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ABSTRACT: The global epidemics of prediabetes and diabetes have resulted in a commensurate 

epidemic of these conditions' consequences. The most common complication is neuropathy, among 

which distal symmetric polyneuropathy (referred to as diabetic neuropathy in this Primer) is 

particularly common. Diabetic neuropathy is a loss of sensory function in the lower limbs that 

begins distally and is accompanied by pain and significant morbidity. Diabetic neuropathy affects 

at least half of people with diabetes throughout time. 

In individuals with type 1 diabetes, glucose management significantly slows the evolution of 

diabetic neuropathy, while the effects are less dramatic in those with type 2 diabetes. These 

discoveries have prompted additional research into the aetiology of diabetic neuropathy, as well as 

new 2017 recommendations for preventing and treating the illness that are tailored to each type of 

diabetes. New guidelines for the management of painful diabetic neuropathy using several types of 

medicines have also been released, with an emphasis on avoiding the use of opioids. Despite 

significant progress in our understanding of the intricacies of diabetic neuropathy over the last 

decade, the processes driving neuropathy in type 1 and type 2 diabetes remain unexplained. Future 

discoveries on disease pathogenesis will be crucial to successfully address all aspects of diabetic 

neuropathy, from prevention to treatment. 
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I. INTRODUCTION 

Diabetes mellitus is a group of metabolic illnesses in which a person has excessive blood glucose as a result of the 

body failing to create enough insulin or failing to react to the insulin that is produced. Polyuria (frequent urine), 

polydipsia (expanded thirst), polyphagia (expanded appetite), and a negative nitrogen balance are all indicators of 

excessive hyperglycemia, which is the main life threat of our day.
1
 It is a collection of hormonal and metabolic 

disorders characterized by hyperglycemia and glycosuria, as well as disruptions in sugar, fat, and protein 

metabolism due to flaws in insulin secretion, activity, or both. 

Diabetic people are becoming more common all over the world on a daily basis. After cardiovascular disease and 

cancer, diabetes is the third most common and dangerous disease. According to the International Diabetes 

Federation, the estimated global incidence of diabetes mellitus in 2010 is 239 million people. According to the 

International Diabetes Federation (2011), the number of diabetics is expected to rise from 366 million in 2011 to 

552 million by 2030. With more diabetic patients than any other country, India is at the top of the list. The 

absolute number of people living with diabetes in India is estimated to be around 50.8 million in 2010, rising to 

87.0 million by 2030. 
2
 Glucose is a simple sugar contained in food and a vital supplement that acts as a primary 

source of energy for the body's cells to function properly. Sugars are broken down in the small intestine and 

absorbed into the circulatory system by intestinal cells, where they are delivered to all of the body's cells. Because 

glucose cannot enter the cells on its own, it requires insulin to do so. Despite the existence of abundant glucose in 

the circulatory system, the cells starve for energy in the absence or absence of insulin. In some types of diabetes, 

the failure of cells to utilize glucose results in an unanticipated situation of famine, despite the presence of a large 

amount of unutilized glucose that is inefficiently excreted in the urine. 

If not treated early enough, it can cause irreversible damage or consequences such as neuropathy, retinopathy, 

nephropathy, vascular damage, erectile dysfunction, non-alcoholic fatty liver disease, and many more. 
3,4, 

5,6,7,8,9,10,11,12,13,14,15
 

II. DIABETIC NEUROPATHY 

Diabetic neuropathic syndromes are a common consequence of the disease. Chronic diabetic peripheral 

sensorimotor neuropathy (DPN) is by far the most common, affecting up to 50% of diabetics
9,10

. DPN is linked to 

an increased risk of death and morbidity, owing to its two main clinical manifestations, diabetic foot ulceration 
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and neuropathic pain
11–13

. Diabetic foot ulcers are caused by a complicated interplay of risk factors and patient 

behaviors, although sensory loss as a result of DPN is the most common cause. 
14

 Lower-limb complications of 

diabetes are costly and a significant burden for patients, with potentially fatal consequences such as amputation 

and death. 
11,12,14

 In addition, up to 50% of DPN patients experience severe neuropathic symptoms (painful-

DPN).
15

These painful symptoms are commonly severe and often lead to depression, anxiety, and sleep disorders, 

and reduced quality of life. 
16,17

 

Neuropathy is a type of nerve damage that begins with the longest nerves in the toes and advances proximally. 

Numbness, tingling, discomfort, and/or weakness in the distal lower extremities are common symptoms. Although 

diabetes is well recognized as the most important metabolic risk factor for neuropathy, treating hyperglycemia 

alone is insufficient to prevent neuropathy in those with type 2 diabetes
18

. In those with type 2 diabetes, 

neuropathy affects 8–45% of people, with around a quarter of individuals reporting pain
19

. Diabetic neuropathy 

(DN) is a significant and prevalent type 1 and type 2 diabetic condition. It's a sort of nerve injury-induced by high 

blood sugar levels for an extended period of time. The illness normally takes a long time to develop, possibly 

several decades. 

 

III. EPIDEMIOLOGY OF DN 

Diabetic neuropathy is a common illness that has a significant impact on patients by increasing their risk of 

falling, causing discomfort, and lowering their quality of life (QOL)20. Diabetic neuropathy and its complications 

cost the United States more than $10 billion per year
21

. Several studies have looked at the prevalence and/or 

incidence of neuropathy, albeit each study's definition of neuropathy differs. Neuropathy was found to be 

prevalent in 1%–4% of people in two population-based investigations utilizing door-to-door screening, with 

diabetes accounting for 40–55 percent of cases 
22,23

. Similarly, after a diagnostic workup by a neurologist, almost 

half of instances of neuropathy were ascribed to diabetes in another study
24

. 

Individuals with T2DM have a higher rate of neuropathy (6,100 per 100,000 person-years) than those with T1DM 

(2,800 per 100,000 person-years) 
25,26,27

. Neuropathy is more common in people with T2DM (8–51 percent) 
28,29,30

 

than in those with T1DM (11–50 percent). 
30,31,32

. Importantly, when silent neuropathy is considered, the 

prevalence rises even more, with 45 percent of T2DM patients and 54 percent of T1DM patients acquiring 

neuropathy
30

. The increased prevalence of neuropathy in T2DM patients, compared to T1DM patients, is likely 

due to a combination of factors, including differences in the age of onset of diabetes and changes in the underlying 

pathophysiology. 

Diabetic neuropathy prevalence varies depending on how long you've had the disease. When individuals with 

T2DM were followed for ten years, the prevalence of diabetic neuropathy increased from 8% to 42%
29

. Patients 

with newly diagnosed screen-detected T2DM33 had a 13 percent prevalence of diabetic neuropathy at study 

entrance, with a cumulative incidence of 10% throughout the 13-year follow-up period in a cohort with very mild 

T2DM who adhered to good metabolic management in the Danish Addition trial. In the BARI 2D trial, 50 percent 

of patients with more advanced T2DM and proven coronary artery disease had confirmed diabetic neuropathy at 

baseline
27

, and the 4-year cumulative incidence of diabetic neuropathy was 66–72 percent in those who did not 

have neuropathy at baseline
27

. Given how common neuropathy is in individuals with diabetes, effective diagnostic, 

screening and prevention strategies are of paramount importance. 

Symptoms of DN 

Positive sensory symptoms (excessive response to a stimulus or spontaneously) such as paresthesia and pain are 

present in the majority of symptomatic patients, and proprioceptive ataxia may be present in some cases. 

Numbness, tingling, instability, and falls, as well as shocks, pricks, and, in particular, scorching, are examples of 

these feelings. They are seen in the lower extremities (LLll) and can progress to the upper extremities (UULL), 

with patients reporting worsening at night. These are usually minor symptoms, although they can become severe 

and incapacitating. Loss of sensitivity in the affected segment is associated with negative sensory symptoms 

(decreased response to a specific stimulus). 

There is distal hypoesthesia/hyperesthesia in segments during neurologic examination, initially in thermoalgesic 

sensitivity modalities. There may be hyperesthesia (exaggerated response to tactile stimuli), hyperalgesia 

(exaggerated sensitivity to painful stimuli), hyperpathia (pain persistence even after painful stimulus removal), or 

even allodynia in the case of acute painful neuropathy (painful sensation caused by painless stimuli). Tactile, 
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vibratory, and proprioceptive hypo/anaesthesia are examples of deep sensitivity hypo/anaesthesia. In addition, 

when extensive fibres sensory damage occurs, there is deep hypo/ arreflexia, primarily in the Achillean reflex, and 

in severe cases, there may be worldwide areflexia
34

. 

Types of DN 

Asymmetrical/Focal and Multifocal Presentations 

Acute mononeuropathies 

They relate to the sudden onset of a nerve's affection, which is usually accompanied by sensory (pain and 

paresthesia) and motor symptoms in the area served by that neuron. It is more common in older people, with 

vascular blockage as the primary cause, resulting in ischemia of nerve fibres. 

In most cases, it has a self-limited course and a satisfactory clinical treatment, with a six- to eight-week recovery 

time. It's more common in cranial nerves such the oculomotor, trochlear, and facial nerves, as well as peripheral 

nerves like the ulnar and fibular
35 23

. 

Chronic compressive mononeuropathies 

They begin slowly with sensory symptoms and progress to motor involvement in compression sites such as the 

wrist median nerve (Carpal Tunnel syndrome - CTS), elbow ulnar, common fibular in the fibular head, and lateral 

and medial plantar nerves in tarsal tunnel syndrome. 

Their prevalence is three times that of the general population, with micro traumas linked to perineural edoema 

caused by DM metabolic alterations peaking in nerve compression as the pathophysiology. Its course is often 

progressive, and it might present with severe motor manifestations that necessitate surgical intervention
35

. 

Radiculoplexus neuropathies (RPNP) 

Asymmetrical sensory-motor presentations with proximal and distal segments characterise RPNP. In up to 50% of 

patients, they appear with severe and disabling painful symptoms and may present with autonomic symptoms
36

. 

They can affect the cervico-brachial, thoracic, abdominal, or lumbosacral segments separately or simultaneously
37

. 

Said et al.
38

 and Dyck, Norell, and Dyck
37

 found indications of microvasculitis and subsequent ischemia injury in 

LLll peripheral nerve biopsies, suggesting that their pathogenesis is linked to immunopathic processes. 

Despite the severity of the involvement of nerve fibres, the prognosis is often excellent, even without therapeutic 

intervention. In the literature, however, it is still unclear whether immunomodulators such as steroids, intravenous 

human immunoglobulin (IgIV), or plasmapheresis are effective
36

. 

Symmetrical/Diffuse Presentations 

Insulinic neuritis 

Carvati
39 

was the first to report this, after observing patients with distant sensory problems in LLII after starting 

insulin medication. It has an unclear pathophysiologic mechanism and a generally benign course. 

Hypoglycaemic neuropathy 

Uncommon condition caused by extended and recurring hypoglycemia episodes, usually caused by insulinomas 

(insulin-producing pancreatic tumor). It has a sensory-motor pattern, a predominance of upper limbs (UULL), and 

atrophy, and it may be reversible once the hypoglycemia condition is treated
40,41

. 

Post-ketoacidosis polyneuropathy 

The CNS symptoms of ketoacidosis, an acute consequence of glycemic decompensation reported by DM type 1 

patients in general, are well-known. However, PNS participation is not only unusual, but it is also poorly 

understood. Case studies of these disorders suggest that motor polyneuropathy is the most common presenting 

symptom, with quick and spontaneous recovery upon reversion of this core condition
36

. 

Acute painful sensory neuropathy 

Diabetic cachexia neuropathy is a condition that develops after a significant weight loss as a result of uncontrolled 

DM glycemia. It progresses in a single phase, starting with an initial onset of symptoms on LLll, which are 

typically painful, severe, and disabling. Because of the significant link between glycemic uncontrol and the 

development of this neuropathy, metabolic alterations may play a role in its pathogenesis, but these processes have 

yet to be fully described. Glycemia and pain control are used to treat it. It has a positive prognosis as pain and 

weight gain reduce following glycemic control
42

. 

Glucose intolerance-associated neuropathy 

For a long time, this was a controversial clinical entity until Lu et al.
43

 demonstrated glucose intolerance as an 

independent risk factor for PN in a large population research. It is characterised by sensory and autonomic 

symptoms, with tiny fibres also being involved. It shares the same pathophysiologic processes as DSP, implying 

that this is a kind of DM that has already developed. 

Autonomic neuropathy (AN) 

Small PNS unmyelinated fibres (C fibres) are involved in a disorder that affects the autonomic nervous system as 
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a result of chronic hyperglycemia metabolic alterations. DM and pre-diabetes autonomic neuropathy can occur in 

isolation on rare occasions. It is assumed to be part of the same spectrum of chronic disease as DM
44

 in the vast 

majority of cases. It develops concurrently with other DN kinds, most typically with DSP. 

Although only 14 percent of patients with DM type 1 and 70 percent of patients with DM type 2 have moderate to 

severe disease
44

, it is predicted that 50 percent of patients with DM type 1 and 70 percent of patients with DM type 

2 have some autonomic involvement. 

The cardiovascular, gastrointestinal, and urogenital systems, as well as sudomotor function and pupillary motility, 

may be affected by AN. 

Autonomic cardiovascular dysfunction has been well recognised as an independent risk factor for mortality 

secondary to cardiovascular disease
45,46

, and has been linked to an increased risk of post-surgical complications 

and mortality
47,48

. Postural hypotension, arrhythmias, silent myocardial ischemia, pressure lability, and exercise 

intolerance are some of the most common symptoms
45

. 

In diabetic AN, sensory, motor, and secretory systems of the gastrointestinal system may be affected, resulting in 

symptoms such as nausea, early society, vomiting, diarrhoea-constipation alternation, and, in more severe 

instances, postprandial hypotension and syncope
49

. 

Erectile dysfunction may be the first symptom of autonomic DN alterations, although also shares additional 

pathogenic pathways with other autonomic DN changes, such as internal pundendal artery atherosclerosis. It has a 

significant emotional impact, resulting in a significant reduction in quality of life
50

. 

Diabetic cytopathy is characterised by urinary problems induced by alterations in detrusor smooth muscles and 

urothelial dysfunction as a result of autonomic urogenital system involvement. Dysuria, polaciuria, nocturia, urine 

urgency, and inadequate bladder emptying are the most common symptoms. These factors, added to DM-related 

immunosuppression, increase the prevalence of repetitive urinary tract infections, contributing to the development 

of renal failure among these patients
51

. 

Sudomotor dysfunction causes trophic alterations in the limbs in diabetic AN, which are linked to Charcot 

arthropathy, LLll ulcers, and amputations. Changes in LLll colour and distal temperature are common symptoms, 

along with hair loss, heat sensitivity, skin dryness, reduced sweating, and perforating plantar disease
52

. 

There are pupillary changes that are not uncommon, such as the presence of an Argyll Robertson pupil, which is 

characterised at exam by shrinking and presenting dissociations between light and convergence reactions, that is, 

they react weakly or not at all to light while reacting very well to proximity. This is because parasympathetic 

fibres of the oculomotor nerve are involved
53

. 

Distal symmetrical polyneuropathy (DSP) 

Because it is the most frequent type of DN, it is predicted to be present in 50% of both type 1 and type 1 diabetec 

patients, and it is already present in 20% of patients when they are diagnosed with DM. In most circumstances, it 

remains subclinical, with only around half of DSP patients becoming symptomatic. 

It progresses slowly, symmetrically, showing sensory and autonomic symptoms with a predominance of small 

fibre involvement, progressing with sensory big fibre involvement and finally motor fibre involvement in its more 

severe stages. It is traditionally distally dispersed in LLll, progressing length-dependently to the upper limbs 

(UULL), central abdominal area, and vortex, in a pattern known as "socks, gloves, and apron." 

It has been linked to various types of DN, particularly chronic compressive mononeuropathies like CTS, but it has 

also been linked to inflammatory neuropathies like chronic inflammatory unmyelinating polyradiculopathy in 

some cases (CIUP). Although there is no obvious direct relationship between the two disorders, persistent 

peripheral nerve involvement by DM appears to be a risk factor for its development. 
42

. 

Pathogenesis of DM 

Multiple variables linked to metabolic, vascular, inflammatory, and neurodegenerative processes are linked to 

DSP aetiology. Chronic hyperglycemia plays a significant role in DSP pathogenic pathways and is the primary 

triggering factor
54

. 

receptors for AGEs. 

Metabolic pathway 

Peripheral nerves absorb a lot of glucose, which causes a variety of pathologic metabolic reactions. The polyol 

pathway, for example, involves the aldose reductase enzyme, which converts glucose to sorbitol. The 

accumulation of sorbitol and fructose within cells reduces the active transit of numerous metabolites, including 

myo-inositol. 

This process alters intracellular regulatory mechanisms, resulting in a decrease in Na/K pump function and an 

increase in intracellular sodium concentration. This causes a rise in intracellular osmolarity, which causes 

oxidative stress. The initial and reversible structural changes in Ranvier nodes are caused by these anomalies, 
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which lower nerve conduction velocity. 

Another pathologic metabolic pathway resulting from persistent hyperglycemia is the creation of final advanced 

glycosylation products (FAGP), which are formed by a non-enzymatic interaction between amino acid groups and 

glucose reduction products. 

 
Fig.1. The pathogenesis of diabetic neuropathy [based on 5 ].  

AGE = Advanced glycation end product; RAGE = FAGP affects intracellular function of many proteins, as well 

as extracellular components like laminin and fibronectin, which are required for axonal regeneration, and 

promotes irreversible binding in macrophage and endothelial cell receptors. Oxidative stress, cytokine release, and 

extracellular matrix disintegration occur as a result of these alterations, culminating in cell apoptosis. 

High glucose levels also increase excessive protein C kinase activation, which controls the generation of nitric 

oxide, which causes ischemic peripheral nerve injury
55

. 

Due to the high rate of linkage between DM and dyslipidemia (DLD)
56

, it has recently been discovered that 

excessive lipids play a role in DN pathogenesis
57

. Direct damage of free fatty acids in Schwann cells has been 

demonstrated in vitro
58 46

. Furthermore, systemic DLP effects boost the production of pro-inflammatory 

compounds and oxidative stress. 

The activation of the hexosamine pathway, which is induced by hyperglycemia, leads in alterations in the 

expression of specific genes and the functioning of intracellular proteins
59

, is linked to all of these metabolic 

pathways. 

The polyol pathway, as well as FAGP and protein kinase C, promote the generation of free radicals in response to 

oxidative stress. This pathway causes mytochondrial malfunction, which initiates the cell apoptotic cascade
55

 

when it is severely harmed. 

Vascular pathway 

Based on the observation of decreased blood flow, increased vascular resistance, and decreased oxygen tension, 

generalised nerve microvascular dysfunction has been proposed as a pathogenic cause. Endoneural microvascular 

anomalies such as basal membrane thickening and duplication, edoema, endothelial and intimal smooth muscle 

growth, and the presence of occlusive platelet clot
54

 have all been documented. 

Neurodegenerative pathway 

Loss of cell neurotrophism is another factor that could be involved in DN pathogenesis. In diabetes, a decrease in 

the quantity and quality of insulin causes a partial reduction in the activity of insulin-like growth factor I and 

neuronal growth factor, resulting in a decrease in the production of proteins necessary for the formation of 

neurofilaments and the maintenance of axonal transport, both of which are required for their growth and 

regeneration. Axonal degeneration and neuronal body death occur as a result, causing neuropathy to develop 

gradually
55

. 

Inflammatory pathway 
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There is strong evidence that the development of DN is mediated by an immunopathic mechanism. In diabetic 

patients with neuropathy, pro-inflammatory drugs have been found to promote inflammatory cell recruitment, 

cytokine production, and reduced blood flow60. In conclusion, these pathways exacerbate peripheral nerve 

hypoxia and ischemia, making regeneration more difficult
61

. 

Histopathologic Changes 

Electronic microscopy revealed poorly aligned filaments in the subaxolemal area, indicating that axonal transit has 

slowed. These neurofilaments are eventually scavenged by Schwann cells, which, when combined with a drop in 

cytoskeleton protein production, results in a decrease in axonoplasmatic volume, causing axonal atrophy to peak 

with Wallerian degeneration. 

As a result, the most prevalent affection pattern is compatible with dying-back axonal degeneration, which mostly 

affects longer fibres, resulting in a length-dependent clinical pattern. These variables cause the most significant 

DN histopathologic change: multifocal nerve fibre loss, with axonal degeneration in activity and, depending on the 

severity of the disease, some level of regeneration, as seen by sproutings. There are also destroyed blood vessels 

with endothelial basal thickening and neoangiogenesis, indicating that the ischemia component is present. It is also 

possible to observe segmentar demyelination and remyelination, which reflects the mixed neurophysiologic 

involvement pattern (axonal and unmyelinating) of this condition
62

. 

Diagnosis of DN 

Over the years, several clinical scales and other tests have been proposed to detect DPS early and track its 

evolution in terms of PNS involvement. Neurophysiologic, autonomic, and morphologic studies should be 

prioritised among additional tests. 

Neurophysiologic Tests 

Electroneuromyography (ENMG) 

For DSP diagnosis, ENMG has remained the gold standard. It is still the most widely used and available 

diagnostic procedure in Brazil today. Despite the test's inability to detect early involvement of small fibres in this 

condition, it is critical to assess not only the involvement of large fibres but also the symmetry, severity, and 

progression of the disease, ruling out other coexisting conditions like myopathy, motor plate or inferior motor 

neuron diseases, as well as primary demyelinating diseases like PIDC or hereditary neuropathies. It is feasible to 

characterise both the time of evolution (acute versus chronic) and the spread of neurophysiologic changes using a 

needle test (electromyography - EMG). 

Motor evaluation of the median, ulnar, tibial, and fibular nerves, as well as sensory evaluation of the median, 

ulnar, radial, and sural nerves, are part of the regular neuroconduction investigation in diabetic patients with DSP. 

When a differential diagnosis with additional etiologies is required, an EMG should be performed63. 

It usually manifests as a pure sensory or sensory-motor polyneuropathy, or as a mixed polyneuropathy with axonal 

and distal predominance, affecting LLll. Sensory abnormalities in distal LLll nerves with lower sensory action 

potential amplitude in plantar, superficial fibular, and sural nerves are the first changes seen in DSP patients' 

neuroconduction. The disease advances with sensory UULL involvement and a 10 to 30% drop in conduction 

velocities (first of LLll advancing to UULL) until it presents diminished compound muscle action potentials 

(CMAP) with a preponderance of LLll
64,65 57,58

 in its most severe phases. 

In some nerves susceptible to compression, such as the wrist median, elbow ulnar, and common fibular nerves of 

the fibular head, there is often a focal slowing of conduction velocity with possible presence of conduction 

blockade (more than 50% decrease in CMAP amplitude from a proximal stimulation point to a distal stimulation 

point). 

Although exceedingly beneficial, this test has several drawbacks, including patient pain, low sensitivity in 

detecting early illness symptoms (tiny fibres), and the need for specialist personnel and equipment
66

. 

Quantitative sensitivity test (QST) 

Thermal, painful, and vibratory modalities were employed to identify and quantify sensory abnormalities in 

polyneuropathy. It can be done at various locations by administering thermal hot and cold stimuli and monitoring 

the temperature at the point when patients begin to feel the stimulus and pain. It is also feasible to measure the 

amount of vibration that patients are exposed to. 

It is a useful tool in clinical practise since it is a quick, noninvasive, and simple diagnostic. This procedure, 

however, has a low rate of repeatability since it relies on patients' cooperation, attention, and drive, and the results 

are sensitive to emotional status. Furthermore, this test catches changes in any position of the neuraxis, which 

might lead to analysis errors
63

. 

Evoked potentials 

Evoked potentials are the electric reactions of the central nervous system to an external stimulus
67

. Laser evoked 
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potential stimulation (LEPS) and contact heat evoked potential stimulation (CHEPS) are two techniques for 

studying tiny fibre polyneuropathy (CHEPS). These techniques allow researchers to look at the peripheral and 

central conduction of A and C fibres. LEPS, on the other hand, may induce skin damage in laser-stimulated areas, 

whereas CHEPS is noninvaise and capable of generating repeatable evoked potentials, in addition to being more 

sensitive and specific. There is presently no clinical practise standardisation for both methods
68

. 

Autonomic tests 

There are numerous autonomic tests that can be used to determine whether C fibres are involved. In clinical 

practise, the tilt test, Valsalva manoeuvre, and R-R interval calculation at ECG, and the reflex sympathetic skin 

response and sudomotor reflex quantitative test, respectively, are the most accessible tests for cardiac and 

sudomotor evaluation. 

Morphologic Tests 

Nerve biopsy 

For a long time, peripheral nerve biopsy was employed to investigate the morphology and pathophysiology of 

nerve fibre involvement in DN
69

. Because this is an intrusive test with the potential for difficulties and sequelae, it 

is currently reserved for atypical clinical presentations where the overlapping with other etiologies, such as 

inflammatory/infectious neuropathies and amyloidosis, is unclear. Furthermore, examining the blades70 demands 

extremely specialised material and trained professionals. In general, fascicular biopsy of the superficial sensory 

nerve is preferred in research because it is less damaging. 

Skin biopsy 

It is feasible to identify small epidermal nerve fibres with a fragment of around 3mm of hairless skin obtained by 

punch biopsy, making it a helpful tool for diagnosing small fibres neuropathy. This method is based on immune-

hystochemical staining of PGP 9.5 – a protein gene product found throughout nerve fibre extension that allows for 

direct observation of epidermal fibres. 

Currently, intraepidermal fibre density quantification from skin biopsy is recommended as a diagnostic approach 

for small fibre neuropathy, and it has been published with gender and age standardisation. Its drawbacks include 

the fact that it is an invasive procedure that provides no additional information about the cause of the neuropathy
71

. 

Confocal corneal microscopy 

The human cornea sub-basal plexus, which is made up of small fibres, has recently been mapped in vivo using 

confocal microscopy, allowing for its characterisation and distribution pattern of nerve fibres in healthy people of 

both genders and ages.
72

 

Malik et al.
73 66

 used corneal confocal microscopy (CCM) in vivo to show for the first time, in a series of 18 

diabetic patients compared to controls, a substantial decrease in sub-basal plexus fibres, highlighting this test as a 

quick, noninvasive, and repeatable diagnostic method to identify DSP. 

Since then, this approach has been shown in a number of trials to be capable of detecting neuropathy, as well as 

disease progression and prospective therapeutic improvement. 

Treatment of DN 

Glycemic management appears to be crucial for DN
74

 stabilisation and even improvement. All efforts should be 

made to keep patients normoglycemic in this manner. Several evidences suggest that oxidative stress has a role in 

DN formation. 

Antioxidant medications would therefore be an ideal treatment option. Intravenous -lipoic acid (thioctacideMR) 

(600mg/day for 3 weeks) is now the only disease-based treatment that has been shown to be effective and may be 

used in clinical practice
78

. The same medicine, taken orally (600 mg per day in fasting), is the only form now 

available in Brazil, and more evidence is needed to confirm its efficacy
74 67

. Other therapy options have been 

offered, but there is still no evidence that these are effective
74

. 

Tricyclic antidepressants, anticonvulsants gabapentin and pregabalin, and antidepressant duloxetine, a selective 

dual inhibitor of serotonin and norepinephrine reuptake, are among the current medications for the treatment of 

symptomatic pain. Second-line evidence supports the use of opioids such tramadol and oxycodone
74

. Before 

utilising opioids, a combination of first-line medicines should be considered
74

. 

Tricyclic antidepressants have demonstrated efficacy, but their side effects, which include xerostomy, perspiration, 

dizziness, drowsiness, urine retention, and glaucoma, are key limiting issues. Their usage above 100mg/day 

appears to be linked to an increased risk of sudden death, which is why they should be administered with caution 

in cardiopathic patients. Starting with 10 to 25mg/day and progressively increasing the dose with careful patient 

monitoring is recommended. Although doses up to 150mg/day are recommended, it is difficult to go higher than 

75mg/day. The patient's symptoms as well as the drug's side effects should be considered before selecting a certain 

drug
74

. 
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Gabapentin and pregabalin, both calcium channel alpha-2-delta subunit inhibitors, are now the best 

anticonvulsants for this group of patients
74

. Duloxetine, relative to venlafaxine, had the best cost-benefit and 

control of painful neuropathy
76 

among dual antidepressants, serotonin and norepinephrine reuptake blockers. 

Duloxetine can be started at 30 mg/day and gradually increased to 60 mg/day over the course of a week. To 

control NP, some people require 120mg every day. 

Decompressive procedures are theoretically justified whenever there is clinical and/or electromyographic evidence 

of severe arrest with large motor involvement; nonetheless, the risk of no improvement or even deterioration is 

significant and should be emphasised to patients. Orienting prevention and treatment of diabetic foot, which 

results in insensitivity and autonomic dysfunction, is perhaps one of the most significant functions of neurologists 

in managing DN. Periodic exams, self-evaluation orientation, and prompt rest at the outset of any injury are all 

simple but crucial precautions to take. 

 

IV.CONCLUSION 

In the subject of diabetic neuropathy, there is a clear call to action. Effective medicines to prevent and treat 

diabetic neuropathy are urgently needed as the diabetes and obesity pandemic continues to spread. Due to our lack 

of basic understanding of diabetic neuropathy, prominent pharmaceutical corporations have decreased research 

and clinical trials in this illness. Despite the disease's increasing burden, this change has occurred. Only the 

individual expenses to each patient, such as discomfort, inability to work, low QOL, frequent hospitalizations for 

ulcers, and eventual amputations, surpass the social costs of diabetic neuropathy. Despite the fact that diabetic 

neuropathy is the most powerful predictor of mortality in T2DM, it is the only microvascular consequence of 

diabetes that does not have a specific treatment. Accumulating clinical and preclinical research in the next decade 

can and will change this scenario. 
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