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Introduction

· most frequent symptomatic complication of diabetes

· primarily affects the peripheral nervous system

· extend to several physiologic systems

· ophthalmologic symptoms, GI disturbances, CV abnormalities and sexual dysfunction in addition to the more familiar neurologic complaints of pain, sensory loss and weakness

· review in detail the prevalence of diabetic neuropathy, its varied manifestations and classification, current theories regarding its pathogenesis

· such as sorbitol accumulation, ischemia, oxidative stress and neurologic factor deficiency

· a state of flux between neurologic degeneration and regeneration

· ultimate goal of therapy is to inhibit degeneration while simultaneously promoting regeneration

· effective therapy is dependent on its accurate and early diagnosis

· latest developments in electrophysiologic testing, quantitative sensory testing, MRI, and histologic examination of the nerve

· therapies from aldose reductase inhibitors to the use of laminin, an adhesive glycoprotein

· potential role of neurologic factors in the treatment of diabetic neuropathy

Prevalence of Diabetic Neuropathy and its Major Complications

· affect > 50% of patients with a history of diabetes > 25 years’ duration

· depending on the definition of diabetic neuropathy, the reported prevalence varies from 5% to as high as 60%-100% in the absence of symptoms

· 7.5% at the time of diagnosis of diabetes, with the prevalence increasing steadily thereafter with no apparent plateau

· most patients with diabetic neuropathy are asymptomatic

· the presence of neuropathy significantly increases the risk of foot ulcerations and infections, which may lead to amputations

Classification of Diabetic Neuropathy

· anatomic classification originally proposed by Thomas with modifications 

· distal symmetric sensorimotor polyneuropathy is most common type, insidious onset and 
typically affects the most distal extremities first, resulting in a stocking pattern of sensory loss

· the toes are affected first; the process then extends up the legs and only later are the upper extremities involved, beginning with the fingertips

· small-fiber myelinated and unmyelinated as well as large-fiber myelinated sensory neurons are typically involved

· the small-fiber sensory loss results in loss of pain and temperature sensation, which may predisposing the patients to injury and possible foot ulceration

· large-fiber degeneration results in loss of vibration and proprioceptive sensation, leading to sensory ataxia in severe cases

· earlier manifestations of large-fiber neuropathy include abnormal nerve conduction velocities.

- sensory fiber degeneration may cause paresthesia, dysthesias, and neuropathic pain

· the latter may be described as a burning sensation, sharp stabbing pain or a severe, deep aching feeling

· motor involvement is usually minor and restricted to the distal extremities, but resulting foot deformity abnormally redistributes weight bearing, contributing to callus and ulcer formation

· reflexes may be diminished and ankle jerks are frequently dropped

· another variants of symmetric polyneuropathy is acute painful diabetic neuropathy 

· complain of severe and often unrelenting leg pain, which may worse at night

· at times associated with weight loss and may improve over a period of 6 months to 2 years

- sometimes its sudden appearance is associated with improved metabolic control

· asymmetric or focal peripheral neuropathies with prominent motor involvement termed diabetic amyotrophy, femoral neuropathy or sacral plexopathy

· characterized initially by deep jabbing upper leg pain followed by proximal muscle weakness and atrophy

· men are affected more often than women

· typically appears in the fifth or sixth decade and is associated with poor glycemic control

· the prognosis is generally considered to be good for some degree of clinical improvement if glycemic control is improved

· cranial nerve palsies affect the third nerve, followed in frequency by the fourth and sixth cranial nerves

· present with eye pain, diplopia and in the cases of the third nerve involvement, ptosis

· the pupillary light response is typically spared

· affect older patients and usually reverse themselves naturally within 3-6 months

· thoracolumbar neuropathy/radiculopathy is also more common in older diabetic patients

· presents with intermittent chest or abdominal pain in a nerve root distribution and may be associated with a dermatomal pattern of sensory loss

· compression neuropathy such as carpal tunnel syndrome and ulnar nerve entrapment are more common in diabetic patients

· autonomic neuropathy is a very serious 

· more than a fourth of IDDM may have evidence of autonomic dysfunction at the time of diagnosis

· loss of sweating in the feet, sexual dysfunction, bladder abnormalities, gastroparesis, orthostatic hypotension, and diabetic diarrhea

· reduced heart rate variability have a significantly reduced 10-year survival rate

· using positron emission tomography demonstrated that regional sympathetic myocardial degeneration in diabetes is associated with abnormal patterns of myocardial blood flow

New Approaches to the Diagnosis of Diabetic Neuropathy

Skin-Punch Biopsy and Immunohistochemical Staining for Peripheral Nerve Axons

· a relative easy, sensitive and less invasive alternative to whole-nerve biopsy

· advances in immunohistochemical techniques, specially the development of antibodies to human protein gene product 9.5 (PGP 9.5, an antigen present in peripheral nerve fibers of all calibers)

· biopsy specimens (3-4 mm in diameter) are obtained with the patient under local lidocaine anesthesia, with sterile technique

· the tissue is usually postfixed in formalin, cut into 50-um frozen sections

· provides reliable and intense staining of small diameter axons innervating the skin

· strong correlation between reductions in intradermal nerve fiber density and estimates of severity of clinical symptoms in patients with peripheral neuropathy

· several immunohistochemical markers are relatively specific for small myelinated and unmyelinated axons, including substance P (SP) and calcitonin gene-related peptide (CGRP)

· levels of both SP and CGRP are reduced in skin biopsies from diabetic patients before clinical or neurophysiologic evidence of neuropathy

· thus, antibodies raised against peptides specific to small primary sensory neurons may permit selective identification of their axons in patients with diabetes

· the classic insult in diabetic somatic neuropathy is dying back of distal axons

· this distal-to-proximal gradient of axonal pathology can be evaluated by examination of multiple biopsies

· limited data on the normal distribution of axon densities in different portions of the skin and on the influence of such factors as age, sex, weight and ethnicity

Quantitative Sensory Testing

· QST procedures facilitate early diagnosis and accurate assessment of diabetic neuropathy

· standardized sensory testing instruments are used to control and deliver specific stimuli at designated intensities to test sensory thresholds

· noninvasive, requires about 10 minutes per session, and can be conducted with nonprofessional personal after a brief training period

· a variety of instruments has been developed

· the computer-assisted sensory evaluation (CASE) IV device is one of the most effective

· a computer sets the algorithm for stimulus presentation and scores the patient’s response

· the CASE IV can deliver vibratory stimuli for evaluating the function of larger peripheral nerve fibers and thermal or painful stimuli for assessment of smaller diameter or unmyelinated axons

· other new devices, the Physitemp NTE-2a Thermal Tester is a handheld, thermal probe that can be deliver stimuli over a range of 40C

· allows rapid assessment of both cold and warm sensation along a distal-to-proximal gradient

· another recently developed, handheld QST device, the tactile circumferential discriminator (Tacticon Medical Enterprises)

· abnormalities in QST can reflect axonal pathology or alterations in sensory transduction

· the latter effect may show that abnormalities in distal peptide transmitter levels may occur in peripheral nerve fibers of diabetic patients before axon loss is detectable

· document relations between results obtained with these techniques and other aspects of diabetic neuropathy-associated pathology

· Young et al showed that reduced vibratory perception threshold is a significant and independent predictor of the development of foot ulcers in patients with diabetes

· Sosenko et al demonstrated a similar relation for thermal thresholds

· Weakness of QST (1.) a semiobjective measure, results can be influenced by both the attention and motivation of the patients (2.) not specific for peripheral neuropathy, can result from spinal cord pathology as well as cortical lesions

Electrophysiologic Testing

· appropriate electrophysiologic testing permits direct evaluation of neural activity in multiple nerves, as well as in both sensory and motor fibers

· assessment of distal conduction velocity, response amplitudes, long-loop latencies and in select nerves, a determination of a distal-to-proximal gradient

· highly reliable and strongly correlated with clinical endpoints in patients with diabetes

· maximum conduction velocity reflects the speed of salutatory neural propagation for the largest myelinated nerve fibers, whereas the response amplitude can be related to the density of large myelinated axons and the synchrony of their activation

· available technology allows computer-assisted escalation of stimulation intensity; automated

 determination of response characteristics; and automated calculation of velocities, peak amplitudes and response area

Peripheral Nerve Imaging

· a decade ago, Eaton et al used MRI to demonstrate that the water content of the sural nerve was increased in diabetic subjects with symptomatic neuropathy as well as some diabetics who were not yet symptomatic

· suggested that the endoneurial edema reflected by these measurements may initiate the deterioration that is later detected in electrophysiologic testing and neurologic examination

Composite measures for Diagnosis and Assessment of Diabetic Neuropathy

· the use of composite measures that combine information from QST, electrophysiology, and signs and symptoms into a single score

· NIS(LL)+7 developed by Dyck et al

· based on results from multiple tests and expresses the degree of abnormality as a percentile rank

· it is very time consuming

· Feldman et al developed a somewhat simpler system, the patient is first given a brief questionnaire that can be administered by a nonneurologist physician or nurse practitioner. If the score for this questionnaire exceeds a set threshold, the patient is assessed by the Michigan Diabetic Neuropathy Score
 

Pathogenic Mechanisms

· persistent hyperglycemia increases polyol pathway activity with accumulation of sorbitol and fructose in nerves, damaging them by an as yet unknown mechanism

· this is accompanied by decreased myo-inositol uptake and inhibition of the Na/ K –adenosine triphosphate, resulting in Na retention, edema, myelin swelling, axoglial disjunction, and nerve degeneration 

· deficiency of dihomo-r-linolenic acid (GLA) as well as N-acetyl-L-carnitine have also been implicated

Immune Mechanisms

· especially in those with proximal neuropathy and those with a more marked motor 
component to their neuropathy

· circulating antineuronal antibodies are present in diabetic serum in some patients

· the circulating autoantibodies directed against motor and sensory nerve structures have been detected by direct immunofluoresence and antibody and complement deposits in various components of sural nerves have been shown

· a cross-sectional analysis of 154 patients with diabetic neuropathy revealed that 12% had positive anti-GM1ganglioside antibody (an antibody subtype)

· frequently associated with distal symmetric polyneuropathy (DSPN) characterized by a slight emphysis on a motor deficit with electrophysiologic signs of demyelination

· antiphospholipid antibodies (anti-PLAs) were present in 88% of this population, compared with 32% in diabetic patients without apparent neurologic complications and 2%in the general population

· PLAs are associated with a tendency to vascular thrombosis

Microvascular Insufficiency

· absolute or relative ischemia exists in the nerves of diabetic persons due to altered function of the endoneurial and/or epineurial blood vessels

· studies show decreased neural blood flow, increased vascular resistance, decrease PO2 and altered vascular permeability characteristics such as a loss of the anionic charge barrier and decreased charge selectivity

Growth Factor Deficiency

· sympathetic and dorsal root ganglion (DRG) neurons are developmentally dependent on nerve growth factor (NGF)

· adult DRG and sympathetic neurons, both of which are affected in diabetic neuropathy

· NGF belongs to a gene family encoding structurally and functionally related proteins called neurotrophins (NTs)

· decrease in NGF synthesis has a role in the pathogenesis of diabetic neuropathy, namely in the functional deficit of small fibers which have a role in pain and thermal sensation

· another member of the neurotrophin family, NT3, may be important for the survival and function of large nerve fibers subserving proprioception, vibration and possibly, motor function

· insulin-like growth factors (IGFs), IGF-I And IGF-II, have implicated in the growth and differentiation of neurons, and IGF receptors are present in nerve tissues involved in diabetes-associated nerve disorders

· a consequence of insulin insufficiency is a reduced circulating IGF-I concentration

Laminin

· is a large, heteromeric, cruciform glycoprotein composed of a large A chain and two smaller B chains, B1 and B2

· its importance in the process of neuronal regeneration

· lack of normal expression of laminin B2 gene may contribute to the pathogenesis of diabetic neuropathy

Focal Neuropathies (Mononeuritis and Entrapment Syndrome)

· mononeuropathies are due to vasculitis and subsequent ischemia or infarction of individual nerves

· involved particularly ulnar, median, radial , femoral and lateral cutaneous nerves of the thigh

· also involved cranial nerves 3, 4,6, and 7

· their onset is acute, sometimes associated with pain, and their course is usually self-limiting, resolving over a period of 6-8 weeks

· entrapment syndromes, which start slowly, progress, and persistent without intervention

· median nerve with impaired sensation in the first three fingers and positive Tinel sign

· ulnar entrapment decrease sensation perception in the little and ring fingers

· medial and lateral plantar entrapments decrease sensation in the inside and outside of feet

· carpal tunnel syndrome occurs twice as often in the diabetic population compared with the normal healthy population

· related to repeated undetected trauma, metabolic changes, or accumulation of fluid or edema within confined space of the carpal tunnel

· nonsurgical treatment are avoidance of the use of the wrist, placement of a wrist splint in a neutral position for a day and night use, and anti-inflammatory medications

· surgical treatment consists of sectioning the volar carpal ligament 

Distal Symmetric Polyneuropathy: Therapeutic Interventions

Glycemic Control

Aldose reductase Inhibitors

· aldose reductase inhibitors (ARIs) reduce the flux of glucose through the polyol pathway, inhibiting tissue accumulation of sorbitol and fructose and preventing reduction of redox potentials

· alrestatin, the first ARI studies was shown to improve sensory impairment scores in one study but in other studies no objective benefits

· sorbinil, another widely used studied ARI resulted in small but significant improvements in both motor and sensory conduction velocities but failed to demonstrate progressive benefit with long-term therapy

· enrollment in clinical trials was discontinued because of toxic effects such as lymphadenopathy, rash, fever and pancytopenia

· tolrestat had significant improvement in autonomic function as well as in vibration perception

Gangliosides

· promote improvement in sensation without changes in nerve conduction or small but significant improvements in motor and sensory conduction

Linoleic ( Linolenic Acid

· linoleic acid, an essential fatty acid metabolized to dihomo-r-klinolenic acid (GLA), serves as an important constituent of neuronal membrane phospholipids and as a substrate for prostaglandin E formation, which may be important for preservation of nerve blood flow

· in diabetic patients, conversion of linoleic acid to GLA and subsequent metabolites is impaired

· using GLA for 1 year revealed significant improvements in both clinical measures and electrophysiologic test results

· linoleic acid also has lipid-lowering effects

Advanced Glycosylation End Products

· using AGE inhibitor aminoguanidine show improvement in nerve conduction velocity

N-acetyl-L-carnitine

Myo-Inositol

· treatment may have to be prolonged for > 6 months to achieve a significant effect

Human Intravenous Immunoglobulin

· potential to ameliorate disturbances in both non-neurologic and neurologic autoimmune diseases

· the major toxicity has been an anaphylactic reaction, but this is uncommon and occurs mainly in patients with immunoglobulin A deficiency

Neurotrophic Therapy

· recombinant NGF

Autonomic Neuropathy

· cardiac functions is markedly impaired, exercise tolerance is limited and the ability to withstand heat is impaired

· patients with type 1 or type 2 diabetes and albuminuria have a less pronounced nocturnal decrease in blood pressure compared with nondiabetic persons

· reduced vagal activity may be an important factor in the pathophysiology of sudden cardiovascular death and silent myocardial ischemia/infarction occurs with loss of sympathetic innervation

Postural hypotension

· increase venous return from the periphery using total-body stockings

· in severe cases, an Air Force antigravity suit may be needed

· treatment with 9 alfa-fluorohydrocortisone, which may increases plasma volume

· started at low doses of 50-200 ug at night, but may be increased up to 0.4 mg qd

· greater risk of developing hypokalemia and excessive fluid retention

· supplementary salt intake

· may cause edema, significant risk of CHF and hypertension

· various adrenergic agonists midodrine, an alfa1-adrenergic agonist may be used in doses of 2.5-10 mg tid

· diihydroergotamine in combination with caffeine, indomethacin and the alfa2-adrenergic antagonist yohimbine may also be tried in refractory patients

Gastropathy

· multiple small feedings

· the amount of dietary fat should be decreased because it tends to delay gastric emptying

· metoclopramide, which sensitizes tissues to the action of acetylcholine, stimulating the motility of the upper GIT

· often given in 10-mg doses about 30 minutes before meals

· gastric suctioning and intravenous nutrition

· bethanechol and pyridostigmine

· side effects including dry mouth, blurred vision, and colic

· cisapride at a dose of 10 mg at least 15 minutes before meals and at bedtime

· jejunostomy, feedings can be given at night

Enteropathy

· chronic constipation and explosive diabetic diarrhea

· treatment with broad-spectrum antibiotics such as ampicillin or tetracycline 250 mg q8h

· metronidazole 500 mg q6h

· retention of bile may occur and can be highly irritating to the gut

· chelation of bile salts with cholestyramine mixed with fluid

· diphenoxylate and atropine may help

· poor digestion may benefit from a gluten-free diet

Cystopathy

· unable to initiate micturition when the bladder is full, Crede’s maneuver – manual sqeezing of the bladder from all sides in a downward motion

· parasympathomimetic agents such as bethanechol given 5 mg or 10 mg initially and then hourly until a satisfactory response has been achieved or a maximum dose of 50 mg 

· the total dose is then used as a maintenance dose three or four times a day

· extended sphincter relaxation can be achieved with an alfa1 blocker such as doxazosin

· self catheterization

· in male patients, bladder neck surgery may help to relieve spasm of the internal sphincter if alfa1 blackade fails

Sexual Dysfunction

· sildenafil, at a dose of 25-100 mg, can be taken orally about 1 hour before anticipated intercourse

· serious potential for interacting with nitrates

· effective in < 50% of diabetic patients

· intrapenile injection of regitine and papaverine but they carry a risk of infection, priapism and fibrosis

· inflatable devices that obstruct venous outflow while promoting inflow

Controlling The Pain of Diabetic Neuropathy

· pathology at different levels of the neuroaxis, including nerve terminals, the length of the axon, abnormal activity at central synapses in the spinal cord, abnormal activation of peripheral sympathetic neurons, and abnormalities in central; pain regions of the brain

· syndrome of acute painful neuropathy is characterized by the onset of severe, often unrelenting pain in the legs

· usually worse at night, the neurologic examination is often unimpressive, with only moderate loss of small-fiber sensory modalities

· associated with marked weight loss and poor control of hyperglycemia

· can be precipitated by a sudden improvement in glycemic control

· symptoms generally improve with persistent control of hyperglycemia, although it can take 6-18 months before significant improvement

· analgesic used should be restricted to NSAIDS

· ibuprofen 600 mg qd and sulindac 200 mg bid

· tricyclic antidepressants used in combination with or without the phenothiazine fluphenazine

· pain relief to 30% of patients 

· tricyclics act on the CNS, preventing the reuptake of norepinephrine and serotonin at synapses involved in pain inhibition

· amitriptyline and nortriptyline, the latter may have fewer anticholinergic side effect such as dysautonomia, sleepiness and dry mouth

· initial doses are usually low (10 or 25 mg at night) and then gradually increased until some relief is attained or until side effects become prohibitive

· anticonvulsants, diphenyllhydantoin (DPH) not demonstrated a therapeutic benefit but suppress insulin secretion

· carbamazepine begin with a low dose 100 mg bid then increase gradually until side effects are encountered or until there is significant relief of symptoms

· complete blood counts should be checked at the onset and then on a frequent basis over the first 3 months because leukopenia is a common complication

· gabapentin is a relatively new anticonvulsant, should be started at a dose of 300 mg/day and gradually increased until either efficacy or until a maximum dose of 2400 mg/day is reached

· marked hyperesthesia with burning, lancinating, dysthetic pain is typical of C-fiber pain and may respond to capsaicin

· capsaicin works by depleting the neuropeptide substance P

· is applied at a dose of 0.075% four times a day to the skin over the painful area

· neuropathic pain may frequently worsen for  several days after therapy is initiated before improving

· lidocaine provides relief of intractable pain for 3-21 days

· if successful, therapy may be continued with oral mexiletine, a structure analogue of lidocaine, with doses of 150 mg daily and then increase weekly until the pain is improved or until a maximum of 600-900 mg a day

· nonpharmacologic therapies include sympathectomy, spinal cord blockade and electrical spinal cord stimulation

Neurotrophic Factors in the Therapy of Diabetic Neuropath

· neurotropic factors are large protein that promote the survival of neurons, also promote neurite outgrowth and induce the morphologic differentiation of responsive cell populations

· some neurotrophic factors stimulate neurotransmitter expression and release, promote nerve regeneration, induced a variety of metabolic enzymes, and regulate the expression of numerous other genes within a responsive neuron

· many also have a variety of effects on non-neuronal cells

· neurotrophic factor is a naturally occurring protein that is released by target tissues of responsive neurons, binds to specific receptors, and is retrogradely transported to the cell body where it regulate gene expression through the actions of second-messenger systems

Clinical Trials

- recombinant human NGF (rhNGF) is the only neurotrophic factor that has been tested in 
clinical trials for the treatment of diabetic peripheral neuropathy

- open-label phase I clinical trials show that the agent appears to be well tolerated, the most 
common adverse event being injection site hyperalgesia in nearly all patients receiving the drug by subcutaneous injection

· the drug was best tolerated at doses < 1 ug/kg

· in many subjects receiving this dose, diffuse myalgias or arthralgias developed

· a placebo-controlled, phase II clinical trial of rhNGF enrolled 250 patients from 15 centers across the United States

· beneficial effect after 6 months of treatment

· two phase III clinical trials in United States and Europe have been completed

· recruited 1000 and 15000 subjects with diabetic neuropathy and have provided treatment with rhNGF for 12 months

- 



