosis: syndrome, diagnostics and treatment. Nat Rev
Neurol 2009;5:392–403.

[66] Merlino G, Valente M, Serafini A, Gigli GL. Restless legs syndrome:
diagnosis, epidemiology, classification and consequences. Neurol Sci
2007;28:S37–46.

[67] Attal N, Cruccu G, Baron R, Haanpää M, Hansson P, Jensen TS, et al.
EFNS guidelines on the pharmacological treatment of neuropathic pain:
2009 revision. Eur J Neurol 2010;17:1113–88.

[68] Argoff CE, Backonja M-M, Belgrade MJ, Bennett GJ, Clark MR, Cole
BE, et al. Consensus guidelines: treatment planning and options. Mayo
Clin Proc 2006;81:S12–25.

[69] Sindrup SH, Gram LF, Skjold T, Grodum E, Brøsen K, Beck-Nielsen H.
Clomipramine vs desipramine vs placebo in the treatment of diabetic neu-
ropathy symptoms. A double-blind cross-over study. Br J Clin Pharmacol
1990;30:683–91.

[70] Sindrup SH, Ejlertsen B, Frøland A, Sindrup EH, Brøsen K, Gram LF.
Imipramine treatment in diabetic neuropathy: relief of subjective symp-
toms without changes in peripheral and autonomic nerve function. Eur J
Clin Pharmacol 1989;37:151–3.

[71] Watson CP, Evans RJ, Reed K, Merskey H, Goldsmith L, Warsh
J. Amitriptyline versus placebo in postherpetic neuralgia. Neurology
1982;32:671–3.

[72] Vrethem M, Boivie J, Arnqvist H, Holmgren H, Lindström T, Thorell
LH. A comparison a amitriptyline and maprotiline in the treatment
of painful polyneuropathy in diabetics and nondiabetics. Clin J Pain
1997;13:313–23.

[73] Max MB, Lynch SA, Muir J, Shoaf SE, Smoller B, Dubner R. Effects of
desipramine, amitriptyline, and fluoxetine on pain in diabetic neuropathy.
N Engl J Med 1992;326:1250–6.

[74] Jose VM, Bhansali A, Hota D, Pandhi P. Randomized double-blind study
comparing the efficacy and safety of lamotrigine and amitriptyline in
painful diabetic neuropathy. Diabet Med 2007;24:377–83.

[75] Kvinesdal B, Molin J, Froland A, Gram LF. Imipramine treatment of
painful diabetic neuropathy. JAMA 1984;251:1727–30.



A. Hartemann et al. / Diabetes & Metabolism 37 (2011) 377–388 387

[76] MaxMB,Kishore-KumarR, Schafer SC,Meister B,GracelyRH, Smoller
B, et al. Efficacy of desipramine in painful diabetic neuropathy: a placebo-
controlled trial. Pain 1991;45:3–9.

[77] Max MB, Culnane M, Schafer SC, Gracely RH, Walther DJ, Smoller
B, et al. Amitriptyline relieves diabetic neuropathy pain in patients with
normal or depressed mood. Neurology 1987;37:589–96.

[78] Gilron I, Bailey JM, Tu D, Holden RR, Jackson AC, Houlden RL.
Nortriptyline and gabapentin, alone and in combination for neuro-
pathic pain: a double-blind, randomised controlled crossover trial. Lancet
2009;374:1252–61.

[79] Saarto T, Wiffen PJ. Antidepressants for neuropathic pain. Cochrane
Database Syst Rev 2005;20:CD005454.

[80] Fernstrom MH, Kupfer DJ. Antidepressant-induced weight gain: a com-
parison study of four medications. Psychiatry Res 1988;26:265–71.

[81] Raskin J, Pritchett YL, Wang F, D’Souza DN, Waninger AL, Iyengar S,
et al. A double-blind, randomized multicenter trial comparing duloxetine
with placebo in the management of diabetic peripheral neuropathic pain.
Pain Med 2005;6:346–56.

[82] Goldstein DJ, LuY, DetkeMJ, Lee TC, Iyengar S. Duloxetine vs. placebo
in patients with painful diabetic neuropathy. Pain Med 2005;116:109–18.

[83] Wernicke JF, Pritchett YL, D’Souza DN, Waninger AL, Tran P, Iyengar
S, et al. A randomized controlled trial of duloxetine in diabetic peripheral
neuropathic pain. Neurology 2006;67:1411–20.

[84] Lunn MP, Hughes RA, Wiffen PJ. Duloxetine for treating painful neu-
ropathy or chronic pain. Cochrane Database Syst Rev 2009;4:CD007115.

[85] Gahimer J, Wernicke J, Yalcin I, Ossanna MJ, Wulster-Radcliffe M, Vik-
trup L. A retrospective pooled analysis of duloxetine safety in 23,983
subjects. Curr Med Res Opin 2007;23:175–84.

[86] Rowbotham MC, Goli V, Kunz NR, Lei D. Venlafaxine extended release
in the treatment of painful diabetic neuropathy: a double-blind, placebo-
controlled study. Pain 2004;110:697–706.

[87] Kadiroglu AK, Sit D, Kayabasi H, Tuzcu AK, Tasdemir N, Yilmaz ME.
The effect of venlafaxine HCl on painful peripheral diabetic neuropa-
thy in patients with type 2 diabetes mellitus. J Diabetes Complications
2008;22:241–5.

[88] Sindrup SH, Gram LF, Brøsen K, Eshøj O, Mogensen EF. The selective
serotonin reuptake inhibitor paroxetine is effective in the treatment of
diabetic neuropathy symptoms. Pain 1990;42:135–44.

[89] Sindrup SH, Bjerre U, Dejgaard A, Brøsen K, Aaes-Jørgensen T,
Gram LF. The selective serotonin reuptake inhibitor citalopram relieves
the symptoms of diabetic neuropathy. Clin Pharmacol Ther 1992;52:
547–52.

[90] Gorson KC, Schott C, Herman R, Ropper AH, Rand WM. Gabapentin in
the treatment of painful diabetic neuropathy: a placebo controlled, double
blind, crossover trial. J Neurol Neurosurg Psychiatry 1999;66:251–2.

[91] Backonja M, Beydoun A, Edwards KR. Gabapentin for the symptomatic
treatment of painful neuropathy in patients with diabetes mellitus: a ran-
domized controlled trial. JAMA 1998;280:1831–6.

[92] Irving G, Jensen M, Cramer M, Wu J, Chiang YK, Tark M, et al. Effi-
cacy and tolerability of gastric-retentive gabapentin for the treatment of
postherpetic neuralgia: results of a double-blind, randomized, placebo-
controlled clinical trial. Clin J Pain 2009;25:185–92.

[93] Simpson DA. Gabapentin and venlafaxine for the treatment of painful
diabetic neuropathy. J Clin Neuromuscul Dis 2001;3:53–62.

[94] Wiffen PJ, McQuay HJ, Edwards JE, Moore RA. Gabapentin for acute
and chronic pain. Cochrane Database Syst Rev 2005;3:CD005452.

[95] Girardin F, Desmeules JA, Piguet V, Dayer P. Utilité de la gabapentine
dans les douleurs neurogènes. Med Hyg 2003;61:1352–7.

[96] Sandercock D, Cramer M, Wu J, Chiang YK, Biton V, Heritier M.
Gabapentin extended release for the treatment of painful diabetic periph-
eral neuropathy. Diabetes Care 2009;32:e20.

[97] Tölle T, Freynhagen R, Versavel M, Trostmann U, Young Jr JP. Prega-
balin for relief of neuropathic pain associated with diabetic neuropathy:
a randomized, double-blind study. Eur J Pain 2007;12:203–13.

[98] Freynhagen R, Strojek K, Griesing T, Whalen E, Balkenohl M. Efficacy
of pregabalin in neuropathic pain evaluated in a 12-week, randomised,
double-blind, multicentre, placebo-controlled trial of flexible- and fixed-
dose regimens. Pain 2005;115:254–63.

[99] Freeman R, Durso-Decruz E, Emir B. Efficacy, safety, and tolerability of
pregabalin treatment for painful diabetic peripheral neuropathy: findings
from seven randomized, controlled trials across a range of doses. Diabetes
Care 2008;31:1448–54.

[100] Arezzo JC, Rosenstock J, Lamoreaux L, Pauer L. Efficacy and safety of
pregabalin 600mg/d for treating painful diabetic peripheral neuropathy:
a double-blind placebo-controlled trial. BMC Neurol 2008;16:8–33.

[101] Richter RW, Portenoy R, Sharma U, Lamoreaux L, Bockbrader H, Knapp
LE. Relief of painful diabetic peripheral neuropathy with pregabalin: a
randomized, placebo-controlled trial. J Pain 2005;6:253–60.

[102] Moore RA, Straube S, Wiffen PJ, Derry S, McQuay HJ. Pregabalin
for acute and chronic pain in adults. Cochrane Database Syst Rev
2007;3:CD007076.

[103] Rull JA, Quibbera R, Gonzalez-Millan H, Castaneda OL. Symptomatic
treatment of peripheral diabetic neuropathy with carbamazepine (Tegre-
tol): double blind crossover trial. Diabetologia 1969;5:215–8.

[104] Rompel H, Bauermeister PW. Aetiology of migraine and prevention with
carbamazepine (Tegretol): results of a double-blind, crossover study. S
Afr Med J 1970;44:75–8.

[105] Eisenberg E, Lurie Y, Braker C, Daoud D, Ishay A. Lamotrigine reduces
painful diabetic neuropathy: a randomized, controlled study. Neurology
2001;57:505–9.

[106] Wiffen PJ, Reef J. Lamotrigine for acute and chronic pain. Cochrane
Database Syst Rev 2007;2:CD006044.

[107] Zhou M, He L, Yang M, Chen N, Guo J, Li Q, et al. Oxcarbazepine in
neuropathic pain. Cochrane Database Syst Rev 2009;4:CD007963.

[108] Vinick A. Clinical review: use of antiepileptic drugs in the treat-
ment of chronic painful diabetic neuropathy. J Clin Endocrinol Metab
2005;90:4936–45.

[109] Swerdlow M, Cundill JG. Anticonvulsivant drugs used in the treatment
of lancinating pain. A comparison. Anaesthesia 1981;36:1129–32.

[110] Gimbel JS, Richards P, Portenoy RK. Controlled-release oxycodone for
pain in diabetic neuropathy: a randomized controlled trial. Neurology
2003;60:927–34.

[111] Watson CP, Moulin D, Watt-Watson J, Gordon A, Eisenhoffer J.
Controlled-release oxycodone relieves neuropathic pain: a randomized
controlled trial in painful diabetic neuropathy. Pain 2003;105:71–8.

[112] EisenbergE,McNicol ED,CarrDB.Efficacy and safety of opioid agonists
in the treatment of neuropathic pain of nonmalignant origin: system-
atic review and meta-analysis of randomized controlled trials. JAMA
2005;293:3043–52.

[113] FreemanR, Raskin P, Hewitt DJ, Vorsanger GJ, JordanDM,Xiang J, et al.
Randomized study of tramadol/acetaminophen versus placebo in painful
diabetic peripheral neuropathy. Curr Med Res Opin 2007;23:147–61.

[114] Harati Y, Gooch C, Swenson M, Edelman S, Greene D, Raskin P, et al.
Double-blind randomized trial of tramadol for the treatment of the pain
of diabetic neuropathy. Neurology 1998;50:1842–6.

[115] Morello CM, Leckband SG, Stoner CP, Moorhouse DF, Sahagian GA.
Randomized double-blind study comparing the efficacy of gabapentin
with amitriptyline on diabetic peripheral neuropathy pain. Arch Intern
Med 1999;159:1931–7.

[116] Bansal D, Bhansali A, Hota D, Chakrabarti A, Dutta P. Amitriptyline
vs. pregabalin in painful diabetic neuropathy: a randomized double blind
clinical trial. Diabet Med 2009;26:1019–26.

[117] Kaur H, Hota D, Bhansali A, Dutta P, Bansal D, Chakrabarti A. A com-
parative evaluation of amitriptyline and duloxetine in painful diabetic
neuropathy: a randomized, double-blind, cross-over clinical trial. Dia-
betes Care 2011;34:818–22.

[118] Quilici S, Chancellor J, LöthgrenM, SimonD, SaidG, Le TK, et al.Meta-
analysis of duloxetine vs. pregabalin and gabapentin in the treatment of
diabetic peripheral neuropathic pain. BMC Neurol 2009;9:6.

[119] Gilron I, Bailey JM, Tu D, Holden RR, Weaver DF, Houlden RL. Mor-
phine, gabapentin, or their combination for neuropathic pain. N Engl J
Med 2005;352:1324–34.

[120] Selvarajah D, Gandhi R, Emery CJ, Tesfaye S. Randomized placebo-
controlled double-blind clinical trial of cannabis-basedmedicinal product
(Sativex) in painful diabetic neuropathy. Diabetes Care 2010;33:
128–30.



388 A. Hartemann et al. / Diabetes & Metabolism 37 (2011) 377–388

[121] Rowbotham MC, Duan WR, Thomas J, Nothaft W, Backonja MM. A
randomized, double-blind, placebo-controlled trial evaluating the efficacy
and safety of ABT-594 in patients with diabetic peripheral neuropathic
pain. Pain 2009;146:45–52.

[122] YuanRY, Sheu JJ,Yu JM,ChenWT,Tseng IJ, ChangHH, et al. Botulinum
toxin for diabetic neuropathic pain. A randomized double-blind crossover
trial. Neurology 2009;72:1473–8.

[123] Cruccu G, Aziz TZ, Garcia-Larrea L, Hansson P, Jensen TS, Lefaucheur
JP, et al. EFNS guidelines on neurostimulation therapy for neuropathic
pain. Eur J Neurol 2007;14:952–70.

[124] Diabetes Control and Complications Trial Research Group. The effect
of intensive diabetes therapy on the development and progression of
neuropathy. Ann Intern Med 1995;122:561–8.

[125] Said G, Goulon-Goeau C, Lacroix C, Moulonguet A. Nerve biopsy find-
ings in different patterns of proximal diabetic neuropathy. Ann Neurol
1994;35:559–69.

[126] Llewelyn JG, Gilbey SG, Thomas PK, King RH, Muddle JR, Watkins
PJ. Sural nerve morphometry in diabetic autonomic and painful sensory
neuropathy. A clinicopathological study. Brain 1991;114:867–92.

[127] Pop-Busui R, Lu J, Lopes N, BARI 2D Investigators. Prevalence of dia-
betic peripheral neuropathy and relation to glycemic control therapies at
baseline in the BARI 2D cohort. J Peripher Nerv Syst 2009;14:1–13.

[128] Boucek P.Advanced diabetic neuropathy: a point of no return?RevDiabet
Stud 2006;3:143–50.

[129] BoultonAJ,Drury J,ClarkeB,Ward JD.Continuous subcutaneous insulin
infusion in themanagement of painful diabetic neuropathy. Diabetes Care
1982;5:386–90.

[130] Oyibo SO, Prasad YD, Jackson NJ, Jude EB, Boulton AJ. The relation-
ship between blood glucose excursions and painful diabetic peripheral
neuropathy: a pilot study. Diabet Med 2002;19:870–3.

[131] Müller-FelberW, Landgraf R, Scheuer R,Wagner S, Reimers CD, Nusser
J, et al. Diabetic neuropathy 3 years after successful pancreas and kidney
transplantation. Diabetes 1993;42:1482–6.

[132] Comi G, Galardi G, Amadio S, Bianchi E, Secchi A, Martinenghi S, et al.
Neurophysiological study of the effect of combined kidney and pancreas
transplantation on diabetic neuropathy: a 2-year follow-up evaluation.
Diabetologia 1991;34(Suppl. 1):S103–7.

[133] Solders G, Tydén G, Persson A, Groth CG. Improvement in diabetic
neuropathy 4 years after successful pancreatic and renal transplantation.
Diabetologia 1991;34(Suppl. 1):S125–7.

[134] KennedyWR, Navarro X, Goetz FC, Sutherland DE, Najarian JS. Effects
of pancreatic transplantation on diabetic neuropathy. N Engl J Med
1990;12(322):1031–7.

[135] NavarroX, SutherlandDE,KennedyWR.Long-term effects of pancreatic
transplantation on diabetic neuropathy. Ann Neurol 1997;42:727–36.

[136] Farrar JT, Young Jr JP, La Moreaux L, Werth JL, Poole RM. Clinical
importance of changes in chronic pain intensity measured on an 11-point
numerical pain rating scale. Pain 2001;94:149–58.

[137] Derry S, Lloyd R, Moore RA, McQuay HJ. Topical capsaicin for
chronic neuropathic pain in adults. Cochrane Database Syst Rev
2009;4:CD007393.

[138] Wolff RF, Bala MM, Westwood M, Kessels AG, Kleijnen J. 5% lido-
caine medicated plaster in painful diabetic peripheral neuropathy (DPN):
a systematic review. Swiss Med Wkly 2010;29:297–306.


