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Introduction

Diabetic neuropathies (DN) encompass a wide range of
nerve abnormalities and are common, with prevalence
rates reported between 5–100% depending on the diag-
nostic criteria [1–3]. Diabetic neuropathies affect both pe-
ripheral and autonomic nervous systems and cause consid-
erable morbidity and mortality in both Type 1 and Type
2 diabetic patients. Diabetic neuropathies are the most
common forms of neuropathy, they account for more hos-
pitalizations than all other diabetic complications com-
bined, and are responsible for 50–75% of non-traumatic
amputations [4,5]. In older adults with diabetes, peripheral
neuropathies are especially troublesome due to their detri-
mental effects on stability, sensorimotor function, gait, and
activities of daily living [6–8]. In this review, we present
and discuss the most recent approaches to the treatment of
the common forms of diabetic neuropathy, including sym-
metric, focal and diffuse neuropathies (Table 1, Fig. 1). We
will also provide the reader with algorithms for recogni-
tion and management of common pain and entrapment
syndromes, and a global approach to recognition of syn-
dromes requiring specialized treatments based upon our
improved understanding of their etiopathogenesis. A com-
prehensive evaluation of autonomic neuropathy is beyond
the scope of this review, but the reader is referred to two
excellent reviews on this topic [9,10].

Pathogenic mechanisms
Figure 2 shows our current view on the pathogenesis of di-
abetes. The figure depicts multiple etiologies, as discussed
above, including metabolic, vascular, autoimmune, oxida-
tive and nitrosative stress, and neurohormonal growth-
factor deficiency. Impaired blood flow and endoneurial
microvasculopathy, mainly thickening of the blood ves-
sel wall or occlusion, play a critical role in the patho-

genesis of diabetic neuropathy. Metabolic disturbances
in the presence of an underlying genetic predisposition,
cause reduced nerve perfusion. Animal and human studies
alike have shown major defects arising from chronic hy-
perglycemia and altered lipid metabolism [11]. Oxidative
stress-related mechanisms are also important in vascular
dysfunction, and tend to increase vasoconstriction. These
alterations in blood flow patterns appear to be important in
the understanding of the arterio-venous shunting seen in
vasa nervorum, which may occur in part due to autonomic
nerve dysfunction.

Clinical Presentation and Diagnosis

Focal neuropathies (mononeuropathies
and entrapment syndromes)
Mononeuropathies occur primarily in older adults. Their
onset is generally acute, associated with pain, and they
heal spontaneously, usually within 6–8 weeks. These neu-
ropathies are caused by vascular obstruction, typically in
the cranial nerves III, VI, and VII, ulnar, median, and
peroneal. Mononeuropathies must be distinguished from
entrapment syndromes which start slowly, progress and
persist without intervention (Table 2).

Common entrapment sites in diabetic patients involve
the median, ulnar, peroneal, lateral cutaneous nerve of the
thigh, and the tibial nerve in the tarsal canal. Their onset
is gradual and is usually limited to a single nerve [12].
Carpal tunnel syndrome is the most common entrapment
syndrome, affecting one in three diabetic patients [13]. It
occurs three times more frequently in patients with dia-
betes compared with the normal healthy population [14]
and may be related to diabetic cheiroarthropathy, repeated
undetected trauma, metabolic changes, or an accumulation
of fluid or edema within the confined space of the carpal
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Fig. 1. Schematic representation of different clinical presentations of diabetic neuropathy.

tunnel [15]. Surgical treatment of entrapment syndrome
neuropathies are effective, but the decision to proceed
with surgery should be based on severity of symptoms,
appearance of motor weakness and failure of non-surgical
treatment.

Diffuse neuropathies (proximal motor neuropathies)
Proximal motor neuropathy can be clinically identified
based on proximal muscle weakness and muscle wasting.
It may be symmetric or asymmetric in distribution, and is
sometimes associated with pain in the lateral aspect of the
thigh. Patients usually present with weakness of the iliop-

Table 1. Classification of diabetic neuropathy

Focal neuropathies
• mononeuritis
• entrapment syndromes

Diffuse neuropathies
• proximal motor (amyotrophy)

•co-existing chronic inflammatory demyelinating polyneuropathy
(CIPD)

•monoclonal gammopathy of undetermined significance (MGUS)
•circulating GM1 antibodies and antibodies to neuronal cells
•inflammatory vasculitis

Generalized symmetric polyneuropathies
• acute sensory
• autonomic
• chronic sensorimotor distal polyneuropathy (DPN)

◦ large fiber
◦ small fiber

Adapted from Thomas [46] and Vinik [22].

Note: Clinicians should be alert for treatable neuropathies occurring in diabetic

patients including CIDP, monoclonal gammopathy, vitamin B12 deficiency etc.

Fig. 2. Pathogenesis of diabetic neuropathy. AII, angiotensin II; AGE,
advanced glycation end product; A-V, arteriovenous; DAG,
diacylglycerol; EDHF, endothelium-derived hyperpolarizing factor;
EFA, essential fatty acid; ET, endothelin-1; NO, nitric oxide; ONOO−,
peroxynitrite; PGI2, prostacyclin; PKC, protein kinase C; ROS,
reactive oxygen species [51].

soas, obturator and adductor muscles, together with rela-
tive preservation of the gluteus maximus and minimus, and
hamstrings [16,17]. Those affected have great difficulty
rising out of chair unaided, although heel or toe standing is
surprisingly good. In the classic form of diabetic proximal
motor neuropathy, axonal loss is the predominant process
and the condition coexists with distal symmetric polyneu-
ropathy (DPN) [18]. Electrophysiologic evaluation reveals
lumbosacral plexopathy [19]. Common features include:

1. Primarily affects the elderly
2. Onset may be gradual or acute
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Table 2. Comparison of features of mononeuropathy and entrapment
syndromes

Mononeuropathies Entrapment syndrome

Onset sudden Onset gradual
Usually single nerve Single nerves exposed to trauma
Common nerves: cranial III, IV,

VI, VII, peroneal, sural,
sciatic, femoral, ulnar, median

Common nerves: median, ulnar,
peroneal, lateral cutaneous of
the thigh, tibial

Not progressive, resolve
spontaneously

Progressive

Treatment: symptomatic Treatment: rest, splints, diuretics,
steroid injections, surgery for
weakness

3. Begins with pain in the thighs and hips or buttocks
4. Pain followed by significant weakness of the proximal

muscles of the lower limbs with inability to rise from
the sitting position (positive Gower’s maneuver)

5. Begins unilaterally and spreads bilaterally
6. Coexists with DPN
7. Spontaneous muscle fasciculation, or provoked by per-

cussion

Proximal motor neuropathy is now recognized as be-
ing secondary to a variety of causes unrelated to diabetes,
but which occur more frequently in patients with dia-
betes than in the general population. It includes patients
with chronic inflammatory demyelinating polyneuropathy
(CIDP), monoclonal gammopathy of undetermined signif-
icance (MGUS), circulating GM1 antibodies and antibod-
ies to neuronal cells, and inflammatory vasculitis [20,21].
Vinik et al. [22] (Fig. 3) found that almost half of pa-
tients with proximal neuropathies have a vasculitis and
all but 9% have CIDP, MGUS, or a ganglioside antibody
syndrome [22,23]. Sharma examined over 1000 patients
with neurologic disorders and found that CIDP was 11×
more frequent among diabetic than non-diabetic patients
(Fig. 4) [24].

Fig. 3. Disabling peripheral neuropathies in older adults [24].

Fig. 4. Frequency of chronic inflammatory demyelinating
polyneuropathy (CIDP) [24]. There is an 11-fold greater frequency of
CIDP in patients with diabetes.

In contrast, if demyelination predominates and the mo-
tor deficit affects proximal and distal muscle groups, the
diagnosis of CIDP should be considered. It is important to
divide proximal syndromes into these two subcategories
since the CIDP variant responds dramatically to interven-
tion [22,24,25], with IVIG, plasma phereis, steroids and
immunosupperesative agents [22] whereas proximal mo-
tor neuropathy runs its own course over months to years
(Table 3). Until more evidence is available, we consider
them as separate syndromes.

These conditions should be distinguished from spinal
stenosis syndromes common in older individuals, which
occur due to: (1) encroachment on nerve roots as they
emerge from the spinal cord, (2) osteophytes which nar-
row joint space and cause compression, (3) hypertrophy of
the ligamentum flavum due to aging, (4) disk dehydration
due to aging, and (5) arachnoiditis. If compression occurs
at the level of T12 and L1/2, the vascular system may
be involved. This often causes claudication during down-
hill walking, and is relieved with spinal flexion. Nerve
root compression is more typical at L5/S1 and thus in
difficult cases it may be necessary to obtain an MRI of
the lumbosacral spine. Diagnosis is critical since therapy
may range from simple physical therapy to surgical de-
compression if symptoms are severe or if motor paralysis
exists.

Table 3. Decline in neurologic function between 20–80 years

Function Percent dysfunction

Vibratory sensation 97
Stability (Rombergism) 32
Handwriting speed 30
Handgrip strength 22
Ankle jerk 9
Ataxia (finger nose test) 8
Pain perception 0

Data from: [47–49].
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Fig. 5. A diagnostic algorithm for assessment of neurologic deficit and classification of neuropathic syndrome is given below. NSS; Neurological
Symptom Score, NDS; Nerve Disability Score, QST; Quantitative Sensory Test, QAFT; Quantitative Autonomic Function Test, EMG;
Electromyography, NCV; Nerve Conduction Velocity [52].

Chronic sensorimotor distal polyneuropathy (DPN)
Chronic sensorimotor distal polyneuropathy (DPN) is
the most common and widely recognized form of dia-
betic neuropathy. The onset is usually insidious, follow-
ing stress or initiation of therapy for diabetes. DPN may
be either sensory or motor, and involve small fibers, large
fibers, or both [26]. Initial neurologic evaluation should
focus on detection of the specific part of the nervous
system affected by diabetes. Most patients with DPN
have a combination of both large and small nerve fiber
involvement.

Large fiber neuropathies. A majority of neuropathies in
older adults involve large fibers. Large fiber neuropathies
may involve sensory and/or motor nerves, and most pa-
tients will present with a “glove and stocking” distribution
of sensory loss [27]. These tend to be the neuropathies of
signs rather than symptoms. They are manifested by re-
duced vibration (often the first objective evidence of neu-

ropathy) and position sense, weakness, muscle wasting
and depressed tendon reflexes. Early in the course of the
neuropathic process, multifocal sensory loss might also be
found (Table 4). The symptoms may be minimal, such as
a sensation of walking on cotton, floors feeling “strange”,
inability to turn the pages of a book, or inability to discrim-
inate among coins. In some patients, severe distal muscle
weakness can accompany the sensory loss resulting in an
inability to stand on the toes or heels.

Older adults with large fiber neuropathies have diffi-
culty stabilizing their bodies when walking on irregular
surfaces, with concomitant impairment in reaction time
and balance [6]. This lack of peripheral sensory input in-
creases the risk of falling and fracture in these patients. In
the Women’s Health and Aging study, women with dia-
betes reported difficulty in performing 14 of 15 daily tasks
which included walking 2–3 blocks, lifting 10 pounds,
using a telephone, and bathing [7]. Failure to perform
basic activities of daily living readily compromise an
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Table 4. Differential diagnosis of distal symmetric polyneuropathy

Type Syndrome

Congenital/Familial Charcot Marie Tooth
Traumatic Entrapment Syndromes
Inflammatory Sarcoidosis

Leprosy
Lyme Disease
HIV

Neoplastic Carcinoma—paraneoplastic syndromes
Myeloma, Amyloid
Reticuloses, leukemias, lymphomas

Metabolic/Endocrine Diabetes mellitus
Uremia
Pernicious Anemia (B12 deficiency)
Hypothyroidism
Porphyria (Acute Intermittent)

Vascular Diabetes, vasculitis
Toxic Alcohol

Heavy metals (lead, mercury, arsenic)
Hydrocarbons, chemotherapeutic drugs

Autoimmune Diabetes
PLA syndrome
Chronic Inflammatory Demyelinating

Neuropathy
Multifocal Motor Neuropathy
Guillain Barre Syndrome

individual’s independence and quality of life, which
increases mortality and morbidity in this susceptible
population.

In recent years, several inexpensive devices have been
developed for the assessment of somatosensory function,
including vibration, thermal energy, and light-touch per-
ception. These instruments allow for the noninvasive as-
sessment of cutaneous sensory functions, which correlate
with specific neural fiber function. In addition to the above
modalities, quantitative sensory tests (QST) are available
for the assessment of pain threshold and cutaneous current
perception [26].

Clinical manifestations of large fiber neuropathies

� Impaired vibration perception and position sense
� Depressed tendon reflexes
� Dull (like a toothache), crushing or cramp-like pain in

the bones of the feet
� Sensory ataxia (waddling like a duck)
� Wasting of small muscles of feet with hammertoes and

weakness of hands and feet
� Shortening of the Achilles tendon with equinus.
� Increased blood flow to the foot (hot foot) with increased

risk of Charcot neuroarthropathy.

Small fiber neuropathies. Small nerve fiber dysfunction
usually occurs early and is often present without objec-
tive signs or electrophysiologic evidence of nerve damage

[26]. It manifests first in the lower limbs with symptoms
of pain and hyperalgesia, followed by a loss of thermal
sensitivity and reduced light-touch and pinprick sensation
[28]. Small unmyelinated C-fibers control pain sensation,
warm thermal perception and autonomic function. A pa-
tient with early damage to these nerves may experience
burning, dysesthetic pain, often accompanied by hyper-
algesia, and allodynia. This pain is distinct from that of
large fiber neuropathy, where the pain is usually described
as deep and “gnawing.” Because peripheral sympathetic
nerve fibers are also comprised of small, unmyelinated
C-fibers, it is not surprising that pain is improved with
sympathetic blocking agents (e.g. beta-blockers, calcium
channel blockers).

It should be noted that dry, cracked skin and impaired
skin blood flow in the feet, together with impaired sym-
pathetic regulation of sweat glands and A-V shunt vessels
in the feet, create a favorable environment for bacteria. In
the absence of pain, which occurs with the depletion of
substance P, patients may be led to believe that their neu-
ropathy has subsided, when in fact it is progressing. These
patients may also display decreased thermal pain thresh-
olds, which may be due in part to the decrease in nerve
growth factor (NGF) which maintains small fiber neu-
rons. The clinical manifestations of small vs. large fiber
neuropathies are summarized below:

Clinical manifestations of small fiber neuropathies

� Prominent pain: burning and superficial and associated
with allodynia i.e. interpretation of all stimuli as painful
(e.g. touch)

� Hypoalgesia late in the condition
� Defective autonomic function with decreased sweating,

dry skin, impaired vasomotion and blood flow and cold
feet

� Intact reflexes, motor strength
� Silent electrophysiology
� Reduced sensitivity to 1.0 g Semmes Weinstein monofil-

ament and pricking sensation using the Waardenberg
wheel or similar instrument

� Abnormal thresholds for warm thermal perception, neu-
rovascular function, pain, quantitative sudorimetry and
quantitative autonomic function tests

� Increased risk of foot ulceration and subsequent
gangrene

Differential diagnosis
Diabetes as the cause of neuropathy is diagnosed by
exclusion of various other causes of neuropathy. In
those patients with diabetes and neuropathy who present
with symptoms of distal symmetric sensorimotor deficit,
differential diagnosis should include: hereditary sensory
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Table 5. Treatment of diabetic neuropathy based on pathogenetic mechanisms

Abnormality Compound Aim of treatment Status of RCTs

Polyol pathway ↑ Aldose reductase inhibitors Nerve sorbitol ↓
Sorbinil Withdrawn (AE)
Tolrestat Withdrawn (AE)
Ponalrestat Ineffective
Zopolrestat Withdrawn (marginal effects)
Zenarestat Withdrawn (AE)
Lidorestat Withdrawn (AE)
Fidarestat Effective in RCTs, Trials ongoing
AS-3201 Effective in RCTs, Trials ongoing
Epalrestat Marketed in Japan

myo-Inositol ↓ Myo-Inositol Nerve myo-inositol ↑ Equivocal
Oxidative stress ↑ α-Lipoic acid Oxygen free radicals ↓ Effective in RCTs, trials ongoing
Nerve hypoxia ↑ Vasodilators NBF ↑

ACE inhibitors Effective in 1 RCT
Prostaglandin analogs Effective in 1 RCT
phVEGF165 gene transfer Angiogenesis ↑ RCTs ongoing

Protein kinase C ↑ PKC ß inhibitor (ruboxistaurin) NBF ↑ RCTs ongoing
C-peptide ↓ C-peptide NBF ↑ Studies ongoing
Neurotrophism ↓ Nerve growth factor (NGF) Nerve regeneration, growth ↑ Ineffective

BDNF Nerve regeneration, growth ↑ Ineffective
LCFA metabolism ↓ Acetyl-L-carnitine LCFA accumulation ↓ Ineffective
GLA synthesis ↓ γ−Linolenic acid (GLA) EFA metabolism ↑ Withdrawn
NEG ↑ Aminoguanidine AGE accumulation ↓ Withdrawn

BDNF (brain-derived neurotrophic factor); NEG (non-enzymatic glycation); AGE (advanced glycation end products); EFA (essential fatty acids); LCFA (long-chain fatty

acids); AE (adverse events); NBF (nerve blood flow); RCTs (randomized clinical trials). From: [50]

neuropathies, B12 and folate deficiency, syphilis, Lyme
disease, neuropathy associated with IgM monoclonal
gammopathy of undetermined significance (IgM MGUS
neuropathy), other paraneoplastic conditions, autoim-
mune diseases, and toxic neuropathies. In patients with
one or more motor neurologic syndromes, chronic mo-
tor neuropathies, AIDP, CIDP, and IgG and IgA MGUS
neuropathies should actively be sought.

Recent evidence supports an autoimmune etiology for
neuropathy in AIDS, Lyme disease, AIDP, CIDP, multifo-
cal motor neuropathy, MGUS neuropathies and even di-
abetic polyneuropathy [15,27]. Hence, an intensive work
up for humoral immune mechanisms should be performed.
If any of these conditions are found, the appropriate ther-
apeutic regime for the specific disease must be instituted,
before embarking on a regime of diabetic neuropathy man-
agement. It is not always possible to determine the exact
cause of neuropathy if monoclonal gammopathy and dia-
betes coexist in the same patient. A course of intravenous
immunoglobulin (IVIg) or immunosuppression should be
attempted depending on the class of monoclonal antibody.
Table 5 summarizes trials based upon pathogenetic mech-
anisms and the likelihood of drugs entering the clinic.

Nerve tissue biopsy may be helpful for excluding other
causes of neuropathy and in the determination of pre-
dominant pathologic changes in patients with complex
clinical findings as a means of dictating choice of treat-

ment [25,29]. Our laboratory performs nerve biopsies only
when noninvasive neurological procedures fail to provide
an answer and/or when extensive evaluation is necessary
for scientific purposes [29]. We expect a further increase
in our dependence on histopathologic and ultrastructural
examination of nerve tissue for differentiation of neuro-
pathic syndromes, as our knowledge of pathophysiologic
and clinical complexity among diabetic neuropathic vari-
ants increases. Figure 6 depicts a diagnostic algorithm for
the assessment of neurologic deficit and classification of
neuropathic syndromes.

Fig. 6. Sites of action of drugs used to treat pain in the diabetic
patient. Modified from [53].
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Charcot neuroarthropathy
Charcot neuroarthropathy is a progressive condition asso-
ciated with prolonged neuropathy and characterized by
pathological fracture, joint dislocation, and if left un-
treated, disabling joint deformity. The most common lo-
cation for Charcot is in the foot. The prevailing theory
of Charcot progression suggests that autonomic neuropa-
thy causes increased blood flow to the extremities which
increases bone resorption and causes osteopenia. Sub-
sequent motor neuropathies cause muscular imbalance
which place abnormal stress on the affected extremity.
Sensory neuropathies prevent the patient from sensing ab-
normal changes in the joints and bones which may occur
due to minor trauma, such as during walking [30]. It is fur-
ther hypothesized that Achilles tendon shortening due to
destruction of collagen fibers may be due to accumulation
of advanced glycation endproducts (AGEs) [31,32].

Patients with Charcot neuroarthropathy may present
acutely with severe pain (or no pain if severe sensory neu-
ropathy), a warm to hot swollen foot with increased skin
blood flow (despite decreased warm sensory perception
and vibration detection), and possible radiographic ev-
idence of osteopenia. The acute Charcot foot can mimic
cellulitis or, less commonly, deep vein thrombosis, so these
should be first investigated. It should also be noted that ra-
diographic findings can be normal in the acute phase, with
subsequent films showing severe subluxation and/or frac-
ture. Strict immobilization and protection of the foot using
a total contact cast is the recommended approach to treat-
ing acute Charcot. Pain and inflammation respond to bis-
phosphonates (e.g. slow IV pamidronate infusion over 12
hours) within 3 to 4 weeks [33]. It is worth noting that oral
bisphosphonates may cause esophageal dysfunction and
increase the risk of obstruction and perforation. Achilles
tendon shortening producing equinus is correctable by sur-
gical lengthening and may prevent further progression. Pa-
tient education, protective footwear, and routine foot care
are required to prevent further complications such as foot
ulceration. In cases of severe joint and bony destruction,
reconstructive surgery is effective in salvaging the limb
and improving mobility and quality of life.

Management of Neuropathy

Once the diagnosis of neuropathy has been made, ther-
apy to reduce symptoms and prevent further progression
should be initiated. Diabetic patients with large fiber neu-
ropathies are incoordinate and ataxic and are 17 times
more likely to fall than their non-neuropathic counterparts
[34]. Older subjects have a higher incidence of neuropathy
than younger subjects, especially involving large fibers. It
is vitally important to improve strength and balance in
the patient with large fiber neuropathy. Older adults with

and without neuropathy can benefit from high intensity
strength training by increasing muscle strength, improv-
ing coordination and balance, and thus reducing fall and
fracture risk [35,36]. Low impact activities which empha-
size muscular strength and coordination, and challenge the
vestibular system, such as pilates, yoga, and Tai Chi may
also be particularly helpful.

Strategies for management of large fiber neuropathies

� Strength, gait, and balance training
� Pain management as detailed below
� Orthotics fitted with proper shoes to treat and/or prevent

foot deformities
� Tendon lengthening for equinus caused by achilles ten-

don shortening
� Bisphophonates to treat osteopenia
� Surgical reconstruction and full contact casting as nec-

essary

Strategies for management of small fiber neuropathies.
There are several simple measures that can protect the
foot deficient in functional C-fibers from developing ul-
ceration, and therefore, gangrene and amputation:

� Foot protection is of the utmost importance. Wearing
padded socks can promote ulcer healing and/or reduce
the likelihood of developing one [37].

� Supportive shoes with orthotics if necessary.
� Regular foot and shoe inspection. Patients should in-

spect the plantar surface of their feet with a mirror on
a daily basis. (Many are too obese to see their feet, let
alone the undersurface).

� Extreme caution to prevent heat injury. Patients should
test the bathwater with a part of the body that is not
insensate before plunging a numb foot into the water.
Patients should also be cautioned against falling asleep
in front of the fireplace with their insensate feet close to
the fire.

� Use emollient creams to moisturize dry skin and prevent
cracking and infection.

Therapies aimed at pathogenic mechanisms
Retrospective and prospective studies have suggested a
relationship between hyperglycemia and the development
and severity of diabetic neuropathy, and significant effects
of intensive insulin treatment on prevention of neuropathy
[38]. Studies in animal models and cultured cells provide a
conceptual framework for the cause and treatment of dia-
betic neuropathy. However, the limited translational work
in diabetic patients continues to generate debate over the
cause(s) of human diabetic neuropathy and to date we have
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no effective long-term treatment. A summary of the drugs
that have been studied in clinical trials aimed at treating
the pathogenic mechanisms of DPN are listed in Table 6.

Therapy aimed at treating symptoms
in patients with DPN
It is critical to discern the underlying condition in diabetic
patients with pain. Physicians, must be able to differentiate
painful diabetic neuropathy from other unrelated or coex-
isting conditions in patients with diabetes. The most com-
mon of these are claudication, Morton’s neuroma, Charcot
neuroarthropathy, fasciitis, osteoarthritis, and radiculopa-
thy (Table 7).

Treatment strategies should aim to decrease the afferent
input, reduce local inflammation, suppress sympathetic
fortification of the stimulus, reduce the impact of excita-
tory amino acids, alter the modulation of nociceptors, and
suppress Na+ channel activity (Fig. 5).

Amitriptyline is prescribed for diabetic neuropathy
[39], but anticholinergic side effects such as orthostatic hy-
potension and possible cardiac arrhythmias [39,40] war-
rant caution in its use. Contraindications to amitriptyline
and other tricyclic antidepressants include cardiac con-
duction block, long QT syndrome, myocardial infarction
within 6 months, ventricular arrhythmias and/or frequent
premature ventricular contractions [40]. Older adults with
neuropathy are at risk for adverse events from tricyclic
antidepressants especially stability, balance and cognitive
problems [41]. For this reason, patients over 40 years old
should have a screening electrocardiogram prior to using
these medications [41].

Other commonly used drug classes include anal-
gesics (local, simple, and narcotic), antiarrhythmics, and
antiepileptic drugs (Table 7) [40]. Based on positive re-
sults from randomized, controlled trials and expert clinical
opinion of members of the faculty of the Fourth Interna-
tional Conference on the Mechanisms and Treatment of
Neuropathic Pain, recommendations for first-line medi-
cations for neuropathic pain include gabapentin, 5% lido-
caine patch, opioid analgesics, tramadol hydrochloride,
and tricyclic antidepressants [41]. Consideration of the
safety and tolerability of different therapies is important in
avoiding adverse effects, a common result of treatment of
neuropathic pain. Dosages must be titrated based on pos-
itive response, treatment adherence, and adverse events
[41].

Anti-epileptic drugs (AEDs) have a long history of ef-
fectiveness in the treatment of neuropathic pain. Since
1993, nine new AEDs (felbamate, gabapentin, prega-
balin, lamotrigine, topiramate, tiagabine, levetiracetam,
oxcarbazepine, and zonisamide) have received FDA

Table 6. Common pain syndromes similar to painful diabetic
neuropathy

Condition Key characteristics and differentiating features

Claudication • Doppler ultransonography confirms clinical
diagnosis of arterial occlusion

• Diabetic patients may present with normal
extremities and absent foot pulses

• Peripheral arterial occlusion with underlying
atherosclerosis

• Usually intermittent, worsened by walking;
remits with rest; other signs/symptoms
suggest arterial insufficiency

Morton’s neuroma • Benign neuroma formation on third plantar
interdigital nerve

• Generally unilateral
• More frequent in women
• Pain elicited when pressure is applied with

the thumb between the first and fourth
metatarsal heads

Osteoarthritis • Can be secondary to diabetes mellitus, but
onset of pain is usually gradual and in 1 or
2 joints

• Differential diagnosis based on x-ray
• Morning stiffness, diminished joint motion,

and flexion contractures
• Pain worsens with exercise and improves

with rest
• Radiculopathy can result

Radiculopathy • Can be caused by diabetes, but also from
arthritis or metastatic disease

• Neurologic examinations and imaging can
localize lesion site

• Pain can occur in thorax, extremities,
shoulder, or arm, depending on site of
lesion

Charcot neu-
roarthropathy

• May result from osteopenia due to increased
blood flow following repeated minor
trauma in individuals with diabetic
neuropathy

• Warm to hot foot with increased skin blood
flow

• Decreased warm sensory perception,
vibration detection

Plantar fasciitis • Pain in plantar region of the foot
• Tenderness along plantar fascia when ankle

is dorsiflexed
• Shooting or burning in the heel with each

step
• Worsening pain with prolonged activity
• Often associated with calcaneal spur on

radiography
Tarsal tunnel

syndrome
• Caused by entrapment of the posterior tibial

nerve
• Pain and numbness radiate from beneath the

medial malleolus to the sole
• Clinical examination includes percussion,

palpation for possible soft-tissue matter,
nerve conduction studies, magnetic
resonance imaging
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Table 7. Drugs approved by the FDA for treatment of neuropathic pain syndrome (adapted from [51])

Duration of
Medication Indication Beginning dosages Titration Maximum dosage adequate trial

Gabapentin Postherpetic
neuralgia

100–300 mg every
night or 100–300
mg 3 /d

Increase by 100–300
mg 3 /d every 1–7
d as tolerated

3600 mg/d (1200 mg
3 /d); reduce if low
creatinine clearance

3–8 wk for titration
plus 1–2 wk at
maximum
tolerated dosage

Pregabalin Diabetic
neuropathic
pain

150 mg bid Increase to 300 bid 600 mg/d 1 wk

Carbamazepine∗∗ Trigeminal
neuralgia

200 mg/d (100 mg
bid)

Add up to 200 mg/d in
increments of 100
mg every 12 h

1200 mg/d

5% lidocaine patch Postherpetic
neuralgia

Maximum of 3
patches daily for a
maximum of 12 hr

None needed Maximum of 3
patches daily for a
maximum of 12 hr

2 wk

Opioid analgesics∗ Moderate to
severe pain

5–15 mg every 4 hr as
needed

After 1–2 wk, convert
total daily dosage
to long-acting
medication as
needed

No maximum with
careful titration;
consider evaluation
by pain specialist at
dosages exceeding
120–180 mg/d

4–6 wk

Tramadol hydrochloride Moderate to
moderately
severe pain

50 mg 1 or 2 /d Increased by 50–100
mg/d in divided
doses every 3–7 d
as tolerated

400 mg/d (100 mg
4 /d); in patients
older than 75 yr,
300 mg/d in
divided doses

4 wk

Tricyclic
antidepressants (eg,
nortriptyline
hydrochloride or
desipramine
hydrochloride)

Chronic pain 10–25 mg every night Increase by 10–25
mg/d every 3–7 d as
tolerated

75–150 mg/d; if blood
level of active drug
and its metabolite is
<100 ng/mL,
continue titration
with caution

6–8 wk with at least
1–2 wk at
maximum
tolerated dosage

Fluoxetine Sero-
tonin/norepinephrine
Reuptake inhibitor

Diabetic
neuropathic
pain

30 mg bid Increase by 60 to
60 mg bid. No
further titration

4 wk

∗Dosages given are for morphine sulfate.
∗∗Source: Tegretol [prescribing information]. East Hanover, NJ: Novartis Pharmaceuticals Corp; 2003.

approval for the adjunctive treatment of partial seizures
[42] (Table 7). Three of these drugs have also been
approved for generalized seizures (felbamate, lamotrig-
ine, topiramate) and three (felbamate, lamotrigine, oxcar-
bazepine) for monotherapy [42]. Principal mechanisms
of action include sodium channel blockade (felbamate,
lamotrigine, oxcarbazepine, topiramate, zonisamide),
potentiation of GABA activity (tiagabine, topiramate),
calcium channel blockade (felbamate, lamotrigine, top-
iramate, zonisamide), antagonism of glutamate at
N -methyl-D-aspartate (NMDA) receptors (felbamate,
memantine, dextromethorphan) or α-amino-3-hydroxy-5-
methyl-4-isoxazole propionic acid (AMPA) (felbamate,
topiramate), and mechanisms of action still undetermined
(gabapentin, pregabalin, levetiracetam).

In addition to providing efficacy against epilepsy, these
new AEDs may also be effective in treating neuropathic
pain. For example, the AED lamotrigine may decrease
hyperexcitability in dorsal horn spinal neurons by inhibit-

ing glutamate release-2 mechanisms and decrease sponta-
neous activity in regenerating primary afferent nerve fibers
[43]. In addition, the “wind-up” phenomenon caused by
nerve injury and the kindling that occurs in hippocampal
neurons in patients with mesial temporal sclerosis both
enlist activation of NMDA receptors [44] which can be
affected by felbamate [42].

The evidence supporting the use of antiepileptic drugs
for the treatment of PN continues to evolve. Patients who
have failed one anticonvulsant may respond to another, as
drugs in this class often have different mechanisms of ac-
tion [41]. When these mechanisms are understood, it may
prove beneficial to combine drugs for a synergistic effect.
For example, a sodium channel blocker such as lamot-
rigine may be used with a glutamate antagonist such as
felbamate. In addition, certain drugs may possess multi-
ple mechanisms of action which increases its likelihood
of success (e.g. topiramate). If pain is divided according
to its derivation from different nerve fiber types (e.g. Aδ
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vs C-fiber), spinal cord or cortical, then different types of
pain should respond to different therapies (Fig. 6).

While it would be preferable to rely on FDA-approved
medications for the treatment of PN, no drugs have yet
received an indication for this purpose. Only a few drugs,
including 2 AEDs, have received FDA approval for the
treatment of chronic neuropathic pain syndrome [42]. Car-
bamazepine has FDA approval for the treatment of trigem-
inal neuralgia, and is effective in controlling the lightning
pain of DN and both gabapentin and lidocaine 5% patch
[41] are approved for postherpetic neuralgia [41].

Special considerations
The 63rd Annual American Diabetes Association meeting
(2003) had an entire symposium devoted to the problem of
understanding pain in diabetic neuropathy and to optimize
therapeutic approaches in its treatment. The following rep-
resents a brief summary of some special considerations
when treating painful neuropathy.

Carbamazepine, a Na+ channel blocker, is effective
against trigeminal neuralgia but is being replaced with
the safer Oxcarbazine which is useful for “lightning” type
pains. Lamotrigine may cause skin rashes if titrated up
too rapidly and Gabapentin, whose action still remains
obscure and may cause serious CNS side effects, has
failed in one of three studies and causes weight gain.
Dextromethorphan, an NMDA receptor antagonist was
relatively weak and its successor Memantine has not un-
dergone successful trials. Topical capsaicin (3 teaspoons
cayenne pepper + 1 jar cold cream) depletes substance
P but is difficult to use and can be dangerous if it con-
tacts mucous membranes. Results from topical lidocaine
or it oral equivalent mexilitine are equivocal. The anticon-
vulsant drug, Topiramate, has been used successfully to
treat pain in diabetic patients and also promotes weight
loss and restful sleep, suggesting that the drug may have
other beneficial effects apart from relieving pain [45].
Tramadol and oxycodone are weak opiods which have
also shown to be effective but require careful titration and
observation.

Another type of pain, Aδ pain, is described as a more
deep-seated ache which does not often respond to the med-
ications above. Several different agents have been used
with varying success. Continuous intravenous insulin in-
fusion without blood glucose lowering may be useful in
these patients. The patient is admitted in the evening and
usual diabetes treatment is instituted and a regular meal
plan followed. NaCl is administered intravenously. In the
morning, insulin is infused in a dose of 0.8-1.0 units
hourly. Pain reduction usually occurs within 48 hours at
which time the insulin infusion is discontinued. If this
measure fails there are several medications available that
may abolish the pain.

Conclusions

Diabetic neuropathy is a heterogeneous disease with di-
verse pathology. Recognition of the clinical homologue of
these pathological processes is the first step in achieving
the appropriate form of intervention. Treatment should be
individualized such that the particular manifestation and
underlying pathogenesis of each patient’s unique clinical
presentation is considered. In older adults, special care
should be taken to manage pain while optimizing daily
function and mobility, with the fewest adverse side ef-
fects from medication. Older adults are at great risk for
falling and fractures due to instability, weakness and re-
quire strength exercises, coordination training. Ultimately
agents that address large fiber dysfunction will be essential
if we are to reduce the gross impairment of QOL and ADLs
that neuropathy visits upon the older person with diabetes.
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