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Hyperglycaemiacontributes to thepathogenesis ofmicrovascular complications (includingneuropathy) inboth
type 1 and type 2 diabetes. Other metabolic and vascular factors have also been suggested to be contributing
factors.

◊

The clinical presentation comprises a broad constellationof symptomsanddeficits, involving all sensory,motor,
and autonomic nerve fibres.

◊

Diabetic peripheral neuropathy is the most common chronic complication of diabetes, characterised by the
presence of peripheral nerve dysfunction, diagnosed after the exclusion of other causes. Pain is the outstanding
complaint in most patients, but many patients are completely asymptomatic.

◊

Treatment has traditionally focused on control of hyperglycaemia as ameans of slowing progression or delaying
onset, on targeting potential pathogenic mechanisms, and on pain reduction.

◊

Pregabalin (a voltage-gatedcalciumchannelmodulator) andduloxetine (a selectivedual serotonin-noradrenaline
re-uptake inhibitor) are the only prescription drugs that are approved for treating pain in diabetic peripheral
neuropathy in some countries.

◊

Summary



Definition

Diabetic neuropathy (DN) is a chronic complication of diabetes (type 1 or type 2), characterised by the presence of

symptoms, and/or signs of peripheral nerve dysfunction, and/or autonomic nerve dysfunction. It is diagnosed after the

exclusion of other causes. Frequently, however, people with DN are asymptomatic.

Epidemiology

DN is the most common complication of diabetes. In the US, DN is the primary cause of diabetic foot problems and

ulcerations, which are the leading causes of diabetes-related hospital admissions and non-traumatic amputations.[5]

Approximately 50% of people with diabetes will develop DN during their lifetime, although estimates vary from 10% to

90%, depending on the diagnostic criteria used.[6]Although there are nomajor structural differences in nerve pathology

between the2main types of diabetes, type 1diabetes and type2diabetes, somedifferences in epidemiology and clinical

presentationdoexist. TheprevalenceofDN isquite low inpatientswithearly type1diabetes.However, amongparticipants

in the Diabetes Control and Complications Trial (DCCT) who were considered to be non-neuropathic at baseline, the

prevalence of an abnormal neurological examination was almost 20% in those on conventional treatment and almost

10% in those on intensive treatment after approximately 5 years of follow-up.[7]The prevalence of both distal symmetric

polyneuropathy (DPN) and cardiovascular autonomic neuropathy (CAN) increased during the observational follow-up of

the DCCT cohort, Epidemiology of Diabetes Interventions and Complications (EDIC). At EDIC years 13 to 14, after amean

type 1 diabetes duration of 26 years, reported prevalence rates were 25% and 35% for DPN, and 29% and 35% for CAN

in the former intensiveandconventional control treatmentgroups, respectively.[8] [9]TheEURODIAB IDDMComplications

Study found that the prevalence of DN, across randomly selected patients with type 1 diabetes from 16 European

countries, was 28%, with no significant geographical differences.[10] In the Pittsburgh Epidemiology of Diabetes

Complications Study, in which patients with T1D were followed, the cumulative incidence of DPN over a period of 5.3

years was 29%.[11]

One prospective study of outpatients with type 1 and type 2 diabetes found an increase in prevalence of DN from 10%

(at the timeof diagnosis) to50%after 25years of diabetes.[12]Asimilar prevalencewas reported in theRochesterDiabetic

Study in the US, in which 59% of type 2 and 66% of type 1 diabetic patients had DN.[13] In the UK, in another large

cross-sectional studyofpeoplewith type1and type2diabetes, theprevalenceofDNwas29%.[14]Theeffectof intensive

multifactorial treatment on incidence of DN in people screened for type 2 diabetes is unclear.[15] In a large study that

enrolledmore than 2300 participants with type 2 diabetes with amean diabetes duration of approximately 10 years and

confirmed coronary artery disease, the prevalence of confirmed DPN was approximately 50%.[16] [17] Among those

participants who were free of DPN at baseline, the cumulative incidence of DPN over 4 years of follow-up was 69%.[17]

In the NHANES study, the prevalence of painful DPN was found to be 27%.[6]

Evidence from longitudinal cohorts describe that prevalence rates for CAN increase with age (up to 38% in type 1 and

44% in type 2 patients aged 40-70 years) and diabetes duration (up to 35% in type 1 and 65% in type 2 patients with

long-standingdiabetes).[18]Theavailable longitudinal studies indicated anannual increase inprevalenceofCANof about

6% in type 2 diabetes, and of about 2% in type 1 diabetes.[18]Due to its broad clinical consequences and highmorbidity,

DN is associatedwith apoorquality of life.[19] [20] In thepast itwas assumedchildrenandyouthare somewhatprotected

against developing DN. However, more recent evidence obtained in the SEARCH for Diabetes in Youth study, reported

that signs for both cardiac autonomic neuropathy and DPN are found in youth with type 1 diabetes.[21]
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Aetiology

DN is a complex consequence of hyperglycaemia-induced alterations inmultiple biochemical pathways, associated with

other metabolic and vascular factors.

Hyperglycaemia

• The contribution of hyperglycaemia to the pathogenesis of microvascular complications (including DN) in type

11[A]Evidence and type 22[B]Evidence diabetes is firmly established.[7] [22] [23]

• TheDiabetesControl andComplicationsTrial (DCCT)providedstrongevidence for the importanceofhyperglycaemia,

insulin-deficiency, or both in the pathogenesis of DN in type 1 diabetes.[7]

• The Epidemiology of Diabetes Interventions and Complications (EDIC) study, the prospective observational study

of the DCCT cohort, has shown persistent beneficial effects of past glucose control on both DN and cardiovascular

autonomic neuropathy in patients with type 1 diabetes,[8] [9] supporting the impact of “metabolic memory” as

previously observed for retinopathy and nephropathy.[24]

• The results of the EDIC study also supported a close association between the severity and/or duration of

hyperglycaemia and the development and progression of diabetic complications (including DN).[25]

• Patients who had received intensive insulin therapy in the DCCT were protected from the development of DN for

at least 8 years following completion of the DCCT.[8] [9] [25]

• The ACCORD trial reported that an intensive glucose-lowering strategy, targeting an HbA1c <6% delayed the

progression of neuropathy in patients with type 2 diabetes at high risk of CVD events.[26]However, in this trial the

intensive therapy was stopped before study end because of higher mortality in that group.

• Onemeta-analysis concluded that in type 1 diabetesmellitus, high-quality evidence demonstrates that enhanced

glucose control significantly prevented the development of clinical neuropathy and reduced nerve conduction

andvibration thresholdabnormalities. In type2diabetesmellitus, however, availableevidenceshowed thatenhanced

glucose control reduced nerve conduction and vibration threshold abnormalities, but failed to significantly reduce

the incidence of clinical neuropathy.[27]

• However, in type2diabetes, the typeof glucose lowering approachmayhavedifferent effects ondiabetic peripheral

neuropathy (DPN). Among patients with type 2 diabetes followed for up to 4 years during the BARI 2D study, a

glycaemic control therapywith insulin sensitisers significantly reduced the incidenceofDPNcomparedwith insulin

provider therapy, especially in men.[17]

Other metabolic and vascular factors

• Data fromtheUnitedKingdomProspectiveDiabetesStudy (UKPDS) suggest thathypertension,obesity, andsmoking

contribute to the development of DN in type 2 diabetes.[22]

• Emerging evidence has revealed that cardiovascular risk factors such as hypertension and elevated serum lipids

are each independently associated with development of DN.[28] [29] [30] The EURODIAB trial found that both

hypertension and hyperlipidaemia accelerated the effects of hyperglycaemia on nerve dysfunction in people with

type 1 diabetes.[10] [31]

• Elevated triglycerides were also reported to be independently associated with development of DN.[30]
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Other general factors

• Age

• Duration of diabetes.

Pathophysiology

Research supports the concept that bothmetabolic and vascular factors are involved in the pathogenesis of DN. Animal

and in vitro experiments implicate enzymatic and non-enzymatic pathways of glucose metabolism in the initiation and

progression of DN. These include:[32] [33] [34]

• Increased oxidative and nitrosative stress

• Redox imbalance, secondary to enhanced aldose reductase activity

• Non-enzymatic glycation of structural nerve proteins

• Increasedchronic inflammationand impairednuclear factor kappa-light-chain-enhancerof activatedBcells (NF-kB)

signalling pathways

• Impaired protein kinase C activity

• Impaired nitric oxide synthesis and endothelial dysfunction

• Alterations in cyclo-oxygenase activity, with subsequent perturbations in prostaglandin metabolism

• Direct hypoxia and ischaemia of nerve trunks and ganglia

• Deficiencies in the neurotrophic support of neurons and deficiencies in C-peptide

• Poly (ADP-ribose) polymerase (PARP) activation

• Alterations in mitogen-activated protein kinases

• Mobilisation of transcription factors

• Oxidised LDL cholesterol-mediated injury.

In nerve tissue, this pattern of metabolic and vascular disturbance impairs mitochondrial function and neurotrophic

support, and mediates injury of neurons and Schwann cells, culminating in progressive damage and loss of peripheral

nerve fibres and impaired sensory function.[35]

Similar mechanismsmay be relevant to the pathogenesis of bothmicro- andmacro-vascular disease in type 2 diabetes.

It is likely that endothelial dysfunction, low-grade inflammation, and rheological abnormalities are commonmechanistic

denominators.[36]

Classification
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Classification of diabetic neuropathy[1] [2] [3] [4]

1. Distal symmetrical sensorimotor polyneuropathy.

2. Autonomic neuropathy.

3. Focal and multi-focal neuropathies

• Cranial neuropathies

• Limbmononeuropathies (median, ulnar, radial, femoral, peroneal, lateral femoral cutaneous)

• Trunk mononeuropathy

• Mononeuropathy multiplex

• Asymmetrical lower limbmotor neuropathy (amyotrophy).

4. Mixed forms.

The most common forms of DN are chronic sensorimotor polyneuropathy and autonomic neuropathy.

American Diabetes Association (ADA) adapted classification of diabetic
neuropathy[2] [3]

Generalised symmetrical polyneuropathies

• Acute sensory

• Chronic sensorimotor

• Autonomic.

Focal and multifocal neuropathies

• Cranial

• Truncal

• Focal limb

• Proximal motor (amyotrophy)

• Co-existing chronic inflammatory demyelinating polyneuropathy (CIDP).

The ADA added that physicians should be alert for treatable neuropathies (e.g., CIDP, monoclonal gammopathy, vitamin

B12 deficiency) in patients with diabetes.

Toronto Expert Panel on Diabetic Neuropathy Classification[4]

More recently, the Toronto Expert Panel onDiabeticNeuropathy has provided anupdate onpolyneuropathies associated

withdiabetes.While this panel endorsed theclassificationspreviously published, it alsoprovidedevidence that generalised

diabetic peripheral neuropathy (DPN) can be further classified into 2 major subgroups:
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• Typical DPN - a chronic, symmetrical, length-dependent (longer nerves affected first in the most distal segments)

sensorimotorpolyneuropathy. It is thought tobe thecommonest varietyofDPN fromcohort andpopulation-based

epidemiological studies.

• Atypical DPN -may develop at any time during the course of a patient’s diabetesmellitus. Onset of symptomsmay

beacute, subacute, or chronic, but thecourse isusuallymonophasicor fluctuatingover time, tending topreferentially

involve small sensory and autonomic nerve fibres.
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Primary prevention

Control of hyperglycaemia has been demonstrated to be the most effective strategy in preventing DN in type
11[A]Evidence and type 2 diabetes.[44] 2[B]Evidence

The effect of intensivemultifactorial treatment on incidence of DN in people screened for type 2 diabetes is unclear.[15]

Screening

All patients should be screened for distal symmetric polyneuropathy (DPN) starting at diagnosis of type 2 diabetes, and
5 years after the diagnosis of type 1 diabetes, and at least annually thereafter, using simple clinical tests. The Michigan
Neuropathy Screening Instrument (MNSI) and similar symptom scoring systems are useful in clinical practice.[84] [85]
[86] [87] Electrophysiological testing or referral to a neurologist is rarely needed, except in situations where the clinical
features are atypical.[45] The American Diabetes Association (ADA) recommends annual screening with tests, such as
assessment of:[45]

• Pinprick sensation

• Vibration perception (using a 128-Hz tuning fork)[Fig-2]

• Light touch perception using a 10-g monofilament at the distal first metatarsophalangeal joint[Fig-3]

• Ankle reflexes.

TheADAalso recommendscreening for signsandsymptomsof autonomicneuropathyduringhistory takingandphysical
exam.[45] Special testing is rarely needed andmay not affect management or outcomes.

Screening for cardiovascular autonomic neuropathy (CAN):[66] [48] [49] [18]

• Diagnosis of CAN is based on the use of cardiovascular reflex tests (CARTs) that assess the heart rate (HR) response

to deep breathing, standing, and Valsalva manoeuvre, and of BP response to standing.

• For the diagnosis and monitoring of CAN, more than one cardiovascular reflex test and BP test are required.

• Performance of CARTs should be standardised and the influence of confounding variables minimised.

• Age-related normal ranges of HR tests are strictly required.

Staging of CAN:

• Stage 1. Possible or early CAN: presence of one abnormal cardiovascular reflex test, to be confirmed over time

• Stage 2. Definite or confirmed CAN: at least two abnormal cardiovascular reflex tests are required

• Stage 3. Severe or advanced CAN: presence of definite CAN plus the presence of orthostatic hypotension (OH)

Progressive stages of CAN are associated with increasingly worse prognosis.
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Secondary prevention

People with DN are particularly at risk of painless foot injuries. Preventing foot ulceration is important, as complications

may occur and lead to wound infection, admission to hospital, and sometimes gangrene with the need for amputation.

All patients should be screened for DN at diagnosis of diabetes, and at least annually thereafter, using simple clinical

tests.

Proper care of the foot and prevention of ulceration begins with educating the patient on proper foot care. The feet

should be visually examined at each visit. Referral for specialised footwear may be indicated to relieve pressure points

and reduce risk of foot trauma. Patients also need to check their feet daily and report any injuries or wounds at an early

stage.

One review of 13 randomised clinical trials assessed the benefits and efficacy of various interventions on the prevention
of future diabetic foot ulcers. It found that only foot temperature-guided avoidance therapy was beneficial.[230]

Cardiovascular autonomic testing is recommended before a patient with diabetes begins a moderate- or high-intensity

exercise programme. People with known cardiovascular autonomic dysfunction should be advised about the need for

appropriate hydration when exercising. They should also avoid exercising in environments that are hot or cold because

they may have problems with normal thermoregulation.
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Case history

Case history #1

Amiddle-agedman with type 2 diabetes presents with shooting and burning pain in his feet and lower legs, most

severe at night, associated with numbness and allodynia (pain from stimuli that are not normally painful). In the past

6months, thepainhasbecomemuchworseanddisturbshis sleep.Hehasbeen told thathis bloodglucose is borderline

elevated and has been advised to start diet and exercise. He also takes a medication for HTN and recalls that his

cholesterol is elevated.

Case history #2

A 54-year-old womanwith type 1 diabetes notices she has developed an ulcer on the plantar aspect of her right foot.

She cannot recall any particular injury and has been walking as normal with no pain. Physical examination of the foot

reveals a painlessulcer over themetatarsal head. Shealso complainsof feeling tired andhasnoticed she is particularly

dizzy andunsteadyonher feetwhen she standsup. BPmeasurements in the supineposition, repeatedafter 2minutes

of standing, reveal an abnormal fall in systolic BP, from supine to standing position, of 32 mmHg.

Other presentations

Weakness is less common than pain and is usually minor and occurs later. If weakness is present, it follows a distal

pattern, with wasting andweakness of the interossei of hands and feet. An acute onset of severe sensory neuropathy

may occur rarely, but a chronic sensorimotor neuropathy is muchmore common. Other rare types of neuropathy

thatmay present include cranial neuropathies, mononeuropathies (e.g., carpal tunnel syndrome, or footdrop related

to common peroneal neuropathy), truncal radiculopathy (presenting with pain over the thoracic or abdominal wall),

or diabetic amyotrophy. Diabetic amyotrophy is more common in older patients with type 2 diabetes, and presents

with severe pain, muscle weakness, and muscle atrophy in the thigh unilaterally or bilaterally. Additional symptoms

of autonomic neuropathy include those of gastroparesis (e.g., nausea, vomiting, early satiety) or bladder or erectile

dysfunction.

Step-by-step diagnostic approach

The presentation of DN is variable from one patient to another. Up to 50% of patients with DNmay be completely

asymptomatic.[4] [45]Characteristichistoryandclinical examination findingsareoftensufficient todiagnose thecondition.

There are no distinguishing features unique to DN, so all other possible causes of the observed neuropathy (e.g.,

hypothyroidism, cyanocobalamin deficiency, uraemia, chronic alcoholism)must be ruled out by careful history, physical

examination, and laboratory tests. Someof theseconditionsoccurmore frequently inpeoplewithdiabetes and, therefore,

may co-exist.

Many of the symptoms associated with diabetic autonomic neuropathy are common in the general population. The

symptoms are frequently non-specific, making confirmation of the cause all the more challenging.

History for diabetic peripheral neuropathy
The history may reveal the presence of risk factors strongly associated with DN, including prolonged duration of

diabetes (e.g., >10 years), older age (e.g., >70 years), tall stature, and poorly controlled hyperglycaemia. Intensive

blood glucose control is associatedwith lower rates of DN comparedwith conventionalmanagement.[7] [22]History
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of dyslipidaemiawith elevated triglycerides and hypertensionmay also be present. In addition, a history of recent falls

should be elicited, which may reflect gait and balance disorders.[46]

Symptoms vary according to the class of sensory fibres involved. The most common symptoms are induced by the

involvement of small fibres and include:

• Pain

• Dysaesthesias (unpleasant abnormal sensations of burning, tingling, numbness, associated with peripheral

nerve lesions)

• Numbness.

The pain is particularly troubling to most patients, and is often the reason why patients with DN seek medical care.

The pain intensity varies from causing discomfort to being disabling, and may be described as:

• Sticking

• Lancinating

• Prickling

• Burning

• Aching

• Boring

• Excessively sensitive.

Pain is often worse at night andmay disturb sleep. Involvement of larger fibres produces a tight, band-like feeling

around the extremity or an electrical tingling sensation.

The most distal portion of the longest nerves is affected first. Early symptoms typically involve the tips of the toes

and fingers. This proceeds proximally, resulting in a 'stocking-glove' pattern of pain and sensory loss. [Fig-1]

Feeling may also be lost in the feet, with or without pain or dysaesthesias. If nociceptive fibres are involved, loss of

sensation may set the stage for painless injuries. An object may become lodged in the shoe and erode through the

skin with normal walking and weight-bearing.

Weakness is another presenting symptombut is less common, usuallyminor, and occurs later in the disease process.

Much rarer presentations of DN include:

• Mononeuropathies (presentingwith specific features; e.g., carpal tunnel syndrome, footdrop related tocommon

peroneal neuropathy)

• Cranial neuropathies (extremely rare)

• Diabetic truncal radiculoneuropathy (presenting with pain over the lower thoracic or abdominal wall)

• Diabetic amyotrophy (presenting with severe muscle weakness and pain, and proximal thigh muscle atrophy).

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Feb 11, 2015.12
BMJ Best Practice topics are regularly updated and the most recent version of the topics can be found on bestpractice.bmj.com . Use

of this content is subject to our disclaimer. © BMJ Publishing Group Ltd 2015. All rights reserved.

DiagnosisDiabetic neuropathy
D
IA
G
N
O
SI
S

http://bestpractice.bmj.com


History for diabetic autonomic neuropathy
Generally, symptoms of autonomic neuropathy occur later in the course of the disease.[47] [48] [49]

Patients may have exercise intolerance due to a reduced response in heart rate and BP, and blunted increases in

cardiac output in response to exercise.[50]

Orthostatic hypotension (a fall in systolic or diastolic BP in response to a postural change from supine to standing)

occurs in diabetes largely as a consequence of efferent sympathetic vasomotor denervation, causing reduced

vasoconstriction of the splanchnic and other peripheral vascular beds. Symptoms associated with orthostatic

hypotension include:

• Light-headedness

• Weakness

• Faintness

• Dizziness

• Visual impairment

• Syncope on standing.

GI symptomsare relatively commonamongpatientswithdiabetes andoften reflect diabeticGI autonomicneuropathy.

Some studies have described the presence of delayed gastric empyting in up to 50% of patients with long-standing

diabetes, and in severe cases anassociationwith significant impairments inbothquality of life anddiabetic control.[51]

AlthoughGI symptomsarecommon indiabetes, symptomsareoftendue to factorsother thanautonomicdysfunction.

While the delay in gastric emptying is not always clinically apparent, the range of symptomsmay include:[52]

• Nausea

• Post-prandial vomiting

• Bloating

• Loss of appetite

• Early satiety.

Esophageal dysfunctionpartly results fromvagal dysfunctionandmaypresentwith symptoms that includeheartburn

and dysphagia for solids.

Diarrhoea, typically intermittent, is evident in 20% of diabetic patients particularly those with known autonomic

dysfunction.[47] Profuse and watery diarrhoea, typically occurring at night, has also been described especially in

patients with type 1 diabetes. It may alternate with constipation and is extremely difficult to treat. History should rule

out diarrhoea secondary to ingestion of lactose, non-absorbable hexitols, or medication.[47]

People with diabetes may also experience faecal incontinence, due to poor sphincter tone.

Bladder dysfunction is present in up to 50% people with diabetes andmay result in symptoms of:
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• Frequency

• Urgency

• Nocturia

• Hesitancy in micturition

• Weak stream

• Dribbling urinary incontinence

• Urine retention.

Erectile dysfunction (ED) is present in30%to75%diabeticmenandcanbe theearliest symptomofdiabetic autonomic

neuropathy. However, it is generally accepted that it is not solely induced by autonomic neuropathy but rather by

the co-existence of other multiple vascular risk factors, such as:

• Hypertension

• Hyperlipidaemia

• Obesity

• Psychogenic factors.

Women with diabetes may have decreased sexual desire and increased pain during intercourse, and are at risk of

decreased sexual arousal and inadequate lubrication.[53]

If there is sudomotor dysfunction, thepatientmay complain of anhidrosis, heat intolerance, dry skin, or hyperhidrosis.

Hypoglycaemia unawareness may also be triggered by autonomic neuropathy but this relationship is complex.

Assessment of symptoms
Questionnaires have been developed to investigate orthostatic symptoms and their severity in dysautonomic

conditions. Current validated autonomic scales, include the Autonomic Symptom Profile (ASP)[54] and the Survey

of Autonomic Symptoms (SAS).[55]

Physical exam
Physical examination (neurological)may reveal symmetrical distal sensory loss, with reducedor absent ankle reflexes.

Sensory loss is defined in terms of extent, distribution, and modality and involves assessment of:

• Pinprick sensation

• Light touch

• Vibration

• Joint position.

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Feb 11, 2015.14
BMJ Best Practice topics are regularly updated and the most recent version of the topics can be found on bestpractice.bmj.com . Use

of this content is subject to our disclaimer. © BMJ Publishing Group Ltd 2015. All rights reserved.

DiagnosisDiabetic neuropathy
D
IA
G
N
O
SI
S

http://bestpractice.bmj.com


Apotentially quick, inexpensive, andaccurate screening instrument toevaluatehigh-risk patients in the clinic includes

assessment for:[56] [57]

• Loss of vibration sense (using a 128-Hz tuning fork) is tested initially at the big toe.[Fig-2] Vibration sensation

should be assessed with the big toe unsupported. Vibration sensation should be tested bilaterally by placing

the tuning fork over the dorsum of the big toe, on the bony prominence of the DIP joint. The patient, whose

eyes are closed, should be asked to indicatewhenheor she canno longer sense the vibration from the vibrating

tuning fork. The Oxidative injury and diabetic complications manual of operations states that 'in general, the

examiner should be able to feel vibration from the hand-held tuning fork for 5 seconds longer on his or distal

forefinger than a normal person can at the big toe (e.g., examiner's DIP joint of the first finger versus patient's

toe). If the examiner feels vibration for ≥10 seconds on his or her finger then vibration is considered decreased.

A trial should be conducted when the tuning fork is not vibrating to be certain that the patient is responding to

vibration and not pressure, or some other clue. Vibration is scored as: 1) present if the examiner senses the

vibration on his or her finger for <10 seconds, 2) reduced if sensed for ≥10 seconds, or 3) absent (no vibration

detected)'.[57]

• Ankle reflexes potentially offer a quick, inexpensive, and accurate screening instrument to evaluate high-risk

patients in the clinic. Ankle reflexes should be examined using an appropriate reflex hammer (e.g., Tromner or

Queen square). Ankle reflexes should be elicited in the sitting position with the foot dependent and the patient

relaxed. In addition, the foot should be passively positioned and slightly dorsiflexed to obtain optimal stretch of

the muscle. The Achilles tendon should be percussed directly. If the reflex is obtained, it is graded as present.

If the reflex is absent, the patient should be asked to perform the Jendrassicmanouvre (i.e., hooking the fingers

together and pulling). Reflexes elicited with the Jendrassic manouvre are designated as present with

reinforcement. If the reflex is absent, even with the Jendrassic manouvre, the reflex is considered absent.[57]

• Loss of light touch (using 10-g monofilament) is tested at the dorsal aspects of both big toes.[Fig-3] For this

examination, it is important that the patient's foot be supported (i.e., allowing the sole of the foot to rest on a

flat,warmsurface). The filament should initially bepre-stressed (4 to6perpendicular applications to thedorsum

of the examiner's first finger). The filament is then applied to the dorsum of the big toe midway between the

nail fold and theDIP joint. The toe should not be held directly. The filament is applied perpendicularly and briefly

(<1 second), with an even pressure. When the filament bends, the force of 10 g has been applied. The patient,

whose eyes are closed, should be asked to respond yes if he or she feels the filament. Eight correct responses

out of 10 applications is considered normal; 1 to 7 correct responses indicates reduced sensation; no correct

answers translates into absent sensation.[57]

• Presence of ulcers, callus, and prior amputations (foot inspection).

Painless injuries may be apparent on exam.[Fig-5] These often occur over pressure points on the foot andmost

commonly over the metatarsal heads. Infection often complicates the situation and can be followed by gangrene if

vascular dysfunction is present.Magnetic resonance imaginghasemergedas themost accuratemeansofdiagnosing

bone infection, but bone biopsy for culture and histopathology remains the criterion standard.[58] [59] [60]

In patients with involvement of large sensory fibres, gait ataxia may develop especially at night or when the patient

walkswith closedeyes. In patientswith severeDN,motor involvementmaybecomeclinically apparentwithweakness

of toe dorsiflexion and intrinsic handmuscles.

Resting tachycardia and a fixed heart rate are characteristic late findings in diabetic patients with vagal impairment.

Resting heart rates of 90 to 100 bpm and occasional heart rate increments up to 130 bpm occur.[50] Resting heart
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rate andheart rate variation (HRV) are easy tomeasure at the bedside, and can reveal early signs of cardiac autonomic

neuropathy.

Measurement of supine and standing BP is important to diagnose orthostatic hypotension.

Bladder dysfunction may ultimately result in urinary retention with evidence of an enlarged bladder on abdominal

examination.

Assessment of signs
Resting tachycardia is not a specific sign of cardiovascular autonomic neuropathy (CAN) (class IV). Orthostatic

hypotensionmay be present in advanced CAN but requires prior exclusion of other causes and is an insensitive index

(class III). QTi prolongation (class II) and reverse dipping on ambulatory BPmonitoring are specific but insensitive

indices of CAN (class III).[18]

Investigations
DN isoftenaclinical diagnosis. Consensus statements fromtheAmericanDiabetesAssociation,AmericanNeurological

Association, and, more recently, from the Toronto Consensus Panel on Diabetic Neuropathy and NEURODIAB

recommend that thediagnosis andclassificationofDN for researchandclinical trials bebasedonat least1 standardised

measure from each of the following categories:[2] [61]

• Clinical symptoms

• Clinical examination

• Electrophysiological testing

• Quantitative sensory testing (QST)

• Autonomic testing

• Skin biopsy and intra-epidermal nerve fibre density.[62]

In addition, there are differences between diagnostic criteria for clinical care and clinical research.[4] [18]

Basic laboratory tests include fasting blood glucose, HbA1c and possibly OGTT, TSH, B12, and serum creatinine. Skin

biopsy is a validated technique for determining intra-epidermal nerve fibre density, and may be considered for the

diagnosis of DN, particularly of small-fibre neuropathy.[63]

Electrophysiological testing (nerve conduction tests and EMG) and specialised neurology evaluation are needed in

situations where the clinical features are atypical (such as asymmetrical symptoms and signs, or weakness).[Fig-4]

QST is one option that focuses on the vibration perception threshold (VPT) and thermal perception threshold.

Perceptions of vibration, heat and cold, and pain may be assessed with a variety of instruments (e.g., Vibratron II,

neurothesiometer, CASE IV). Algorithms for testinghavebeendeveloped to facilitate sensory thresholddetermination.

Two general schemes have emerged: themethod of limits and themethod of levels. In themethod of limits, a patient

is required to indicate as soonas theydetect an increasingly strong stimulus (ascending ramp) orwhen theyno longer

detect a decreasing stimulus (descending ramp). In themethod of levels, stimuli of defined intensity levels are tested

with the patient indicating whether they detect a specific level; the patient is forced to choose whether they feel a

stimulus. Therefore, the method of levels is also referred to as a forced-choice algorithm.[64] QST should be used in

peoplewith diabetes, in addition to routine clinical examination, as a subsequent assessment of the loss of protective

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Feb 11, 2015.16
BMJ Best Practice topics are regularly updated and the most recent version of the topics can be found on bestpractice.bmj.com . Use

of this content is subject to our disclaimer. © BMJ Publishing Group Ltd 2015. All rights reserved.

DiagnosisDiabetic neuropathy
D
IA
G
N
O
SI
S

http://bestpractice.bmj.com


sensation and axonal pathology when the rest of the examinations are normal, to detect small-fibre neuropathy.[65]

16[B]EvidenceMost of the test procedures for autonomic neuropathy are typically performed by a specialist.

Cardiovascular autonomic reflex tests[18]

• Cardiovascular reflex studies should be performed using a battery of validated tests (e.g., R-R response to deep

breathing, Valsalva manoeuvre, and response to postural changes), rather than one single test. These provide

informationmainlyonparasympathetic function,whereas theBPresponse tostandingandtoValsalvamanoeuvre,

and the sustained isometric muscular strain may provide information on sympathetic function.

• The R-R response to deep breathing is the most widely used test of cardiovagal function with approximately

80% specificity.[63]

• The Valsalva manoeuvre needs greater co-operation from patients and cannot be universally performed. HR

response depends on the BP response to the manoeuvre; the BP response to sustained handgrip is no longer

regarded as an established clinical test but only as an investigational test. The orthostatic hypotension testmay

still be used in the standard assessment of CAN, despite its low sensitivity.[18]

• These tests are non-invasive, safe, clinically relevant (they correlate with tests of peripheral nervous system

function), easy toperform, sensitive, specific, reproducible, and standardised, and, therefore, they are considered

consolidated, preferred standard measures of autonomic function.

Heart rate variability (HRV)[49] [48]

• HRV can be assessed either by calculating indices based on statistical analysis of response rate intervals

(time-domain analysis) or by spectral analysis (frequency-domain analysis) of an array.[50]

• Time-domain indices of global HRV and total spectral power of HRV represent an index of parasympathetic

activity, aswell as theHRVspectral power in thehigh frequency region,while the low frequency relativeproportion

(not the absolute power) of HRV provides a relative measure of sympathetic modulation. This interpretation

should be made with caution if respiratory artifacts (slow breaths) cannot be excluded.[66]

• It is generally accepted that, at this time, the use of HRV should be reserved for clinical research studies.

• QT prolongation is an independent predictor of mortality in diabetic patients and is weakly associated with

measures of HRV.[67]

• Presence of CAN, as assessed by impaired HRV, is an important independent predictor of all-cause and

cardiovascular mortality.[48] [49] [18]

The following investigations are performed only if the history and physical examination reveal concerns about the

possibility of any of these specific autonomic manifestations.

• Gastric emptying studies with double-isotope scintigraphy and, more recently, surface electrogastrography,

detect abnormalities in GI pacemaking. This may help in the diagnosis of gastroparesis where the diagnosis is

in doubt.

• Hydrogen breath tests using non-radioactive 13C-acetate or -octanoic acid as a label are safe, inexpensive, and

correlate well with scintigraphy results.

• A bariummeal investigation has a place in evaluating mucosal lesions or obstruction.
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• Gastroduodenoscopy is also recommended to exclude pyloric or other mechanical obstructions.

• GI manometry should be considered as a research technique to investigate gastric and intestinal motility.

• Gastric ultrasoundmay be considered. This has the advantage of being a non-invasive test. Two-dimensional

ultrasound has been validated for measuring emptying of liquids and semi-solids. However, 3-dimensional

ultrasound offers a more comprehensive imaging of the total stomach.

• Gastric MRI has been used to measure gastric emptying andmotility with excellent reproductivity, but its use

is limited to research purposes.

• Anorectal manometry can be performed to evaluate sphincter tone and the rectal-anal-inhibitory reflex. This

will help distinguish colonic hypomotility from rectosigmoid dysfunction, which causes outlet obstructive

symptoms.

• For large-volumediarrhoea, faecal fat shouldbecheckedand further studiedwith a72-hour faecal fat collection

and/or the d-xylose test to rule out malabsorptive disorders. If there is significant steatorrhoea, pancreatic

function tests should be performed. If coeliac disease is suspected (increased risk in type 1 diabetes), serum

levels of coeliac disease antibody profile, including anti-transglutaminase and anti-endomysial antibodies,

should be measured.

Patients with erectile dysfunction (ED) should be investigated by:

• Hormonal evaluation (luteinisinghormone, testosterone, free testosterone, prolactin), to ruleouthypogonadism

• Measurement of nocturnal penile tumescence

• Measurement of penile and brachial BP with Doppler probes

• Calculation of the penile-brachial pressure index (<0.7 suggests penile vascular disease).

Diabetic bladder dysfunction should be evaluated by:

• Urinary culture

• Post-void ultrasound, to assess residual volume and upper-urinary tract dilation

• Cystometry and voiding cystometrogram

• Video-urodynamics.[68]

Further investigationsmainly used in research
Assessment of sudomotor innervation

• Usedmainly for research due to limited data.

Tests of sudomotor function evaluate the extent, distribution, and location of deficits in sympathetic cholinergic

function. These tests may include:

• Quantitative sudomotor axon reflex test (QSART)
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• Sweat imprint

• Thermoregulatory sweat test (TST)

• Sympathetic skin response: some devices can provide a quantitative assessment of sudomotor function using

direct current stimulation and reverse iontophoresis. These devices measure the ability of sweat glands to

release chloride ions in response to electrochemical activation by recording local skin conductance.[47] [48]

[49] [69]

Quantitative scintigraphic assessment of sympathetic innervation of the humanheart is possible using single photon

emission computed tomography (SPECT) with 123I-meta-iodobenzylguanidine (MIBG) and positron emission

tomography (PET) with 11C-meta-hydroxyephedrine. However, no standardised methods or normative values exist,

and the high costs and the available data on the reproducibility limit their use for research only.[49] [48]

Sympathetic outflow, at rest and in response to various physiological pertubations, can bemeasured directly by

microelectrodes inserted intoa fascicleof adistal sympatheticnerve to the skinormuscle (muscle sympatheticnerve

activity). This is also used for research purposes only.[66] [48] [49]

Cardiac vagal baroreflex sensitivity may also be used in research protocols to assess cardiac vagal and sympathetic

baroreflex function.

Additional research investigations include 24-hour BP profile andmicroneurography. Attenuation (non-dipping) and

loss of BP nocturnal fall (reverse dipping) on ambulatory BPmonitoring have been associated with cardiovascular

autonomic neuropathy and attributed to disruption of circadian variation in sympathovagal activity.[70] In diabetic

patients non-dipping or reverse dipping are independent predictors of cardiovascular events and the progression of

diabetic nephropathy. Microneurography is based on recording electrical activity emitted by peroneal, tibial, or radial

muscle sympathetic nerves and identifying sympathetic bursts. Fully automated sympathetic neurogram techniques

providea rapidandobjectivemethod that isminimally affectedbysignalquality andpreservesbeat-by-beat sympathetic

neurograms.[71] [66] [48] [49]

Pain-related evoked potentials

• Used for research only.

Nerve axon reflex/flare response

• Stimulation of the nociceptive C fibre results in both orthodromic conduction to the spinal cord and antidromic

conduction toother axonbranches,which stimulates the releaseof peptides, suchas substancePandcalcitonin

gene related peptide, which causes vasodilation and increased blood flow. This is known as the axon reflex or

flare response. Impaired axon reflex indicates peripheral neuropathy.

• Used for research only. More data are needed before this test can be recommended for clinical use.[72]

Neuropad

• A simple visual indicator test, which uses a colour change to define the integrity of the skin sympathetic

cholinergic innervation.
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• Neuropad responses have been shown to correlate with the modified neuropathy disability score (NDS), QST,

and intra-epidermal nerve fibre (IENF) loss with relatively high sensitivity, but lower specificity for detecting

distal symmetric polyneuropathy (DSPN).[73]

• However, the studies had relatively small samples and, therefore, this test requires further validations.

Corneal confocal microscopy (CCM)

• A non-invasive ophthalmological technique that has been shown to detect small sensory corneal nerve fibre

loss in DN.[74] [75] [76]

• Corneal nerve fibre damage correlates with IENF loss and severity of neuropathy in diabetic patients, and is

more marked in patients with painful DN.[77]

• Studies have foundhigh reproducibility, sensitivity, and specificity, but for now, this test is reserved for research

purposes only.[74] [76]

Risk factors

Strong

poorly controlled hyperglycaemia

• The role of hyperglycaemia is supported by strong prospective RCTs and prospective observational studies.[13]

[8] [9] [22] [23] [26]

• The annual incidence of DNwas approximately 2% in conventionally treated patients with type 1 diabetes, but that

rate dropped to 0.6% in intensively treated patients.[7] 1[A]Evidence

prolonged duration of diabetes

• Longer duration of diabetes (e.g., >10 years) increases the risk of DN.[14]

• The association between duration and prevalence of DNmay depend, in part, on patient age, which itself is a risk

factor.

• The prevalence of DN is estimated to be >50% in people who have had diabetes for >20 years.[2]

older age (e.g., >70 years)

• The incidence and prevalence DN increase with age.[22]

• There is a highly significant correlation between age and prevalence of neuropathy in both type 1 and type 2

diabetes.[14]

tall stature

• Increasedheight is a risk factor for diabetic peripheral neuropathy, suggesting that longer fibres aremore vulnerable

to injury.[37]

hypertension

• Studies have shown that HTN amplifies the effects of hyperglycaemia on nerve dysfunction in people with type 1

and type 2 diabetes.[10] [2]
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dyslipidaemia with elevated triglycerides

• Epidemiological studies show evidence that therapywith a statin or a fibratemay protect against the development

of DN.[38]

• Epidemiological studies also demonstrate a protective role of HDL cholesterol in people with type 1 diabetes.[31]

[11]

• Evidence shows that elevated triglycerides are an importantpredictorofmyelinated fibredensity loss, independent

of disease duration, age, diabetes control, or other variables.[30]

co-existence of multiple CVD risk factors (type 2 diabetes)

• In people with type 2 diabetes, co-existence of multiple CVD risk factors is associated with higher risk for DN.[26]

[16]

Weak

obesity

• Prospective observational studies have found that higher BMI is associated with higher DN prevalence.[10]

immune dysregulation

• There is someweakevidence for the roleof autoimmunity associatedwithautonomicneuropathy in type1diabetes.

• There are reports of lymphocytic infiltration within autonomic nerve structures in diabetic patients with severe

symptomatic autonomic neuropathy.[39] Auto-antibodies to autonomic nerve structures have also been

reported.[40] [41] [42] [43]

smoking

• Several epidemiological studies have found that smoking is associated with higher prevalence of DN.[31] [11]

History & examination factors

Key diagnostic factors

presence of risk factors (common)

• All of the following are strongly associated with the development of DN: poorly controlled hyperglycaemia, older

age (e.g., >70 years), prolonged duration of diabetes (e.g., >10 years), and tall stature.

• In addition, dyslipidaemia with elevated triglycerides and hypertension are emerging as strong independent risk

factors.[28] [29] [30]

• In peoplewith type 2 diabetes, co-existence of several CVD risk factors for cardiovascular disease and the presence

of CAD are also associated with DN.[26] [16]

asymptomatic (common)

• Up to 50% patients with DNmay be completely asymptomatic.[4] [45]

pain (peripheral) (common)

• Particularly troubling to most patients. Often the reason why patients with DN seek medical care.

• Maybedescribed as sticking, lancinating, prickling, burning, aching, boring, or excessively sensitive. It is oftenworse

at night andmay disturb sleep.
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• Involvement of larger fibres produces a tight, band-like feeling around the extremity, or an electrical tingling

sensation. Involvement of small fibres usually produces burning-like pain.

loss of sensation (peripheral) (common)

• Defined in terms of extent, distribution, and modality.

• Assessment includes pinprick sensation, light touch,[Fig-3] vibration,[Fig-2] and joint position.

• At an early stage affects tips of toes and/or fingers. Proceeds proximally, causing a symmetrical distal sensory loss

in a 'stocking-glove' pattern.[Fig-1]

• Among patients who complain only of distal burning, the loss of distal sensation may be very subtle. Feeling may

also be lost in the feet, with or without pain. Painless injuries may occur.

• Thresholdquantitative sensory testing is probablymore reproducible than the subjective assessmentby thepatient

of the strength of stimulus.[2]

dysaesthesia (peripheral) (common)

• Defined as anunpleasant abnormal sensationof burning, tingling, andnumbness, associatedwith peripheral nerve

lesions.

reduced or absent ankle reflexes (peripheral) (common)

• Common finding on clinical examination.

painless injuries (peripheral) (common)

• May develop over pressure points, most commonly on the foot, over the metatarsal heads.[Fig-5]

• An object may become lodged in the shoe and erode through the skin with normal walking and weight-bearing.

• Infection is a common complication, followed by gangrene if vascular dysfunction is present.

resting tachycardia (autonomic) (common)

• Resting tachycardia and a fixed heart rate are characteristic late findings in diabetic patientswith vagal impairment.

Resting heart rate is easy to measure at the bedside, but is not specific.

• May be associated with exercise intolerance.

impaired heart rate variability (autonomic) (common)

• Could reveal early signsof cardiac autonomicneuropathybut is challenging tomeasurecorrectly in clinical practice

and is currently used for clinical research only.

urinary frequency, urgency, nocturia, incontinence, hesitancy, weak stream, or retention
(autonomic) (common)

• Associated with incomplete bladder emptying, increased post-void residual, lower peak urinary flow rate, bladder

over-distension, and ultimately urinary retention and overflow incontinence.

• Present in up to 50% patients with diabetes.[73]

erectile dysfunction (autonomic) (common)

• Present in 30% to 75% diabetic men.[73] Can be the earliest symptom of diabetic autonomic neuropathy.

• It is generally accepted that it is not solely induced by autonomic neuropathy, but rather by the co-existence of

other multiple vascular risk factors, such as hypertension, hyperlipidaemia, obesity, and psychogenic factors.

decreased sexual desire and increased pain during intercourse (autonomic) (common)

• Womenmay present with these features of sexual dysfunction. They are at risk of decreased sexual arousal and

inadequate lubrication.[53]
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orthostatic hypotension (autonomic) (uncommon)

• Abnormal fall in systolic/diastolic BP in response to standing.

• Easy to measure at bedside or office. Is usually a late characteristic and has low specificity.

• The postural change in BP is elicited by a supine measurement followed by BPmeasurements at 1, 2, 3, and

sometimes 5minutes after standing.

• About twice as common in people with type 1 diabetes as in those with type 2 diabetes.

• Consequenceofefferent sympathetic vasomotordenervation, causing reducedvasoconstrictionof thesplanchnic

and other peripheral vascular beds.

• May result in light-headedness, weakness, faintness, dizziness, visual impairment, and even syncope on standing.

Other diagnostic factors

constipation (autonomic) (common)

• Can alternate with episodes of diarrhoea.

faecal incontinence (autonomic) (common)

• May occur due to poor sphincter tone.

anhidrosis, heat intolerance, dry skin, or hyperhidrosis (autonomic) (common)

• May be complaints with sudomotor (sweating) dysfunction.

hypoglycaemia unawareness (autonomic) (common)

• May be triggered by autonomic neuropathy, but this relationship is complex.

weakness (peripheral) (uncommon)

• Less common than pain or loss of sensation, and is usually minor and occurs later.

• May become clinically apparent with weakness of toe dorsiflexion and intrinsic handmuscles.

hx of recent falls (peripheral) (uncommon)

• May reflect gait and balance disorders associated with peripheral neuropathy.[46]

gait ataxia (peripheral) (uncommon)

• Present in situations associated with severe peripheral denervation.

• Especially obvious at night or when the patient walks with closed eyes.

nausea, postprandial vomiting, bloating, loss of appetite, early satiety (autonomic)
(uncommon)

• Associated with diabetic gastroparesis (delayed gastric emptying of solids or liquids, in the absence of mechanical

obstruction).

• Occurs as a consequence of dysfunction of the vagus nerve and intrinsic enteric autonomic nerves.

heartburn and dysphagia for solids (autonomic) (uncommon)

• May be associated with oesophageal dysfunction, which results, at least in part, from vagal dysfunction.

profuse and watery diarrhoea (autonomic) (uncommon)

• May be associated with diabetic gastroparesis. Typically intermittent andmay occur at night.

• Extremely difficult to treat.
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• Occurs in 20% diabetic people andmay alternate with constipation.[73]

specific mononeuropathy (peripheral) (uncommon)

• Rare presentation of DN.

• Presents with specific features depending on the nerve affected (e.g., carpal tunnel syndrome, or footdrop related

to common peroneal neuropathy).

cranial neuropathy (peripheral) (uncommon)

• Extremely rare presentation of DN.

• More likely in older patients who have had diabetes for a long time.

pain over lower thoracic or abdominal wall (peripheral) (uncommon)

• Feature of diabetic truncal radiculoneuropathy.

• More common in men and tends to resolve within 4 to 6months.

thighmuscle atrophy, pain, and weakness (peripheral) (uncommon)

• Features of diabetic amyotrophy.

• More common in type 2 diabetes.

Diagnostic tests

1st test to order

ResultTest

diagnosis of peripheral
neuropathy is oftenmade on
clinical grounds

clinical diagnosis

• Routine screening tests may exclude other common conditions.

diagnosis of diabetesmellitus
(if not already known to be
present)

fasting blood glucose

• Manypatientswhopresentwithpainful neuropathymayhavediabeteswithout
knowing it. In this circumstance, a fasting blood glucose may be performed.

• The American Diabetes Association recommends any of 3 screening tests to
diagnose diabetes: fasting blood glucose, HbA1c, or an oral glucose tolerance
test. Twomeasurements of any of these confirm the diagnosis.[78]

diagnosis of diabetesmellitus
(if not already known to be
present)

oral glucose tolerance test

• Manypatientswhopresentwithpainful neuropathymayhavediabeteswithout
knowing it. In this circumstance, an oral glucose tolerance test may be
performed.

• The American Diabetes Association recommends any of 3 screening tests to
diagnose diabetes: fasting blood glucose, HbA1c, or an oral glucose tolerance
test. Twomeasurements of any of these confirm the diagnosis.[78]

correlates with degree of
glycaemic control

HbA1c

• Manypatientswhopresentwithpainful neuropathymayhavediabeteswithout
knowing it. In this circumstance, HbA1cmay be performed.

• The American Diabetes Association recommends any of 3 screening tests to
diagnose diabetes: fasting blood glucose, HbA1c, or an oral glucose tolerance
test. Twomeasurements of any of these confirm the diagnosis.[78]

• Poorly controlled hyperglycaemia is associated with increased risk of
neuropathy.
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ResultTest

normalserum TSH

• To exclude thyroid dysfunction.

normalserum B12

• To exclude deficiency.

normalcomprehensivemetabolic panel

• Helps to exclude renal or hepatic disease.

normalFBC

• Excludes anaemia.

normalserum/urine immunoelectrophoresis

• To exclude multiple myeloma.

Other tests to consider

ResultTest

may show lipid abnormalitiesserum lipid profile

• To exclude abnormalities in low-density lipoprotein, high-density lipoprotein,
triglycerides, and total cholesterol.

reduced sensory nerve
conduction velocity and
decreased amplitude is the
most sensitive and earliest
result among the NCV studies

nerve conduction studies (nerve conduction velocity, NCV)

• DN is often a clinical diagnosis.
• Indicated in situations where the clinical features are atypical (such as

asymmetrical symptoms and signs or weakness).
• Whole nerve electrophysiological procedures (e.g., NCV, F-waves, sensory,

and/or motor amplitudes) are performed.[Fig-4]
• In very mild or asymptomatic cases, the only changemay be distal slowing of

conduction or none.
• As the neuropathy progressively worsens, findings of axonal degeneration

predominate, includingdecreasedamplitudeof sensorynerveactionpotentials
(SNAPs); decreased amplitude of compoundmuscle action potentials; relative
preservation of proximal conduction velocities; and evidence of fibrillation
potentials and motor unit remodelling on needle examination.

• NCV is usually gradually diminished by DN[79] andmay be completely normal
in patients with predominantly small-fibre neuropathy.

• Longitudinal studies suggest an average loss of SNAP amplitude at a rate of
approximately 5% per year over a 10-year period.[79] In patients with type 1
diabetes participating in the Epidemiology of Diabetes Interventions and
Complications (EDIC) study, the average loss rate was around 3%per year over
a 13- to 14-year period.[8]

• Motornerve studiesmaydemonstrate someslowing, evenwhenpatientshave
no symptoms or signs of neuropathy, with a greater slowing in symptomatic
patients.

• Motor amplitudes may be decreased in more advanced DN.
• More recent evidence from several prospective clinical trials described slower

worsening of NCV end points in the current standard of care for patients with
diabetes.[8] [80]

• A key role for electrophysiological assessment is to rule out other causes of
neuropathy (e.g., unilateral conditions, such as entrapments) and to identify
neuropathies superimposed on DN.
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ResultTest

may be normal inmild or
neurologically asymptomatic
patients, but demonstrates
denervation inmoresevereDN

electromyography (EMG)

• DN is often a clinical diagnosis.
• Indicated in situations where the clinical features are atypical (such as

asymmetrical symptoms and signs, or weakness).

may be normal, or deficits in
vibration and/or thermal
perception thresholdmay be
detected

quantitative sensory testing (QST)

• Focuses on the vibration perception threshold (VPT) and thermal perception
threshold.

• Used in people with diabetes in addition to routine clinical examination as a
subsequent assessment of loss of protective sensation and axonal pathology
when all the other examinations are normal to detect small-fibre
neuropathy.[65]

• A high sensitivity and specificity for VPT has been confirmed in patients with
type 1 diabetes relative to NCV and neurological evaluation.16[B]Evidence

• Probably more reproducible than the subjective assessment by the patient of
the strength of stimulus.[2]

• There is a documented relationship between elevated VPT tested in the 50 to
300 Hz range and DN.[79]

• Abnormal thermal thresholds have been reported in 75% of patients with
moderate to severe diabetic peripheral neuropathy, and elevated heat pain
thresholds were detected in 39% of these patients.[79]

• Generally, there is a high correlation between elevated thermal and vibration
thresholds, but thesemeasures canbedissociated, suggesting a predominant
small or large fibre neuropathy in individual patients.

may be normal or show
abnormalities of
intra-epidermal nerve fibre
density

skin biopsy

• A validated technique for determining intra-epidermal nerve fibre density.May
beconsidered for thediagnosisofDN,particularly small-fibreneuropathy,when
electrophysiology does not match clinical presentation.[62]

may be impaired heart rate
response to deep breathing,
Valsalvamanoevre, and/or
standing

cardiovascular reflex testing

• Includes ECG recordings of R-R at rest and several standard clinical challenges.
• The following are the ideal standard tests for clinical autonomic testing: HR

response todeepbreathing, standing, andValsalvamanoeuvre; andBPresponse
to standing.[66] [48] [49]

• HR response to deep breathing is measured while the patient is supine and
then resting, breathing at 6 breaths per minute. The value of
expiration-to-inspiration ratioof theR-R interval varieswithagebut is decreased
compared with normal for the specific age band.

• Various mathematical calculations may be used but age-adjusted normative
ranges are strictly required for the interpretation of these tests.

• The Valsalva manoeuvre is not advisable in the presence of proliferative
retinopathy and when there is an increased risk of retinal haemorrhage.

• Heart rate response to standing is measured by continuous ECGmonitoring.
The R-R interval is measured at 15 and 30 beats after standing.

• These testsmainly demonstrate impairedparasympathetic tone inpeoplewith
cardiovascular autonomic neuropathy.

may be abnormal; QT
prolongationmay be present

heart rate variability (HRV)

• HRV can be assessed either by calculating indices based on statistical analysis
ofR-R intervals (time-domainanalysis) orbyspectral analysis (frequency-domain
analysis) of an array.[50] [66] [48] [49]

• QT prolongation is an independent predictor of death in diabetic patients and
is weakly associated with measures of HRV.[67] [81]
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ResultTest

delayed solid phase emptyinggastric emptying studies

• Performed with double isotope scintigraphy.
• Indicated in people who have symptoms/signs suggesting diabetic

gastroparesis where the diagnosis is still in doubt.

may be normal or may
demonstrate solid food
residues

gastroduodenoscopy

• RecommendedalongwithotherGI investigations (e.g., gastricemptyingstudies
or gastric electrography) to exclude pyloric or other mechanical obstructions
inpeoplewith suspecteddiabetic gastroparesiswhere thediagnosis is indoubt.

detects abnormalities in GI
pacemaking

surface electrogastrography

• Currently only used as a research tool.

excludesmucosal lesions or
obstruction

bariummeal

• Bariummeal has a place in evaluating mucosal lesions or obstruction.

may indicate delay in gastric
and intestinal motility

GI manometry

• Manometry shouldbeconsideredasa research technique to investigategastric
and intestinal motility.

maybe normal ormay suggest
bacterial overgrowth

hydrogen breath tests

• Diarrhoea is evident in 20% of diabetic patients, particularly those with known
autonomic dysfunction.[47]

• Diarrhoea in diabetic patients is often due to bacterial overgrowth, which can
be diagnosed with hydrogen breath tests.

• Using non-radioactive 13C-acetate or -octanoic acid as a label; these are safe,
inexpensive tests that correlate well with scintigraphy results.

may demonstrate delayed
gastric emptying

gastric ultrasonography

• A non-invasive diagnostic method.
• Two-dimensional ultrasound has been validated for measuring emptying of

liquids and semi-solids. However, 3-dimensional ultrasound offers a more
comprehensive imaging of the total stomach.

may demonstrate delayed
gastric emptying

gastric MRI

• Has been used to measure gastric emptying andmotility with excellent
reproducibility, but its use is limited to research purposes.

maybe normal ormay suggest
hypomotility

anorectal manometry

• Indicated for evaluating sphincter tone and the rectal-anal-inhibitory reflex.
• Distinguishes colonic hypomotility from rectosigmoid dysfunction causing

outlet obstructive symptoms.

may be normal or elevated
(steatorrhoea)

faecal fat

• For patients with large-volume diarrhoea, faecal fat should be checked and
further studied with a 72-hour collection to rule out malabsorptive disorders.

• If significant steatorrhoea, pancreatic function tests should be performed.
• If coeliac disease is suspected (e.g., anaemia, chronic diarrhoea, distended

abdomen, youngage, historyof type1diabetes), serum levelsof coeliacdisease
antibodyprofile, includinganti-transglutaminaseandendomysial, aremeasured.

normald-xylose test

• Alternative or additional test to the faecal fat measurement that can be used
to rule out malabsorptive disorders in people with large-volume diarrhoea.

normalurine culture

• Part of the assessment of people with symptoms of bladder dysfunction.
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ResultTest

maybe normal ormay suggest
bladder dysfunction

cystometry, voiding cystometrogram

• Used in addition to post-void urinary tract ultrasound to evaluate diabetic
bladder dysfunction.

• Residual volume and upper urinary tract dilation are assessed.

maybe normal ormay suggest
bladder dysfunction

post-void urinary tract ultrasound

• Used in addition to cystometry and voiding cystogram to evaluate diabetic
bladder dysfunction.

• Residual volume and upper urinary tract dilation are assessed.

maybe normal ormay suggest
bladder dysfunction

video-urodynamics

• Thepreferred investigation for invasiveurodynamics inpatientswithneurogenic
lower urinary tract dysfunction.[68]

normal;penilevasculardisease:
penile brachial pressure index
<0.7

measurementofnocturnal penile tumescenceandofpenile andbrachial BP

• To evaluate erectile dysfunction and penile vascular disease.
• Measured with Doppler probes.
• Allows calculation of the penile brachial pressure index.

normalserum LH, testosterone, free testosterone, prolactin

• Indicated in men with erectile dysfunction to rule out hypogonadism.

may be normal or impairedsudomotor function tests

• Tests may include quantitative sudomotor axon reflex test; sweat imprint;
thermoregulatory sweat test; and sympathetic skin response.

• Some devices can provide a quantitative assessment of sudomotor function
using direct current stimulation and reverse iontophoresis. These devices
measure the ability of sweat glands to release chloride ions in response to
electrochemical activation by recording local skin conductance.[69] [82] [83]

• These tests evaluate the extent, distribution, and location of deficits in
sympathetic cholinergic function.[47] [69]

• Performed in specialised units.

may be normal or impairedscintigraphic studies

• Quantitative scintigraphicassessmentof sympathetic innervationof thehuman
heart is possible using single photonemission computed tomography (SPECT)
with123I-meta-iodobenzylguanidine (MIBG), andpositronemissiontomography
(PET) with 11C-meta-hydroxyephedrine. However, no standardisedmethod or
normative values exist, and available data on the reproducibility limits their use
to research only.[66] [48] [49]

may be normal or impairedassessment of sympathetic muscle activity

• Sympathetic outflow, at rest and in response to various physiological
pertubations, can bemeasured directly by microelectrodes inserted into a
fascicleof adistal sympatheticnerve to the skinormuscle (muscle sympathetic
nerve activity).[66] [48] [49] Used for research purposes only.

may be normal or impairedcardiac vagal baroreflex sensitivity testing

• May be used in research protocols to assess cardiac vagal and sympathetic
baroreflex function.
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ResultTest

attenuation (non-dipping) or
loss of BP nocturnal fall
(reverse dipping) on
ambulatoryBPmonitoringmay
be present

24-hour BP profile

• Used for researchpurposes. Attenuation (non-dipping) and lossof BPnocturnal
fall (reverse dipping) on ambulatory BPmonitoring have been associated with
cardiovascular autonomic neuropathy and are attributed to disruption of
circadian variation in sympathovagal activity.[70] In diabetic patients,
non-dipping and reverse dipping are independent predictors of cardiovascular
events and the progression of diabetic nephropathy.

may be normal or impairedmicroneurography

• Used for research purposes. This technique is based on recording electrical
activity emitted by peroneal, tibial, or radial muscle sympathetic nerves and
identifying sympathetic bursts. Fully automated sympathetic neurogram
techniques provide a rapid and objectivemethod that isminimally affected by
signal quality and preserves beat-by-beat sympathetic neurograms.[71]

Differential diagnosis

Differentiating testsDifferentiating signs /
symptoms

Condition

• Abnormal urea, creatinine, GFR
consistent with ESRD.

• Various signs associated with the
primarycause forend-stage renal
disease (ESRD) may be present.

• May co-exist with DN.

Uraemia

• FBC reveals macrocytic anaemia.
• Reduced serum vitamin B12

levels.

• Poornutrition, alcoholism, certain
drugs (e.g., trimethoprim,
methotrexate, phenytoin),
pernicious anaemia, atrophic
gastritis, malabsorption, or
infectionwithHelicobacter pylori
more likely to be present.

• Patients are more likely to be
older (>65 years).

Cyanocobalamin deficiency

• TSH elevated in primary
hypothyroidism.

• Free serum T4may be low.

• Fatigue, cold intolerance, weight
gain, constipation, myalgia,
menstrual irregularities, delayed
relaxation of deep tendon
reflexes, bradycardia (if severe).

Hypothyroidism

• Elevated aminolevulinic acid,
porphobilinogen.

• Abdominalpain, vomiting,muscle
weakness, constipation, fever,
diarrhoea, sensory loss, seizures,
tachycardia, hypertensionmayall
occur.

• Abdominal pain is severe and
more typical than in DN.

Acute intermittent porphyria

• Severe cases present with
associated anaemia, thiamine
deficiency, and deranged LFTs.

• Signs of malnutrition, Wernicke
encephalopathy, and Korsakoff
amnestic syndromemay be
present.

Chronic high alcohol intake
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Differentiating testsDifferentiating signs /
symptoms

Condition

• Abnormally high blood levels of
lead or other metals.

• May present with a peripheral
neuropathy that frequently
manifests with extensor
weakness, or wrist/ankle drop,
due to an axonal degeneration,
primarily affecting motor nerves.

• Abdominal pain ('lead colic'),
constipation, joint pains, muscle
aches, headache, anorexia,
decreased libido, difficulty
concentrating and deficits in
short-termmemory, anaemia,
nephropathy, and other
symptoms and signs in various
combinations.

Heavymetal poisoning

• No differentiating investigations.• Diabetes less likely and drug
history likely to includeadrug that
is known to be a risk for
developmentofneuropathy, such
as (in descending order of
likelihood of association)
antivirals, antibacterials,
antineoplastic and
immunosuppressants, and
cardiovascular, CNS, GI, and
metabolism agents.

• Historymay include the following
specific drugs suspected of
causing neuropathies: stavudine,
didanosine, lamivudine,
thalidomide, ritonavir, zalcitabine,
and amiodarone.

Drug-induced neuropathy

• May be difficult to differentiate.
• Nerve conduction studies show a

combination of slowed
conduction velocities, prolonged
distal latencies, prolongedF-wave
latencies, and conduction block
in ≥1 nerves.

• Nerve biopsies demonstrate
increased numbers of
macrophages.

• Unusually high CSF protein.

• Peoplewithdiabetesmaydevelop
features of CIDP.

• Severe, predominantly motor
neuropathy that is progressive in
nature. Featuresprogressdespite
optimal glycaemic control.

Chronic inflammatory
demyelinating neuropathy
(CIDP)

• Chest x-ray may show bilateral
hilar lymphadenopathy and
pulmonary reticular opacities.

• Biopsies of accessible lesions are
diagnostic.

• Various signs, including fever, skin
signs (e.g., erythema nodosum),
joint and/or eye lesions.

Sarcoidosis
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Differentiating testsDifferentiating signs /
symptoms

Condition

• Skin smear is positive for acid fast
bacilli (AFB).

• Biopsy of lesions reveal the
presence of AFB plus other
associated signs.

• Travel to or residence in endemic
countries.

• Nerves commonly involved
include the ulnar and median
(claw hand), the common
peroneal (footdrop), theposterior
tibial (claw toes and plantar
insensitivity), facial, radial
cutaneous, and great auricular.

Leprosy

• There is no diagnostic laboratory
test for PAN.

• Basic laboratory tests help
ascertain the extent of organs
affected and their degree of
involvement.

• Systemic symptoms (e.g., fatigue,
weakness, fever, arthralgias) and
signs (e.g., hypertension, renal
insufficiency, neurological
dysfunction, abdominal pain) of
multisystem involvement more
likely.

Polyarteritis nodosa (PAN)

• Presence of a paraprotein in the
serum (as anMproteinonprotein
immunoelectrophoresis or
immunofixation) or urine (as
monoclonal light chains) in
approximately 90% cases.

• Muscle weakness and
enlargement due to amyloid
infiltration (myopathy), disorders
of the joints (arthropathy), and
lesionsofbone (osteopathy)more
likely to be present.

Amyloidosis

• Presenceof amonoclonal protein
in the serum or urine.

• Possibly no differentiating signs
or symptoms.

Dysproteinaemias and
paraproteinaemias

• Varies, based on primary
aetiology.

• Varies, based on primary
aetiology.

• History of a primary neoplastic
condition.

Paraneoplastic syndrome

• Abnormal blood cell count and
bonemarrow aspirate.

• Specific abnormalities arediverse
depending on the type of
leukaemia or lymphoma present.

• Symptomsandsignsvarybutmay
include anaemia, fever, weight
loss, and lymphadenopathy.

Leukaemias and lymphomas

• Genetic testing is diagnostic.• Both motor and sensory nerve
manifestationsaremorecommon
with distal leg weakness, foot
deformities (pes cavus, hammer
toes), and sensory deficits.

Hereditary neuropathies (e.g.,
Charcot-Marie-Tooth disease)

• Specificpsychologicalevaluations
help to confirm the diagnosis.

• May also present with pains and
paraesthesias but without
neurological deficit.

• There is no sensory loss.

Psychophysiological disorder
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Differentiating testsDifferentiating signs /
symptoms

Condition

• An excellent response to
dopaminergic therapy is an
important supportive feature for
establishing the diagnosis.

• May present with symptoms and
signs of autonomic neuropathy,
as in DN.

• May also have parkinsonism,
varyingdegreesofdysautonomia,
cerebellar involvement, and
pyramidal signs.

Multiple system
atrophy/Shy-Dragersyndrome

• Geneticevaluation is sensitiveand
specific for the diagnosis: a
truncated formof I kappaBkinase
complex associated protein
(IKBKAP) mutation on
chromosome 9q31.

• Progressive sensorimotor
neuropathy but sympathetic
autonomic dysfunction is
responsible for most clinical
manifestations (i.e., orthostatic
hypotension, swallowing
dysfunction, GI motility
dysfunction, bladderdysfunction,
decreasedor absent tearing, pupil
dilation, hypohidrosis, and
episodic hyperhidrosis).

Riley-Day syndrome

• Reductionof systolic BPof at least
20 mmHg, or diastolic BP of at
least 10 mmHg, within the first 3
minutes of standing.

• Severe postural dizziness and
weakness.

Autonomic neuropathy:
idiopathic orthostatic
hypotension

• Albuminocytological dissociation
in CSF (i.e., elevated protein with
a normal WBC count), present in
80% to 90% patients at 1 week
after onset of symptoms.

• Progressive, fairly symmetrical
muscle weakness accompanied
by absent or depressed deep
tendon reflexes.

• Weakness can vary frommild
difficulty with walking to nearly
complete paralysis of all
extremity, facial, respiratory, and
bulbar muscles.

Guillain-Barre syndrome

• Antibodies against acetylcholine
receptors or receptor associated
proteins are present.

• Tensilon test, ice pack test,
repetitive nerve stimulation
studies, and single-fibre
electromyography assist in
confirmation of the diagnosis.

• Fluctuating degree and variable
combination of weakness in
ocular, bulbar, limb, and
respiratory muscles.

Myasthenia gravis

• MRI demonstrates specific
vertebral disc pathology.

• May present with symptoms and
signs of a femoral neuropathy,
including asymmetrical pain
weakness and sensory loss.

Degenerative spinal disc
disease

• MRIdemonstrates thespinal cord
mass.

• May present with symptoms and
signs of a femoral neuropathy,
including asymmetrical pain,
weakness, and sensory loss.

Femoral neuropathy: intrinsic
spinal cordmass lesion
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Differentiating testsDifferentiating signs /
symptoms

Condition

• Diagnosis usually confirmed by
MRI.

• May present with symptoms and
signs of a femoral neuropathy,
including weakness and sensory
loss.

Cauda equina lesions

• Magnetic resonanceangiography
and CT angiography confirm
diagnosis.

• May present with symptoms and
signs of a cranial neuropathy,
including diplopia and Bell palsy.

Carotid aneurysm

• Vasculitis and lymphocytic
infiltrates on nerve biopsies.

• May present with symptoms and
signs including nerve damage in
≥2 named nerves in separate
parts of the body.

• Wrist drop, for example, is caused
by infarction of the radial nerve,
and footdropbydamage toeither
the sciatic or peroneal nerve.

Mononeuropathymultiplex:
vasculitis

• Abnormal IGF-1 levels.
• Pituitary MRI may reveal pituitary

tumour.

• Very slow onset over decades.
• Typical clinical phenotype,

including acral and soft tissue
overgrowth; enlargement of jaw,
nose, frontal bones, hands, and
feet; articular overgrowth.

Acromegaly

• Abnormal platelets, prothrombin
time, D-dimer, fibrinogen, fibrin
degradation products.

• May present with haemorrhages
or thrombosis.

Coagulopathies

Diagnostic criteria

Diagnostic criteria based on symptoms, signs, and/or electrophysiological
testing[61]

• At least 2 positive responses among symptoms, sensory signs, or absent or hypoactive reflexes consistent with a

distal symmetrical polyneuropathy; or

• Abnormal nerve conduction velocity suggesting a distal symmetrical polyneuropathy in 2 anatomically distinct

nerves (e.g., the sural sensory and peroneal motor); or

• Abnormal quantitative sensory testing (QST).

Skin biopsy for determining intra-epidermal nerve fibre (IENF) density may also be considered for the diagnosis of DN,
particularly of small-fibre neuropathy.[13] [62] [63]

Toronto Expert Panel on Diabetic Neuropathy diagnostic criteria for distal
symmetric polyneuropathy (DSPN)[4]

Possible clinical DSPN
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• Presence of symptoms or signs of DSPN.

• Symptomsmay include:

• Decreased sensation

• Positiveneuropathic sensory symptoms (e.g., 'asleepnumbness', 'prickling' or 'stabbing', 'burning', or 'aching'

pain) predominantly in the toes, feet, or legs.

• Signs may include:

• Symmetrical decrease of distal sensation

• Unequivocally decreased or absent ankle reflexes.

Probable clinical DSPN

• A combination of symptoms and signs of distal sensorimotor polyneuropathy with any 2 or more of the following:

• Neuropathic symptoms

• Decreased distal sensation

• Unequivocally decreased or absent ankle reflexes.

Confirmed clinical DSPN

• Anabnormalnerveconductionstudy, andasymptomorsymptomsorasignor signsof sensorimotorpolyneuropathy.

Subclinical DSPN (stage 1a)

• No signs or symptoms of polyneuropathy

• Some abnormal nerve conduction is present.

Toronto Expert Panel on Diabetic Neuropathy definition of small-fibre
neuropathy[4]

Possible small-fibre neuropathy

• Presence of distal symmetrical symptoms, and/or clinical signs of small-fibre damage.

Probable small-fibre neuropathy

• Presence of distal symmetrical symptoms, clinical signs of small-fibre damage, and normal or abnormal sural nerve

conduction (NC) study.

Definite small-fibre neuropathy

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Feb 11, 2015.34
BMJ Best Practice topics are regularly updated and the most recent version of the topics can be found on bestpractice.bmj.com . Use

of this content is subject to our disclaimer. © BMJ Publishing Group Ltd 2015. All rights reserved.

DiagnosisDiabetic neuropathy
D
IA
G
N
O
SI
S

http://bestpractice.bmj.com


• Presence of length-dependent symptoms, clinical signs of small-fibre damage, normal or abnormal sural NC study,

and/or abnormal quantitative sensory testing (QST) thermal thresholds at the foot and reduced intra-epidermal

nerve fibre (IENF) density at the ankle.

Skin biopsy is used for determining IENF density.[13] [62] [63] Nerve biopsy, due to its invasive and highly specialised
nature, is not recommended for routine use.
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Step-by-step treatment approach

Treatment strategies for DNmay be divided into those targeting the underlying pathogenic mechanisms, and those

targeting the relief of symptoms.

The former ismost challenging; the only demonstratedmethod available is tight glycaemic control. The latter comprises

numerous symptomatic approaches. Specific symptomatic therapies are generally recommended, as they can improve

the patient's quality of life.

All diabetic patients require regular foot inspection and care. Patients with peripheral neuropathy are particularly at risk

of painless injuries so this is especially important.

Patients with longer diabetes duration andmore advanced stage of disease may present with a broad spectrum of

symptoms and signs consistent with both distal symmetrical polyneuropathy and autonomic neuropathy. Therefore,

theymay requiremultiple therapeutic approaches. In suchcases the treatingphysician shoulddecideon thecombination

of agents that would best address the patient's specific deficits in the safest way, while avoiding most drug interactions.

Glycaemic control
TheDiabetes Control andComplications Trial (DCCT) demonstrated that intensive therapy of type 1 diabetes reduced

the incidence of neuropathy by 60%over a 5-year period in patients who did not have neuropathy at baseline.[7] [88]

1[A]Evidence Intensive therapy during the DCCT significantly reduced the risk of diabetic peripheral neuropathy

(DPN) and cardiovascular autonomic neuropathy (CAN) at the end of the trial, and the prevalence and incidence of

DPN and CAN remained significantly lower in the intensive therapy group compared with the conventional therapy

group through observational follow-up study in 2013-2014.[89]

There is someevidence for a reduction in riskofDNwithoptimal bloodglucosecontrol achievedusingmultiple insulin

injections in people with type 2 diabetes, but the evidence is not as strong as that for type 1.4[B]Evidence One

meta-analysis that included 17 randomised studies involving patients with type 1 and type 2 diabetes also found

high-quality evidence for the benefit of tight glucose control in preventing the development of DN and reducing the

incidence of clinical neuropathy, particularly in people with type 1 diabetes.[27]

Amore recent review including additional data showed that implementing andmaintaining tight glucose control as

early as possible in type 1 diabetes prevents early neuropathy development and promotes long-term protection,

especially for CAN. For type 2 diabetes the effects of glycaemic control on DPN or CAN are less clear, with earlier data

suggesting that glucosecontrol is beneficial in patientswith fewer comorbidities if startedearlier in thedisease course,

but later studies not confirming these findings.[44]

The type of glucose lowering approachmay also have different effects onDPN. Amongmore than 2000 patients with

type 2 diabetes followed for up to 4 years during the BARI 2D trial, a glycaemic control therapy with insulin sensitisers

(metformin and/or thiazolidinediones) significantly reduced the incidence of DPN compared with an insulin provider

(sulfonylurea and/or insulin) therapy, especially inmen.[17]Pancreatic transplantation appears tohalt theprogression

ofDN, but doesnot clearly reverse existingneuropathy.[90] [91]When treatingpainful neuropathy,maintaining stable

blood glucose levels may provide symptom relief.

Foot care
Proper care of the foot begins with educating the patient.[92] A thorough examination should include checking the

peripheral pulses, as well as determining reflexes and sensation in the toes and feet.
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Minor non-infected wounds can be treated with non-irritating antiseptic solution, daily dressing changes, and foot

rest.[93]More serious problems are best handled in consultation with specialists in diabetic foot care..[60] [59] [58]

Amultidisciplinary approach and tailored strategies are recommended for individuals with foot ulcers and individuals

with high-risk feet, especially those with a history of prior ulcer or amputation, those with Charcot foot, and dialysis

patients.[45]

Most diabetic foot infections are polymicrobial; aerobic gram-positive cocci (GPC), most notably staphylococci, are

themost commoncausativeorganisms.Aerobicgram-negativebacilli are frequent co-pathogens inchronic infections;

obligate anaerobes may be co-pathogens in ischaemic or necrotic wounds. Wounds without evidence of soft tissue

or bone infection do not require antibiotic therapy. Infected wounds should have a post-debridement specimen

(preferablyof tissue) sent for aerobic andanaerobic culture. Empiric antibiotic therapycanbe targetedat gram-positive

cocci in many acutely infected patients. Those at risk for infection with antibiotic-resistant organisms or those with

chronic, previously treated, or severe infections usually require broader spectrum regimens.[60] [59] [58]

Reducing plantar pressure by using contact casts and/or specialised footwear accelerates healing.[2] [94]

Lifestyle interventions
Observational study has found that diet and exercise can improve neuropathic symptoms and intra-epidermal nerve

fibredensity (IENFD) inpatientswithDPNthat is associatedwith impairedglucose tolerance.[95] In another longitudinal

study inpatientswithdiabeticDPN, improvements in IENFDmeasureswere foundwith a10-weekexerciseprogramme

of moderately intense aerobic and resistance training.[96]

Treatment of pain in peripheral neuropathy: initial treatment
Although there are effective treatments for painful peripheral DN, many of these therapies have adverse effects, or

have only limited evidence for their effect in terms of functional improvement and improvement in quality of life.[97]

The American Academy of Neurology (AAN), the American Association of Neuromuscular and Electrodiagnostic

Medicine, and the American Academy of Physical Medicine and Rehabilitation have recommended that pregabalin

should be offered for the relief of peripheral DN because its effectiveness has been firmly established.[97] They also

found that the evidence for the following was not quite as good, but that they were probably effective and could be

considered for the treatment of peripheral DN: gabapentin, duloxetine, amitriptyline, venlafaxine, opioids (morphine

sulfate, tramadol, and oxycodone controlled-release), valproate, and capsaicin.[97]

Pregabalin

• Is approved for treatment of DN pain in some countries.

• Binds to andmodulates voltage-gated calcium channels.

• Is a more potent regulator of calcium channels than gabapentin (it is this mode of action that may modulate

neuropathic pain).

• Has been found to be significantly effective in decreasingmean pain score in people with painful DN compared

with placebo.[98] [99] [100] 6[B]Evidence

• Has similar adverse effects to duloxetine, although patients do not frequently experience nausea.

• Unlike its predecessor gabapentin, there is a possibility it could be habit-forming.
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Gabapentin

• Has been found to improve pain in people with DN in several studies.[101] [102] [103] [104] 13[B]Evidence

• Although not approved in some countries for the treatment of pain associated with peripheral neuropathy, it

is widely used.

• Mayhaveadverseeffects that requirediscontinuationof therapy. These includesomnolence,dizziness, peripheral

oedema, and gait disturbance.[104]

Duloxetine

• Clinical studies have shown it to be safe and effective in themanagement of painful DN.[105] [106] [107] [108]

[109] [110] 5[B]Evidence

• Is a selective dual serotonin-noradrenaline (norepinephrine) reuptake inhibitor, and is relatively balanced in its

affinity for re-uptake inhibition.

• Patients frequently experience nausea with initiation of therapy; a slow titration of the drug can usually avoid

this common adverse effect.

• The most common adverse effects include nausea, sedation, and generalised sleepiness.[111]

• Pregabalin or gabapentinmay be combinedwith duloxetine if necessary. Fewdirect head-to-head comparisons

have been conducted between drugs for the treatment of DN pain.[112] 14[B]Evidence

Pregabalin-duloxetine combination

• Amulticentre, double-blind, parallel-group study in patients with DPN pain addressed whether, in patients not

responding tomonotherapywith standard doses of duloxetine or pregabalin, combining bothmedications was

superior to increasingeachdrug to itsmaximumrecommendeddose. Inan8-weekcombinationversushigh-dose

therapy period, non-responders to monotherapy (n=339) received either maximum dose of duloxetine, a

combination of standard doses of duloxetine and pregabalin, or amaximumdose of pregabalin. Both drugs and

their combinationwerewell tolerated.Althoughnotsignificantly superior tohigh-dosemonotherapy, combination

therapy was considered to be effective, safe, and well tolerated.[113]

Antidepressants: these may be used if there is no benefit from pregabalin, gabapentin, or duloxetine. They may be

used alone or in combination with pregabalin or gabapentin.

Tricyclic antidepressants (TCAs)

• Act by blocking neuronal re-uptake of noradrenaline (norepinephrine) and serotonin, thereby potentiating the

inhibitory effect of these neurotransmitters in nociceptive pathways.[114]

• Amitriptyline, imipramine, anddesipraminehaveall been found, in small RCTs, to relievepainbetter thanplacebo

in patients with DN.8[C]Evidence

• Additional support for the efficacy of TCAs was provided by a meta-analysis of 21 clinical trials.[115]
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• Adverse effects are common with TCAs andmay lead to treatment withdrawal. In clinical trials of TCAs,

approximately 20% participants withdrew because of intolerable adverse effects, such as sedation, confusion,

and anticholinergic adverse effects.

• The most commonly used TCAs may be ranked in order frommost to least associated with anticholinergic

effects (i.e., amitriptyline; imipramine; nortriptyline; and desipramine).[116]

Selective serotonin-reuptake inhibitors (SSRIs)

• Another category of antidepressants that may have some efficacy for DN.

• Venlafaxinehas been found tobeprobably effective in lessening thepain of peripheral DNand is recommended

to be considered for treatment.[97]

• Paroxetine has been found to reduce symptoms significantly.11[C]Evidence

• Fluoxetine was effective only in patients who were depressed.[117]

• Sertraline was shown to reduce pain fromDN in a small open-label study of 8 patients, but a placebo-controlled

study has yet to be performed.[118]

Opioid anlagesics

• May be considered either in combination with existing therapies or for use alone.

• Are effective in controlling neuropathic pain.[119] [120] [121]

• Are commonly used but significant adverse effects are associatedwith long-termuse. Dependencemay occur.

• Suppress pain by activating mu-receptors, which are present on the pre- and post-synaptic membranes of

primary afferent nerve fibres, second-order neurons in the dorsal horn of the spinal cord, and neurons in

pain-relevant supraspinal centres.

• Oxycodone has been shown to be significantly more effective than placebo in the treatment of DN

pain.9[C]Evidence

• Tramadol (a weak opioid that acts through low-affinity binding to micro-opioid receptors and weak inhibition

of noradrenaline [norepinephrine] and serotonin reuptake) has also been found to be effective in treatment of

DN pain.10[B]Evidence It is often good treatment for breakthrough or refractory pain.

• Tapentadol has been shown to be effective and well tolerated for the management of moderate to severe

chronic pain associated with DPN.[122]

• A Cochrane review of short-term and intermediate-term studies found that the analgesic efficacy of opioids in

chronic neuropathic pain is still uncertain.[123]

Lacosamide

• Has limited efficacy in the treatment of peripheral diabetic neuropathy. Higher doses do not give consistently

better efficacy, but are associated with significantly more adverse event withdrawals.[124]
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Vitamin B1 (thiamine)

• Sometimesused to treat peripheral neuropathy, but evidence for its efficacy is not clear.[125]Therefore, vitamin

B1 cannot be recommended as standard therapy.

Topical capsaicin

• May be used in combination with other therapies or alone for pain that is refractory.

• Capsaicin stimulates the release and subsequent depletion of substance P from sensory nerve fibres.

• A few small studies have demonstrated the efficacy of capsaicin cream in control of pain and improvement in

daily activities.[126] [127] [128] [129] [130]

• Poor adherence is common, due to the need for frequent applications, an initial exacerbation of symptoms,

and frequent burning and redness at the application site.

Transcutaneouselectrical nerve stimulation (TENS), percutaneouselectrical nerve stimulation (PENS), or acupuncture

• May be added to existing therapy or used alone, in refractory cases.[131]

• In a controlled study, TENSwasmore effective than sham treatment in reducing pain in patients with DN.[132]

• In uncontrolled studies of TENS and acupuncture, they decreased pain in >75% patients with DN.[133] [134]

• A reportof theTherapeuticsandTechnologyAssessmentSubcommitteeof theAmericanAcademyofNeurology,

based on a review of the literature up to April 2009, concluded that TENSmay have some effectiveness for

reducing pain caused by DPN.[131]

• The UK National Institute for Health and Care Excellence found evidence of short-term efficacy of PENS for

refractory neuropathic pain with nomajor safety concerns. Treatment with PENS should involve specialists in

pain management.[135]

Cranial neuropathies, limbmononeuropathies, truncal mononeuropathy,
diabetic amyotrophy
There is no specific treatment for cranial neuropathies, although gradual recovery typically occurs. There is also no

specific treatment for abrupt limb neuropathies, although some have advocated immunomodulating therapy when

there is multi-nerve involvement.

Once structural abnormalities have been ruled out, treatment for diabetic truncal mononeuropathy consists of pain

management. Improvement is generally gradual.

Typically, no treatment isgiven fordiabetic amyotrophy,other thancontrolling thediabetes.However, the inflammatory

changes on biopsy have raised the issue of whether immunomodulating agentsmight be useful for treating this type

of DN.[136]

Autonomic neuropathy
Control of hyperglycaemia has been shown to delay the onset and progression of autonomic neuropathy in type 1

diabetes and possibly in type 2 diabetes.[7] [88] [137] [138] 3[A]Evidence Studies have shown that implementing
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tight glucose control as early as possible in the treatment of type 1 diabetes prevents early development of CAN and

promotes long-term protection for CAN, but the effects of glycaemic control on CAN are less clear for type 2

diabetes.[44]

The following are various manifestations of autonomic neuropathy and the treatments are discussed.

Management of orthostatic hypotension
Simple lifestyle and supportive measures may be tried and include:[18] [48] [49]

• Avoiding sudden changes in body posture to the head-up position

• Avoiding medications that aggravate hypotension

• Eating small, frequent meals

• Avoiding activities that involve straining

• Elevating the head of the bed 45 cm (18 inches) at night. This improved symptoms in a small series of patients

with orthostatic hypotension from various causes[139]

• Using a compressive garment over the legs and abdomen. The efficacy for this has been demonstrated in

multiple case reports[140] [141] [142] [143]

• Using an inflatable abdominal band. This was effective in a small study of 6 patients with orthostatic

hypotension[144]

• Using a low portable chair, as needed for symptoms. This was effective in one study.[145]

Several physical counter-manoeuvres, such as leg crossing, squatting, and muscle pumping, can help maintain

BP.[146]

Pharmacological therapy is likely to be required. In some countries, midodrine is the only approved drug for the

treatment of orthostatic hypotension, although, in practice, fludrocortisone is frequently used first.

Fludrocortisone

• A synthetic mineralocorticoid, with a long duration of action, which induces plasma expansion. It may also

enhance the sensitivity of blood vessels to circulating catecholamines.[147] [148]

• The earliest report described a single patient, and other case reports have followed.[149] [150] [151]

• The effects are not immediate, but occur over a 1- to 2-week period.

• Supine HTN, hypokalaemia, and hypomagnesaemia may occur.

• Caution must be used, particularly in patients with CHF, to avoid fluid overload.[152] [153]

Midodrine[18] [48] [49]

• A peripheral-selective direct alpha-1-adrenoreceptor agonist, and the only agent approved for the treatment

of orthostatic hypotension in some countries.
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• Activates alpha-1 receptors on arterioles and veins, thereby increasing total peripheral resistance.[154] [155]

• Several double blind, placebo-controlled studies have documented its efficacy in the treatment of orthostatic

hypotension.[156] [157] [158]

• Because it does not cross the blood-brain barrier, it has fewer central adverse effects than ephedrine. Themain

adverse effects are piloerection, pruritus, paraesthesias, urinary retention, and supine HTN.

Mixed alpha-adrenoreceptor agonists, which act directly on the alpha-adrenoreceptor and release noradrenaline

(norepinephrine) from the post-ganglionic sympathetic neuron, include:

• Ephedrine

• Pseudoephedrine.[159]

Severe HTN is an important adverse effect of all sympathomimetic agents. Other adverse effects, which may limit

their use, are tremulousness, irritability, insomnia, tachycardia, reduced appetite, and, inmen, urinary retention.[160]

Erythropoietin[18] [48] [49]

• Shown to improve standing BP in patients with orthostatic hypotension.[47]

• Themechanism of action for the pressor effect is still unresolved. Possibilities include increase in red cell mass

and central blood volume; correction of the normochromic normocytic anaemia that frequently accompanies

diabetic autonomic neuropathy; alterations in blood viscosity; and a direct or indirect neurohumoral effect on

the vascular wall and vascular tone regulation, which are mediated by the interaction between haemoglobin

and the vasodilator nitric oxide.[161] [162] [163]

Beta-blockers

• Could be considered in absence of contraindications.

• Have shown efficacy in some case reports and open-label studies of patients with orthostatic hypotension due

to varying aetiologies.[164] [165] [166]

• CHFmay be a serious adverse effect of this medication.

Clonidine

• An alpha-2 antagonist that usually produces a central sympatholytic effect, and a consequent decrease in BP.

• Patientswith severe autonomic failure have little central sympathetic efferent activity, and clonidinemay affect

venous postsynaptic alpha-2 adrenoreceptors.

• The use of this agent is limited by the inconsistent hypertensive effect, as well as serious adverse effects.

• Clonidine could result in an increase in venous return without a significant increase in peripheral vascular

resistance.

Caffeine[18] [48] [49]
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• Amethylxanthine with well-established pressor effect, primarily due to blockade of vasodilating adenosine

receptors.

• May improve orthostatic hypotension and attenuate postprandial hypotension in patients with autonomic

failure.

• Tachyphylaxis occurs with continuing use of caffeine.[159]

Octreotide[18] [48] [49]

• May attenuate the postprandial BP fall and reduce orthostatic hypotension in patients with autonomic failure.

• Mechanisms of action include a local effect on splanchnic vasculature, by inhibiting the release of vasoactive

GI peptides; enhanced cardiac output; and an increase in forearm and splanchnic vascular resistance.

Management of diabetic gastroparesis
Some treatments for diabetic gastroparesis are based on commonly accepted clinical practices. These include:[73]

• Eating multiple small meals.

• Changing diet, such as decreasing dietary fat and fibre.[167] [168] [169]

Drug therapy includes:

• Erythromycin

• Metoclopramide

• Domperidone

• Botulinum toxin.

Erythromycin

• Is effective in accelerating gastric emptying.15[B]Evidence

• Is believed to act by stimulating motilin receptors in the gut.[170]

• May be used orally or intravenously.[171] [172]

Metoclopramide

• Has anti-emetic properties, stimulates acetylcholine release in the myenteric plexus, and is a dopamine

antagonist.[169]

• Open, single-blind, and double-blind trials have shownmild benefit.[173]

• Possible adverse effects include extrapyramidal symptoms, such as acute dystonic reactions; drug-induced

parkinsonism; akathisia; and tardive dyskinesia. Galactorrhoea, amenorrhoea, gynaecomastia, and

hyperprolactinaemia may also occur.
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• Metoclopramide should be used for up to 5 days only in order to minimise the risk of neurological and other

adverse effects.[174] Its use in the long-term treatment of gastroparesis is no longer recommended. It should

be reserved for severe cases that are unresponsive to other therapies. Adverse effects should be closely

monitored.

Domperidone

• Is a peripheral dopamine receptor antagonist.

• Hasbeen shown to stimulategastricmotility and topossess anti-emetic properties. It acts as aprokinetic agent,

increasing the number and/or the intensity of gastric contractions, and improves symptoms in patients with

diabetic gastroparesis.

• Stimulates both liquid- and solid-phase gastric emptying.[175]

• Itsmajor benefit results from its anti-emetic properties and, to a lesser extent, itsmotor stimulatory actions.[176]

• A few open trials and double-blind trials have all demonstrated improvement in gastric emptying.[173] [176]

• A systematic review of all studies using oral domperidone for the treatment of diabetic gastroparesis

demonstrates the efficacy of domperidone in treating gastroparesis.[177]

• Its role has become controversial due to safety concerns. Following a European review, the Medicines and

HealthcareproductsRegulatoryAgencyand theEuropeanMedicinesAgencyhave issuednewrecommendations

concerning the use of domperidone. The review found the drug was associated with a small increased risk of

potentially life-threateningeffects on theheart. As a consequence, theagencies recommend that domperidone

should only be used for the treatment of symptoms of nausea and vomiting and is no longer recommended

for the treatment of conditions such as heartburn, bloating, or stomach discomfort. The risks and benefits

should be weighed carefully before using this drug for this off-label indication. It should be used at the lowest

effective dose for the shortest possible duration and the maximum treatment duration should not usually

exceed1week. Thenewmaximumdose recommended in adults is 30mg/day.Domperidone is contraindicated

in patients with severe hepatic impairment or underlying cardiac disease. It should not be administered with

other drugs that prolong the QT interval or inhibit CYP3A4.[178]

Intrapyloric botulinum toxin injection

• Several case reports of patients with severe diabetic gastroparesis, whose symptoms persisted despite dietary

changes and the use of high-dose prokinetic agents, describe significant symptomatic improvement after

intrapyloric botulinum toxin injection, performed during upper GI endoscopy.[179] [180] [181]

Non-pharmacological methods have also been used to treat diabetic gastroparesis in patients who are unresponsive

to pharmacological methods.

Gastric pacing (stimulation)

• Short-term studies of gastric pacing in humans have demonstrated that it is possible to entrain gastric slow

waves and normalise myoelectrical activity with pacing.[182] [183]

• Uses high-frequency, low-amplitude signals that do not alter gastric myoelectrical or muscular activity

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Feb 11, 2015.44
BMJ Best Practice topics are regularly updated and the most recent version of the topics can be found on bestpractice.bmj.com . Use

of this content is subject to our disclaimer. © BMJ Publishing Group Ltd 2015. All rights reserved.

TreatmentDiabetic neuropathy
TR

E
AT

M
E
N
T

http://bestpractice.bmj.com


• Improvements in nausea and vomiting with gastric stimulation in people with gastroparesis have been

reported.12[C]Evidence

Surgery

• Persistent vomiting may require a surgical approach.

• Placement of a feeding jejunostomy to bypass an atonic stomach has been advocated, based on clinical

practice.[169]

• Radical surgery, consisting of resection of a large portion of the stomach, with performanceof a Roux-en-Y loop

was successful in a small series of patients.[40]

Management of diabetic diarrhoea
Broad-spectrum antibiotics are commonly used to treat diabetic diarrhoea, either when the hydrogen breath test is

positive, or as an empirical trial.[73] An early double-blind study, involving a single patient, demonstrated that the

diarrhoea subsidedwhen the patient was treatedwith an oral antibiotic preparation, then recurredwhen placebowas

substituted.[184] Several different regimens have been advocated.[167] [168] [169] Cautionmust be used because

long-term use of metronidazole can lead to neuropathy.

Colestyramine can be used in an attempt to chelate bile salts if the hydrogen breath test is normal, or if patients fail

an empirical trial of broad-spectrum antibiotics.

Octreotide was effective, in a case report of a single patient, for diabetic diarrhoea.[185] A study demonstrated that

octreotide was effective in accelerating gastric emptying, inhibiting small bowel transit, reducing ileocolonic bolus

transfers, inhibiting postprandial colonic tonic response, and increasing colonic phasic pressure activity in healthy

volunteers. Therefore, it may be suspected to be of value in the treatment of diarrhoeal states andmay be used if

other methods have not helped.[186]

Management of diabetic bladder dysfunction
Bethanechol, a parasympathomimetic agent, may be helpful. Bladder training, such as scheduled voiding, may be

usedparticularly for urge incontinence. Another technique thatmaybeused is theCredemanoeuvre. This is amethod

used to help empty the bladder if it is weak and flaccid and not emptying properly. The patient pushes with a hand

down on the abdomen from the umbilicus, down towards the bladder in a smooth, evenmanner.[73]

Management of diabetic erectile dysfunction
The first-line therapy for erectile dysfunction (ED) is a phosphodiesterase-5 (PDE-5) inhibitor.[187] PDE-5 inhibitors

revolutionised the management of ED and are efficient and safe. Both sildenafil and tadalafil significantly increase

erectile function and are generally well tolerated.[188] [189] However, adverse effects may occur, with headache

and flushing the most commonly reported. Flu-like syndromes, dyspepsia, myalgias, abnormal vision, and back pain

may occur less frequently.

The second-line option for treatment of ED is intracavernosal injection. The success rate of intracavernosal injections

is high, with nearly 90% of patients achieving erection.[190] [191]
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Other options that may be considered include vacuum devices and penile prostheses. Several case reports have

described the use of vacuum devices, rigid penile implants, and inflatable prostheses for the treatment of erectile

dysfunction with mild to modest benefits.[191] [192]

Hypogonadism, which is commonly found in diabetics, should be investigated if suspected and treated as necessary.

In addition, optimising glycaemic control, management of associated co-morbidities, and lifestyle modifications are

essential in all patients.

As ED and diabetes can negatively impact male self-esteem and be associated with depression and anxiety,

psychological assessment and appropriate treatment of patients affected is also likely to be beneficial.

Treatment details overview

Consult your local pharmaceutical database for comprehensive drug information including contraindications, drug
interactions, and alternative dosing. ( see Disclaimer )

( summary )Ongoing

TreatmentTx linePatient group

diabetic peripheral neuropathy

glycaemic control and foot care and lifestyle
measures

1stwithout pain

pregabalin or gabapentin and/or duloxetine +
glycaemic control and foot care and lifestyle
measures

1stwith pain

tricyclic antidepressant (TCA) or selective
serotonin-reuptake inhibitor (SSRI) + glycaemic
control and foot care and lifestyle measures

2nd

opioidanalgesics+glycaemiccontrol and footcare
and lifestyle measures

3rd

topical capsaicin treatment + glycaemic control
and foot care and lifestyle measures

4th

transcutaneouselectricalnervestimulation(TENS),
percutaneouselectrical nervestimulation (PENS),

5th

or acupuncture + glycaemic control and foot care
and lifestyle measures

glycaemic control + supportive care1stcranial neuropathies

glycaemic control + supportive care1stlimb or truncal mononeuropathies

glycaemic control + supportive care1stdiabetic amyotrophy

diabetic autonomic neuropathy

lifestyle and supportivemeasures + glycaemic
control

1storthostatic hypotension
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( summary )Ongoing

midodrineormixedalpha-adrenoreceptoragonists
+ glycaemic control

plus

lifestyle and supportivemeasures + glycaemic
control

2nd

mineralocorticoid + glycaemic controlplus

lifestyle and supportivemeasures + glycaemic
control

3rd

other pharmacological treatments + glycaemic
control

plus

pharmacological methods + glycaemic control1stdiabetic gastroparesis

lifestyle measuresplus

non-pharmacologicalmethods+glycaemiccontrol2nd

lifestyle measuresplus

broad-spectrum antibiotics + glycaemic control1stdiabetic diarrhoea

colestyramine + glycaemic control2nd

octreotide + glycaemic control3rd

bethanechol + glycaemic control1stbladder dysfunction

bladder hygiene techniquesadjunct

phosphodiesterase-5 (PDE-5) inhibitors or
intracavernosal injections + glycaemic control

1sterectile dysfunction

non-pharmacological methodsadjunct
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Treatment options

Ongoing

TreatmentTx linePatient group

diabetic peripheral neuropathy

glycaemic control and foot care and lifestyle
measures

1stwithout pain

» TheDiabetes Control and Complications Trial (DCCT)
demonstrated that intensive therapyof type I diabetes
reduced the incidence of neuropathy by 60% over a
5-year period in patientswhodid not have neuropathy
at baseline.1[A]Evidence Intensive therapyduring the
DCCT significantly reduced the risk of diabetic
peripheral neuropathy (DPN) and cardiovascular
autonomic neuropathy (CAN) at the end of the trial,
and the prevalence and incidence of DPN and CAN
remained significantly lower in the intensive therapy
group compared with the conventional therapy group
through observational follow-up study in
2013-2014.[89]

» There is some evidence for a reduction in risk of DN
with optimal blood glucose control achieved using
multiple insulin injections in people with type 2
diabetes, but it is not such strong evidence as that for
type 1.4[B]Evidence

» Proper care of the foot begins with educating the
patient.[92] A thorough examination should include
inspectionandassessmentof theperipheral pulses, as
well as testing reflexes and for loss of protective
sensation in the toes and feet.

» Minor non-infected wounds can be treated with
non-irritating antiseptic solution, daily dressing
changes, and foot rest.[93] Such wounds, without
evidenceof soft tissueorbone infection, donot require
antibiotic therapy.[60] [59] [58]

» More serious problems are best handled in
consultation with specialists in diabetic foot care. A
multidisciplinary approach and tailored strategies are
recommended for individuals with foot ulcers and
individuals with high-risk feet, especially those with a
historyof prior ulcer or amputation, thosewithCharcot
foot, and dialysis patients.[45]Most diabetic foot
infections are polymicrobial; aerobic gram-positive
cocci (GPC), most notably staphylococci, are themost
commoncausativeorganisms. Infectedwoundsshould
have a post-debridement specimen (preferably of
tissue) sent for aerobic and anaerobic culture. Empiric
antibiotic therapy can be targeted at gram-positive
cocci in many acutely-infected patients. Those at risk
for infection with antibiotic-resistant organisms, or
those with chronic, previously treated, or severe
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Ongoing

TreatmentTx linePatient group
infections usually require broader spectrum
regimens.[60] [59] [58]

» Reducing plantar pressure using contact
casts/specialised footwear accelerateshealing.[2] [94]
[193]

» Lifestyle interventions (diet and exercise) are
recommended as they may improve neuropathic
symptoms and intra-epidermal nerve fibre density
(IENFD) in patients with DPN that is associated with
impaired glucose tolerance.[95] [96]

pregabalin or gabapentin and/or duloxetine +
glycaemic control and foot care and lifestyle
measures

1stwith pain

» Pregabalin has been found to decrease mean pain
score in people with painful DN.[98] [99] [100]
6[B]Evidence There is a possibility that pregabalin
could be habit-forming. The American Academy of
Neurology, theAmericanAssociationofNeuromuscular
and Electrodiagnostic Medicine, and the American
AcademyofPhysicalMedicine andRehabilitationhave
recommended that pregabalin should be offered for
the relief of peripheral DN because its effectiveness
has been firmly established.[97]

»Gabapentinhasbeen found to improvepain inpeople
with DN in several studies.[101] [102] [103] [104]
13[B]Evidence Adverse effects include somnolence,
dizziness, peripheral oedema, and gait disturbance.

» Duloxetine may be used alone or added to either
pregabalin or gabapentin.[113] Initial clinical studies
of duloxetine have found that it is safe and effective in
themanagementof painfulDN.[105] [106] [107] [108]
[109] [110] 5[B]Evidence

»Patients frequently experiencenauseawith initiation
of duloxetine therapy. A slow titration of the drug can
usually avoid this common adverse effect. Other
adverse effects are sedation and generalised
sleepiness.[111]

» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
studies.[13] Therefore, all patients need good
glycaemic control.

» Foot care is essential for all patients.

» Lifestyle interventions (diet and exercise) are
recommended as they may improve neuropathic
symptoms and intra-epidermal nerve fibre density
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(IENFD) in patients with DPN that is associated with
impaired glucose tolerance.[95] [96]

Primary options

» pregabalin: 50-100mgorally twice to three times
daily initially, increase according to response,
maximum 300mg/day

Secondary options

» gabapentin: 300mg orally three times daily
initially, increase by 300mg/day increments at
weekly intervals according to response, maximum
3600mg/day

Tertiary options

» duloxetine: 20-30 mg orally once daily initially,
increase according to response, maximum 60
mg/day

OR

» gabapentin: 300mg orally three times daily
initially, increase by 300mg/day increments at
weekly intervals according to response, maximum
3600mg/day
-or-
» pregabalin: 50-100mgorally twice to three times
daily initially, increase according to response,
maximum 300mg/day

--AND--

» duloxetine: 20-30 mg orally once daily initially,
increase according to response, maximum 60
mg/day

tricyclic antidepressant (TCA) or selective
serotonin-reuptake inhibitor (SSRI) + glycaemic
control and foot care and lifestyle measures

2nd

» Antidepressants may be used if there is no benefit
from pregabalin or gabapentin and duloxetine.

» They may be used alone or in combination with
pregabalin or gabapentin.

» Amitriptyline, imipramine, and desipramine have all
been found, in small RCTs, to relieve pain better than
placebo in patients with DN.8[C]Evidence

» Additional support for the efficacy of TCAs was
provided by a meta-analysis of 21 clinical trials.[115]
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» In clinical trials of TCAs, approximately 20%
participants withdrew because of intolerable adverse
effects, suchassedation, confusion, andanticholinergic
adverse effects.

» SSRIs may have some efficacy in people with DN.
Venlafaxine has been found to be probably effective in
lessening the pain of peripheral DN and is
recommended to be considered for treatment.[97]

» Paroxetine has been found to reduce symptoms
significantly.11[C]Evidence

» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
studies.[13] Therefore, all patients need good
glycaemic control.

» Foot care is essential for all patients.

» Lifestyle interventions (diet and exercise) are
recommended as they may improve neuropathic
symptoms and intra-epidermal nerve fibre density
(IENFD) in patients with DPN that is associated with
impaired glucose tolerance.[95] [96]

Primary options

» amitriptyline: 10-25 mg orally once daily at
bedtime initially, increase according to response,
maximum 150mg/day

OR

» venlafaxine: 75-225mgorally (extended-release)
once daily

OR

» imipramine:10-25mgorallyoncedaily atbedtime
initially, increase according to response,maximum
150mg/day

OR

» nortriptyline: 10-25 mg orally once daily at
bedtime initially, increase according to response,
maximum 150mg/day

OR

» desipramine: 25-75 mg orally once daily initially,
increase dose according to response, maximum
150mg/day

Secondary options
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» paroxetine: 40 mg orally once daily

opioidanalgesics+glycaemiccontrol and footcare
and lifestyle measures

3rd

» Opioid analgesics may be considered, either in
combination with existing therapies or for use alone.

»Theyarecommonlyused,buthavesignificantadverse
effects with long-term use. Dependence may occur.

»Oxycodonehasbeen found tobe superior toplacebo
in the treatment of DN pain.9[C]Evidence

»Tramadol (aweakopioid that acts through low-affinity
binding tomicro-opioid receptors and weak inhibition
of noradrenaline [norepinephrine] and serotonin
reuptake) also has been found to be effective in
treatmentof pain inDN.10[B]Evidence It is oftengood
treatment for breakthrough or refractory pain.

» Tapentadol has been shown to be effective and well
tolerated for the management of moderate to severe
chronic pain associated with diabetic peripheral
neuropathy (DPN).[122]

» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
studies.[13] Therefore, all patients need good
glycaemic control.

» Foot care is essential for all patients.

» Lifestyle interventions (diet and exercise) are
recommended as they may improve neuropathic
symptoms and intra-epidermal nerve fibre density
(IENFD) in patients with DPN that is associated with
impaired glucose tolerance.[95] [96]

Primary options

» tapentadol: 50-250mg orally (extended-release)
twice daily

OR

» tramadol: 50-100mgorally every 4-6hourswhen
required, maximum 400mg/day

OR

»oxycodone:10mgorally (controlled-release)every
12 hours when required

topical capsaicin treatment + glycaemic control
and foot care and lifestyle measures

4th
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» For pain that is refractory, topical capsaicin may be
used in combination with other therapies or alone.

» A few small studies have demonstrated the
effectiveness of capsaicin cream in control of pain and
improvement in daily activities.[126] [127] [128] [129]
[130]

» Poor adherence is common, due to the need for
frequent applications, an initial exacerbation of
symptoms, and frequent burning and redness at the
application site.

» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
studies.[13] Therefore, all patients need good
glycaemic control.

» Foot care is essential for all patients.

» Lifestyle interventions (diet and exercise) are
recommended as they may improve neuropathic
symptoms and intra-epidermal nerve fibre density
(IENFD) in patients with DPN that is associated with
impaired glucose tolerance.[95] [96]

Primary options

» capsaicin topical: (0.025%or0.075%) apply to the
affectedarea(s) up to four timesdailywhen required

transcutaneouselectricalnervestimulation(TENS),
percutaneouselectrical nervestimulation (PENS),

5th

or acupuncture + glycaemic control and foot care
and lifestyle measures

» TENS or acupuncture may be added on to existing
therapyor used alone, usually in refractory cases.[131]

» In a controlled study, TENS was more effective than
sham treatment in reducing pain in patients with
DN.[132]

» Uncontrolled studies of TENS and of acupuncture
have been reported to decrease pain in >75%patients
with DN.[133] [134]

» The UK National Institute for Health and Care
Excellence found evidence of short-term efficacy of
PENS for refractory neuropathic pain with nomajor
safety concerns. Treatment with PENS should involve
specialists in pain management.[135]

» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
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studies.[13] Therefore, all patients need good
glycaemic control.

» Foot care is essential for all patients.

» Lifestyle interventions (diet and exercise) are
recommended as they may improve neuropathic
symptoms and intra-epidermal nerve fibre density
(IENFD) in patients with DPN that is associated with
impaired glucose tolerance.[95] [96]

glycaemic control + supportive care1stcranial neuropathies

» There is no specific treatment, although recovery is
typically gradual.

» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
studies.[13] Therefore, all patients need good
glycaemic control.

» Foot care is essential for all patients.

glycaemic control + supportive care1stlimb or truncal mononeuropathies

» There is no specific treatment for abrupt limb
mononeuropathies, though some have advocated
immunomodulating therapywhen there ismulti-nerve
involvement.

» Treatment for truncal mononeuropathies, once
structural abnormalities have been ruled out, consists
ofpainmanagement. Improvement isgenerallygradual.

» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
studies.[13] Therefore, all patients need good
glycaemic control.

» Foot care is essential for all patients.

glycaemic control + supportive care1stdiabetic amyotrophy

»Typically, no treatment is givenother thancontrolling
the diabetes.

» However, the inflammatory changes on biopsy have
raised the issueofwhether immunomodulatingagents
might be useful for treatment of this type of DN.

» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
studies.[13] Therefore, all patients need good
glycaemic control.
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» Foot care is essential for all patients.

diabetic autonomic neuropathy

lifestyle and supportivemeasures + glycaemic
control

1storthostatic hypotension

» Simple measures include avoiding sudden changes
in body posture to the head-up position; avoiding
medications that aggravatehypotension; eating small,
frequent meals; avoiding activities that involve
straining.

» Several physical counter-manoeuvres may be tried,
such as leg crossing, squatting, and muscle pumping,
which can help maintain BP.[146]

» Elevating the head of the bed by 45 cm (18 inches)
at night improved symptoms in a small series of
patients with orthostatic hypotension from various
causes.[139]

» The efficacy of a compressive garment over the legs
and abdomenhas beendemonstrated tobebeneficial
in multiple case reports.[140] [141] [142] [143]

» An inflatable abdominal band has been shown to be
effective in a small study of patients with orthostatic
hypotension.[144]

» A low portable chair used by patients as needed for
symptomswas found tobeeffective inone study.[145]

» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
studies.[13] Therefore, all patients need good
glycaemic control.

» Foot care is essential for all patients.

midodrineormixedalpha-adrenoreceptoragonists
+ glycaemic control

plus

» Midodrine is the only agent approved for the
treatment of orthostatic hypotension in some
countries. Several double-blind, placebo-controlled
studies have documented its efficacy in the treatment
of orthostatic hypotension.[156] [157] [158]Themain
adverseeffectsarepiloerection,pruritus, paraesthesias,
urinary retention, and supine hypertension.

» Mixed alpha-adrenoreceptor agonists include
ephedrine and pseudoephedrine.[159] Severe
hypertension is an important adverse effect of all
sympathomimeticagents.Otheradverseeffects,which
may limit their use, are tremulousness, irritability,
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insomnia, tachycardia, reduced appetite, and, in men,
urinary retention.[160]

» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
studies.[13] Therefore, all patients need good
glycaemic control.

» Foot care is essential for all patients.

Primary options

» midodrine: 2.5 to 10mg orally three times daily

OR

» ephedrine: 25-50 mg orally three times daily

OR

» pseudoephedrine: 30-60 mg orally three times
daily

lifestyle and supportivemeasures + glycaemic
control

2nd

» Simple measures include avoiding sudden changes
in body posture to the head-up position; avoiding
medications that aggravatehypotension; eating small,
frequent meals; avoiding activities that involve
straining.

» Several physical counter-manoeuvres may be tried,
such as leg crossing, squatting, and muscle pumping,
which can help maintain BP.[146]

» Elevation of the head of the bed 18 inches at night
improved symptoms in a small series of patients with
orthostatic hypotension from various causes.[139]

» The efficacy of a compressive garment over the legs
and abdomenhas beendemonstrated tobebeneficial
in multiple case reports.[140] [141] [142] [143]

» An inflatable abdominal band has been shown to be
effective in a small study of patients with orthostatic
hypotension.[144]

» A low portable chair used by patients as needed for
symptomswas found tobeeffective inone study.[145]

» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
studies.[13] Therefore, all patients need good
glycaemic control.

» Foot care is essential for all patients.
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mineralocorticoid + glycaemic controlplus

»Theeffects of fludrocortisonearenot immediate, but
occur over a 1- to 2-week period.

» Supine HTN, hypokalaemia, and hypomagnesaemia
may occur. Caution must be used, particularly in
patients with CHF, to avoid fluid overload.[152] [153]

» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
studies.[13] Therefore, all patients need good
glycaemic control.

» Foot care is essential for all patients.

Primary options

» fludrocortisone: 0.1 to 0.2 mg orally once daily

lifestyle and supportivemeasures + glycaemic
control

3rd

» Simple measures include avoiding sudden changes
in body posture to the head-up position; avoiding
medications that aggravatehypotension; eating small,
frequent meals; avoiding activities that involve
straining.

» Several physical counter-manoeuvres may be tried,
such as leg crossing, squatting, and muscle pumping,
which can help maintain BP.[146]

» Elevation of the head of the bed 18 inches at night
improved symptoms in a small series of patients with
orthostatic hypotension from various causes.[139]

» The efficacy of a compressive garment over the legs
and abdomenhas beendemonstrated tobebeneficial
in multiple case reports.[140] [141] [142] [143]

» An inflatable abdominal band has been shown to be
effective in a small study of patients with orthostatic
hypotension.[144]

» A low portable chair used by patients as needed for
symptomswas found tobeeffective inone study.[145]

» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
studies.[13] Therefore, all patients need good
glycaemic control.

» Foot care is essential for all patients.
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other pharmacological treatments + glycaemic
control

plus

» Erythropoietin (epoetin alfa) has been shown to
improve standing BP in patients with orthostatic
hypotension.[47]

» Beta-blockers have shown efficacy in some case
reports and open-label studies of patients with
orthostatic hypotension due to varying
aetiologies.[164] [165] [166] CHFmay be a serious
adverse effect of these medications.

» Caffeine may improve orthostatic hypotension and
attenuate postprandial hypotension in patients with
autonomic failure. Tachyphylaxis occurs with
continuing use of caffeine.[159]

» Octreotide may attenuate the postprandial BP fall
and reduce orthostatic hypotension in patients with
autonomic failure.Long-actinganalogue (intramuscular
depot) may also be used.

» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
studies.[13] Therefore, all patients need good
glycaemic control.

» Foot care is essential for all patients.

Primary options

»epoetinalfa: 25-75units/kgsubcutaneously three
timesweekly initially until haematocrit approaches
normal, followed by lower maintenance dose

OR

» propranolol: 40-160mg/day orally
(immediate-release) given in 3-4 divided doses

OR

» pindolol: 5 mg orally three times daily

OR

» caffeine: 100-250mg orally three times daily
Taken as tablets or caffeinated beverages.

OR

» octreotide: 25-200micrograms/day
subcutaneously given in divided doses every 8
hours; long-actingdepot: 20-30mg intramuscularly
once monthly
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pharmacological methods + glycaemic control1stdiabetic gastroparesis

» Erythromycin is effective in accelerating gastric
emptying.[170]15[B]EvidenceErythromycin increases
gastric emptying in a dose-response manner.

» Metoclopramide has anti-emetic properties.[169]
Extra-pyramidal symptoms such as acute dystonic
reactions, drug-induced parkinsonism, akathisia, and
tardive dyskinesia may be adverse effects.
Galactorrhoea, amenorrhoea, gynaecomastia, and
hyperprolactinaemia are potential adverse effects as
well. Metoclopramide should be used for up to 5 days
only in order to minimise the risk of neurological and
other adverse effects.[174] Its use for the long-term
treatmentof gastroparesis is no longer recommended.
It should be reserved for severe cases that are
unresponsive toother therapies.Adverseeffects should
be closely monitored.

» Following a European review, the Medicines and
Healthcare products Regulatory Agency and the
European Medicines Agency have issued new
recommendationsconcerningtheuseofdomperidone.
The review found the drugwas associatedwith a small
increased risk of potentially life-threatening effects on
theheart. Asaconsequence, theagencies recommend
that domperidone should only be used for the
treatment of symptoms of nausea and vomiting and
is no longer recommended for the treatment of
conditions such as heartburn, bloating, or stomach
discomfort. The risks and benefits should be weighed
carefully before using this drug for this off-label
indication. It should be used at the lowest effective
dose for the shortest possible duration and the
maximum treatment duration should not usually
exceed1week.Thenewmaximumdoserecommended
inadults is 30mg/day.Domperidone is contraindicated
in patients with severe hepatic impairment or
underlying cardiac disease. It should not be
administered with other drugs that prolong the QT
interval or inhibit CYP3A4.[178]

»Therehavebeenseveral case reportsofpatientswith
severe diabetic gastroparesis (whose symptoms
persisted despite dietary changes and the use of
high-dose prokinetic agents) having significant
symptomatic improvementafter intrapyloricbotulinum
toxin injectionatupperGI endoscopy.[179] [180] [181]

» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
studies.[13] Therefore, all patients need good
glycaemic control.

» Foot care is essential for all patients.
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Primary options

»erythromycinbase: 250mgorally four timesdaily
30 minutes before meals and at bedtime

Secondary options

»metoclopramide: 5-10mgorally three timesdaily
for a maximum of 5 days, maximum 30mg/day

OR

» domperidone: 10 mg orally three times daily for
a maximum of 7 days, maximum 30mg/day

OR

» botulinum toxin type A: consult specialist for
guidance on dose

lifestyle measuresplus

»Sometreatments fordiabeticgastroparesis arebased
on commonly accepted clinical practices.

» These include the use ofmultiple small feedings and
changes in diet, such as a decrease in dietary fat and
fibre.[167] [168] [169]

non-pharmacologicalmethods+glycaemiccontrol2nd

» Non-pharmacologicalmethods have also been used
to treat diabetic gastroparesis in patients who are
unresponsive to pharmacological methods.

» Short-term studies of gastric pacing (stimulation) in
humanshavedemonstrated that it ispossible toentrain
gastric slowwavesandnormalisemyoelectrical activity
with pacing.[182] [183]

» Gastric stimulation uses high-frequency,
low-amplitude signals that do not alter gastric
myoelectrical or muscular activity.

» There have been reports of improvements in nausea
and vomiting with gastric stimulation in people with
gastroparesis.12[C]Evidence

» Persistent vomitingmay require a surgical approach.

» Placement of a feeding jejunostomy to bypass an
atonic stomach has been advocated, based on clinical
practice.[169]

» Radical surgery, consisting of resection of a large
portion of the stomach, with performance of a
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Roux-en-Y loop, has been reported to be successful in
a small series of patients.[40]

» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
studies.[13] Therefore, all patients need good
glycaemic control.

» Foot care is essential for all patients.

lifestyle measuresplus

»Sometreatments fordiabeticgastroparesis arebased
on commonly accepted clinical practices.

» These include the use of multiple small meals and
changes in diet, such as a decrease in dietary fat and
fibre.[167] [168] [169]

broad-spectrum antibiotics + glycaemic control1stdiabetic diarrhoea

» Broad-spectrum antibiotics are commonly used to
treat diabetic diarrhoea, either when the hydrogen
breath test is positive or as an empirical trial.

»Anearly double-blind study, involvinga singlepatient,
demonstrated that the diarrhoea subsided when the
patient was treatedwith an oral antibiotic preparation,
then recurred when placebo was substituted.[184]

» Caution must be used because long-term use of
metronidazole can lead to neuropathy.

» Several different regimens have been advocated.

» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
studies.[13] Therefore, all patients need good
glycaemic control.

» Foot care is essential for all patients.

Primary options

»metronidazole: 500mg orally every 6 hours for 3
weeks; or 750mg orally every 8 hours for 3 weeks

OR

» ampicillin: 250mg orally every 6-8 hours for 14
days

OR

» tetracycline: 250mgorally every 6-8 hours for 14
days

OR
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» amoxicillin/clavulanate: 875mg orally every 12
hours for 14 days
Dose refers to amoxicillin component.

colestyramine + glycaemic control2nd

» Colestyramine can be used in an attempt to chelate
bile salts if the hydrogen breath test is normal, or if
patients fail an empirical trial of broad-spectrum
antibiotics.

» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
studies.[13] Therefore, all patients need good
glycaemic control.

» Foot care is essential for all patients.

Primary options

» colestyramine: 2-4 g orally two to four times daily

octreotide + glycaemic control3rd

» Octreotide has been shown to be effective, in a case
report of a single patient, for diabetic diarrhoea.[185]

» Inaddition, octreotidehasbeenshown tobeeffective
in acceleratinggastric emptying, inhibiting small bowel
transit, reducing ileocolonic bolus transfers, inhibiting
postprandial colonic tonic response, and increasing
colonic phasic pressure activity in healthy
volunteers.[186]

» It may be suspected to be of value in the treatment
of diarrhoeal states andmay be used if othermethods
have not helped.[186]

» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
studies.[13] Therefore, all patients need good
glycaemic control.

» Foot care is essential for all patients.

Primary options

» octreotide: 75-200micrograms subcutaneously
two to three times daily; long-acting depot: 20-30
mg intramuscularly once monthly

bethanechol + glycaemic control1stbladder dysfunction

»Bethanechol, a parasympathomimetic agent,maybe
helpful for people with symptoms of bladder
dysfunction.
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Ongoing

TreatmentTx linePatient group
» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
studies.[13] Therefore, all patients need good
glycaemic control.

» Foot care is essential for all patients.

Primary options

» bethanechol: 10-30 mg orally three times daily

bladder hygiene techniquesadjunct

» Bladder training such as scheduled voiding may be
used particularly for urge incontinence.

» Another technique that may be used is the Crede
manoeuvre. This is a method used to help empty the
bladder if it is weak and flaccid and not emptying
properly. The patient pushes with a hand down on the
abdomen from the umbilicus, down towards the
bladder, in a smooth evenmanner.

phosphodiesterase-5 (PDE-5) inhibitors or
intracavernosal injections + glycaemic control

1sterectile dysfunction

» The preferred therapy for erectile dysfunction (ED) is
one of the PDE-5 inhibitors.

» Sildenafil has been shown to be effective.[188]

»Tadalafil has alsobeen found to significantly increase
erectile function, andwaswell-tolerated.[189]Adverse
cardiovascular effectswere reported inonestudy.[189]
Headache was the most frequent adverse event
reported and flushing was the secondmost common
event, with upper respiratory tract complaints and
flu-like syndromes, dyspepsia, myalgias, abnormal
vision, and back pain also reported in a descending
order of frequency.

»Thesuccess rateof intracavernosal injections is high,
withnearly90%patientsachievingerection.[190] [191]
Direct injections can be into the corpus cavernosum
or by urethral suppository.

» The role of hyperglycaemia is supported by strong
prospective RCTs and prospective observational
studies.[13] Therefore, all patients need good
glycaemic control.

» Foot care is essential for all patients.

Primary options
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Ongoing

TreatmentTx linePatient group
» sildenafil: 25-100mg orally taken 1 hour before
anticipated sexual activity

OR

» tadalafil: 5-20mg orally taken 45minutes before
anticipated sexual activity

OR

»vardenafil: 5-20mgorally taken45minutesbefore
anticipated sexual activity

Secondary options

» papaverine: consult specialist for guidance on
dose

OR

» alprostadil intracavernous: 10-20 micrograms
when required, titrate dose according to response,
maximum 60micrograms/dose, maximum 3
doses/week, with at least 24 hours between each
dose

OR

» alprostadil urethral: 125-250micrograms when
required, increase dose according to response,
doses of up to 1000micrograms/day have been
reported

non-pharmacological methodsadjunct

» Several case reports have described the use of
vacuum devices, rigid penile implants, and inflatable
prostheses for the treatment of erectile
dysfunction.[191] [192]

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Feb 11, 2015.64
BMJ Best Practice topics are regularly updated and the most recent version of the topics can be found on bestpractice.bmj.com . Use

of this content is subject to our disclaimer. © BMJ Publishing Group Ltd 2015. All rights reserved.

TreatmentDiabetic neuropathy
TR

E
AT

M
E
N
T

http://bestpractice.bmj.com


Emerging

Aldose reductase inhibitors (ARIs)

Act by reducing the flux of glucose through the polyol pathway. Earlier studies with ARIs showed inconsistent effects and
unacceptable rate of adverse events.[194] Later studies with the potent ARIs fidarestat, ranirestat, and epalrestat have
shown benefit in diabetic patients with peripheral neuropathy.[195] [196] [197] [198] [199]However, a Cochrane review
foundnodifferencebetweenARIs andplacebowhen treatingdiabeticpolyneuropathy. Therefore, further studies regarding
the use of ARIs for treating DN are still required.[200]

Alpha-lipoic acid

A natural cofactor in the pyruvate dehydrogenase complex, where it binds acyl groups and transfers them from one part
of the complex to another. It plays a role in the antioxidant network as a thiol-replenishing and redox-modulating agent.
Trials in EuropeandNorthAmericahavedemonstrated limitedeffectsonneuropathic symptomsandelectrophysiological
testing.[201] [202] [203] [204] [205]

Recombinant nerve growth factor (rNGF)

Two randomised, double-blind, placebo-controlledphase2studiesof rNGF in the treatmentofDNreported improvement
in the sensory component of the neurological exam, in quantitative sensory testing, and in a symptom score.[206]
However, a large-scale 48-week, phase 3 clinical trial of patients randomised to receive either rNGF or placebo did not
confirm its efficacy.[207]

Acetyl-L-carnitine (ALC)

In preclinical studies, ALC treatment has been shown to correct perturbations of neural sodium/potassium-ATPase,
myoinositol, nitric oxide, prostaglandins, and lipid peroxidation. Clinical studies have shownmodest effects of ALC on
painful DN.[208] [209] [210] [211] A large multicentre placebo-controlled phase 3 trial of ALC in patients with mild DN
found no efficacy when axonal counts from sural nerve biopsies were used as the primary end point.[212]

Ghrelin

Anendogenous ligandof thegrowthhormonesecretagogue receptor, released fromthe stomach, undergoingevaluation
as a treatment for people with diabetic gastroparesis. Several studies found that ghrelin was associated with a significant
decrease in cumulative meal-related symptom score and a significant enhancement of liquid emptying (tending to
enhance solid emptying).[52] [213]

Treatment for diabetic amyotrophy

In patients with particularly severe amyotrophy, prednisone, intravenous immunoglobulin (IVIG), and plasmapheresis
have shown some promise in open-label, uncontrolled studies. The condition appeared to stop deteriorating and began
to improve with these treatments. However, because untreated patients also gradually improve, the efficacy of these
treatments is undemonstrated.[214] [215] [216] [217]

Actovegin

A protein-free extract that has an insulin-like effect of increased glucose utilisation. One study found that sequential
intravenous and oral actovegin treatment improved neuropathic symptoms, vibration perception threshold, sensory
function, and quality of life in patients with type 2 diabetes with symptomatic polyneuropathy.[218]

C-peptide

Provides an insulin-like signalling function that translates into beneficial outcomes in early metabolic perturbations of
neural Na+/K+-ATPase andnitric oxidewith subsequent preventive effects onearly nerve dysfunction. Further corrective
consequences resulting from this signalling cascade have beneficial effects on gene regulation of early gene responses,
neurotrophic factors, their receptors, and the insulin receptor itself. This may lead to preventive and corrective results
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to nerve fibre degeneration and loss, as well as promotion of nerve fibre regeneration with respect to sensory somatic
fibres and small nociceptive nerve fibres. Several small-scale clinical trials confirm these beneficial effects on autonomic
and somatic nerve function and blood flow in a variety of tissues. Therefore, evidence that replacement of C-peptide in
patients with type 1 diabetes may retard and prevent chronic complication is real and encouraging. [219] [220] [221] A
phase 3 clinical trial evaluating the effects of pegylatedC-peptide in patientswith type 1 diabetes andmild tomoderately
severe diabetic peripheral neuropathy (DPN) is ongoing.[222]

Neuronal nicotinic receptor (NNR) agonist

Preclinical and clinical studies suggest that neuronal nicotinic receptor (NNR) agonists may be a novel and effective
therapy for numerouspainful conditions, includingDN.Analgesic efficacy and safetyof thehighly selective alpha-4-beta-2
NNR agonist ABT-894 was evaluated in 2 separate randomised, double-blind, multicentre, placebo-controlled clinical
trials in patients with diabetic peripheral neuropathic pain. Disappointingly, in both trials, none of the ABT-894 dose
groups showed efficacy compared with placebo, whereas in one study duloxetine achieved a statistically significant
improvement over placebo. This suggests that NNR agonists may not be a viable approach to treating neuropathic
pain.[223]

L-methylfolate, methylcobalamin, and pyridoxal-5'-phosphate (LMF-MC-PLP)

Animal studies suggested a combination of L-methylfolate, methylcobalamin, and pyridoxal-5'-phosphate may be
beneficial in DPN. Following on from these animal studies, a multicentre, randomised, double-blind, placebo-controlled
trial involving 214 patients with type 2 diabetes and neuropathy (baseline vibration perception threshold: 25-45 volts),
randomly assigned patients to treatment with either LMF-MC-PLP or placebo. Although the trial found no significant
improvement in the primary outcomemeasure (vibration perception threshold) after 24 weeks, patients receiving
LMF-MC-PLP consistently reported symptomatic relief, with clinically significant improvement in Neuropathy Total
Symptom Score-6 scores at week 16 and week 24, as well as improvement in other parameters. The authors of the trial
concluded LMF-MC-PLP appeared to be a safe and effective therapy for alleviation of peripheral neuropathy symptoms,
at least in the short term.[224]

Avanafil

This phosphodiesterase-5 (PDE-5) inhibitor received marketing authorisation in Europe in April 2013 for the treatment
of erectile dysfunction in adult men, but it is not yet approved in the US.

Topical alprostadil

A topically applied cream formulation of alprostadil has been approved for erectile dysfunction in 10 European countries
and in Canada, but is not yet approved in the US.

Baicalein

The flavonoid baicalein (5,6,7-trihydroxyflavone) has been reported to counteract sorbitol accumulation, activation of
12/15-lipoxygenase, oxidative-nitrosative stress, inflammation, and impaired signalling in models of chronic disease.
Animal studies suggest baicalein targets several mechanisms implicated in diabetic peripheral neuropathy.[225]

Poly (ADP-ribose) polymerase (PARP) inhibitors

Poly (ADP-ribose) polymerase (PARP) activation has been implicated in the pathogenesis of diabetic complications,
includingnephropathyandperipheral neuropathy. Animal studies support an important role for PARPactivation indiabetic
peripheral neuropathy and kidney hypertrophy associated with type 1 diabetes. These studies provide a rationale for
development and further studies of PARP inhibitors, for the prevention and treatment of these complications.[226]

Non-pharmacological interventions

Areviewofnon-pharmacological interventionsevaluatedtheeffectsofphysiotherapy techniques includingmonochromatic
infrared energy therapy, vibrating insoles, lower extremity strengthening exercises, and use of a walking stick. After
analysis of outcomemeasures, statistical significance, and clinical relevance, the intervention of lower extremity
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strengthening exercises was given a fair recommendation for clinical use in treating balance dysfunction in patients with
DPN. Other techniques had insufficient evidence to recommend them.[227]
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Recommendations

Monitoring

General

• Management of blood glucose, monitoring of BP and serum lipids, and monitoring for other complications is
part of the general management of diabetes in all patients.[229]

Diabetic peripheral neuropathy

• All patients should be screened for symptoms and signs of diabetic peripheral neuropathy (DPN) at least
annually.[45]

• Themost common symptoms include pain, dysaesthesias (unpleasant abnormal sensations of burning and
tingling associated with peripheral nerve lesions), and numbness.[45]

• Screening for signs should use simple clinical tests. Assessment for DPN should start distally (the dorsal aspect
of the hallux) on both sides andmove proximally until threshold is detected.[45]

• Electrophysiological testing is rarely needed, except in situations where the clinical features are atypical.

• Patientswith severeor atypical neuropathy shouldbe screened forother causes suchasneurotoxicmedications,
heavymetal poisoning, alcohol abuse, vitaminB12deficiency (especially in those takingmetformin forprolonged
periods), advanced renal disease, chronic inflammatorydemyelinatingneuropathy, inheritedneuropathies, and
vasculitis.[45]

Diabetic autonomic neuropathy

• Monitoring for signs and symptoms of autonomic neuropathy should be done at yearly evaluations.[45]

• Majorclinical signs/symptomsofdiabeticautonomicneuropathy include resting tachycardia, exercise intolerance,
orthostatic hypotension, constipation, gastroparesis, erectile dysfunction, sudomotor dysfunction, impaired
neurovascular function, and, potentially, autonomic failure in response to hypoglycaemia.[45]

• Special testing is rarely needed andmay not affect management or outcomes.

Prevention and treatment of neuropathies

• Tight and stable glycaemic control, started as early as possible, has been shown to be effective at preventing
the development of DPN and autonomic neuropathy in patients with type 1 diabetes.[45]

• While the evidence is not as strong for type 2 diabetes as for type 1 diabetes, some studies have demonstrated
a modest slowing of progression without reversal of neuronal loss.[45]

• Medications for the relief of specific symptoms of painful DPN and autonomic neuropathy are recommended
because they may reduce pain and improve quality of life.[45]

• Treatment needs to be monitored regularly, noting improvement in symptoms, adherence, and side effects.
The frequency of follow-up will depend on the treatment given and condition.[45]

Foot care

• Visual foot examination should be performed at each visit.
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• All patients should be educated about self-care of the feet. Enhanced foot care education should be facilitated

and referral for special footwear made as indicated.

Patient instructions

Patients should be advised to:

• Examine their feet daily

• Wear only proper foot gear

• Report any symptoms early, including wounds and foot deformities

• Maintain tight glucose control

• Make sure they know what to do if they experience hypoglycaemic episodes

• Keep clinic appointments to check there is tight BP and blood lipid control.

Complications

LikelihoodTimeframeComplications

highvariablefoot wounds/ulcers

Approximately 15% people with diabetes develop a lower extremity ulcer at some point in the course of their
condition.[228] [Fig-5] [Fig-6]

Minor non-infected wounds can be treated with non-irritating antiseptic solution, daily dressing changes, and foot
rest. Reducing plantar pressure using contact casts/specialised footwear accelerates healing.[2]

mediumvariablewound infection/gangrene

More serious problems, such as foot deformities, infected lesions, and osteomyelitis, are best handled in consultation

with specialists in diabetic foot care.

Infected foot ulcers usually require intravenous antibiotics, bed rest with foot elevation, and surgical debridement.

Most diabetic foot infections are polymicrobial, with aerobic gram-positive cocci, especially staphylococci, the most
common causative organisms. Aerobic gram-negative bacilli are frequent co-pathogens in infections that are chronic
or follow antibiotic treatment, and obligate anaerobes may be co-pathogens in ischaemic or necrotic wounds.[59]

This is a major cause of diabetic patients being admitted to hospital.

mediumvariableamputation

Foot ulceration is a common precursor to amputation.

Approximately 7% to 20% of foot ulcers eventually lead to amputation.[228]
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LikelihoodTimeframeComplications

mediumvariablesilent MI

People with impaired heart rate variability (cardiovascular autonomic neuropathy) have an increased risk of silent MI

and death.

mediumvariabledeath

The presence of cardiovascular autonomic neuropathy has been demonstrated to be an independent predictor of
mortality in patients with type 1 and 2 diabetes.[50]

mediumvariabledepression

An association between diabetic peripheral neuropathy and depressive symptoms has been demonstrated.[19]

Presence of depressive symptoms appears to be influenced by: perceptions of DN symptomunpredictability, the lack
of treatment control, restrictions in activities of daily living, and changes in social self-perception.[19]

lowvariableCharcot foot

This is anuncommonprogressivedisorder resulting in severedestructionof thearchitectureof the foot.[Fig-7] [Fig-6]

It is thought to develop because of a combination of factors: loss of protective sensation in the foot; increased blood

flow to the foot (due to autonomic neuropathy) leading to bone loss and weak bones susceptible to injury; and

unrecognised trauma.

Prognosis

The prognosis of people with DN depends partly on how well the general diabetes is managed. Improvement in blood

glucose control may stop the progression of symptoms, but recovery may be very slow. One serious complication of

peripheral neuropathy is development of foot ulcer.

There is evidence from observational studies that autonomic neuropathy is associated with increased mortality. This

maybepartlydue tovariousother complicating factors.However, peoplewith impairedheart rate variability (cardiovascular

autonomic neuropathy) have an increased risk of silent MI and death. Symptoms associated with the rarer presentations

of cranial neuropathy,mononeuropathies, truncalmononeuropathy, anddiabetic amyotrophy tend togradually improve

with time.
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Diagnostic guidelines

Europe

European Federation of Neurological Societies and Peripheral Nerve Society guideline on
the use of skin biopsy in the diagnosis of small fiber neuropathy

Last published: 2010Published by: European Federation of Neurological Societies; Peripheral Nerve
Society

Summary: Revision of previous guidelines on the use of skin biopsy in the diagnosis of peripheral neuropathy.

Management of diabetes: a national clinical guideline

Last published: 2010Published by: Scottish Intercollegiate Guidelines Network

Type 2 diabetes: national clinical guideline formanagement in primary and secondary care
(update)

Last published: 2008Published by: National Institute for Health and Care Excellence

Summary: Recommendations on the care of people with type 2 diabetes.

Type 2 diabetes: prevention andmanagement of foot problems

Last published: 2004Published by: National Institute for Health and Care Excellence

Summary: Makes recommendations concerning foot examination in all patientswith diabetes. Recommends routine
examination should include testing foot sensation using 10-g monofilament or vibration; palpation of foot pulses;
inspection for any foot deformity and footwear. Recommends classifying patients into low current risk of foot ulcers;
increased risk of foot ulcers; and high risk of foot ulcers.

Diagnosis andmanagement of type 1 diabetes in children, young people and adults

Last published: 2004Published by: National Institute for Health and Care Excellence

Summary: Recommendations on the care that should be available to children, young people, and adults with type 1
diabetes.

North America

Standards of medical care in diabetes - 2015

Last published: 2015Published by: American Diabetes Association

Summary: Updated annually by the American Diabetes Association. These recommendations cover all aspects of
diabetes care, including screening and diagnosis of neuropathy.
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North America

Diabeticpolyneuropathies:updateonresearchdefinition,diagnostic criteriaandestimation
of severity

Last published: 2011Published by: Toronto Expert Panel on Diabetic Neuropathy

Summary: Definitions of typical and atypical diabetic peripheral neuropathy, diagnostic criteria, and approaches to
diagnose sensorimotor polyneuropathy and to estimate severity.

Cardiovascular autonomic neuropathy in diabetes: clinical impact, assessment, diagnosis,
andmanagement

Last published: 2011Published by: Toronto Expert Panel on Diabetic Neuropathy

Summary: Includesepidemiology, clinical impact, diagnosis, usefulnessof testing, andmanagementof cardiovascular
autonomic neuropathy.

Methods of investigation for cardiac autonomic dysfunction in human research studies

Last published: 2011Published by: Toronto Expert Panel on Diabetic Neuropathy

Summary: A consensus document providing evidence-based guidelines regarding the evaluation of diabetic
cardiovascular autonomic neuropathy for human research studies.

Management strategies for gastrointestinal, erectile, bladder, and sudomotor dysfunction
in patients with diabetes

Last published: 2011Published by: Toronto Expert Panel on Diabetic Neuropathy

Summary: Covers clinical impact, assessment, diagnosis, and management.

Evaluation of distal symmetric polyneuropathy: role of autonomic testing, nerve biopsy,
and skin biopsy (an evidence-based review)

Last published: 2009Published by: American Academy of Neurology; American Association of
Electrodiagnostic Medicine; American Academy of Physical Medicine and
Rehabilitation

Summary: Evidence-based recommendations include the following: Autonomic testing should be considered in the
assessmentof patientswithpolyneuropathy todocument autonomicnervous systemdysfunction. Such testing should
beconsideredespecially for assessing suspectedautonomicneuropathy anddistal small-fibre sensorypolyneuropathy.
A battery of validated tests is recommended to achieve the highest diagnostic accuracy. Skin biopsy is a validated
technique for determining intra-epidermal nerve fibre density and may be considered for the diagnosis of distal
symmetrical polyneuropathy, particularly small-fibre sensory neuropathy. The need for additional prospective studies
to define more exact guidelines for the assessment of polyneuropathy is noted.

Diabetic foot disorders: a clinical practice guideline

Last published: 2006Published by: American College of Foot and Ankle Surgeons

Summary: Makes recommendationsconcerning thehistory taking inpatientswithdiabetes, concerning footproblems,
and the physical examination. Includes a table of key factors for the lower extremity diabetic foot examination, divided
into vascular examination, neurological examination, dermatological examination, musculoskeletal examination, and
footwear examination. This document, formerly titled a Clinical Practice Guideline, was retitled a Clinical Consensus
Statement in 2012 because it no longer meets the CPG development standards of the Institute of Medicine.
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North America

Diabetic neuropathies: a statement by the American Diabetes Association

Last published: 2005Published by: American Diabetes Association

Summary: Early recognition and appropriate management of neuropathy in the patient with diabetes is important
for several reasons: Non-diabetic neuropathies may be present in patients with diabetes. Several treatment options
exist for symptomatic DN. Up to 50% of diabetic peripheral neuropathymay be asymptomatic, and patients are at risk
of insensate injury to their feet. Autonomic neuropathymay involve every system in the body. Autonomic neuropathy
causes substantial morbidity and increased mortality, particularly if cardiovascular autonomic neuropathy is present.

Distal symmetric polyneuropathy: a definition for clinical research

Last published: 2005Published by: American Academy of Neurology; American Association of
Electrodiagnostic Medicine; American Academy of Physical Medicine and
Rehabilitation

Summary: Formalised consensus process to develop a case definition of distal symmetrical polyneuropathy. Aims to
standardise and facilitate clinical research and epidemiological studies. Evidence-based conclusions include the
following: Symptoms alone have relatively poor diagnostic accuracy in predicting the presence of polyneuropathy.
Multipleneuropathic symptomsaremoreaccurate thansingle symptoms. Signsarebetterpredictorsofpolyneuropathy
than symptoms and should be weighted more heavily. A single abnormality on examination is less sensitive than
multiple abnormalities in predictingpolyneuropathy; therefore, an examination should look for a combinationof signs.
Relatively simple examinations are as accurate in diagnosing polyneuropathy as complex scoring systems. There is
toomuch inconsistencyamong the studiesdescribing theaccuracyof quantitative sensory testing (QST) to incorporate
QST in the case definition.

Quantitative sensory testing

Last published: 2003Published by: American Academy of Neurology

Summary: QST is a potentially useful tool for measuring sensory impairment for clinical and research studies in
identifying small- or large-fibre sensory abnormalities in patients with DN. QST results should not be the sole criteria
used to diagnose pathology associatedwith DN.Well-designed studies comparing different QST devices andmethods
arestill neededandshould includepatientswithabnormalitiesdetectedsolelybyQST.Malingeringandothernon-organic
factors can influence the test results.

Treatment guidelines

Europe

Neuropathic pain – pharmacological management: the pharmacological management of
neuropathic pain in adults in non-specialist settings

Last published: 2013Published by: National Institute for Health and Care Excellence

Summary: Evidence-based recommendations on the pharmacological management of neuropathic pain in
non-specialist settings.
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Europe

Percutaneous electrical nerve stimulation for refractory neuropathic pain

Last published: 2013Published by: National Institute for Health and Care Excellence

Summary: Recommendationson theuseofpercutaneouselectricalnervestimulation (PENS) for refractoryneuropathic
pain.

Emotional and psychological support and care in diabetes

Last published: 2010Published by: NHS Diabetes; Diabetes UK

Summary: Report documenting the findings of a working group established to examine the current challenges in
provision of emotional and psychological support and care in diabetes. Makes various recommendations, including in
the areas of commissioning, organisation of care, provision of services and workforce.

Management of diabetes: a national clinical guideline

Last published: 2010Published by: Scottish Intercollegiate Guidelines Network

Type 2 diabetes: themanagement of type 2 diabetes (update)

Last published: 2008Published by: National Institute for Health and Care Excellence

Summary: Recommendations on the care and treatment of people with type 2 diabetes. The guidelines cover
monitoring of glucose, lipid (blood cholesterol and fat), and BP levels; diabetes education programmes; and dietary
advice. They also provide information on the use of medications to control blood glucose, prevent vascular (blood
vessel) disease, reduce BP, and improve lipid levels. In addition, they cover the detection and ongoing management
(with referral to a specialist if necessary) of eye disease, kidney disease, nerve damage and nerve pain, and depression.

Type 2 diabetes: prevention andmanagement of foot problems

Last published: 2004Published by: National Institute for Health and Care Excellence

Summary: Recommends thateffectivecare involvesapartnershipbetweenpatients andprofessionals, andall decisions
should be shared. Makes recommendations concerning foot examination. Makes recommendations concerning care
of people with foot care emergencies and foot ulcers.

Diagnosis andmanagement of type 1 diabetes in children, young people and adults

Last published: 2004Published by: National Institute for Health and Care Excellence

Summary: Recommendations on the care that should be available to children, young people, and adults with type 1
diabetes.

North America

Standards of medical care in diabetes - 2015

Last published: 2015Published by: American Diabetes Association

Summary: Updated annually by the ADA. These recommendations cover all aspects of diabetes care, including
treatment of neuropathy.

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Feb 11, 2015.74
BMJ Best Practice topics are regularly updated and the most recent version of the topics can be found on bestpractice.bmj.com . Use

of this content is subject to our disclaimer. © BMJ Publishing Group Ltd 2015. All rights reserved.

GuidelinesDiabetic neuropathy
G
U
ID
E
LI
N
E
S

http://www.nice.org.uk/guidance/ipg450
http://www.diabetes.org.uk/About_us/What-we-say/Improving-diabetes-healthcare/
http://www.sign.ac.uk/guidelines/published/index.html#Diabetes
http://guidance.nice.org.uk/CG66
http://guidance.nice.org.uk/CG10
http://guidance.nice.org.uk/CG15
http://professional.diabetes.org/ResourcesForProfessionals.aspx?cid=84160
http://bestpractice.bmj.com


North America

Canadian Diabetes Association 2013 clinical practice guidelines for the prevention and
management of diabetes in Canada

Last published: 2013Published by: Canadian Diabetes Association

Summary: Recommendations on the care and treatment of people with diabetes.

Cardiovascular autonomic neuropathy in diabetes: clinical impact, assessment, diagnosis,
andmanagement

Last published: 2011Published by: Toronto Expert Panel on Diabetic Neuropathy

Summary: Includesepidemiology, clinical impact, diagnosis, usefulnessof testing, andmanagementof cardiovascular
autonomic neuropathy.

Management strategies for gastrointestinal, erectile, bladder, and sudomotor dysfunction
in patients with diabetes

Last published: 2011Published by: Toronto Expert Panel on Diabetic Neuropathy

Summary: Covers clinical impact, assessment, diagnosis, and management.

Evidence-based guideline: treatment of painful diabetic neuropathy

Last published: 2011Published by: American Academy of Neurology; American Association of
Neuromuscular and Electrodiagnostic Medicine; American Academy of Physical
Medicine and Rehabilitation

Summary: Evidence-based guideline for the treatment of painful diabetic neuropathy.

Diabetic foot disorders: a clinical practice guideline

Last published: 2006Published by: American College of Foot and Ankle Surgeons

Summary: Makes recommendation concerning the management of foot complications including foot ulcers, foot
infections, and diabetic Charcot foot. This document, formerly titled a Clinical Practice Guideline, was retitled a Clinical
ConsensusStatement in2012because it no longermeets theCPGdevelopment standardsof the InstituteofMedicine.

Diabetic neuropathies: a statement by the American Diabetes Association

Last published: 2005Published by: American Diabetes Association

Summary: Treatment should be directed at underlying pathogenesis. Effective symptomatic treatments are available
for the manifestations of diabetic peripheral neuropathy and autonomic neuropathy.

Oceania

Diabetesmanagement in general practice: guidelines for type 2 diabetes, 17th edition

Last published: 2011Published by: The Royal Australian College of General Practitioners

Summary: Providesa summaryof currentguidelinesand recommendations fromvarious sourceson themanagement
of type 2 diabetes in the general practice setting.
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Evidence scores

1. Development and progression of neurological and microvascular complications: there is good-quality evidence

that intensive insulin therapy, with a goal ofmaintainingbloodglucose close to thenormal range, effectively delays

the onset and progression of DN, nephropathy, and retinopathy in people with type 1 diabetes.

Evidence level A: Systematic reviews (SRs) or randomized controlled trials (RCTs) of >200 participants.

2. Risk of microvascular complications: there is medium-quality evidence that intensive blood glucose control, with

either sulfonylureas or insulin, in people with newly diagnosed type 2 diabetes is associated with a substantial

decrease in the risk of microvascular complications over 10 years compared with those receiving conventional

treatment.

Evidence level B: Randomized controlled trials (RCTs) of <200 participants,methodologically flawed RCTs of >200

participants, methodologically flawed systematic reviews (SRs) or good quality observational (cohort) studies.

3. Development andprogressionof abnormal autonomic test results: there is good-quality evidence that conventional

insulin therapy in people with type 1 diabetes is associated with a significantly greater slope of decline over time

in measurements of R-R variation and Valsalva ratio compared with people receiving intensive insulin treatment.

Evidence level A: Systematic reviews (SRs) or randomized controlled trials (RCTs) of >200 participants.

4. Development and progression of DN: there is medium-quality evidence that patients with type 2 diabetes treated

with multiple insulin injections have significant improvement in nerve conduction studies over 6 years, whereas

median nerve conduction velocities and vibration threshold deteriorate with conventional insulin treatment over

6 years.

Evidence level B: Randomized controlled trials (RCTs) of <200 participants,methodologically flawed RCTs of >200

participants, methodologically flawed systematic reviews (SRs) or good quality observational (cohort) studies.

5. Improvement in diabetic peripheral neuropathic pain: there is medium-quality evidence that duloxetine 60mg

once daily, or 60mg twice daily, is associated with significant improvement in themean score of 24-hour average

pain severity after 12 weeks compared with placebo in patients with painful DN and no comorbid depression.

Evidence level B: Randomized controlled trials (RCTs) of <200 participants,methodologically flawed RCTs of >200

participants, methodologically flawed systematic reviews (SRs) or good quality observational (cohort) studies.

6. Improvement indiabeticperipheral neuropathicpain: there ismedium-quality evidence thatpregabalin is associated

with significant improvements in pain scores (persisting for 6 to 8 weeks) within 1 week of treatment, compared

with placebo. Forty percent of patients receiving pregabalin reported a ≥50% reduction in pain compared with

14.5% of those treated with placebo.

Evidence level B: Randomized controlled trials (RCTs) of <200 participants,methodologically flawed RCTs of >200

participants, methodologically flawed systematic reviews (SRs) or good quality observational (cohort) studies.
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7. Improvement in pain or paraesthesia in diabetic peripheral neuropathy: there ismedium-quality evidence that pain

and symptoms of paraesthesia may improve similarly in people with severe, distal, symmetrical, predominantly

sensitive diabetic polyneuropathy treated with carbamazepine or the combination nortriptyline-fluphenazine.

Evidence level B: Randomized controlled trials (RCTs) of <200 participants,methodologically flawed RCTs of >200

participants, methodologically flawed systematic reviews (SRs) or good quality observational (cohort) studies.

8. Improvement indiabetic peripheral neuropathic pain: there is poor-quality evidence that amitriptyline, imipramine,

and desipramine all relieve pain in patients with DN better than placebo in both depressed and non-depressed

patients. The efficacy appears to be independent of any antidepressant effect.

Evidence level C: Poor quality observational (cohort) studies or methodologically flawed randomized controlled

trials (RCTs) of <200 participants.

9. Improvement in diabetic peripheral neuropathic pain: there is poor-quality evidence that oxycodone results in

significantly lower mean daily pain, steady pain, and total pain and disability over 4 weeks compared with placebo

in the treatment of DN pain.

Evidence level C: Poor quality observational (cohort) studies or methodologically flawed randomized controlled

trials (RCTs) of <200 participants.

10. Improvement in diabetic peripheral neuropathic pain: there is medium-quality evidence that tramadol (average

dose210mg/day) is significantlymoreeffective thanplacebo in the treatmentof diabeticneuropathicpain.Nausea,

constipation, headache, and somnolence were reported adverse effects associated with tramadol.

Evidence level B: Randomized controlled trials (RCTs) of <200 participants,methodologically flawed RCTs of >200

participants, methodologically flawed systematic reviews (SRs) or good quality observational (cohort) studies.

11. Improvement in diabetic peripheral neuropathic pain: there is poor-quality evidence that paroxetine 40mg daily

significantly reduces symptoms of neuropathy, but is less effective than imipramine.

Evidence level C: Poor quality observational (cohort) studies or methodologically flawed randomized controlled

trials (RCTs) of <200 participants.

12. Improvement in nausea and vomiting symptoms: there is poor-quality evidence that gastric stimulation may

significantly reduce self-reported measures for frequency and severity of nausea and vomiting in people with

gastroparesis (mostly diabetic) despite not significantly improving gastric emptying.

Evidence level C: Poor quality observational (cohort) studies or methodologically flawed randomized controlled

trials (RCTs) of <200 participants.

13. Improvement in diabetic peripheral neuropathic pain: there is medium-quality evidence that gabapentin is just as

effective as tricyclic antidepressants at relieving pain.

Evidence level B: Randomized controlled trials (RCTs) of <200 participants,methodologically flawed RCTs of >200

participants, methodologically flawed systematic reviews (SRs) or good quality observational (cohort) studies.
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14. Symptom improvement: there ismedium-quality evidence in the form of an indirectmeta-analysis that compared

the efficacy and tolerability of duloxetinewith pregabalin andgabapentin, using placebo as a commoncomparator.

Duloxetine proved to be of comparable efficacy and tolerability to pregabalin and gabapentin in treating DN.

Evidence level B: Randomized controlled trials (RCTs) of <200 participants,methodologically flawed RCTs of >200

participants, methodologically flawed systematic reviews (SRs) or good quality observational (cohort) studies.

15. Improvement in gastric emptying with erythromycin use: there is medium-quality evidence in the form of several

open trials that found amean improvement in gastric emptying of >40%. One single-blind trial also demonstrated

an improvement in gastric emptying of 50%.

Evidence level B: Randomized controlled trials (RCTs) of <200 participants,methodologically flawed RCTs of >200

participants, methodologically flawed systematic reviews (SRs) or good quality observational (cohort) studies.

16. Sensitivity andspecificityof vibrationperception threshold (VPT) in type1diabetes: there ismedium-quality evidence

from assessments of peripheral neuropathy (VPT vs standard assessments) in 1177 patients with type 1 diabetes

participating in a study of intensive versus conventional diabetes treatment that VPT was a sensitive measure of

confirmed clinical neuropathy (87%) and of definite clinical neuropathy (80%) and a specific measure of abnormal

nerve conduction (62%).

Evidence level B: Randomized controlled trials (RCTs) of <200 participants,methodologically flawed RCTs of >200

participants, methodologically flawed systematic reviews (SRs) or good quality observational (cohort) studies.
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Images

Figure 1: Progressive axonal loss in diabetic peripheral neuropathy

Edwards JL, et al. Pharmacol Ther. 2008;120:1-34; used with permission

Figure 2: Vibratory testing

Created by the BMJ Group
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Figure 3: Light touch testing with monofilament

Created by the BMJ Group

Figure 4: Nerve conduction testing of the lower leg

Created by the BMJ Group

Figure 5: Plantar ulcer in a patient with type 1 diabetes

From the collection of Dr Rodica Pop-Busui, University of Michigan
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Figure 6: Charcot foot with ulcer in a patient with diabetes

From the collection of Dr Rodica Pop-Busui, University of Michigan

Figure 7: Charcot foot in a patient with diabetes

From the collection of Dr Rodica Pop-Busui, University of Michigan
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