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LIST OF ABBREVIATIONS

DM - Diabetes Mellitus

T1DM - Type 1 Diabetes Mellitus

GAD - Glutamic acid decarboxylase

HLA - Human leucocyte antigen

VEP - Visual evoked potentials

NCS - Nerve conduction study

IDDM - Insulin dependent diabetes mellitus

NIDDM  - Non insulin dependent diabetes mellitus

MHC - Major histocompatibility complex
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EEG - Electroencephalography

PSVEP - Pattern shift visual evoked potentials

SNAP - Sensory nerve action potential



INTRODUCTION

          Diabetes mellitus refers to a group of common metabolic disorders

characterized by chronic hyperglycemia along with disturbances of

carbohydrate, protein and fat metabolism resulting from deficiency of

insulin secretion, insulin action or both1.

The description of type 1 diabetes mellitus (T1DM) was given by

Aretaeus  in  the  2nd century  AD1. Type 1 diabetes mellitus is caused by

cell mediated autoimmune destruction of - cell in susceptible individuals

along with some insulin resistance. >90% of Europeans show

autoimmunity with detectable anti-glutamic acid decarboxylase (anti-

GAD), anti-insulin and or islet cell antibodies. Around 80% of Non-

Europeans shows no autoantibodies and are referred as idiopathic

T1DM6. T1DM patients require lifelong treatment with insulin.

The prevalence of DM in worldwide has increased dramatically

over the past two decades. The countries showing greater number of

diabetic individuals in 2013 are china (98.4 million), India (65.1 million),

United States (24.4 million) 1,  2. The incidence of T1DM is highest in

Scandinavia. In Asian population, the incidence is around 0.1-8 per

100,000/year4. The incidence is rising by 3% every year. The incidence of

T1DM peaks around puberty. The incidence of males and females are

almost similar in childhood but the incidence increases 2 fold in males



after 15 years of age. The frequency of high risk human leukocyte antigen

(HLA) alleles among ethnic groups in different geographic locations

forms the background for increased risk of T1DM2.

 Diabetes being a major global health problem is the fifth leading

cause of death in the world. Long standing metabolic derangement is

associated with functional and structural changes in many organs

particularly in the vascular system leading to microvascular and

macrovascular complications of diabetes affecting the eye, nervous

system and kidneys.

Diabetic neuropathies are a family of nerve disorders caused by

diabetes. It is a chronic and often disabling condition that affects the

individuals with diabetes. Over time, nerve damage develops throughout

the body. About 60 to 70 percent of people with diabetes have some form

of neuropathy. This includes the central neuropathy affecting the visual

pathway and the peripheral neuropathy affecting the peripheral nerves.

The major problem is the excess mortality and serious morbidity suffered

like blindness from diabetic retinopathy, difficulty in walking, chronic

ulceration of the feet from peripheral neuropathy as a result of long term

complications of diabetes1. Duration of diabetes, early age at onset of



disease, increased blood glucose levels, increased blood pressure are

some of the factors associated with increased mortality and morbidity.

The central and peripheral nervous system dysfunction in diabetes

is multifactorial involving metabolic and vascular factors. Ischemia and

reduced protein synthesis may result in nerve fiber loss. Accumulation of

mediators might delay the conduction in visual pathway and in peripheral

nerves.

There are not many studies on central and peripheral nervous

system involvement in type 1 diabetes. Visual evoked potentials (VEP)

and Nerve conduction studies (NCS) are sensitive and noninvasive

methods which can evaluate the electrophysiological response of the

nervous system to different stimuli. VEP can detect disturbances

anywhere in the visual system and NCS can detect the abnormalities

along the peripheral nerves before it is diagnosed clinically. Among the

peripheral nerves, sensory nerves are most commonly involved leading to

loss of sensation and development of foot ulcer which may end up in

amputation. Thus, in the present study VEP and sensory sural NCS are

utilized to evaluate the subclinical demyelination of optic nerve and

peripheral nerves in diabetic central neuropathy and peripheral

neuropathy respectively.



AIM AND OBJECTIVE

AIM

To evaluate the subclinical central and peripheral neuropathy in

type 1 Diabetes mellitus patients.

OBJECTIVES:

(i) To evaluate the subclinical central neuropathy by visual evoked

potentials.

(ii) To evaluate the subclinical peripheral neuropathy by sensory sural

nerve conduction study.

(iii) To compare the findings between 3 groups of type 1 diabetic

patients with different disease duration.



REVIEW OF LITERATURE

The name ‘Diabetes’ was derived from the Greek word Syphon;

the sweet taste of diabetic urine was recognized in the first millennium

and the ‘mellitus’ meaning honeyed was added in the late 18th century1. In

1815, the sugar in diabetic urine was identified as glucose. Paula A Diaz-

Valencia3et al stated a systematic review of global epidemiology of type 1

diabetes in young adults after retrieving information in 35 countries

between 1982 and 2014.

In 2006, Diamond project group4 stated the rising incidence of type

1 diabetes globally and suggested the need for continuous monitoring of

incidence to plan for prevention strategies. Anjali D Deshpande, Marcie

Harris- Hayes5 et al described that in 2050, the number of people with

diabetes is estimated to grow upto 48.3 million from 20 million in 2005

and stated that the diabetes related complications are a significant cause

of morbidity and mortality.

Etiological classification of Diabetes mellitus2.

1. Type 1 diabetes-  cell destruction (Insulin dependent diabetes

mellitus –IDDM).

Autoimmune

Idiopathic



2. Type 2 diabetes- insulin resistance with insulin hypo secretion

(Non-insulin dependent diabetes mellitus- NIDDM).

3. Gestational diabetes.

4. Other specific types.

Genetic defects of -cell function

Genetic defects in insulin action

Disease of endocrine pancreas

Endocrinopathies

Drug or chemical induced

Infections

Uncommon forms of immune mediated disease

Other genetic syndromes

ETIOLOGY OF T1DM

It includes genetic and environmental etiology and gene-

environment interactions. Genetic susceptibility triggers the islet

autoimmune responses and also accelerates the failure of  cell function

following exposure to exogenous environmental factors. The risk of

T1DM in offspring from an affected father is 6-9%, 2-4% from an

affected mother and 30% risk if both parents are affected7.Todd JA,

Farrall M7 after making a genome wide scanning for linkage of

chromosome in affected families stated that the major susceptibility locus



is present in MHC of chromosome 6p21 which controls the T-cell

mediated autoimmune destruction of  cells of pancreas.

Recent studies show a strong association between T1DM and

HLA. Janelle A. Noble and Henry A. Erlich6 stated that the HLA region

with its multiple genes and extreme polymorphism contributes to the

genetic susceptibility of type 1 DM.

The major his to compatibility complex (MHC) of the short arm of

chromosome 6 has the main loci which is responsible for genetic

susceptibility in T1DM7.The HLA class II DR and DQ alleles are most

commonly involved.

        The environmental risk factors associated with T1DM are

gestational infections, high maternal age, high birth order, ABO blood

group incompatibility, viral infections due to Mumps, rubella,

enterovirus, rotavirus, cytomegalovirus, Epstein- Barr virus,

psychological stress, toxic substances, insulin resistance due to intake of

high energy food, dietary factors like short breast feeding, vitamin D

deficiency.



PATHOGENESIS

       Mark A. Atkinson8 described an overview about the development of

pathogenesis and natural history of type 1 diabetes in humans. It includes

selective destruction of  cells by autoimmune reactions involving

infiltration of islets of pancreas by CD4 and CD8 T lymphocytes and

macrophages progressing to insulitis. Auto antibodies targeting against

specific auto antigens like insulin, glutamic acid decarboxylase (GAD

65), islet antigen-2 (IA-2) and zinc transporter (zn T8) may be detectable

before hyperglycemia becomes overt1.  The  intensity  and  duration  of  

cell destruction depends on the presence of HLA haplotypes. Jean Marie

Ekoe9 et al described the screening for type 1 and type 2 diabetes stating

that one time screening for glutamic acid decarboxylase antibodies and

islet antigen-2 antibodies in the general childhood population can be

identify type 1 diabetes patients

CLINICAL PRESENTATION

T1DM patients presents with classical symptoms of thirst,

polydipsia and polyuria along with loss of weight. Ketoacidosis and

hyperosmolar hyperglycemia syndromes may cause emergency

presentations. The clinical presentation is peak in preschool and teenage

years but can present at any age. Diabetic complications are not present at



the time of diagnosis. Essais O20 et al conducted a study from 1998 to

2001 and noticed an excellent correlation between HbA1c and mean

fasting glycemic values and can help in monitoring of T1DM.

COMPLICATIONS OF DIABETES:

Both macro vascular and micro vascular complications occur

following long term progression of diabetes mellitus. Disease of small

blood vessels is the most specific complication of diabetes. This

microangiopathy is responsible for the morbidity and mortality of the

diabetic patients like renal failure from diabetic nephropathy, blindness

from diabetic retinopathy, chronic ulceration of feet and difficulty in

walking from peripheral neuropathy, bowel and bladder dysfunction from

autonomic neuropathy. Factors associated with increased mortality and

morbidity are duration of diabetes, early age of onset of the disease, high

glycated hemoglobin, high blood pressure, dyslipidemia, proteinuria,

micro albuminuria. Studies have shown existence of positive correlation

between duration, degree of hyperglycemia and the risk of microvascular

disease. Peter Bjornstad10 et al stated that inspite of improvements in

glucose, lipid and blood pressure control, vascular complications are the

most important cause of morbidity and mortality in type 1 DM patients.



Reduced insulin sensitivity is linked with development of both micro and

macro vascular complications.

CLASSIFICATION OF COMPLICATIONS IN DIABETES:

Microvascular complications:

Retinopathy (central

Neuropathy)

Impaired vision

Nephropathy Renal failure

Peripheral neuropathy Sensory loss, Motor

weakness, Pain

Autonomic neuropathy Gastrointestinal problems,

Postural hypotension

Foot disease Ulceration, Arthropathy

Macrovascular complications:

Coronary circulation Myocardial infarction

Cerebral circulation Transient ischemic attack,
Stroke

Peripheral circulation Claudication , Ischemia



With long standing disease, there is progressive narrowing and

occlusion of vascular lumen leading to decreased perfusion and ischemia

of the tissues due to increased vascular permeability causing

extravasation of plasma proteins that accumulates as a periodic acid

Schiff +ve deposits in the vessel wall. Also there is increased synthesis of

proteins and glycosaminogly can in the pericytes of retina and mesangial

cells of glomerulus and finally leading to loss of micro vascular cells.

The following are the mechanisms involved in diabetic complications:

1. Chung SS12 et al observed that polyol pathway contributes to the

development of increased oxidative stress in the lenses and nerves

of diabetic mice. Increased flux of glucose and other sugars

through the polyol pathway. Excess glucose is converted to sorbitol

and galactitol. Sorbitol is further oxidized to fructose by sorbitol

dehydrogenase12. Excess sorbitol causes sorbitol induced osmotic

stress, decreased cytosolic Na/K+- ATPase activity, increased

cytosolic NADH/NAD+ and decreased cytosolic NADPH leading

to damage of diabetic nerves and vessels.

2. The non-enzymatic reaction of excess glucose with protein,

nucleotides and lipids results in increased production of

intracellular advanced glycation end products (AGE) and they



damage the cells by modifying the intracellular proteins, modifying

extracellular matrix and interactions with AGE receptors in

endothelial cells and macrophages.

3. Excessive and persistent activation of protein kinase C isoforms

can also act as a pathway for mediating tissue injury associated

with biochemical and metabolic abnormalities.

4. Shunting of excess glucose to hexosamine pathway. In this

pathway, glucosamine 6-phosphate is converted to UDP-N-acetyl

glucosamine causing glycosylation of transcription factors and

enhances the transcription of genes including plasminogen

inhibitor 1 (PAI 1) and transforming growth factor 1 (TGF- 1).

Thus, this pathway produces changes in both gene expression and

in protein function contributing to the pathogenesis of diabetic

complications.

5. From all the above pathogenic mechanisms, there is over

production of superoxide which is the initial oxygen free radical

formed by the mitochondrial electron transport chain which later

on gets converted to more and other reactive species that causes

cell damage by numerous ways13,14.

Du XL13 et al described the hyperglycemia induced mitochondrial

superoxide overproduction that activates the hexosamine pathway and



induces plasminogen activator inhibitor- 1 expression by increasing Sp1

glycosylation leads to pathogenesis of diabetic complications.

Nishikawa T14 et al stated that normalizing mitochondrial

superoxide production prevents three pathways of hyperglycemic damage

i.e. glucose induced activation of protein kinase C, formation of advanced

glycation end products, sorbitol accumulation of NFkappaB activation.

DIABETIC RETINOPATHY:

The prevalence of proliferative diabetic retinopathy is 67% in

T1DM15. The prevalence of blindness is influenced by the following risk

factors. Klein R15et al stated that after 10 years of diabetes, the severity of

retinopathy was related with longer disease duration, high levels of

glycosylated hemoglobin, proteinuria, high diastolic blood pressure and

male sex.

 The non-modifiable risk factors are the duration of diabetes, age of

onset, genetic predisposition, ethnicity and the modifiable risk factors are

blood glucose levels, blood pressure, and smoking. All these factors have

direct effects on retinal endothelial cells and pericyte loss impairing the

vascular auto regulation. Initially this dilates capillaries and increases the

production of vasoactive substances and endothelial cell proliferation



causing capillary closure. This stimulates retinal hypoxia producing

growth factors like vascular endothelial growth factor (VGEF) leading to

endothelial growth factors and increased vascular permeability.

DIABETIC PERIPHERAL NEUROPATHY (DPN):

Almost one in three people are affected by distal symmetrical

polyneuropathy leading to increased morbidity, mortality and impaired

quality of life. Risk factors associated with DPN are poor glycemic

control, duration, height, age, smoking, hypoinsulinemia, dyslipidemia.

Sima  AA  and  Kamiya  H16 described the differences in early metabolic

abnormalities in type 1 and 2 diabetic polyneuropathy and stated that

there is larger extent of progressive axonal atrophy and axonal loss in

type 1 DM.

In a survey, the following locations of pain were commonly seen in

DM patients; 96% feet, 69% balls of feet, toes 67%, dorsum of foot54%,

39% hands, 37% plantum of foot, 37% calves, 32% heels1.



Classification of diabetic neuropathy:

Polyneuropathy

          Symmetrical, mainly sensory and distal

          Asymmetrical, mainly motor and proximal (including amyotrophy)

Mononeuropathy (including mononeuritis multiplex)

Axonal degeneration including early axon shrinkage and late

axonal fragmentation of myelinated and unmyelinated fibres. Thickening

of basement membrane, thickening of Schwann cell basal lamina, patchy

and segmental demyelination are the mechanisms involved in the

development of diabetic neuropathy.

PHYSIOLOGY OF VISION

Retina, the innermost layer of the eyeball is concerned with the

visual functions. It has three distinct areas : the optic disc which produces

blind spot in the field of vision, macula lutea which has the central

depressed area called fovea centralis is the most sensitive part of the

retina and the Ora serrate where the retina ends58. Microscopically retina

consists of ten layers. Ganglion cell layer transmits visual information to

the brain.



Photoreceptors

Rods and cones are the end organs of vision. There are about 120

million rods and 6.5 million cones59. They transform light energy into

visual impulse. The density of rods is higher in a ring shaped zone 5-6mm

from fovea and contains a photosensitive substance visual purple

(rhodopsin). They are responsible for peripheral and scotopic vision. The

density of cones is highest at the fovea and also contains a photosensitive

substance. They are responsible for photopic vision and colour vision.

Phototransduction:

Photo transduction involves a cascade of biochemical reactions

leading to conversion of light energy into nerve impulse. It includes the

activation of rhodopsin, activation of transducin, conversion of cGMP to

GMP producing receptor potential58.

This receptor potential is a local, graded potential originating from

the ganglion cells. In the dark, the Na+ channels in the outer segment of

the photoreceptors are open and there is steady release of glutamate.

When light strikes the retina, the Na+ channels closes producing

hyperpolarizing receptor potential leading to reduction in release of



glutamate. This generates a signal in the bipolar cells which leads to

production of action potentials in the ganglion cells and these action

potentials are finally transmitted to the brain59.

Visual pathway:

     The retina sends the visual information to the visual cortex through the

visual pathway which is a three order neuron pathway. First order

neurons are the bipolar cells in which the dendrites synapse with the

photoreceptors and its axons synapse with the ganglion cells. The

ganglion cells forms the second order neuron and its axons pass along the

optic nerve, optic chiasma, optic tract ending in the lateral geniculate

nucleus (LGN) of thalamus60.

Fig: 1 - MECHANISM OF PHOTOTRANSDUCTION



Fig:2 Schematic diagram of Optic Pathway

Third order neuron arises from LGN and its axons form the

geniculo-calcarine tract that finally pass  to the occipital cortex of the

brain- Primary visual cortex (area 17) located in the calcarine fissure area

and secondary visual areas of the cortex (area 18 and area 19) located

anterior, lateral, superior and inferior to the primary visual cortex.

PHYSIOLOGY OF NERVE CONDUCTION:

          Neurons, the functional and structural unit of the nervous system is

primarily made up of cell body, dendrites and the axon ending up in

terminal buttons. A compact bundle of axons forms a nerve fibre. The



Schwann cells wraps around the axon several times forming a myelin

sheath as short segments along the axon forming the myelinated

neurons58. The short gaps between these segments are the nodes of

Ranvier. Some axons are devoid of myelin sheath and form the

unmyelinated neurons. Myelination increases the velocity of conduction

and also helps in conservation of energy since the ionic movement occurs

only at the nodes of Ranvier.

Fig:3 Structure of  a Neuron

Generation of action potential:

The resting membrane potential (RMP) of nerve fiber is -70mV.

When a threshold stimulus is given; a transient change in the membrane

potential occurs producing depolarization and is conducted along the

axon61. Phases of action potential includes depolarization, rapid rising



phase, overshoot, peak reaching a maximum of  +35mV , phase of

repolarization, after depolarization and  returning to the resting level.

The action potential is first generated in the initial segment of axon

Hillock in motor neurons and in first node of Ranvier in sensory neurons.

Depolarization occurs due to Opening of voltage gated Na+ channels

leading to enormous sodium ions influx. Repolarization occurs due to

opening of voltage gated K+ channels causing potassium ions efflux along

with decrease in sodium influx.

Fig : 4 Phases of Action Potential



Propagation of action potential:

The action potential is regenerated at regular intervals finally to

reach the axon terminal. The speed of conduction increases in myelinated

fibers and in larger diameter fibers.

          In unmyelinated axons, there occurs a current sink due to influx of

positive charges into the membrane at the site of action potential61. These

positive charges flow towards the adjacent negative area to make this part

of membrane to the firing level. In this manner, every point of membrane

reaches the firing level producing an action potential due to the local

current flow.

Fig: 5 Propagation of action potential in unmyelinated axon



In myelinated axon, free flow of ions does not occur. The numbers

of voltage gated Na+ channels are higher in the nodes of Ranvier. Once

the membrane of the nodes gets depolarized to threshold level, action

potential is generated. The action potential is regenerated at every next

nodes leading to propagation of action potential61.  This  manner  of

propagation in myelinated neurons is known as salutatory conduction.

The velocity of conduction varies from 0.25 m/s to 100 m/s.

Fig : 6 Propagation of action potential in myelinated axon

Factors affecting conduction velocity:

(i) Temperature: Increase in temperature slows the speed of

conduction by increasing the duration of action potential.

(ii) Level of RMP: When the RMP is less negative, action potential

and electrotonic conduction slows down but when the RMP is



more negative, action potential slows down and increases the

electrotonic conduction. The end effect is decrease in conduction

velocity.

(iii) Low level of threshold potential increases the conduction velocity.

BIOPHYSISCS

          In a normal cell at rest a constant potential difference is observed

between the inside and the outside of the cell membrane called Resting

Membrane Potential. It is due to equal distribution of positively charged

ions outside and negatively charged ions inside the cell membrane. At

rest the potential difference between two electrodes is zero. During

depolarization due to movement of Na+ and K+ions, potential difference is

generated between two electrodes which is responsible for the flow of

current55. Impedance is the resistance offered to the current flow by the

intervening tissue.

Voltage = current x impedance

Voltage is the difference of voltage between two points, which can

be positive or negative. The action potential amplitude is expressed in

millivolt (mV) or microvolt (µV); current in milliampere (mA);

impedance in kilo or mega ohms; time measurements in milliseconds



(ms) or microseconds (µs). The action potential originating from the cells

are displayed against time as a wave form in which the amplitude varies

with time12.

1. Electrodes:

(i) Three types of electrodes: active, reference and ground are used.

The action potential is measured between active and reference

electrodes whereas the ground electrode serves as a zero voltage

reference point.

(ii) They are made up of platinum, stainless steel, chromium, nickel,

silver chloride, silver and gold. The advantage of silver or gold

electrodes is of stable polarization potentials which results in noise

free recording.

(iii) In clinical practice surface and needle electrodes are used. Needle

electrodes have a greater chance of infection, thus surface

electrodes are preferred.

2. Amplifier :

5x10 folds of amplification is needed before being displayed

because of intrinsic impedance of the electrode, impedance of electrode-

skin and the biological signals are very small.



3. Filter :

It is a device that allows a particular range of frequency from a

signal. It optimizes the recording by eliminating the noise. The high

frequency filters removes the rapidly changing high frequency

components and the low frequency filters removes the slowly changing

low frequency components.

4. Averager :

This extracts very small signals which are hidden in large noise.

On averaging, time locked signals become prominent and gets stored in

the memory of the equipment, while the noise occurring randomly is

cancelled out.

5. Display :

Methods of waveform display are:

(i) Analogue oscilloscope display: The action potential signals are

displayed on cathode ray oscilloscope following amplification and

filtering.

(ii) Computer based digital video display: An analogue to digital

converter and digital processing technique are used. The signals

can be redisplayed with greater sensitivity.



6. Stimulator :

It is used for nerve conduction and evoked potentials studies.

(i) Electrical stimulators include constant current stimulator and

constant voltage stimulators. They are commonly used and are

more stable.

(ii) Magnetic stimulators are used for non invasive stimulation of

motor cortex, spinal cord and peripheral nerves

7. Sensitivity and Sweep speed:

Sensitivity and sweep speed influences the latency and duration of

action potential. Shortening of latency occurs on high sensitivity and on

increasing the sweep speed.

8. Signal trigger :

Useful for isolating and displaying the action potential for their

quantitative analysis.

9. Delay time :

It continuously samples and stores the ongoing action potentials

into the memory. On exceeding the triggering value, the action potentials

are extracted from the memory and displayed.



VISUAL EVOKED POTENTIALS:

The term ‘evoked potential’ is used for the responses involving

either recording from or stimulation of central nervous system structures.

Visual evoked potentials are the electrical potential differences

recorded from scalp in response to visual stimuli56. It represents the mass

response of cortical as well as subcortical areas following photo

stimulation. In 1934, Adrian and Mathew noticed that the potential

changes of the occipital EEG can be observed by stimulation of light. In

1961, Hirsch and colleagues recorded VEP and they discovered the

amplitudes recorded along the calcarine fissure were the largest.

A normal VEP indicates the intactness of the entire visual system.

If there is any defect in any part of the visual system the response

becomes abnormal. In 1972, Halliday and colleagues made the first

clinical investigation using VEP and recorded delayed VEPs in a patient

with retro bulbar neuritis.

        GW Weinstein18 studied VEP in normal and abnormal human

subjects and stated that there are differences in VEP responses in affected

eye of abnormal subjects and this procedure has a diagnostic and

prognostic value in ophthalmology. Okubo O19 stated that VEP recording



show changes in amplitude, latency, and waveform in one or more of its

components under pathological conditions.

Physiological basis of VEP:

The process of visual information in retina involves generation of

electrical activity at three places:

(i) The initial activity is generated in photoreceptors by the action of

light

(ii) The second in the bipolar cells

(iii) The third electrical activity in the ganglion cells55.

The P100 waveform of VEPs is generated in the occipital cortex by

the activation of primary visual cortex and areas surrounding the visual

cortex by thalamocortical fibres. The retinal ganglion cells are of three

types: X,Y and W cells57. The X cells are small cells with small diameter

axons. It mediates cone vision with lateral inhibition. They have small

receptive field and their distribution is at the center in the retina. They

provide substrate for pattern shift VEP (PSVEP) via geniculate pathway.

The Y cells are large cells with large diameter axons. They mediate rod

vision without lateral inhibition. They have large receptive field and are

distributed peripherally in the retina. They generate flash VEP via extra



geniculate pathway. VEPs primarily represent the activity originating in

the central 3º to 6º visual field which is relayed to the surface of the

occipital cortex56.

The waveforms of VEPs:

Fig 7: Waveform of Visual evoked potentials

It consists of a series of waveforms of opposite polarity. N denotes

the negative waves and P denotes the positive waves which are followed

by the approximate latency in millisecond. The commonly visualized

waveforms are N75 ,P100 and N135. Generally P100 peak latency, amplitude

and duration are commonly used for VEP analysis.

(i) N75  reflects the activity of fovea and primary visual cortex (area

17).



(ii) P100  results from activation of primary visual cortex and also due to

discharge from thalamocortical fibres.

(iii) N135  reflects the activity of visual association areas 18 and 19.

The normal values for P100 in VEP are:

Latency: 100ms

Amplitude: 10µv

Duration: 60ms

Factors affecting VEP (P100 waveform):

(a) Physiological factors

(i) Age: Amplitude of P100  is high in infants and children. Reaches the

adult value in 5-7 years. Amplitude decreases after 50 years.

(ii) Sex: Latency is longer in males due to large head size and low

internal body temperature. Amplitude is greater in females due to

hormonal differences.

(iii) Eye dominance: The amplitude and duration of P100 is shorter on

stimulation of the dominant eye due to neuroanatomical

asymmetries in the human visual cortex.

(iv) Eye movement: Amplitude is decreased by eye movements.



(v) Visual acuity: Amplitude decreases with decreased visual acuity.

(vi) Mental activity decreases the latency.

(b)  Technical factors:

Decrease in area of retinal illumination reduces the amplitude and

increases the latency due to

(i) Decrease of luminance

(ii) Reduced contrast between black and white squares

(iii) Pupillary constriction by miotics.

VEP abnormalities:

(i) Prolongation of latency is seen in demyelination of optic pathway

due to multiple sclerosis, optic neuritis, and glaucoma.

(ii) Reduction in amplitude is seen in Ischemic optic neuropathy

induced by hypertension, CNS vasculitis.

(iii) Nerve compression due to severe papilloedema, pituitary tumor

produces segmental demyelination and loss of axons results in

reduced retinal illumination. This produces both increases in

latency and reduction in amplitude57.

(iv) Bifid pattern and W shape pattern of P100  peak is observed in

defects in the visual field .



Clinical significance of VEP:

This provides a sensitive method for finding the abnormalities in

visual pathway. The abnormalities are nonspecific and are not confined to

any specific etiology. It is helpful in assisting clinical diagnosis of

demyelinating diseases, ischemic optic neuropathy, nutritional and toxic

neuropathies, hereditary and degenerative diseases, cortical blindness,

malingering and hysteria.

Sanjeev Kumar Shrivastava21 et al observed a positive correlation

between latencies of VEP and duration of disease and stated that VEP

measurements acts as a simple and sensitive method for detecting early

involvement and changes in optic pathway of type1 diabetic patients.

Karlica D22 et al observed in a study that VEP can detect retinal

ganglion cell damage in type 1 DM patients and can be used to detect a

prediabetic form of diabetic retinopathy.

Sangeeta Gupta23 described that clinical interpretation of pattern

VEP should be based on age, gender, BMI and head sizeof the individual.

         Nicola Pescosolido24 et al described in a study stating that VEP

provides a successful tool for early diagnosis of the diseases and

potentially for the ophthalmologic follow up of diabetic subjects.



Javad Heravian25 evaluated the cortical and retinal activity by

pattern visual evoked potentials in type 2 patients and considered this for

detecting prediabetic retinopathy.

J Vernon Odom26 et al described the international society for

clinical electrophysiology of vision (ISCEV) standard for clinical visual

evoked potentials.

Szabela DA27et al assessed the frequency of abnormal visual

evoked potentials in type 1 DM and its correlation with duration of

disease, metabolic control, patient age and co-existing clinical

complications.

Avachar Kiran Narayan28 et al showed the abnormalities in VEP

response occurring in diabetic patients before the development of overt

retinopathy and can be used for early diagnosis of central neuropathy.

Pooja Jaiswal29 et al in a cross sectional study stated that pattern

reversal VEP study can detect early CNS involvement in subclinical

hypothyroidism and prolongation in latencies depends on the duration of

subclinical disease.



Harikumar30 et al noticed that VEP abnormalities are detectable

even in short term hyperglycemia of gestational diabetes mellitus and

type 2 diabetes.

M J Thurtell31 et al described the evaluation of optic neuropathy in

multiple sclerosis using low contrast visual evoked potentials.

Jyoti Nigam32 et al noticed CNS involvement by evaluating the

VEP and brainstem auditory evoked potential changes in primary

hypertension.

Boylu E33 et al observed that measurement of VEP latency and

amplitude is a reliable test for diagnosis of migraine and this reflects a

persisting dysfunction of precortical visual processing.

Samuel Sokol34 observed the abnormalities in the amplitude and

latencies of pattern visual evoked potentials in amblyopia.

Levy  J35et al described the utilization of VEP in identifying the

subclinical encephalopathy in patients with stable chronic live disease

and portal hypertension without clinical evidence of hepatic

encephalopathy.



NERVE CONDUCTION STUDY (NCS):

       Nerve conduction study is a part of electrodiagnostic procedures

that helps in identifying the type and degree of abnormalities in the

nerves. In 1938, Denny Brown and Penny Backer recorded and described

the fasciculation, or action potentials of single contracting or

spontaneously firing motor units. In 1971, Galvani showed that electrical

stimulation of muscular tissues produces contraction and force. Holdes

and German began measuring the combined potentials of individual

muscle fibres from the muscle surface by stimulating the nerve

percutaneously.

NCS establishes diagnosis very early and more accurately because

of its sensitivity to detect slowing of conduction which is an early

indicator of nerve entrapment or peripheral neuropathy57.

Physiological basis of NCS:

The conduction velocity of nerve depends on the fibre diameter,

degree of myelination and the intermodal distance. Axon diameter of the

nerves varies between 0.2 and 20µ. The myelinated axons are surrounded

by Schwann cells. The junction between the Schwann cells is known as

node of Ranvier. The internodal distance depends on the spacing of



Schwann cells at the time of myelination during development. As the

axon size increases, myelin sheath becomes thicker and the internodal

distance becomes longer.

Impulse conduction:

Action potential generated in the axons propagates in either

direction from the site of origin. The conduction is salutatory in

myelinated fibres and it is much faster. In cases of segmental

demyelination, the internodal conductance and capacitance increases and

thus causing greater loss of local current before reaching the next node of

Ranvier and fails to activate the nodes of Ranvier. The conduction is

continuous in unmyelinated fibres and is much slower. In conditions of

demyelination or decrease in diameter of the fibres, the conduction

velocity slows down further.

Principles of sensory nerve conduction:

As the nerve is stimulated externally it initiates depolarization

simultaneously in all the axons of the nerve to produce a recordable

response. Sensory nerve conduction measurement includes onset latency,

amplitude, duration of sensory nerve action potential(SNAP) and nerve

conduction velocity. This can be measured orthodromically or



antidromically. In orthodromic conduction, distal portion of the nerve is

stimulated and SNAP is recorded at the proximal point of nerve fibre.

The latency is measured from stimulus artifact to the initial positive peak

or subsequent negative peak. The initial positive peak in SNAP gives a

triphasic appearance is a feature of orthodromic potential. In antidromic

conduction, the nerve is stimulated at a proximal point and action

potential is recorded distally. Here the initial positive peak in SNAP is

absent giving a biphasic appearance57. Amplitude shows the density of

nerve fibres and duration suggests the number of slow conducting fibres.

Waveforms in sensory nerve conduction:

Fig: 8 Waveform of sensory nerve conduction



Duration of SNAP is measured from onset to negative peak or to

the intersection between the descending phase and base line or to positive

peak or return to the base line.

Sensory nerve conduction velocity(mt/sec)

= Distance between stimulating and recording electrodes (mm) /

Onset of latency(msec)

The normal values of sensorysural nerve conduction:

Latency: 3.2-4.2 ms

Amplitude: 18.0 ± 10.5µV

Conduction velocity: 50.9 ± 5.4m/s

Factors affecting nerve conduction:

(a) Physiological factors

(i) Greater the diameter, greater is the speed of conduction. The speed

of conduction is 6 times the fibre diameter in myelinated fibres

whereas the speed of conduction is proportional to the square root

of diameter in unmyelinated fibres.



(ii) Age: At birth conduction velocity is half of the adult value and

attains adult value by 3-5 years of age. Declines after 40 years due

gradual loss of large neurons with aging.

(iii) Temperature: The conduction velocity is directly related with

interneuronal temperature which in turn is the reflection of internal

body temperature. 5 % increase in conduction velocity occurs per

degree celsius rise of body temperature. And low temperature

decreases the conduction velocity.

(iv)  Length of the nerve: There exists an inverse relationship between

length of the nerve and conduction velocity. Longer the nerve,

slower the conduction velocity because of shorter intermodal

distance and progressive decrease in axonal diameter.

(v) Myelination: Faster conduction velocity in myelinated  fibres due

to salutatory conduction and slower conduction velocity in

unmyelinated  fibres due to continuous conduction.

(vi) Diameter of the nerve fibre: Increase in diameter increases the

speed of conduction whereas smaller the diameter the speed of

conduction is reduced.

(vii) Gender is also known to affect the nerve conduction.



(b)  Technical factors:

(i) Defects in stimulating system like faulty location of stimulator, fat

or edema between stimulator and nerve, bridge formation between

anode and cathode by sweat or by conducting jelly may result in

small response or no response.

(ii) Defects in the recording system like damage in the electrode wire,

incorrect position of active or reference electrode, wrong settings

of gain, sweep or filter may cause erroneous results.

Abnormalities in nerve conduction:

(i) In Segmental demyelination or during demyelination there is

conduction block.

(ii) In focal compression due to demyelination and decrease in fibre

diameter, the conduction velocity slows down.

Clinical significance of nerve conduction study:

It is a part of electrodiagnostic procedures which helps in early and

more accurate diagnosis of various types and degrees of abnormalities of

the peripheral nerves. It is highly sensitive in detecting the slowing of

conduction which is an early indicator of peripheral neuropathy. In

clinical practice common neuropathies encountered are either due to



demyelinating disorders such as diabetes mellitus, multiple sclerosis, etc.

or focal compression of the nerve along its course due to pressure,

fractures, myxedema, tumors, overuse of joints,etc..

Xuan Kong36 et al noticed that utilization of nerve conduction study

was a suitable tool for the diagnosis of diabetic polyneuropathy over 70%

of the patients.

        Morten Charles37 et al noticed the presence of microvascular

complications together with diabetes duration are associated with low

nerve conduction velocity and amplitude response in T1DM.

Turgut N38 et al stated that the dorsal sural nerve conduction studies

in diabetic children may have value in determining the neuropathy in its

early stages.

Hana Ahmed39 et al studied the sensory and motor nerve

conduction in lower limb nerves in children attending Sudan childhood

diabetes centre with T1DM and noticed that detection of subtle nerve

dysfunction will aid in the prevention DPN complications.

Sharmeen Sultana40 et al observed a significant

electrophysiological change in sensory nerves of type 2 diabetes patients

with different duration.



Louraki M41 et al conducted a study and stated that NCS is the gold

standard method for the detection of subclinical DPN in type 1 diabetic

children.

Kakrani AL42 et al conducted a study in 50 diabetics and correlated

the clinical sensory examination findings with nerve conduction study

and concluded that distal symmetrical polyneuropathy is the most

common form of diabetic neuropathy with more common involvement of

tibial and sural nerve.

Sachan P43et al stated that sensory nerve conduction velocity and

sensory latency of sural nerve provides the highest diagnostic sensitivity

in pre diabetic and diabetic population.

            Michael J Fowler44 described the importance of relationship

between diabetes and vascular disease as the prevalence of diabetes

continues to increase.

Saydah SH45 reviewed the third national and nutrition examination

survey conducted between 1988 and 1994 and described the poor control

of risk factors for vascular disease among adults with previously

diagnosed diabetes.



Boulton AJ46 et al stated that the global burden of diabetic foot

disease requires an integrated care approach with regular screening and

education of patients at risk to reduce the cost of health care.

Khadiji Fatima and Abdul Majid48 studied the sensory nerve

conduction studies in patients with chronic renal failure and stated that

the NCS can be used as a reliable test for initial diagnosis or monitoring

the CKD patients.

Hormoz Ayromlou49 et al stated a significant difference in

electrodiagnostic evaluation of peripheral nervous system in multiple

sclerosis patients compared to normal subjects.

         Antonia Gracia50 et al studied the peripheral motor and sensory

nerve action potentials in relation to duration of nerve maturation in

normal infant and children.

Millian-Guerrero51 et al observed that H- reflex could have a

predictive value in DPN and can provide more quantitative value

regarding diagnosis of diabetic polyneuropathy.

Tzenq SS52 et al noticed the slowing of median nerve conduction

velocity over the forearm segment in patients with carpel tunnel



syndrome and the slowing is proportional to the severity of the nerve

lesion.

Singh VK53 et al studied the oxidative stress induced nerve

conduction deficits in cigarette smokers.

P.H.Gandhi54 et al recorded the sensory nerve conduction velocity

of sural nerve in leprosy patients and stated that this is necessary to

investigate patients in early stages of disease.



MATERIALS AND METHODS

This study was conducted in Department of Physiology, Kilpauk

Medical College, Chennai.

STUDY DESIGN:

Observational –Analytical study (Prospective Cohort study).

The study period was 6 months.

SUBJECT SELECTION:

Total Sample size – 80

1. <5 years duration of type 1 DM -20,

2. 5-10 years duration of type 1 DM-20,

3. 10-15 years duration of type 1 DM -20,

4. Age and sex matched controls-20.

INCLUSION CRITERIA:

1. Patients Diagnosed to have type 1 Diabetes mellitus with duration

<5 years, 5-10 years and 10-15 years.



2. Type 1 DM patients on treatment with blood sugar levels under

control.

3. Males and females of age group 18 – 35 years.

4. Patients who were willing to participate in the study.

EXCLUSION CRITERIA:

1. Type 2 diabetes mellitus

2. Hypertension

3. Cataract

4. Glaucoma

5. Optic atrophy

6. Diabetic retinopathy

7. Visual acuity<6/18

8. Alcoholism

9. Smoking

10. Drugs (like amiodarone, chloroquine, metronidazole, isoniazid,

phenytoin, disulfiram)

11. Traumatic neuropathy

CONTROLS - Age and sex matched healthy volunteers were

chosen as controls.



SCREENING PROCEDURES:

1. Patients qualified under the inclusion criteria were enrolled in the

study (Annexure A).

2. Blood glucose levels.

3.  Blood pressure.

4.  Height.

5.  Weight.

6.  Visual acuity assessed by using Snellen’s chart.

7.  Fundus examination obtained from ophthalmologist.

8.  Brief history (Annexure B).

9.  General clinical examination (Annexure B).

CONSENT:

        A written informed consent was obtained from patients after

explaining the procedure and its significance in their vernacular language

(Annexure F).



ETHICAL CONSIDERATIONS:

Ethical committee approval was obtained from Kilpauk Medical

College Institutional ethics committee.

EQUIPMENT DETAILS:

Visual evoked potentials and Sensory sural nerve conduction

studies were carried out in a standardized and computerized Nerve

conduction testing equipment: Medicaid, computerized Physiolab,

Neuroperfect plus.



GENERAL PRECAUTIONS:

(i) Subject was made to sit comfortably.

(ii) The testing procedure was explained to get full cooperation from

the patient.

(iii) Procedures were carried out in a calm and comfortable room.

(iv) After cleaning the skin, the electrode paste was applied gently.

(v) Proper placement of all electrodes and proper grounding of the

subject were ensured.

VISUAL EVOKED POTENTIALS (VEP):

Prerequisites:

(i) Subjects were instructed to do hair wash and to come with dry hair.

(ii) Usual glasses were put on if any during the test.

(iii) Ophthalmological examination such as visual acuity was done

before the test.

(iv) Avoiding usage of miotic or mydriatic drugs 12 hours before the

test was advised.



Equipment set up for VEP:

Suggested Montage:

(i) Recording electrode was placed at Oz .

(ii) Reference electrode was placed at Fpz or 12cm above the nasion.

(iii) Ground electrode was placed at the wrist.

Recording conditions:

(i) Filter: low filter cut at 1-3 Hz, high filter cut at 100-300 Hz.

(ii) Amplification between 20,000 and 1, 00,000.

(iii) Sweep duration between 250 and 500 msec.

(iv) Number of epochs: At least 100 were averaged.

(v) Electrode impedance kept below 5 kilo-ohms.

Stimulation options:

(i) Black and white checker board or vertical grating.

(ii) Distance between subject and screen 70-100cm.

(iii) Contrast between 50-80%.

(iv) Fixation point for full field size > 8º.

(v) Size of pattern element 14 X 16 minute.

(vi) Stimulation rate for transient VEP 1 Hz and for steady state VEP 4-

8 Hz.



(vii) Central luminance 50cd/m2 and background luminance 20-

40cd/m2.

Fig: 9 VEP-Placement of electrodes

Steps:

(i) After the electrode placement, the subject was instructed to fix the

gaze at the Centre of the screen. These electrodes were connected

to the cathode ray oscilloscope through the preamplifier.

(ii) The visual stimulus was delivered by photo stimulator. Each eye

was tested separately.



(iii) The response was obtained. Peak latency and peak to peak

amplitude of the waves were measured and compared with the

normal wave pattern.

SENSORY SURAL NERVE CONDUCTION STUDY:

Equipment set:

(i) Filter setting: low cut at 5-10 Hz and high cut at 2-3 Hz.

(ii) Sweep speed at 2-5 msec/division.

(iii) Gain at 1-5µV/division.

Suggested Montage:

(i) Active electrode was placed between lateral malleolus and tendo

Achilles.

(ii) Reference electrode was placed inferior and lateral to active

electrode.

(iii) Ground electrode was placed just above the ankle.



Fig: 10 Placement of electrodes for sensory sural nerve conduction

Steps:

(i) After the placement of electrodes, the nerve was stimulated supra

maximally and antidromically 10-16 cm proximal to the recording

electrode, distal to lower border of gastrocnemius at the junction of

middle and lower third of leg and the action potential was recorded

and observed.

(ii) The distal latency, sensory nerve action potential (SNAP) and

conduction velocity were calculated and compared with normal

values.



RESULTS

 In this study 60 type 1 diabetic patients with three different groups of

duration of the disease and 20 controls were enrolled. Visual evoked

potentials and sensory sural nerve conduction tests were performed and

the changes were noted. Fasting blood glucose, age, BMI were also

measured. Statistical Analysis was done to compare the findings between

the controls and the study groups and also within the study groups.

ANOVA and Post Hoc Turkey tests were used for statistical analysis.

          P100 latency values were increased in all the diabetic groups as

compared to that of control group and the conduction velocity and

amplitudes were noted to be decreased in all the diabetic groups when

compared to control groups.



TABLE : 1- COMPARISON OF BMI BETWEEN CONTROLS

AND TYPE 1 DIABETIC CASES

Variables N Mean Std.
Deviation

P Value

Controls 20 22.7425 1.44707

0.276
<5 yrs

20 22.6850 1.81123

5-10 yrs
20 23.3150 1.49400

11-15 yrs
20 23.6095 2.16004

  There is no significant difference in BMI between the controls and

the study groups.



FIG : 11 - COMPARISON OF BMI BETWEEN CONTROLS AND

TYPE 1 DIABETIC CASES
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TABLE : 2 - COMPARISON OF FASTING BLOOD SUGAR

LEVELS BETWEEN CONTROLS AND TYPE 1 DIABETIC

CASES

Variables N Mean Std. Deviation
P Value

Control 20 84.4000 7.05169

.006
< 5 yrs 20 93.6000 6.21035

5-10 yrs 20 90.9500 9.29332

11-15 yrs 20 91.7000 10.38775

  There is no significant difference in fasting blood glucose between

the controls and the study groups.



FIG : 12 - COMPARISON OF FASTING BLOOD SUGAR LEVELS

BETWEEN CONTROLS AND TYPE 1 DIABETIC CASES
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TABLE : 3 - COMPARISON OF AGE GROUP BETWEEN

CONTROLS AND TYPE 1 DIABETIC CASES

Variables N Mean Std. Deviation P value

Control
20 23.40 3.662

.006
< 5 yrs

20 22.10 4.553

5-10 yrs
20 24.75 3.726

11-15 yrs
20 36.45 2.946

  There is no significant difference in age between the controls and

the study groups.



FIG : 13 - COMPARISON OF AGE GROUP BETWEEN

CONTROLS AND TYPE 1 DIABETIC CASES
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TABLE : 4 - COMPARISON OF P100  LATENCY AND

AMPLITUDE IN RIGHT EYE BETWEEN CONTROLS AND

TYPE 1 DIABETIC CASES

Parameters
Controls

Mean ± SD

<5 yrs of
TIDM

Mean ± SD

5-10 yrs of
TIDM

Mean ± SD

11-15 yrs of
TIDM

Mean ± SD

P100 Latency
(ms) 99.80±.410 102.62±.625 106.45±.666 112.57±.612

Amplitude
(µV) 7.93±.391 7.00±.513 5.03±.488 2.92±.433



TABLE : 5 - COMPARISON OF P100  LATENCY AND

AMPLITUDE IN RIGHT EYE BETWEEN CONTROLS AND

TYPE 1 DIABETIC CASES

Parameters

Controls

Vs

<5 yrs

Controls

Vs

5-10 yrs

Controls

Vs

11-15 yrs

5-10 yrs

Vs

<5 yrs

11-15 yrs

Vs

<5 yrs

11-15 yrs

Vs

5-10 yrs

P100
Latency

(ms)

<0.05* <0.001** <0.001** <0.05* <0.001** <0.001**

Amplitude
(µV)

<0.05* <0.001** <0.001** <0.001** <0.001** <0.001**

>0.05 - Not Significant, <0.05*- Significant, <0.001**- Highly

Significant

The delay in P100 latency is highly significant in 5-10 yrs and 11-15

yrs of diabetic groups. The reduction in amplitude is highly significant in

5-10 yrs and 11-15 yrs of diabetic groups. The intergroup comparison of

the diabetic patients using Post Hoc Turkey test showed a highly

significant delay in P100 latency in 11-15 yrs diabetic group and highly

significant reduction in amplitude in 5-10 yrs and 11-15 yrs of diabetic

group when compared to other diabetic groups.



FIG : 14 - COMPARISON OF P100  LATENCY IN RIGHT EYE

BETWEEN CONTROLS AND TYPE 1 DIABETIC CASES
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FIG : 15 - COMPARISON OF AMPLITUDE IN RIGHT EYE

BETWEEN CONTROLS AND TYPE 1 DIABETIC CASES
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TABLE : 6 - COMPARISON OF P100  LATENCY AND

AMPLITUDE IN LEFT EYE BETWEEN CONTROLS AND

DIABETIC CASES

Parameters

Controls

Mean ±
SD

<5 yrs of
TIDM

Mean ± SD

5-10 yrs of
TIDM

Mean ± SD

11-15 yrs of
TIDM

Mean ± SD

P100 Latency
(ms) 99.75±.658 102.65±.650 106.58±.668 112.60±.680

Amplitude
(µV) 7.97±.437 6.93±.382 5.01±.590 2.95±.362



TABLE : 7 - COMPARISON OF P100  LATENCY AND

AMPLITUDE IN LEFT EYE BETWEEN CONTROLS AND

DIABETIC CASES

Parameters

Controls

Vs

<5 yrs

Controls

Vs

5-10 yrs

Controls

Vs

11-15 yrs

5-10
yrs

Vs

<5 yrs

11-15 yrs

Vs

<5 yrs

11-15 yrs

Vs

5-10 yrs

P100
Latency

(ms)
<0.05* <0.001** <0.001** <0.05* <0.001** <0.001**

Amplitude
(µV) <0.05* <0.001** <0.001** <0.05* <0.001** <0.001**

>0.05 - Not Significant, <0.05*- Significant, <0.001**- Highly

Significant

The delay in P100 latency is highly significant in 5-10 yrs and 11-15

yrs of diabetic groups. The reduction in amplitude is highly significant in

5-10 yrs and 11-15 yrs of diabetic groups. The intergroup comparison of

the diabetic patients using Post Hoc Turkey test showed a highly

significant delay in P100 latency in 11-15 yrs diabetic group and highly

significant reduction in amplitude in 11-15 yrs of diabetic group when

compared to other diabetic groups.



FIG : 16 - COMPARISON OF P100  LATENCY IN LEFT EYE

BETWEEN CONTROLS AND DIABETIC CASES
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FIG : 17 - COMPARISON OF AMPLITUDE IN LEFT EYE

BETWEEN CONTROLS AND DIABETIC CASES
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TABLE : 8 - COMPARISON OF SURAL NERVE CONDUCTION

VELOCITY AND AMPLITUDE IN RIGHT LEG BETWEEN

CONTROLS AND DIABETIC CASES

Parameters

Controls

Mean ±
SD

<5 yrs of
TIDM

Mean ± SD

5-10 yrs of
TIDM

Mean ±
SD

11-15 yrs of
TIDM

Mean ± SD

Conduction
velocity (m/s) 51.11±.479 49.39±.711 44.95±.768 38.34±.700

Amplitude
(µV) 17.85±.415 16.65±.483 14.66±.502 11.85±.374



TABLE : 9 - COMPARISON OF SURAL NERVE CONDUCTION

VELOCITY AND AMPLITUDE IN RIGHT LEG BETWEEN

CONTROLS AND DIABETIC CASES

Parameters

Controls

Vs

<5 yrs

Controls

Vs

5-10 yrs

Controls

Vs

11-15 yrs

5-10
yrs

Vs

<5 yrs

11-15 yrs

Vs

<5 yrs

11-15
yrs

Vs

5-10 yrs

Conduction
velocity

(m/s)
0.09 NS <0.05* <0.001** <0.05* <0.001* <0.001*

*

Amplitude
(µV) <0.05* <0.05* <0.001** <0.05* <0.001** <0.001*

*

>0.05 - Not Significant, <0.05*- Significant, <0.001**- Highly

Significant

The decrease in conduction velocity and amplitude is highly

significant in 11-15 yrs of diabetic groups. There is no significant

decrease in conduction velocity in 5-10 yrs diabetic group. The

intergroup comparison of the diabetic patients using Post Hoc Turkey test

showed a highly significant decrease in conduction velocity and

amplitude in 11-15 yrs diabetic group when compared to other diabetic

groups.



FIG : 18 - COMPARISON OF SURAL NERVE CONDUCTION

VELOCITY AND AMPLITUDE IN RIGHT LEG BETWEEN

CONTROLS AND DIABETIC CASES
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FIG : 19 - COMPARISON OF SURAL NERVE CONDUCTION

VELOCITY AND AMPLITUDE IN RIGHT LEG BETWEEN

CONTROLS AND DIABETIC CASES
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TABLE : 10 - COMPARISON OF SURAL NERVE CONDUCTION

VELOCITY AND AMPLITUDE IN LEFT LEG BETWEEN

CONTROLS AND DIABETIC CASES

Parameters

Controls

Mean ±
SD

<5 yrs of
TIDM

Mean ± SD

5-10 yrs of
TIDM

Mean ± SD

11-15 yrs of
TIDM Mean

± SD

Conduction
velocity (m/s) 51.16±.391 49.24±.777 45.85±.809 37.29±.718

Amplitude
(µV) 18.01±.446 16.74±.417 13.95±.613 11.76±.339



TABLE : 11 - COMPARISON OF SURAL NERVE CONDUCTION

VELOCITY AND AMPLITUDE IN LEFT LEG BETWEEN

CONTROLS AND DIABETIC CASES

Parameters Controls
Vs <5

yrs

Controls
Vs 5-10

yrs

Controls
Vs 11-15

yrs

5-10
yrs Vs
<5 yrs

11-15
yrs Vs
<5 yrs

11-15 yrs
Vs 5-10

yrs

Conduction

velocity

(m/s)

<0.05* <0.05* <0.001** <0.05* <0.001* <0.001**

Amplitude

(µV)
0.08NS <0.05* <0.001** <0.05* <0.001** <0.001**

>0.05 - Not Significant, <0.05*- Significant, <0.001**- Highly

Significant

The decrease in conduction velocity and amplitude is highly

significant in 11-15 yrs of diabetic groups. There is no significant

decrease in amplitude in 5-10 yrs diabetic group. The intergroup

comparison of the diabetic patients using Post Hoc Turkey test showed a

highly significant decrease in conduction velocity and amplitude in 11-15

yrs diabetic group when compared to other diabetic groups.



FIG : 20- COMPARISON OF SURAL NERVE CONDUCTION

VELOCITY AND AMPLITUDE IN LEFT LEG BETWEEN

CONTROLS AND DIABETIC CASES
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FIG : 21 - COMPARISON OF SURAL NERVE CONDUCTION

VELOCITY AND AMPLITUDE IN LEFT LEG BETWEEN

CONTROLS AND DIABETIC CASES

0

10

20

30

40

50

60

Control < 5 yrs 5-10 yrs 11-15 yrs

A
m

pl
it

ud
e 

in
 L

ef
t l

eg

TIDM



DISCUSSION

The aim of the present study was to evaluate the central and

peripheral neuropathy in type 1 diabetic patients of three different groups

of disease duration.

About 60 to 70 percent of people with diabetes have some form of

neuropathy. There are not many studies on central and peripheral nervous

system involvement in type 1 diabetes. Thus, in the present study VEP

and sensory sural NCS are utilized to evaluate the subclinical

demyelination of optic nerve and peripheral nerves respectively.

In this study, the delays in P100 latencies were highly significant in

5-10 years and 11-15 years of diabetic groups when compared to control

group (Fig:14). These results are in accordance with the findings of

Srivastava21 et al who found significant correlation between the duration

of type 1 diabetes and prolongation of P100 latencies.

In the present study, the reduction in mean amplitude values were

highly significant in 5-10 years and 11-15 years of diabetic groups when

compared to control group (Fig:15). These results are compatible with the

findings of Srivastava21 et al, Sangeeta Gupta17 et al, Karlica22 et al,

Yaltkaya K11 et al.



 Also, the intergroup comparison of the diabetic groups showed a

highly significant delay in P100 in 11-15 years of diabetic group and

highly significant reduction in amplitude in 5-10 years and 11-15 years of

diabetic group when compared to other diabetic groups (Table:5).

The study showed that the decrease in mean conduction velocity of

sural nerve was highly significant in 11-15 years diabetic group when

compared to control group and the decrease in mean sural nerve

conduction velocity was significant in 5-10 years diabetic group  when

compared to control group(Fig:18).

These findings are in correlation with study done by Turgut N38 et

al who showed that the dorsal sural nerve action potentials were

significantly reduced in diabetic children who have no clinical signs of

peripheral neuropathy.

The mean decrease in amplitude of sural nerve in this study was

highly significant in 11-15 years diabetic group when compared to

control group. These findings are in accordance with the studies done by

Sachan P43 et al, Hana Ahmed39 et al (Fig: 19).



The intergroup comparison of the diabetic patients showed a highly

significant decrease in conduction velocity and amplitude in 11-15 years

diabetic group when compared to other diabetic groups (Table: 9).

The prolongation of P100 latencies and decrease in conduction

velocity of sural nerve is thus an expression of structural damage of the

optic and peripheral nerve fibres. The pathophysiology of central nervous

system involvement in type 1 diabetes is multifactorial involving

metabolic and vascular factors which are similar to pathogenesis of

diabetic peripheral neuropathy.

A polyol pathway related mechanism has been implicated in which,

increased extracellular glucose concentrations produce a concentration

dependent conversion of glucose to sorbitol by the enzyme aldose-

reductase.

Also, there occurs an associated depletion of myo-inositol in nerve,

which may also be due to sodium and sodium-related metabolic

alterations in the nerve causing competitive inhibition of sodium gradient

dependent myo-inositol uptake. Depletion of this in turn reduces the

activity of Na+K +ATP-ase which is thought to be located primarily in

the nodal and paranodal regions of large myelinated nerve fibers.

Reduced Na+K +ATP-ase activity leads to increase in the axonal Na+



concentration, reduced nodal Na+ permeability and selective conduction

block with diminished conduction velocity. These metabolic sequelae

have also been suggested to be present in diabetic optic nerve.

Thus, the present study showed changes in the VEP response and

changes in sural nerve conduction study in type 1 diabetic patients much

before the development of clinically apparent central and peripheral

retinopathy and these changes are positively correlated with the duration

of disease.



CONCLUSION

From the present study, it can be concluded that the changes in

VEP and sensory Sural nerve conduction occur in type 1 diabetic patients

much before the development of overt or clinically apparent central

neuropathy ( Retinopathy) and peripheral neuropathy and these changes

are related with the duration of disease.

So, the present study suggests that these electrophysiological tests

are highly sensitive, reliable and noninvasive methods for detecting early

changes in central optic pathways and in peripheral sensory nerves in

type 1 diabetic patients should be recommended whenever possible and

must be added to the list of screening tests for the early assessment of

neurological involvement in diabetic patients. And, these tests can

provide an early identification and aid in proper management of the

disease complications and thereby reducing the morbidity of the disease.

LIMITATIONS OF THE STUDY:

As the sample size of this study involves small group, further

studies are needed in a larger group of individuals to substantiate the

present findings.
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ANNEXURE : A

PATIENT DATA COLLECTION

DEPARTMENT OF PHYSIOLOGY, KMC , CHENNAI.

1.DATE :

2.TIME :

3.ID NO :

4.NAME :

5.AGE (yrs) :

6.GENDER :

7.HEIGHT(cm) :

8.WEIGHT(kg) :

9.AGE AT THE TIME OF DIAGNOSIS:

10.DURATION OF DISEASE AFTER DIAGNOSIS:

11. BLOOD GLUCOSE LEVELS :

12.ADDRESS :

13.OCCUPATION :

14.CONTACT NUMBER :









ANNEXURE : B

BRIEF CLINICAL HISTORY & GENERAL CLINICAL
EXAMINATION

DEPARTMENT OF PHYSIOLOGY, KMC , CHENNAI.

NAME OF THE PATIENT :

AGE :

ID NO:

S.no History / symptoms Yes No

1. h/o any ocular symptoms & treatment for any
ocular disorders

2. h/o of trauma

3. h/o of numbness, tingling ,burning sensation, pain
or any abnormal sensations.

4. h/o any neurological disease or h/o treatment from
neurologist

5. h/o smoking

6. h/o alcohol intake

7. h/o drug intake

8. h/o loss of appetite

9. h/o loss of weight



GENERAL EXAMINATION :

1.BP

2.PULSE RATE

3.RESPIRATORY RATE

4.TEMPERATURE

5.ALERTNESS

6.ANAEMIA

7.CYANOSIS

8.PEDAL EDEMA

9.CLUBBING

10.JAUNDICE

11.CVS EXAMINATION:

12.RS EXAMINATION :

13.CNS EXAMINATION :



ANNEXURE :  C

MEASURES OF VEP ANALYSIS

PARAMET
ERS

CASES(TYPE
1 DM OF < 5

YRS
DURATION)

CASES
(TYPE 1 DM
OF 6-10 YRS
DURATION)

CASES(TYPE
1 DM OF 11-15

YRS
DURATION)

P100 Latency

 P100

Amplitude

MEASURES OF SENSORY NERVE CONDUCTION STUDY
(SURAL NERVE)

PARAMET
ERS

CASES(TYPE
1 DM OF < 5

YRS
DURATION)

CASES
(TYPE 1 DM
OF 6-10 YRS
DURATION)

CASES(TYPE
1 DM OF 11-15

YRS
DURATION)

Amplitude

Conduction
velocity



PATIENT INFORMATION SHEET
We are conducting a study on EVALUATION OF SUBCLINICAL

NEUROPATHY IN TYPE 1 DIABETES MELLITUS in the Department

of Physiology, KMC, Chennai. The purpose of this study is to diagnose

subclinical involvement of central neuropathy and peripheral neuropathy

in type 1 Diabetic patients. We do visual evoked potential test and

sensory nerve conduction study to assess the functional integrity of visual

pathway and nerve conduction for the early diagnosis of diabetic

complications, which in anyway will not affect your treatment. The

privacy of the patients in the research will be maintained throughout the

study. In the event of publication or presentation resulting from the

research, no personally identifiable information will be shared.

Taking part in this study is completely your choice. If you decide

to participate, you will be asked to sign the consent form. Kindly sign the

consent form only when you understand the information given in the

form and have had your questions answered to your complete satisfaction

and understanding

You are free to withdraw from this study at any point of time. We

assure you that withdrawal from the study will not affect the rest of your

treatment in any way and it will be continued as per the recommended

treatment.

Any questions about the study or clarification can be cleared with

the principal investigator or with the other co-investigators of this study.

Signature of the investigator                      Signature of the participant

Date:



CONSENT FORM

Title: “EVALUATION OF SUBCLINICALNEUROPATHY IN TYPE 1
DIABETES MELLITUS”

Study Centre: Govt. Kilpauk Medical College, Chennai.

Patient’s Name:                                                                O.P No:

Patient’s Age/Sex:

I confirm that I have understood the purpose and procedure of the above
study. I had the opportunity to ask questions and all my doubts have been
answered satisfactorily.

I understand that my participation in the study is voluntary and that I am
free to withdraw at any time without my legal rights being affected

I understand that the members of the ethical committee and the
investigators involved in the study will not need my permission to look at
my health records, both in respect to the current study and any other
further research that may be conducted in relation to it. However, I
understand that my Identity will not be revealed in any information
releases to third parties or published, unless as required under the law. I
agree not to restrict the use of any data or results that may arise from this
study.

I hereby consent to Participate in this Study.

Patient’s Signature/Thumb Impression:

Patient’s Name and address:

Witness Signature /Thumb Impression:

Witness Name and Address:

Investigator’s Signature:

Name of the Investigator:

              Date:

              Place:





108

S.No Age Gender Height
(cm)

Weight
(Kg) BMI

Fasting
blood
sugar(
mg/dl)

Right eye VEP Left eye VEP Right leg sensory sural
nerve conduction

Left leg sensory sural
nerve conduction

P100
latency

(ms)

Amplitude
(µV)

P100
latency

(ms)

Amplitude
(µV)

Conduction
velocity(m/s)

Amplitude
(µV)

Conduction
velocity(m/

s)

Amplitude
(µV)

1 24 F 156 52 21.39 80 99.5 7.95 100.5 7.32 50.9 17.21 51.36 18.1
2 20 M 162 64 24.42 82 99.5 7.1 99.5 7.92 51.12 17.42 50.27 17.55
3 19 M 160 63 24.6 76 100 7.82 99 8 51.36 17.11 51.23 18.31
4 18 F 160 56 21.87 89 99.5 8.43 100.5 7.89 51.48 17.48 50.42 17.92
5 19 F 154 56 23.62 82 100.5 7.64 99 8.45 51.39 17.39 50.96 17.86
6 21 M 165 66 24.26 105 100 8.38 100.5 8.53 50.48 18.11 51.38 17.8
7 23 M 168 68 24.11 90 100 8.12 99 8.49 50.23 18.32 51.56 18.26
8 24 M 170 70 24.22 92 99.5 8.2 99.5 8.12 51.42 18.21 51.64 18.94
9 26 F 153 54 23.07 103 99.5 8.29 99.5 7.1 51.2 17.84 50.96 18.33

10 22 M 167 58 20.86 84 100 8.29 100.5 8.47 50.92 17.92 50.89 17.29
11 22 F 158 49 19.67 102 100.5 7.38 100 7.33 51.21 18.22 51.23 18.38
12 20 F 159 56 22.22 83 100 7.27 99 7.94 50.86 18.55 50.91 17.42
13 18 M 168 67 23.75 80 99.5 7.9 100.5 7.82 51.34 17.74 51.83 17.73
14 24 M 170 71 24.56 82 100 7.81 100 7.2 50.38 17.46 51.22 17.76
15 26 F 154 53 22.36 89 99.5 8.62 99 8.21 51.15 18.22 50.92 18.69
16 27 F 152 51 22.07 92 99.5 7.96 99 8.41 51.44 18.51 51.39 18.63
17 24 F 154 52 21.94 94 99 7.77 100.5 8.22 50.27 17.84 50.92 17.7
18 23 M 167 59 21.22 106 100 7.79 100.5 8.11 51.83 17.86 51.48 18.22
19 20 F 152 54 23.37 82 99.5 8.1 100 7.93 51.4 17.93 51.53 17.6
20 22 M 168 60 21.27 76 100.5 7.92 99 7.99 51.92 17.84 51.26 17.74
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S.
No Age Gender Height

(cm)
Weight

(Kg) BMI
Fasting
blood

sugar(mg/dl)

Duration
of

diabetes
in years

Right eye VEP Left eye VEP Right leg sensory sural
nerve conduction

Left leg sensory sural
nerve conduction

P100
latency

(ms)

Amplitude
(µV)

P100
latency

(ms)

Amplitude
(µV)

Conduction
velocity

(m/s)

Amplitude
(µV)

Conduction
velocity(m/s)

Amplitude
(µV)

1 28 F 158 60 24.03 96 4 103 7.6 102.5 6.92 49.25 16.21 48.77 16.31

2 15 F 150 55 24.44 96 3.5 102.5 6.45 103 7.21 49.36 16.28 49.5 17.12

3 29 F 162 59 22.51 87 1 103 6.84 102 7.1 50.1 17.1 50.12 17.4

4 22 M 160 54 21.09 90 1 102.5 7.26 101.5 6.72 50.26 17.12 49.95 16.42

5 29 M 170 60 20.76 105 3 103 6.89 103.5 6.82 48.23 17.5 49.51 16.32

6 24 F 156 54 22.22 104 2 103 7.32 103 7.42 50.12 16.82 49.55 16.78

7 21 M 170 68 23.52 84 2.5 103 7.34 103 6.96 49.76 16.74 48.46 16.71

8 24 M 172 62 21.01 92 3 103.5 7 103 6.35 48.94 16.92 48.22 17.42

9 26 F 152 62 26.83 96 3.5 102.5 6.92 103.5 6.46 48.32 16.08 49.65 16.45

10 17 F 158 59 23.63 94 2 102 6.61 102.5 7.22 49.56 16.03 48.1 17.21

11 15 M 165 63 23.16 90 3 101.5 7.52 102.5 7.68 49.18 16.36 48.21 17.12

12 18 F 157 51 20.73 86 1 103 7.9 101 6.48 50.33 17.24 50.16 16.76

13 22 F 160 53 20.7 92 2.5 102.5 7.91 102.5 6.42 49.73 17.19 50.11 16.21

14 21 M 168 60 21.27 102 1.5 103 6.09 102 7 49.88 16.39 49.36 16.38

15 29 M 166 63 22.9 96 1 103.5 6.63 103 7.36 50.31 16.28 50.08 16.45

16 24 F 150 59 26.22 85 4 102.5 6.44 103.5 7.25 49.22 17.42 48.86 16.77

17 23 F 160 58 22.65 93 2 103 7.4 102.5 6.3 49.36 16.77 49.72 16.39

18 19 M 172 64 21.69 102 4 102 6.78 103 7.08 48.1 16.34 48.1 17.1

19 18 F 152 55 23.8 88 1 101 6.31 102.5 6.97 49.6 16.28 50.09 17.34

20 18 M 171 60 20.54 94 2 102.5 6.96 103 6.88 48.35 16.04 48.32 16.24
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S.
No Age Gender Height

(cm)
Weight

(Kg) BMI

Fasting
blood
sugar

(mg/dl)

Duration
of

diabetes
in years

Right eye VEP Left eye VEP Right leg sensory sural
nerve conduction

Left leg sensory sural
nerve conduction

P100
latency

(ms)

Amplitude
(µV)

P100
latency

(ms)

Amplitude
(µV)

Conduction
velocity(m/s)

Amplitude
(µV)

Conduction
velocity(m/s)

Amplitude
(µV)

1 22 M 165 60 22.05 87 6 107 5.62 106 5.33 45.1 15.21 44.33 15.15

2 26 M 165 68 25.95 80 10 106.5 5.36 106.5 4.26 44.03 15.25 45.1 14

3 18 M 173 60 20.06 90 9 106 4.32 106.5 5.54 45.45 15.26 45.29 15.21

4 32 M 165 65 23.59 105 8 106.5 4.89 106 4.33 46.33 15.33 45.29 15.96

5 28 F 152 50 21.64 96 10 107 4.23 107.5 5.92 44.11 14.86 45.32 15.23

6 27 F 156 54 22.22 104 7 106.5 4.49 105 5.21 44.42 14.54 44.08 14.54

7 21 F 154 52 21.94 86 6 106.5 5.38 107 5.1 44.99 14.05 44.02 14.96

8 29 M 162 62 23.66 82 8 105 5.45 106.5 4.39 45.32 14 46.25 14.8

9 28 F 155 59 24.58 79 10 106 5.56 106 4.72 45.41 14.21 44.55 14.81

10 20 M 165 65 23.89 92 6 107.5 5.92 107 5.51 46.36 15.35 44.72 14.76

11 22 M 170 69 23.87 103 6 107 4.32 105.5 5.32 44.02 14.45 44.11 14.33

12 26 F 155 56 23.33 106 8 106.5 4.77 106 5.45 44.08 15.01 44.25 15.31

13 27 F 154 58 24.47 88 8 106.5 4.92 106.5 5.72 45.23 15.09 44.21 15.92

14 27 F 156 53 21.81 80 8 106 5.22 106 4.11 46.28 15 44.33 15.8

15 28 M 167 71 25.53 79 7 107 5.1 107 5.21 45.51 14 45.42 15.72

16 22 M 165 65 23.89 85 6 107.5 5.13 107.5 4.45 44.25 14.3 46.8 15.11

17 24 M 170 73 25.25 92 9 106.5 5.22 106.5 5.55 44.47 14.91 44.1 15

18 19 F 153 55 23.5 97 6 105 5.25 107 4.3 44.55 14.21 45.92 14.32

19 26 M 171 68 23.28 86 9 106 4.32 106.5 5.61 44.63 14.2 44.98 14.11

20 23 F 153 51 21.79 102 10 106.5 5.21 107.5 4.3 44.6 14.12 44 14
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S.No Age Gender Height
(cm)

Weight
(Kg) BMI

Fastin
g

blood
sugar(
mg/dl)

Duration
of

diabetes
in years

Right eye VEP Left eye VEP Right leg sensory sural
nerve conduction

Left leg sensory sural
nerve conduction

P100
latency

(ms)

Amplitude
(µV)

P100
latency
(ms)

Amplitude
(µV)

Conduction
velocity(m/s)

Amplitude
(µV)

Conduction
velocity(m/s)

Amplitude
(µV)

1 40 M 160 65 25.39 97 15 111.5 3.26 112.5 2.65 38.12 12.11 37.61 12.04

2 34 F 158 49 19.67 73 15 112 2.81 112 2.31 39 11.36 37.44 11.38

3 38 F 150 56 26.66 81 15 113.5 2.92 111.5 3.21 38.25 11.24 39 11.56

4 33 F 154 60 25.31 74 13 112.5 2.45 112.5 3.5 37.12 11.28 39.01 12

5 37 F 159 49 19.44 102 13 111.5 3.21 113 2.92 39.08 11.92 39.22 12.21

6 42 M 168 61 21.63 108 15 112.5 3.11 113.5 3.01 39.1 11.74 37.42 11.83

7 36 M 162 70 26.71 98 15 113 3.01 113.5 2.92 37.36 12.08 38.23 11.59

8 39 M 165 71 26.1 96 14 113 2.81 113.5 2.4 38.25 12.14 38.26 11.61

9 36 M 163 62 23.39 103 14 113 2.03 112.5 3.12 38.54 12.3 38.11 11.73

10 30 F 151 49 21.49 87 13 112.5 2.45 112 3.45 37.61 12.22 39.04 11.79

11 35 F 150 51 22.66 84 13 113.5 2.36 111.5 3.12 39.03 11.3 38.42 12.08

12 38 F 154 51 21.51 79 14 112 2.5 112.5 3.1 37.41 11.71 37.66 11.26

13 36 M 168 68 24.11 82 11 112 3.12 113 3.25 38.25 11.82 39.3 11.42

14 40 M 169 72 25.26 107 14 112.5 3.1 113 2.9 39.11 12.11 38.36 11.39

15 41 F 152 58 25.1 93 15 113 3.25 113.5 2.65 39 12.34 37.07 11.39

16 39 M 170 62 21.45 96 15 112.5 3.8 112 3.1 38.69 11.72 38.41 11.4

17 36 M 172 71 24.06 98 14 113 3.65 112.5 2.31 38.52 12.31 37.01 12.01

18 35 M 160 62 24.21 86 13 112 2.9 112 2.65 37.11 12.01 38.63 12.06

19 33 M 163 64 24.15 94 12 113.5 2.67 112 3.15 38.23 12.08 38.71 12.45

20 33 M 165 65 23.89 96 12 112.5 3.1 113.5 3.45 39.12 11.37 39 12.1


