
EVALUATION OF CORTICAL AND RETINAL ACTIVITY IN 

PATIENTS WITH TYPE 2 DIABETES MELLITUS AND THE 

ROLE OF VASCULAR ENDOTHELIAL GROWTH FACTOR 

(VEGF) IN    THE   PATHOGENESIS  OF DIABETIC 

RETINOPATHY. 

Dissertation submitted to 

The Tamil Nadu Dr. MGR Medical University 

In partial fulfillment of the regulations 

For the award of the degree of 

M.D. PHYSIOLOGY 

Branch V 

 

INSTITUTE OF PHYSIOLOGY & EXPERIMENTAL MEDICINE 

Government Madras Medical College and Hospital 

CHENNAI –600003 

 

THE TAMIL NADU DR. MGR MEDICAL UNIVERSITY 

CHENNAI –600032 

APRIL, 2017 

 

 



CERTIFICATE 

 

 This is to certify that the dissertation entitled “EVALUATION OF 

CORTICAL AND RETINAL ACTIVITY IN PATIENTS WITH 

TYPE 2 DIABETES MELLITUS AND THE ROLE OF VASCULAR 

ENDOTHELIAL GROWTH FACTOR (VEGF) IN THE 

PATHOGENESIS OF DIABETIC RETINOPATHY” by the 

candidate  Dr. VIDHYA. A, for M.D Physiology is a bonafide record of 

the research done by her during the period of study (2014 –2017) in the 

Institute of Physiology and Experimental Medicine, Madras Medical 

College, Chennai –600003.  

 

 

 

       

DEAN                                                               DIRECTOR  

Madras Medical College            Institute of Physiology and Experimental  

Chennai-600 003                               Medicine, Madras Medical College,  

                                                                  Chennai-600 003.  

 

 

 

 

 

 GUIDE                                                                         CANDIDATE   

     

 

                                    

 



 

 

ACKNOWLEDGEMENT 

 There is hardly any task than acknowledging my gratitude to all those 

who have helped me in so many ways during my course.  

 

 I gratefully and sincerely thank Dr. MURALIDHARAN MCH, the Dean of 

Government Madras Medical College and Hospital, Chennai for granting me 

permission to carry out the study at the Institute of Physiology and 

Experimental Medicine, Madras Medical College and Hospital. 

 

 I am extremely thankful to our Prof. Dr.C.THIRUPATHI, M.D., the Director 

and Head of Department of Physiology, Madras Medical College, Chennai  for 

his kind availability and guidance in my research work. 

 

 I am highly grateful and indebted to Prof. Dr.K. PADMA, M.D., my guide 

and former Director , Institute of Physiology and Experimental Medicine, 

Madras Medical College, Chennai for providing  insight and expertise that 

greatly assisted my research. 

 

 I am thankful to Prof. Dr. P. DHARMARAJAN, M.D, D. Diab, Director, 

Institute of Diabetology, Rajiv Gandhi Government General Hospital, Chennai, 

for granting me permission to recruit cases from the Department.  

 

I am heartily thankful to Prof.Dr.A.PARIMALA, M.D., Professor, Institute of 

Physiology and Experimental Medicine, Madras Medical College, Chennai for 

her aspiring guidances, invaluably constructive criticisms and moral support. 

 

 I am immensely thankful to Prof.Dr.P.Sathya, M.D., Professor, 

Institute of Physiology and Experimental Medicine, Madras Medical College, 

Chennai for being a constant source of support and inspiration to me. 



 

I am extremely thankful to Prof. Dr.R.VIJAYALAKSHMI, M.D., Professor, 

Institute of Physiology and Experimental Medicine, Madras Medical College, 

Chennai for her valuable support throughout the study. 

 

 I sincerely thank Dr.JANET SUGANTHA M.D., Dr. 

T.N.VIJAYALAKSHMI M.D, Dr.SHANTHI MALAR M.D, 

Dr.S.KAVITHA M.D, Dr.K.ANANDHA SUBRAMANIAM M.D, Dr. 

GOWRI.V M.D, Dr.INDHUMATHI M.D, Dr.SYED SAFINA M.D, 

Assistant Professors, Institute of Physiology and Experimental Medicine, 

Madras Medical College, Chennai for their valuable guidance in my research 

work. 

         

 My sincere thanks to Prof.Dr.S.MINI JACOB , Professor & HOD, 

Department of Experimental Medicine, Dr. MGR Medical University, Chennai 

for giving me a great opportunity to work in their laboratory and complete the 

ELISA procedure successfully. 

 

I thank Mrs. ANITHA, Research Officer, Department of Experimental 

Medicine, Dr. MGR Medical University, Chennai who deserves my greatest 

gratitude for helping me in the biomarker estimation. 

 

I would also like to extend  my gratitude to all the lab technicians, Mrs. Alice, 

Mrs. Saraswathy, Mr.Ramesh and Mrs.Sankari for their help in blood sampling  

and serum separation procedures  for biomarker estimation. 

 

I use this opportunity to thank all my friends for their timely help and support. 

Above all i thank the Almighty for his continual showers of blessings 

throughout my research work. 

 

 



 

 

 

                                           CONTENTS 

 

CHAPTER   

NO 

TITLE PAGE NO 

1 INTRODUCTION          1 

2 AIM AND OBJECTIVES         10 

3 REVIEW OF LITERATURE         11 

4 MATERIALS AND 

METHODS 

        49 

5 RESULTS         59 

6 DISCUSSION         69 

7 SUMMARY         72 

8 CONCLUSION         73 

 BIBLIOGRAPHY  

 ANNEXURES  

i ETHICAL COMMITTEE APPROVAL 

ii CONSENT FORM  

iii PROFORMA 

iv MASTER CHARTS 

 

 

 

 



                                  

 

 

ABBREVIATIONS 

DM DIABETES MELLITUS 

DR DIABETIC RETINOPATHY 

VEGF VASCULAR ENDOTHELIAL GROWTH 

FACTOR 

NPDR NON PROLIFERATIVE DIABETIC 

RETINOPATHY 

PDR PROLIFERATIVE DIABETIC 

RETINOPATHY 

VEP VISUAL EVOKED POTENTIAL 

DME DIABETIC MACULAR EDEMA 

CSME CLINICALLY SIGNIFICANT MACULAR 

EDEMA 

ERG ELECTRORETINOGRAPHY 

BRB BLOOD RETINAL BARRIER 

 

 

 

 

 

 

 



                           





[1] 

 

INTRODUCTION 

Diabetes mellitus (DM) is a chronic disease, easily the most important 

health challenge of the present century, some even calling it the biggest global 

health crisis we face when one looks at the economic burden it carries for third 

world countries like India. The World Health Organisation statistics for DM in 

2014 shows that globally about 422 million adults were afflicted by the disease. 

This represents a near doubling of the prevalence of disease since 1980 from 

4.7% to 8.5% in 2014, a huge increase [1,2]. DM caused 1.5 million deaths in 

2012,  high blood glucose responsible for another  2.2 million deaths, by 

increasing the risk of cardiovascular and other diseases. Among  these  deaths 

43%  occur before the age of 70 years [2]. The UN general assembly has 

designated November 14 as World diabetes day to promote awareness about 

this modern day endemic. India has been termed as the diabetes capital of the 

world by some as reports indicate it has the second largest number of diabetics 

for one single country, an estimate of around 40 million, second only to China. 

The prevalence of impaired glucose tolerance (IGT) in patients is thought to be 

around 8.7 per cent in urban areas and 7.9 per cent in rural areas, although 

some may consider this estimate too high. It is thought that around 35 per cent 

of IGT sufferers will eventually go on to develop type 2 diabetes, leaving India 

genuinely facing a healthcare crisis. It has been noted that in India, the 

presentation of DM differs considerably from that seen in the Western world, 

as Type 1 is considerably rarer and only about one third of all type II diabetics 
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are overweight or obese. DM has also been noted to appear much earlier in life 

in India, which in turn makes the chronic long-term complications of the 

disease becoming more common. All these mean that the implications for the 

Indian healthcare system will be enormous [3]. 

One of the common complications of DM is retinopathy, but before we 

enter into this part of the world of DM complications, let us first see how our 

understanding of this disease evolved over millennia.  

The earliest description of diabetes mellitus (DM) is probably in the 

Egyptian Eber’s papyrus, mentioning “the great emptying of urine” way back 

in 1500 BCE [4], a symptom characteristic of the disease. The term diabetes as 

a disease was, however, first described by the Greek  physician Apollonius of 

Memphis  in 230 BCE, for a condition of excessive urination [5], loosely 

translated into the Greek term for “a passer through” or siphon. In ancient India 

the disease was called “madhumeha” meaning honey urine, and potentially the 

first clinical test using the attraction of ants and flies to the urine of diabetic 

patients has been described [5]. Sushruta and Charaka circa 4
th

 century CE are 

known to have differentiated between diabetes types 1 and 2, based on their age 

at presentation and body habitus of the patients affected [6]. In fact the first 

complete clinical description of the disease was done by Aulus Cornelius 

Celsus at the turn of the millennium (30BCE to 50 CE) [7]. Not surprisingly 

physicians at that time thought it was a disease of the kidneys.  

During the Renaissance the understanding of DM improved with 

Thomas Cawley being the first suggest a link to the pancreas, by observing that 
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people with pancreatic injury developed the disease [8]. It was Mathew 

Dobson, who in 1776, showed for the first time that the sweet tasting substance 

in the urine of diabetics was indeed sugar [9]. He also noted that the serum of 

these patients had hyperglycemia, and suggested that DM was a systemic 

disease rather than a renal disease, as was thought till then. The first qualitative 

test for sugar detection was developed in 1841 by Karl Trommer, which was 

further refined by Hermann Von Fehling (1812-1885) who is credited with 

developing the first easily reproducible quantitative test for glucose in urine in 

1848, allowing for glucosuria as the accepted diagnostic criteria for DM [10]. 

William Prout was the first to describe diabetic coma and Wilhelm Peters in 

1857 demonstrated the presence of acetone in the urine of patients with 

diabetes [11]. Adolf Kussmaul (1822–1902) proposed that acetonemia was the 

cause of diabetic coma [11]. John Rollo a surgeon general in the British Army, 

added the term “mellitus” (derived from the Greek word for honey) to help 

distinguish it from the similarly presenting diabetes insipidus. He also 

developed a high-protein and low-carbohydrate diet for DM in 1797 [12]. In 

1893, a French scientist Gustave–Edouard Laguesse suggested that the tiny 

islands of pancreatic tissue described some time back in 1869 by Paul 

Langerhans, might be the real source of the substance involved in blood 

glucose control, the latter at age 22 had described these small collection of 

pancreatic cells which were not drained by the pancreatic ducts [13].  In 1909, 

the Belgian physician Jean de Mayer named this presumed substance produced 

by the islets of Langerhans as Insulin [13]. The race to now isolate this new 
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found substance and finally deal with DM was on. However all this did not 

improve the life of patients till about the early part of the last century, most 

patients dying prematurely. 

The discovery of Insulin was the most important in understanding and 

treating the disease. Banting and Best are credited with the first treatable 

extract of Insulin although the road to success was not an easy one and 

involved a big team. Frederick Grant Banting was an orthopaedic surgeon 

when he developed interest in diabetes, as a war veteran. Banting approached 

John J.R. MacLeod, then a Professor of Physiology at the University of 

Toronto, who willingly agreed to provide Banting with some space in his 

laboratory for an eight-week summer period in 1921. McLeod assigned a 

young physiology student Charles Best to assist Banting with these 

experiments, who apparently won this honour by a toss of the coin with another 

student [14]. At the end of 1921, a biochemist James Collip also joined the 

team of Banting and Best and was instrumental in developing a better 

extraction and purification technique for Insulin. The first official report of 

successful animal experiments with Banting’s pancreatic extracts was at the 

Physiological Journal Club of Toronto on November 14, 1921 and the 

American Physiological Society, later that year. On January 11, 1922, Banting 

and Best injected a patient Leonard Thompson, a 14-year old boy being treated 

for diabetes at Toronto General Hospital, with one such  extract, although this 

first attempt actually caused injection abscesses. The second injection, now 

using a much improved method using Collip’s method, followed on January 
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23. This time the patient’s blood glucose fell dramatically from 520 to 120 

mg/dl within about 24 h and the patients urinary ketones disappeared. More 

importantly for the first time clinicians could tame this killer disease [15].  

The Nobel Prize awarded for discovery of insulin in 1923, went to 

Banting and MacLeod, who to their credit, shared their portions of the prize 

with Best and Collip respectively. Banting and Macleod also refused to patent 

their new invention, a noble act which earned them accolades from the medical 

fraternity at large [11]. And looking at the sheer number of diabetics needing 

insulin, this went a long way in making insulin accessible to the common man.  

The discovery of oral hypoglycaemic agents was a further help in 

treating this disease. Biguanides were actually investigated for their side effect 

of hypoglycaemia. The first commercially available guanidine derivative was 

decamethyl– diguanidine,  introduced in 1928 and marketed in Europe under 

the name Synthalin [16]. Many chemical substances have been studied for their 

hypoglycaemic effect but from this lot extremely few have made it to the 

market. As a stated example, from 1962 to 1977, the pharma Boehringer–

Mannheim and Hoechst studied a total of 8000 different chemicals for their 

hypoglycaemic properties, of which 6000 did produce hypoglycaemia in 

laboratory animals. Out of the above, only five made it to human clinical 

testing and ultimately only one, HB 419 (glibenclamide/glyburide), was 

eventually marketed [16].  

Today the incidence of type 2 DM has reached epidemic proportions 

along with an associated condition, obesity. And thus efforts are being made to 
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prevent the disease rather than trying to control or cure the disease. Studies 

over a period of time have clearly demonstrated that diet and exercise improve 

glycemic control. In fact some  diabetics treated with diet and exercise alone 

have entered a sustained remission state lasting up to 5 years. Data from the 

famed NHANES (National Health and Nutrition Examination Survey) studies 

show that among adults aged 20–74 years, the prevalence of obesity increased 

significantly from 15.0% (in the 1976–1980 survey) to 32.9% (2003–2004 

survey). Recent studies show that up to thirty-four percent of all adults aged 

20–70 are overweight [17]. This finding can be partly attributed to the  

significant increase in total calories and carbohydrate consumption over the 

past 30 years [18]. Several clinical studies show evidence that just diet and 

exercise can reduce the incidence of type 2 DM. Tuomilehto et al demonstrated 

that individuals on a consistent diet and exercise program had only 10% 

incidence of diabetes during 4 years of follow-up as compared to 22% for 

patients in the control group who did not regularly exercise and met only once 

a year with the dietician and the physician[19]. A 6-year randomized trial by 

Pan and colleagues demonstrated that exercise resulted in a 46% reduction in 

the incidence of diabetes in patients with known impaired glucose tolerance 

[20]. Helmrich et al administered questionnaires evaluating the pattern of 

physical activity among 5990 male alumni of the University of Pennsylvania. 

These researchers found that the leisure time activity ( for example  walking, 

stair climbing, and participating in sports) during a 14-year follow-up was 

inversely related to the risk of development of type 2 DM. This protective 
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effect was strongest among people at the highest risk for diabetes [21]. Manson 

et al followed 87,253 women (aged 34–59) who were free of diabetes, 

cardiovascular disease, or cancer for 8 years. They noted that women who 

engaged in vigorous exercise for at least once a week had up to 46% relative 

risk reduction for development of diabetes, after adjusting for age, family 

history, body mass index, and other factors [22]. 

 Lifestyle and diet modifications help prevent not only DM but also 

hypertension, cardiovascular disease and cancer - diseases which are the 

biggest killers in modern history. 

Retinopathy is a specific microvascular complication of DM and was 

first described by Henry Noyes in 1869, in a patient with advanced diabetes 

[11]. Diabetic Retinopathy (DR) has been implicated as the leading cause of 

vision loss in adults aged 20–74 years [23]. Studies show that from 1990–2010, 

DR was ranked as the fifth most common cause of preventable blindness in 

adults and similarly also the fifth most common cause of moderate to severe 

visual impairment in adults [24]. In 2010, of an estimated 285 million diabetics 

worldwide, over one-third have signs of DR, while a third of these are afflicted 

with vision-threatening diabetic retinopathy (VTDR) which has been defined as 

one of the following - severe non-proliferative DR, or proliferative DR (PDR) 

or diabetic macular edema (DME) [25]. These estimates in fact are expected to 

rise further over the years due to the increasing prevalence of DM, ageing 

population and the increasing life expectancy of diabetes. It is interesting to 
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note that patients with type 2 DM in Western communities are known to have a 

higher prevalence of DR than their Asian counterparts [26]. 

DR can be diagnosed by direct visualization of the retinal vessels by 

ophthalmoscopy after dilating the pupils. Fluorescein angiography and optical 

coherence tomography are other tests used for diagnosis. The widely accepted 

gold standard for the detection and classification of diabetic retinopathy is the 

stereoscopic colour fundus photographs in seven standard fields, as established 

by the Early Treatment Diabetic Retinopathy Study (ETDRS) group [27]. 

Hyperglycaemia is established as the most important risk factor for both 

DR and DME. A recent meta-analysis of three large population-based studies 

found a graded relationship between the level of glycaemia and the frequency 

of retinopathy signs [28]. The United Kingdom Prospective Diabetes Study 

(UKPDS) and the Diabetes Control and Complications Trial (DCCT) provide 

strong evidence that the tight control of glycaemia (described as HbA1c <7 %) 

reduces both the risk of development and progression of DR in both type 1 and 

type DM [29]. 

Vascular endothelial growth factor (VEGF) is now known to be a key 

modulator of angiogenesis and vascular permeability, and its action is up-

regulated by inflammatory cytokines [30]. Their role in DR has led to the use 

of anti-VEGF agents, which are being used successfully for the treatment of 

both PDR and DME [31]. Recent studies show that Ranibizumab, an anti-

VEGF agent, was in fact more effective than laser therapy in restoring vision in 

DME [32]. 
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Visual evoked potential (VEP) can detect any dysfunction along the 

visual pathway including the retina and are thus a valuable tool to detect 

retinopathy in diabetics with normal visual acuity [33]. What is more important 

is that changes in VEP can be detected even before clinical changes of 

retinopathy are seen, making it an important predictor for DR [34].  Of the 

retinal changes, one functional change which has been  shown to precede the 

appearance of overt retinopathy is a change in colour vision – thus colour VEP 

is an important tool in management of DM [35]. 
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AIMS AND OBJECTIVES 

• To study VEP responses in 20 controls who were non-diabetic with  no 

known eye disease. 

• To compare this with VEP responses in 20 age and sex matched type 2 

diabetic patients with retinopathy and 20 type 2 diabetics without 

clinical retinopathy changes.  

• Assess VEGF levels in non diabetic  controls and compare them with 

type 2 diabetic patients with retinopathy and those  without clinical 

retinopathy changes.  
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REVIEW OF LITERATURE 

Diabetes mellitus (DM) may be defined as a group of metabolic 

disorders characterized by chronic hyperglycemia caused by defects in insulin 

secretion, insulin action or both. In present day the disease has epidemic 

proportions, the World Health Organisation (WHO) states that the incidence of 

diabetics has risen from 108 million in 1980 to 422 million in 2014, a huge 

jump. Also the global prevalence of DM  among adults aged over 18 years has 

risen from 4.7% in 1980 to 8.5% in 2014 [1]. DM has major associated 

morbidities, blindness, kidney failure, heart attacks, stroke and lower limb 

amputation, all of them related to the systemic effects of the disease. DM is a 

killer too, in 2012 an estimated 1.5 million deaths were directly attributed to 

the disease itself while another 2.2 million deaths were related to the effects of  

high blood glucose. Of these deaths, almost half will occur before the age of 70 

years [36]. The WHO in fact projects that diabetes will be the 7th leading cause 

of death by the year 2030 [37]. Two types of DM are known, the commoner 

Type 2 DM accounts for between 90% and 95% of all diabetic patients 

worldwide [38]. Also termed as adult-onset or noninsulin-dependent diabetes, 

type 2 DM shows a spectrum of disease ranging from insulin resistance with 

relative insulin deficiency to a predominately insulin secretory defect combined 

with insulin resistance. These patients show a relative rather than an absolute 

insulin deficiency, and may take insulin, however they typically do not need 

insulin itself for survival. The majority of patients with type 2 diabetes are 

obese, with obesity itself being a known risk factor which contributes to 
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relative insulin resistance. Type 1DM, previously called juvenile-onset or 

insulin-dependent diabetes, is characterized by destruction of the beta-cells in 

the pancreas  by cellular-mediated autoimmune mechanism and usually leads to 

severe insulin deficiency. This type of diabetes is associated with more 

frequent and increased severity in the ocular complications as compared to type 

2 DM[39]. 

 

Type 2 Diabetes ADA Diagnosis Criteria 

The American Diabetes Association (ADA) criteria for the diagnosis 

of diabetes are any of the following: 

• A glycated  hemoglobin  (HbA1c) level of 6.5% or higher  or 

• A fasting plasma glucose (FBS) level of 126 mg/dL (7 mmol/L) or 

higher; fasting is defined as no caloric intake for at least 8 hours, or 

• A 2-hour plasma glucose level of 200 mg/dL (11.1 mmol/L) or higher 

during a 75-g oral glucose tolerance test (OGTT), or 

• A random plasma glucose of 200 mg/dL (11.1 mmol/L) or higher in a 

patient with classic symptoms of hyperglycemia (ie, polyuria, polydipsia, 

polyphagia, weight loss) or hyperglycemic crisis. 

Hyperglycaemia, or raised blood sugar, is seen in uncontrolled diabetes 

and this over time leads to serious damage to many systems, especially the 

nervous and vascular systems [38]. Chronic hyperglycaemia seen in diabetes is 

associated with long-term damage, dysfunction and eventually failure of 

various organs, notably the eyes, the kidneys, nerves, heart and blood vessels. 
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A prevalence study by Ramachandran et al  has shown the prevalence of 

vascular complications in type 2 diabetes in Indian subjects as follows: 

 

    Complication    Prevalence in Indians (%) 

Peripheral neuropathy               27.5 

Retinopathy               23.7 

Heart disease               11.4 

Nephropathy               5.5 

Peripheral vascular disease               4.0 

Stroke              0.9 

 

 The problem of Diabetic retinopathy  

Risk factors for diabetic retinopathy can be divided into modifiable and 

non-modifiable. The non-modifiable ones include genetic factors, gender, and 

duration of disease. The modifiable ones include hyperglycaemia, high blood 

pressure and lipid levels. Additional factors like carotid arterial disease, 

pregnancy, renal impairment and smoking have been known to play a role.  

 

Diabetic Retinopathy : Pathophysiology and Genetics 

Diabetic retinopathy (DR) is the most devastating of the ocular complications of 

DM. Experimental evidence has suggested that chronic, prolonged 

hyperglycaemia and its biochemical sequelae are the initiating events in the 
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development of retinopathy but studies have not been able to convincingly 

show this causal relation [40,41]. Among the different mechanisms proposed 

for hyperglycemia induced diabetic vascular damage to the retina are the 

polyol pathway flux, the increased formation of advanced glycation end 

products with increased expression of the above receptors and their 

activating ligands, the activation of protein kinase C isoforms, and an 

overactivity of the hexosamine pathway [42,43]. New emerging evidence 

shows that all of the above metabolic mechanisms are associated with 

overproduction of reactive oxygen species with depletion of antioxidants in 

DR [44], which contribute to DR progression by damaging there tinal 

cells.
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        Recent studies shows similarities in the pathogenesis of diabetic 

retinopathy with that of chronic inflammatory disease. Both show increased 

levels of cytokines, including interleukin-1β (IL-1β), IL-6, and IL-8 which 

have been detected in the vitreous fluid of patients with proliferative diabetic 

retinopathy [45], and in the retina of diabetic rats [46]. Retinal ischaemia 

leading to reperfusion injury causes the expression of IL-1β to be dramatically 

up-regulated in the glial cells, endothelial cells, and neutrophils which are 

recruited into the retina [47]. Biochemical abnormalities similar to those 

observed in retinal ischaemia-reperfusion are also present in the retina in 

retinopathy suggesting that this inflammatory cytokine might play an important 

role in the pathogenesis of DR.  In the early stages of the development of DR in 

humans and animal models, retinal capillary cells undergo accelerated 

apoptosis, and this finding can be seen before any histopathology is even 

apparent [48]. Studies also show that these apoptotic cells themselves can act 

as procoagulant sites in DR, and this in itself could create a pro-inflammatory 

environment [49]. IL-1β induces expression of many genes whose promoters 

are themselves regulated through complex interactions with other transcription 

factors such as nuclear factor NF-κB and AP1 [50,51]. Recent studies have also 

shown that NF-κB activation within retinal pericytes is responsible for 

hyperglycaemia induced accelerated loss observed in DR [52].  

Epigenetics is the relatively recent science which studies heritable 

changes in gene expression that occur without obvious changes in DNA 

sequence [53]. Epigenetic mechanisms regulate both the long-term 
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(heritable) and short-term (non-heritable) effects and thus play a significant 

role on many different disease processes [54]. Epigenetic modifications 

contribute towards mitochondrial damage and recent studies postulate their 

role in the development of DR, and the metabolic memory phenomenon 

[55]. And it is this epigenetic metabolic memory phenomenon which may be 

the major reason for the continuation of DR process even when the blood 

glucose levels have normalized [56]. 

 

Diabetic Retinopathy: role of Vascular endothelial growth factor 

(VGEF) 

 VEGF is now a well-known pathogenic factor in the disruption of the 

blood- retinal barrier (BRB) and neovascularization, which are the primary 

pathogenic events of diabetic macular edema (DME) and proliferative diabetic 

retinopathy (PDR), respectively. There is also emerging evidence that VEGF 

has significant neurotrophic and neuroprotective properties [57, 58]. Numerous 

retinal cells synthesize VEGF, however recent conditional gene deletion studies 

show that it is Muller cell derived VEGF which are primarily responsible for 

BRB breakdown and neovascularization in rodent disease models [59, 60].  

The most important VEGF-mediated mechanism in the pathogenesis of 

diabetic retinopathy is the breakdown of the BRB and angiogenesis. VEGF-

induced breakdown of the BRB requires conventional protein kinase activation, 

which phosphorylates the tight junction protein occludin, leading to  breaks in 

the tight junctions causing vascular permeability [61,62]. In this pathogenesis 
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the critical role of nitric oxide in VEGF-induced vascular permeability and 

angiogenesis have also been emphasised [63].  Studies extensively report that 

both VEGF and its receptors have been found to be increased in the retina of 

animal models with either ischemic retinopathy or diabetes, as well as in 

human diabetics [64]. VEGF concentration has also been found to be strikingly 

higher in the vitreous fluid of PDR patients than in non-diabetic control 

subjects and this expression is probably related to active retinopathy [65]. 

 The mechanisms by which VEGF induces neovascularization in PDR 

are multifactorial; however one of the important ways is the activation of 

conventional protein kinase C (PKC-b2) isoform [66]. VEGF also induces the 

expression of serine proteases, tissue type plasminogen activators, and 

metalloproteinases, as well as significantly decreasing the tissue inhibitors of 

metalloproteinases TIMP-1 and TIMP-2 [67,68].  These effects are important 

in causing proteolysis of the basement membrane, which is considered the first 

step in the angiogenic process leading to PDR. Other mechanisms by which 

VEGF could promote angiogenesis are through the enhancement of 

intercellular adhesion molecule 1 (ICAM-1) [69] and vascular adhesion 

molecule 1 (VCAM-1) [70]. 

 With our improved understanding of the effect of retinal over-

expression of VEGF and its role in the development of both DME and PDR, 

there is an emerging role for the  development and use of intravitreal anti-

VEGF agents as new treatments for the debilitating complications of DR. 

Current evidence indicates three anti-VEGF agents that could be useful for 
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diabetic retinopathy: bevacizumab, ranibizumab, and aflibercept [71]. Recent 

clinical trials with anti-VEGF therapies have demonstrated significant 

improved visual acuity for patients suffering from  DME, ranibizumab being 

the most thoroughly tested [71]. Ranibizumab is the only  approved drug for  

intra-vitreal use in DME in the United States. and Europe [72]. 

 

 Wang et al [73] looked at plasma and vitreous VEGF levels and their 

role in the progression of proliferative diabetic retinopathy in post-vitrectomy 

patients. They found that vitreous and plasma VEGF levels were significantly 

elevated in PDR patients when compared to healthy controls 

(Pvitreous<0.001; Pplasma<0.001). The levels of both vitreous and plasma VEGF 

were found to be significantly higher in PDR progression group than in in those 

patients with stable DR (Pvitreous<0.001; Pplasma = 0.004).  The vitreous VEGF 

level showed good correlation to  the plasma VEGF level in PDR patients 

(P<0.001). They concluded that the increased VEGF level in vitreous fluid may 

be a significant predictive factor for the outcome of PDR post-vitrectomy 

patients.  
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Diabetic Retinopathy: Diagnosis 

While peripheral and autonomic neuropathy is well documented, 

central neuropathy has been investigated more recently with the advent of 

electro-neurophysiological techniques to assess cerebral function, such as 

visual evoked potentials (VEPs) [74]. VEPs are electrophysiological signals 

which are elicited from the EEG activity in the visual cortex in response to 

visual stimuli and these are recorded from the overlying scalp near the 

occipital cortex [75]. Changes in the VEP are thought to be due to ganglion 

cell and optic nerve dysfunction and several clinical studies confirm VEP 

deficits in humans with DM. Different waveforms can be detected from the 

visual cortex. The P100 wave form is generated in the striate and peri-striate 

occipital cortex due to the activation of the primary visual cortex and also 

due to the discharge of the thalamo-cortical fibers. N75 reflects the activity 

of the fovea and the primary visual cortex while N145 reflects the activity of 

the visual association area. The P100 wave has a prominent peak which 

shows relatively little variation between the subjects, minimal inter-subject 

interocular difference, and minimal variation even with repeated 

measurements over time [76]. It is for these reasons that this particular 

latency is favoured in studies comparing different groups of diabetes. The 

pattern reversal VEP is the preferred stimulus because of less variability in 

the waveform and the timing than the VEPs elicited by other stimuli [77].  

Kern et al noted functional VEP defects in all diabetic patients, whether they  



[21] 

 

had  DR or not [78].This suggests that damage to optic nerve function 

probably occurs in the early stages of the disease itself or may develop 

independently from retinal vascular pathology. 

While some studies show differences in the delay in the P100 latencies 

in diabetics with duration of disease [ 79,80], these were only significant in 

some [81,82].  Szabela D et al, however observed that the delay in the P100 

latency was stable in long standing diabetics [83]. 

 

Diabetic Retinopathy : classification 

The Wilkinson classification for DR is a clinically useful one [84]: 

1) No apparent diabetic retinopathy: no abnormalities 

2) Mild non-proliferative diabetic retinopathy (NPDR): haemorrhages or 

microaneurysms only 

3) Moderate NPDR: more than only microaneurysms, but less than severe 

NPDR 

4) Severe NPDR: no signs of proliferative retinopathy, with any of the 

following: >20 intra-retinal haemorrhages in 4 quadrants; definite 

venous beading in 2 or more quadrants; prominent intra-retinal 

microvascular abnormalities in 1 or more quadrants 

5) Proliferative DR (PDR): optic disc or retinal neovascularisation and/or 

vitreous or pre-retinal haemorrhage;  iris neovascularisation 
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6) Clinically significant macular edema (CSME): includes thickening of 

the retina at or within 500 micrometres of the centre of the macula and 

approximately one half optic disc diameter, or hard exudates at or within 

500 micrometres of the centre of the macula, associated with thickening 

of the adjacent retina (not residual hard exudates remaining after the 

disappearance of retinal thickening), or zone/zones, of retinal thickening 

one disc area or larger, any part of which is within one disc diameter of 

the centre of the macula.  

Diabetic Retinopathy: Management 

Many studies of patients with Type 1 DM show a direct relationship 

between the prevalence and severity of retinopathy and the duration of diabetes 

[50]. In Type 1 DM patients substantial retinopathy may become apparent as 

early as 6 to 7 years after onset of the disease. Ophthalmic examinations are 

recommended starting 5 years after the diagnosis of Type 1 diabetes and 

annually thereafter, which should detect the vast majority of Type 1 patients 

who require therapy [85,86]. The time of onset of Type 2 diabetes is often 

difficult to determine as they are detected late or incidentally, thus they may 

precede the diagnosis by a number of years [87]. Up to 3% of patients whose 

disease is diagnosed at age of 30 years or later will have CSME or high-risk 

features at the time of the initial diagnosis of diabetes [88]. Up to 30% of 

patients with type 2 DM will have some manifestation of diabetic retinopathy 

at diagnosis. Therefore, these patients should be referred for ophthalmologic  
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evaluation at the time of diagnosis itself [89]. DR is known to worsen during 

pregnancy probably due to the physiologic changes of pregnancy itself or 

abnormal metabolic control during this phase [90]. 

The initial examination for diabetics should include the following elements:  

• Visual acuity and, 

• Slit-lamp bio-microscopy,  

• Intraocular pressure (IOP) measurement 

• Gonioscopy before dilation. (Iris neovascularization is best recognized 

prior to dilation. When present or suspected, or if the intra-ocular 

pressure is elevated, undilated gonioscopy should be used to detect 

neovascularization in the anterior chamber angle) 

• Pupillary assessment (for optic nerve dysfunction) 

• Complete funduscopy, including stereoscopic examination of the 

posterior pole 

• Examination of the peripheral retina and vitreous 

• Colour and red-free fundus photography 

• Additional tests : Optical coherence tomography (OCT), Fluorescein 

angiography (FA) and Ultrasonography 

 For optimal examination of the retina it should be performed with a 

dilated pupil, because only 50% of eyes are correctly classified for the presence 

and severity of retinopathy through an undilated pupil [91].A slit-lamp bio-

microscopy is the recommended method to evaluate retinopathy along the 
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posterior pole and mid-peripheral retina [92]. The peripheral retina is best 

examined using indirect ophthalmoscopy or slit-lamp bio-microscopy.  During 

these examinations we should look out for the following, which are high risk 

for visual impairment: 

- Macular edema 

- Severe NPDR (seen as extensive retinal hemorrhages/microaneurysms, 

venous beading, and intra-retinal microvascular abnormalities) 

- Optic nerve head neovascularization and/or neovascularization 

elsewhere. 

- Vitreous or pre-retinal haemorrhages  

-  
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Normal or Minimal NPDR 

Patients with a normal retinal examination or minimal NPDR (rare 

microaneurysms) should be re-examined annually, because it has been noted 

that within 1 year, up to 5% to 10% of patients without retinopathy will 

eventually develop DR[93]. Also existing retinopathy will worsen by a similar 

percentage [94]. Additional tests / procedures like laser treatment, color fundus 

photography, and FA are not necessarily indicated. 

 

Mild to Moderate NPDR without Macular Edema 

Mild to moderate non-proliferative DR includes patients with retinal 

microaneurysms and occasional blot hemorrhages or hard exudates. They 

should be ideally re-examined within 6 to 12 months, because disease 

progression is common in these patients[95]. The natural history of Type 1 

diabetic patients shows that approximately 16% of patients with mild DR (hard 

exudates and microaneurysms only) will progress to proliferative stages within 

4 years [95].  

Additional procedures like laser surgery and FA are not indicated for 

this group of patients. Color fundus photography and OCT imaging of the 

macula may occasionally be helpful to establish a baseline for future 

comparison and for patient education. It has been noted that in patients with 

mild NPDR, the 4-year incidence of either CSME or macular edema which is 

not clinically significant is approximately 12%. In  moderate NPDR, this risk  
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increases up to 23% for patients with either Type 1 or 2 diabetes [96]. Patients 

with macular edema that is not clinically significant should be re-examined 

within 3 to 4 months, because they are at a high risk of developing CSME [97].  

Mild to Moderate NPDR with Clinically significant macular edema 

(CSME) 

“Clinically significant macular edema (CSME) is defined by the Early 

Treatment Diabetic Retinopathy Study ETDRS to include any of the following 

features: 

• Thickening of the retina at or within 500 µm of the center of the macula 

• Hard exudates at or within 500 µm of the center of the macula, when 

associated with adjacent retinal thickening. (This criteria does not apply 

to residual hard exudates that remain after successful treatment  of prior 

retinal thickening.) 

• A zone or zones of retinal thickening one disc area or larger, where any 

portion of the thickening is within one disc diameter of the center of the 

macula” 

It has been suggested to further subdivide diabetic macular edema 

according to involvement at the center of the macula, because of the risk of 

visual loss and the need for treatment which is greater when the center is 

involved. It has been reported that the  diagnosis of diabetic macular edema can 

be difficult. Macular edema is best evaluated by a dilated examination using 

slit-lamp biomicroscopy, OCT, and/or stereoscopic fundus photography. Any 
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ophthalmologist who treats patients for this condition should be familiar with 

relevant studies and techniques as described in the Early Treatment Diabetic 

Retinopathy Study (ETDRS) and subsequent studies, such as the Diabetic 

retinopathy clinical research (DRCR) Protocol trial [98] and other studies 

involving anti-VEGF treatment [97, 99]. These patients benefit from 

fluorescein angiography prior to laser surgery for CSME, as they are very 

helpful in identifying the treatable lesions. Fluorescein angiography is found to 

be less relevant when there are circinate lipid exudates and the leaking lesions 

are quite clearly detected within the lipid ring. Fluorescein angiography is 

especially useful for detecting capillary dropout and pathologic enlargement of 

the foveal avascular zone, something that may be useful when planning 

treatment [97]. Color fundus photography is often helpful to document the 

status of the retina, even if laser surgery is not performed. Optical coherence 

tomography has also been found to be a helpful screening tool, as it is able to 

detect subtle edema and also to follow the course of edema after treatment.  

Fundus photograph of clinically significant macular edema showing 

retinal exudates within the fovea. 
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 The traditional treatment for CSME had been laser surgery, however, 

current data from multiple well-designed studies demonstrate that intra-vitreal 

anti-VEGF agents provide effective treatment for center-involved CSME than 

monotherapy with laser surgery [97-105]. Studies also show that the visual 

acuity gain and the reduction in macular thickness following the administration 

of a combination of intravitreal ranibizumab, with (prompt or deferred) laser 

surgery, had better outcomes than laser alone after 2 years of follow-up 

[101]. The more recent clinical trials have divided clinically significant diabetic 

macular edema into center-involving (ci-CSME) and non-center-involving 

(nci-CSME). Enrollment into some of the recent clinical trials included only 

subjects with ci-CSME. When ci-CSME is present, it has been shown that anti-

VEGF therapies provide better visual acuity and less macular edema than 

focal/grid laser surgery alone. Repeat or deferred laser surgery may ultimately 

decrease the need for repeat anti-VEGF injections. In nci-CSME, the role of 

laser surgery has been defined by the ETDRS. The ETDRS showed a 

significant and definite benefit in favor of laser photocoagulation surgery in 

both ci-CSME and nci-CSME patients. Thus, both anti-VEGF and laser remain 

very effective treatment options for CSME as outlined above 
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Severe NPDR and Non-High-Risk PDR 

Both severe NPDR and non-high-risk PDR are discussed together 

because the ETDRS data showed that they have a similar clinical course and 

thus the subsequent recommendations for their treatment are similar. In patients 

with severe NPDR, the risk of progression to proliferative disease is high. Data 

shows that half of all the patients with severe NPDR will develop PDR within a 

year, and up to 15% will have high-risk PDR [96]. For patients with very 

severe NPDR, the risk of developing PDR within a year is up to 75%. Also 

45% of patients will become high-risk PDR in this same time frame. Therefore, 

these patients should be re-examined within a timeframe of 2 to 4 months 

[96,106]. 

One of the management options the ETDRS compared was that of early 

pan-retinal photocoagulation with deferral of photocoagulation with careful 

follow-up (at 4-month intervals) and prompt panretinal photocoagulation if 

progression to high-risk PDR occurred. Although this study did not provide 

definitive guidelines, the ETDRS felt that pan-retinal photocoagulation should 

not be recommended for patients with mild or moderate NPDR, when follow-

up could be maintained . However, when retinopathy is more severe then pan-

retinal photocoagulation should be considered and should not be delayed when 

the eye reaches the high-risk proliferative stage [96]. Additionally a careful 

follow-up at 3 to 4 months is important: if the patient will not or cannot be 

followed closely or if there are associated medical conditions such as  
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impending cataract surgery or pregnancy, an early laser panretinal 

photocoagulation may be suggested[96, 106]. Laser photocoagulation should 

be especially indicated when access to health care is difficult. If the patient opts 

for laser surgery, full pan-retinal photocoagulation is a well proven treatment 

option. In the above case a partial or limited pan-retinal photocoagulation 

treatment is not the recommended treatment [107].  

Additional evaluation of visual outcome in ETDRS patients with severe 

NPDR to non-high-risk PDR suggest that the recommendation for pan-retinal 

photocoagulation before the development of high-risk PDR is particularly for 

patients with Type 2 DM. The study showed that the risk of severe vision loss 

or vitrectomy was reduced by up to 50% (2.5% vs. 5%, P=0.0001) in patients 

with Type 2 DM who were treated early as compared to deferral pan-retinal 

photocoagulation until high-risk PDR developed in these patients[106]. For 

patients with Type 1 DM, the timing of the pan-retinal photocoagulation 

depends on the patient’s ability for compliance with follow-up. Also important 

were the status and response to treatment of the opposite eye. In both patients 

with Type 1 and Type 2 DM, impending or recent cataract surgery or 

pregnancy may complicate the risk of progression and may influence the 

decision to perform pan-retinal photocoagulation. 

The goal of laser surgery is generally considered to reduce the risk of 

vision loss. Pre-operatively, the ophthalmologist is recommended to assess for 

the presence of macular edema, discuss side effects of treatment and risks of 
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visual loss with the patient, and obtain informed consent prior to laser 

treatment[108,109]. 

When pan-retinal photocoagulation for severe NPDR or non-high-risk 

PDR is to be performed on eyes with macular edema, many experts suggest 

that it is preferable to perform focal photocoagulation and/or anti-VEGF 

therapy prior to pan-retinal photocoagulation. Based on clinical trials pan-

retinal photocoagulation, as used in the DRS and ETDRS, may exacerbate 

macular edema and may increase the rate of moderate visual loss compared 

with untreated control eyes [96]. 

 
However, pan-retinal photocoagulation therapy should not be delayed 

when PDR is at the high-risk stage (when NVD is extensive or 

vitreous/preretinal hemorrhage has occurred recently). In the above such cases, 

anti-VEGF therapy and pan-retinal photocoagulation may be performed 

concomitantly. Recently, the role of anti-VEGF therapy in the management of 

both severe NPDR and non-high-risk PDR is being actively investigated. In 

addition fluorescein angiography may be helpful to detect the presence of areas 

of nonperfusion and/or clinically undetected areas of retinal neo-

vascularization and to correctly establish the cause for a loss in visual acuity. 
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High-Risk PDR 

The presence of any three of the following four features characterizes DRS 

high-risk PDR: 

• Neovascularization (at any location) 

• Neovascularization at the optic disc 

• Severe neovascularization: New vessels within one disc diameter of the 

optic nerve head that are larger than one-quarter to one-third disc area in 

size, new vessels elsewhere that are at least one-half disc area in size. 

• Vitreous or periretinal hemorrhage. 

Boat-shaped preretinal hemorrhage associated with neovascularization 

elsewhere. 

                                                           

The risk of severe visual loss among patients with high-risk PDR is reduced 

significantly by treatment with pan-retinal photocoagulation, described in the 

DRS and ETDRS. It is suggested that most patients with high-risk PDR should 

receive pan-retinal photocoagulation surgery expeditiously [107,108,109]. Pan-
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retinal photocoagulation is known to induce regression of retinal 

neovascularization. The  recently conducted DRCR.net study protocol S has 

demonstrated that the alternative use of anti-VEGF agents (ranibizumab used in 

this protocol), may be an alternative to pan-retinal laser photocoagulation 

[111]. However, most others feel that pan-retinal photocoagulation should 

remain the first choice for management of PDR. The anti-VEGF alternative 

may be considered for patients who can follow-up regularly. It is suggested that 

additional studies are required to determine the long-term implications of using 

anti-VEGF agents alone [112]. 

Additional pan-retinal photocoagulation, anti-VEGF therapy, or vitrectomy 

surgery may be necessary to address increasing neovascularization of the iris 

and should be considered for the following situations: 

• Failure of the neovascularization to regress 

• Increasing neovascularization of the retina or iris 

• New vitreous hemorrhage 

• New areas of neovascularisation 

In patients who have CSME in addition to high-risk PDR, combined anti-

VEGF therapy and pan-retinal photocoagulation as the first treatment session 

and in the early stages of such higher risk eyes should also be considered. 

Although fluorescein angiography does not usually need to be performed in 

order to apply pan-retinal photocoagulation effectively, there is a role for it to 

guide focal photocoagulation. One of the known complications of pan-retinal 
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photocoagulation is vitreous hemorrhage, which may recur in patients who 

have had extensive sessions. Such hemorrhages may be due to traction on pre-

existing lesions or involuted neovascularization. They may clear spontaneously 

and do not necessarily require additional pan-retinal laser surgery. 

Patients with previously untreated PDR who have vitreous opacities and 

active neovascular or fibrovascular proliferation may be considered as 

candidates for pars-plana vitrectomy.[113, 114]. The role of early vitrectomy 

tends to increase with the increasing severity of neo-vascularization. The role 

of anti-VEGFs in such later stages of proliferative retinopathy is being actively 

researched.  

 

VISUAL EVOKED POTENTIAL: 

Visual  evoked potentials are electrical impulses recorded from the scalp 

in response to visual stimuli. They are generated by complex neurosensory 

events related to the translation and transmission of nerve impulses along the 

optic tract, from the photoreceptors to the occipital cortex. Any disturbance in 

the visual system can produce abnormal VEP’s so they can only detect the 

abnormality but cannot exactly localise the site of lesion in the visual pathway. 

 

History of VEP: 

VEPs initiated by strobe flash were in use even  in the early  1930s. 

 In 1934, Adrian and Matthew observed  potential changes of the occipital EEG  
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in response to a light stimulus. Ciganek developed the first nomenclature for 

occipital EEG components in 1961.  In 1961, Hirsch et al recorded a visual 

evoked potential (VEP) on the occipital lobe and they noted that the amplitudes 

recorded along the calcarine fissure  were the largest.  In 1965, Spehlmann 

used a checkerboard stimulation technique to describe human VEPs. An 

attempt to localize the structures along the primary visual pathway was 

completed by Szikla et al. Halliday and colleagues completed the first clinical 

VEP investigation by recording delayed impulses from a patient with 

retrobulbar neuritis in 1972.  Extensive research in VEP  to improve the 

procedures and theories has been conducted from the 1970s till date. 

 

Types of VEP : 

The  commonly used types of VEP are pattern reversal VEP and flash 

VEP. The pattern VEP is constituted by a set of electrical responses evoked by 

the variation of luminance contrast of a structural stimulus (usually a 

checkerboard) projected on a 

TV screen and detected with specific electrodes placed on the scalp. 

The flash VEP, instead, is constituted by a set of electrical responses evoked by 

a light stimulus of short duration and high intensity. The response of optic 

nerve fibers to this type of stimulus is different from response to a pattern 

stimulus: 
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Anatomical basis of VEP : 

 

 

 

The optic nerve connects the retina and the brain. The receptors through 

which the visual impulses are mediated are rods and cones of the retina. They 

are stimulated when light falls on them and synapse with the inner nuclear 

layer ; the cells of which in turn synapse with the ganglion cell layer. The 

axons of the ganglion cells form the optic nerve. The optic nerve extends from 

the retina to the optic chiasma and is about 5 cm long, of which 3.5 cm is in the 

orbit and 1.5 cm in the optic foramen. About 1 million optic nerve fibres are 

unmyelinated in the retina and optic nerve head; but become myelinated as they 

pass through lamina cribrosa. The two optic nerves unite at optic chiasma, 
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which is situated superior to the sella turcica. The fibres of optic nerve mainly 

carry the visual impulses and also the impulses for light reflex and 

accommodation reflex. The fibres from temporal half of the retina are situated 

in the temporal half of the nerve and pass through the optic chiasma without 

crossing and terminate at the ipsilateral cortex, but the fibres from the nasal 

half of the retina cross at the optic chiasma and terminate at the contralateral 

cortex.  

The optic tract starts from the optic chiasma and terminates in the lateral 

geniculate body.the optic tract is composed of ipsilateral temporal and 

contralateral nasal retinal fibres. Fibres carrying impulses from the upper 

portion of the retina terminate in the ventromedial segment and those from the 

lower portion in the ventrolateral segment of lateral geniculate body. Neurons 

originating from the lateral geniculate body form optic radiation which 

terminates in the striate cortex( area 17 ). The macular fibres occupy the larger 

portion of occipital lobe at the pole in a wedge shaped area. The upper half of 

the retinal fibres relay superior and the lower half inferior to the calcarine 

fissure. 
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                                      Visual pathway 

 

 

Physiological basis of VEP: 

The P100 waveform of VEP is generated in the striate and peristriate 

occipital cortex not only due to activation of primary cortex but also due to 

thalamo crtical volleys. On giving visual stimulus there is increased 

metabolism not only in primary visual areas but also in visual association areas. 

Many studies suggest the cortical generator of VEP waveforms. 

There are three types of retinal ganglion cells X, Y and W types. X cells 

are small ganglion cells mediating cone vision via small diameter axons with 

small receptive field concentrating in central visual field. This provides the 

substrate for pattern VEPs via the geniculate pathway. 



[39] 

 

Y cells are large retinal ganglion cells mediating rod vision via large diameter 

axons with wide receptive field , peripheral retinal location and generates flash 

VEP via an extrageniculate pathway. 

VEP is primarily a reflection of activity originating in the central 3 -6 

degree of lobe which is relayed to the surface of occipital lobe. The projections 

from the peripheral retina are directed to the regions deep within the calcarine 

fissure. This is responsible for VEPs to be attenuated or even unrecordable on 

peripheral retinal stimulation only. In humans the cortical representation for 

fovea is much more than that for peripheral retina which is known as foveal 

magnification. 

VEP waveforms : 

The VEP waveform consists of  N75, P100 and  N135 peaks. The peak 

latency and peak to peak amplitudes of these waves are measured. Of these, the 

P100 is the most consistent and least variable peak. N75 mainly results from 

foveal stimulation  and orginates in area 17.  P100  orginates in area 19.  N 145 

reflects the activity of area 18.  

Normal pattern of VEP waveform: 
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Normal values of  P100 wave : 

 

       Parameters    Mean ± SD 

P100  Latency(ms) 96.9 ± 3.6 

R – L (ms) 1.5 ± 0.5 

Amplitude (µV) 7.8 ± 1.9 

Duration 55.9 ± 7.7 

 

Variables influencing VEP: 

Age : 

Age influences the latency of  P100  at a rate of 2.5 ms/ decade after the fifth 

decade. This has been attributed to age related changes in both the retina and 

the rostral part of visual system. The amplitude remains stable in the adult life. 

Gender: 

The P 100 latency is longer in adult males compared to females. This has been 

attributed to larger head size and lower core body temperature in males. Below 

19 years P100 latency does not vary much with sex. The mean P100 amplitude 

is greater in females compared to males. 

Eye Dominance : 

The  P100 latency is shorter and the amplitude is greater in the dominant eye  

when compared to the nondominant eye. This is attributed to the 

neuroanatomic asymmetries of the human striate cortex. 
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Eye Movement: 

Eye movement reduces the amplitude of P100, but its latency is not affected. 

Even patients who have nystagmus who have a normal visual pathway have 

normal P100 latency. 

Visual Acuity : 

P100 latency remains normal in spite of severe diminution of visual acuity. The 

latency of P100 is found to be normal with visual acuity as low as 20/120, 

however the amplitude decreases with further reduction of visual acuity. 

Drugs : 

Drugs which cause papillary constriction such as pilocarpine can increase P100 

latency  and this is due to the decreased area of retinal illumination. The 

mydriatics produce the opposite effect. 

Reproducibility and Variability : 

During mental activity such as problem solving the P100 latency was found to 

decrease and the amplitude increase. An uninterested patient can alter the P100 

latency or amplitude by closing the eye, gazing off the screen or converging in 

front of the target. Although the waveforms are reproducible, they have an 

inherent intra-individual variability. 

VEP abnormalities: 

The common VEP abnormalities are : 

1.Prolongation of latency :  

 The commonest cause of prolonged latency of P100 is demyelination of optic 

pathways.  The amplitude remains normal. 
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2.Reduction in amplitude : 

 Decrease in amplitude of P100 occurs in ischemic optic neuropathy that causes 

axonal loss.  The latency remains normal. This also occurs in refractive errors , 

lens opacities and retinal diseases. 

3.Combined latency and amplitude defects : 

 This occurs in optic nerve compression  that causes segmental demyelination 

and axonal loss. 

4.Shape abnormalities :   

Presence of  bifid P100  or W shaped P100 suggests abnormality. 

 

VEP in diabetic retinopathy (DR) 

  A recent study by Deak et al [115] looked at the role of visual evoked 

potentials (VEPs) and pattern electro-retinograms (PERGs) in the detection of 

optic nerve and retinal involvement in patients with DM. Of the studied 63 

patients (126 eyes) with no known vascular retinopathy or optic neuropathy, 

116 eyes (92%) had VEP and 76 (60%) had PERG abnormalities. The most 

frequent alteration was a  delay in latency, however irregularities of waveform 

and amplitude were also observed. The simultaneous use of the two methods 

allowed them to differentiate between abnormal VEPs of purely optic nerve 

origin from those with retinal pathology. They suggest that regular 

electrophysiological screening should receive more attention in the 

ophthalmological care of diabetics, as PERG and VEP were sensitive tools for 
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the early detection of nerve damage, well before the retinal involvement 

becomes evident clinically[115]. 

Pescosolido et al [116] looked at the role use of electrophysiological 

studies  in the early diagnosis and follow-up of DR. They felt 

electroretinography (ERG) and VEP were safe, repeatable, quick, and objective 

tools. In addition, both the ERG (especially the oscillatory potentials and the 

flicker-ERG) and VEP are important tools for the early diagnosis of the disease 

and, may have a role for the ophthalmologic follow-up of diabetic patients. 

 Hernandez et al [117] compared and correlated electrophysiological and 

visual parameters in diabetics with and without non-proliferative retinopathy. 

The central fovea thickness (CFT) using optical coherence tomography, and 

P100 waveform of  Visual Evoked Potentials (VEP) were studied. DR patients 

showed lower visual acuity (p < 0.047), lower P100 amplitude (p < 0.043) and 

a lower rate of rise (p < 0.026, 1-tailed). The study showed increase in 

biochemical disturbance with hyperglycemia (p < 0.015) and raised HbA1c (p 

< 0.033), and longer diabetic disease duration (p < 0.011), compared with those 

without DR. Visual acuity had a negative correlation when disease duration (r 

= -0.65; p < 0.017) and severity of ocular damage (r = -0.76; p < 0.007) were 

compared in patients with DR. They concluded that patients with DR have 

lower visual acuity, decrease in the central visual fibers.  

 Another recent study [118] by Heravian et al showed that P100 wave 

latency were  significantly longer in diabetic patients as compared to normal  
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controls ; both diabetic subjects without retinopathy and those with NPDR had 

statistically significant P100 latency which were longer than the controls 

(P<0.001 for both comparisons). There was a significant reduction in N75 

(P=0.037) and P100 (P=0.001) amplitudes in diabetic subjects. No correlation 

was however observed between VEP amplitude or wave latency, and the level 

of glycemia or duration of DM. The authors felt that increased pattern VEP 

latency may be a sign of early retinal ganglion cell damage which predates the 

appearance of the first ophthalmoscopically detectable signs of diabetic 

retinopathy. They suggested that VEP may be considered  a method for 

detecting pre-diabetic retinopathy, which may help reduce the complications of 

DM.   

Wolff et al [119] looked at the role of multifocal visually evoked 

potentials (mfVEP) in a small group of patients with DM. They found 

significant mfVEP implicit time (IT) differences between the controls and in all 

diabetic patients, irrespective of retinopathy. The subject groups did not differ 

significantly in terms of amplitude. Patients with DR showed longer implicit 

times as compared to those without retinopathy (P = 0.016). Multifocal 

electroretinogram mfERG IT were also more frequently abnormal than mfVEP 

IT. In addition, the  mfERG hexagons were almost twice as likely to be 

abnormal when the corresponding mfVEP zone was also abnormal (P < 0.05). 

In summary the authors felt there is a definite correlation between abnormal 

mfERG hexagons location and the abnormal mfVEP zones. 
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         Lövestam-Adrian et al [120] looked at VEP changes in patients with and  

without neuropathy, as they felt there could be a correlation between optic 

nerve dysfunction and diabetic poly neuropathy. The study looked at mfVEP 

(multifocal Visual Evoked Potentials) in patients with diabetic retinopathy and 

neurophysiologically verified polyneuropathy. They found that patients 

with diabetic retinopathy had significantly lower amplitudes in the mfVEP than 

the healthy subjects. In addition the mfVEP amplitudes, which reflect selected 

areas of the visual function, were significantly reduced in the lower nasal 

quadrant in diabetic patients with neuropathy compared to patients without 

neuropathy. The results indicate that mfVEP could be an indicator of optic 

nerve neuropathy in patients with diabetic retinopathy. The early optic nerve 

involvement might explain some of the visual complaints in diabetic patients 

with peripheral neuropathy. 

 Heravian et al [121] looked at the cortical and retinal activity by pattern 

visual evoked potentials (PVEP) in a group of patients with type II DM. The 

P100 wave latency were significantly prolonged in diabetic (with and without 

retinopathy patients) as compared to normal controls (P<0.001). The authors 

noted that those with NPDR had a significantly longer P100 latency than those 

of controls (P<0.001 for both comparisons). There was also a significant 

reduction in N75 (P=0.037) and P100 (P=0.001) amplitudes in diabetic subjects 

as compared to controls. There was, however, no significant difference in the 

VEP amplitude,  wave latency, the level of glycemia or duration of DM in 

patients.  
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Compared to many other studies, Szabela et al [122] had a very different 

finding. The VEP recordings were performed four times, each time using a 

different pattern made up of elements of another size (18, 36, 72 and 144 

angular minutes). Abnormal VEPs were recorded in 22% of the cases, 

involving a single size pattern were seen in 8% to 14% of the cases. The P100 

latencies showed an increase in 33% of the pathological recordings and in 

about 66% of these, there was a significant difference between both eyes.  

There was however, no statistically significant difference seen between the age, 

duration of the disease, any coexisting clinical complications or metabolic 

changes among the different groups.  

 Elia et al [123] compared metabolic control using glycated Hb (HbA1c) 

and chromatic mechanisms in children with type 1 diabetes (T1D), by using 

colour visual evoked potentials (VEP). They did not find any significant 

differences in the VEP latencies with respect to HbA(1c). Pubertal status had a 

significant association (P = 0.0114), selectively with short wavelength 

VEP latency. Pubertal children with T1D showed delayed (mean delay, 9.5 ms) 

S-VEP latencies as compared to prepubertal T1D children. However, no 

statistically significant difference (P = 0.1573) was seen on the effect of 

pubertal status on S-VEP latency between the T1D groups and control. Thus 

pubertal status rather than HbA(1c) appears to have an effect selectively on the 

S-VEP latency of pre-teen children with T1D. The authors wondered whether 

the delay in S-VEP latency in pubertal children with T1D changes over time, 
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had any relevance, or could be a predictive marker for development of diabetic 

retinopathy in the future in these patients. 

 Das et al [124] studied DR in IDDM, and NIDDM patients. 

Neuroelectrophysiological tests done were the visual evoked potential (VEP), 

brainstem auditory evoked response (BAER) and somatosensory evoked 

potential (SEP). The mean VEP latency was significantly raised in both 

NIDDM and IDDM compared with controls. The mean BAER and SEP 

latencies were both significantly raised in NIDDM but not in IDDM. The 

percentage of cases with abnormally raised CNS latencies were as follows: In 

NIDDM, VEP-16.7%, BAER-50% and SEP-26.7%; in IDDM, VEP-11.1%, 

BAER-14.8% and SEP-18.5%. Thus, subclinical CNS dysfunction is common 

in diabetes mellitus particularly in NIDDM and this can be reliably detected by 

measuring the CNS latencies, specially VEP. 

 Karlika D et al [33] studied the role of  VEP in 45 type 1 DM patients to 

detect a pre diabetic form of diabetic retinopathy. The study showed that there 

was a significant increase in P100 latency as the disease progresses over years. 

They concluded that increase in VEP latency are a direct sign of retinal 

ganglion cell damage.  

Dolu H et al [80] conducted VEP study in 51 patients with type 2 DM which 

showed prolongation of P 100 latency  in correlation with the duration of 

disease.  
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 Varkonyi TT et al [79] conducted VEP studies in type 1 diabetics and 

found that VEP parameters were impaired even at the early stage of the 

pathogenetic process.  

 A study by Pescosolido N et al [116] states that the neurophysiological 

techniques help to assess retinal and nervous (optic tract) function. 

Electroretinography (ERG) and visual evoked potentials (VEP) allow a more 

detailed study of the visual function and of the possible effects that diabetes 

can have on the visual function.  

 Deepika Chopra et al [125] conducted a study in patients with type 2 

DM. The result showed that there is significantly prolonged N 75, P100 

latencies in diabetic patients and also showed a significant correlation between 

prolongation of P 100 latency and the duration of disease. 

 Raman PG  et al [128] conducted  VEP study in 25 diabetic patients. 

The result showed that P100 latencies and amplitude were significantly 

prolonged in diabetics when compared to non diabetic controls. A positive 

correlation was documented between glycemic control and prolonged P100 

latencies.  

 Li P, Yang Y et al [82] recorded VEP in 30 cases of type 2 diabetics and 

30 cases of non diabetic controls. They found that  the abnormal rate of PVEPs 

in patients with NIDDM was 58.33%, and the latency of P100 was markedly 

prolonged. The wave-forms were poor-differentiated, and the amplitudes of 

waves were low. 
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MATERIALS AND METHODS 

 

STUDY DESIGN: 

Case control study 

DISCLOSURES: 

None 

No conflicting interests. 

FUNDING 

Self 

STUDY CENTRE AND PERIOD: 

Carried out the study in the Research Laboratory of the Institute of Physiology 

and Experimental Medicine, Madras Medical College, Chennai. The period of 

study was from July 2015 to July 2016.   

ETHICAL COMMITTE CLEARANCE: 

Madras Medical College Ethical Committee approval was obtained prior to the 

study. 

STUDY GROUPS: 

60 patients were included in the study of which 40 were type 2 diabetics proved 

by recent fasting and postprandial blood glucose levels. The patients were 

referred by the Department of Diabetology, Madras Medical College Hospital 

after a thorough clinical and ophthalmic evaluation. Control group included 20 

age matched non diabetic subjects. 
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Group 1  : 20 controls, age and sex matched healthy subjects. 

Group 2  : 20 type 2 diabetics with no retinopathy. 

Group 3  : 20 type 2 diabetics with retinopathy. 

 

INCLUSION CRITERIA: 

• Men and women aged 30 to 70 years, with type 2 Diabetes mellitus 

proven by fasting and postprandial blood glucose levels referred from 

the Department of Diabetology, Madras Medical College  

 

EXCLUSION CRITERIA: 

• Patients with glaucoma, cataract, vitreous opacities, optic atrophy and 

optic neuritis. 

• Patients with reduced visual acuity not correctable by glasses. 

• Past history of cerebrovascular accidents. 

• Peripheral nervous system disease. 

• Severe hypertension. 

• Patients with nephropathy. 

 

EQUIPMENT  DETAILS: 

1. MEDICAID PHYSIOPAC machine  : for assessment and 

documentation of the latencies and amplitudes of the various wave 

patterns in the visual evoked potentials of subjects. 
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2. VEGF ELISA kit : for assessment of serum VEGF levels. 

PROCEDURE : 

The study was explained to the subjects and informed consent was obtained. 

The study protocol involved 

1. Detailed  medical history was obtained including duration of diabetes, 

history of hypertension, coronary artery disease , refractive errors,  

glaucoma, cataract and cerebrovascular accidents 

2. Thorough clinical and ophthalmic evaluation was done. Ophthalmic 

evaluation included refraction, fundus examination and assessment of 

intra-occular pressure. 

3. Blood sugar estimation: 

Blood samples were collected under strict aseptic precautions. Fasting 

samples for blood glucose levels were collected from all the subjects 

after 12 hours of overnight fasting. Post prandial blood sugar samples 

were collected 2 hours after breakfast. 

4. Recording of  Visual Evoked Potentials : 

Pattern reversal visual evoked potential test was done in our 

electrophysiology research laboratory. The subjects were explained 

about the test and were asked to come for test after a shampoo hair wash 

and without applying oil to hair.  Subjects wearing optical lenses were 

allowed to take up the test with their glasses on. Subjects were 

instructed not to use any miotics or mydriatics 12 hours prior to the test.  

Electrodes were applied to the scalp using conduction jelly after 
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cleaning the area. The recording electrode was placed at Oz  as per 10-

20 international system of  EEG electrode placement. The reference was 

placed at Fpz or 12 cm above the nasion. The  ground electrode was 

placed at the vertex , i.e. at Cz. The action potential is measured 

between active and reference electrodes and the ground electrode serves 

as a zero voltage reference point. 
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VEP scalp electrodes 

 

 

 

 

 

 

 

 

The electrodes are made up of a variety of metals and alloys such as 

stainless steel, platinum, silver chloride, nickel, chromium, silver and gold. A 

metal electrode when interacts with electrode paste an electrochemical reaction 

occurs which results in an electrode polarization potential of 100 to 600 mV. 

Silver chloride electrode has the advantage of stable electrode polarization 

potentials , which results in noise free recording. The surface electrodes used 

for VEP are in the form of cup. 

An amplification ranging between 20,000 and 1,00,000 was used to 

record visual evoked potentials. The  low cut filters were set at 1-3 Hz and high 

cut filters were set at 100- 300 Hz.. A montage consisting of 2 channels was 

used. The subject was seated comfortably one  meter away from the black and 

white checker board screen which reverses every half second displayed on 

monitor.  
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Image of pattern reversal checker board screen 

 

A mean photopic luminance of 50 cd/m2 was kept constant,  even 

during checkerboard reversals (i.e. no transient luminance change).     Contrast 

between black and white squares was kept high at 80 %. One eye was 

stimulated at a time and the other eye was covered with a patch to prevent light 

entering that eye. The subjects were instructed to gaze at red coloured dot in 

the centre of checkerboard pattern. Every time when there was alteration in the 

pattern, the subject’s visual system generated an electrical response which was 

recorded using the electrodes. 200 epochs were averaged and the results 

interpreted. 

 

 

 

 



  PHYSIOPAC VEP MACHINE IN OUR RESEARCH LAB 

 

 

 

 VEP STUDY ON A DIABETIC PATIENT 
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Serum VEGF levels  estimation: 

Serum VEGF levels were estimated using RayBio Human VEGF-A 

ELISA kit.  

 

Reagent preparation: 

 1. The samples and the reagents were brought to a room temperature of 

20 °C. 

 2. Sample dilution:  The serum samples were diluted 2 fold with assay 

diluent A. 

 3. Preparation of standard: 640 µl of Assay diluent  A was added to C 

vial to  prepare a 50 ng/ml standard.  60μl of 50 ng/ml VEGF standard from the 

vial of Item C was added into a tube with 440 μl Assay Diluent A to prepare a 

6,000 pg/ml standard solution and then serial dilution was made as shown 

below. 

                       

                           60 μl   200 μl  200 μl  200 μl  200 μl  200 μl  200 μl 
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 4. Wash buffer was prepared as per manual. 

5. Detection antibody concentrate was prepared and diluted 100 fold with the 

given assay diluent. 

6.HRP-Streptavidin concentrate provided was diluted 300 fold with the given 

assay diluent. 

 

Assay procedure : 

 1. 68 elisa wells were selected, 8 for standards and 60 for the collected 

study group samples. 

 2. 100 μl standard or sample was added to each well and incubated for  

2.5 hours at room temperature. 

 3. 100 μl  of prepared biotin antibody was added to each well and  

incubated  for 1 hour at room temperature. 

 4. 100 μl of prepared Streptavidin solution was added and incubated for 

45 minutes at room temperature. 

  Std 1 Std 2 Std 3 Std 4 Std 5 Std 6 Std 7 Zero std    

Diluent 

volume 

Item c + 

640 µl 

440µl 400µl 400µl 400µl 400µl 400µl 400µl 400µl 

 

Conc 

 

50ng/ml 

6000 

pg/ml 

2000  

pg/ml 

 

666.7 

pg/ml 

222.2 

pg/ml 

74.07 

pg/ml 

24.69 

pg/ml 

8.23 

pg/ml 

0 

pg/ml 



  RAY BIOTECH SERUM VEGF – A  ELISA KIT 

 

 

 

VEGF KIT WITH REAGENTS AND MICROPLATE 
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 5. 100 μl of  TMB One-Step Substrate Reagent was added to each well 

and incubated for 30 minutes at room temperature. 

 6.  50 μl of Stop Solution was added  to each well and read at 450 nm 

immediately.  

 

Calculation of results : 

The mean absorbance for each set of duplicate standards, controls and 

samples were calculated and the average zero standard optical density was 

subtracted. The standard curve was plotted on a graph paper with standard 

concentration on the x axis and absorbance on the Y axis. The concentration on 

the Y axis corresponding to  the point at which the optical density of each 

sample cuts the standard curve is the concentration of the given sample in 

pg/ml. 

 

 



VEGF ELISA PROCEDURE 

 

 

BIOLOGICAL  SAFETY CABINET 
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STATISTICAL ANALYSIS:  

Statistical analysis was done using the software SPSS version 21. 

ANOVA and Unpaired ‘ t’ test were done to compare the means of VEP 

parameters and VEGF levels among the three groups. 
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RESULTS 

This study was conducted to assess the role of VEP in the management 

of type 2 DM. 20 controls and 40 type 2 diabetics were subjected to the study 

and the results were interpreted using One way ANOVA & student ‘t’ test for 

statistical significance. All the data were expressed as mean ± S.D. The VEP 

parameters of both the left and right eye of subjects in all the three groups, 

group1, group 2 and group 3 are shown in Table 1.  

 

 Table 1 : The data revealed that there was a significant prolongation [ P 

value < 0.001] in the N75 and P 100 latency in group 2  and 3 subjects when 

compared to the group 1 subjects. There was no significant prolongation of N 

145 latency in group 2 and 3 subjects when compared to group 1 subjects.  
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Figs 1 and 2 : show the significant increase in the N 75 latency in the left and 

right eye respectively in all the three groups. 
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Figs 3 and 4 : show significant increase in the P100 latency in the left and right 

eye respectively in all the three groups. 
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Figs 5 and 6 : show no significant increase in the N145 latency in the left and 

right eye respectively among the three groups. 
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TABLE 2. MEAN P 100 LATENCY IN GROUPS 1,2 & 3 

Group 1  Group 2  Group 3       P value 

99.09±2.18 104.71± 4.01 111.19 ±5.65 < 0.001
∗∗ 

 

** P – Value < 0.001 Very Highly Significant  

 

Table 2 : reveals that there is a very significant prolongation of P100 latency 

among diabetics (Groups 2 and 3) when compared to controls (Group 1). 
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Figure 7 : compares the P100 latencies among all the groups, showing 

significant difference in the latencies between non-diabetics and diabetics, and 

among retinopathy patients (Group 3) as compared to non-retinopathy patients 

(Group2). 
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Table 3 : reveals statistically significant prolongation of the N75, P100 and 

N145 latencies in both the eyes of subjects with increasing duration of the 

disease.  

 

TABLE 4.  MEAN P 100 LATENCY WITH DURATION OF DISEASE 

  5 to 9 yrs   10 to 14 yrs     ˃ 15 yrs       P value 

102.79 ± 3.86 109.54 ± 4.24 112.13± 5.07 < 0.001
∗∗ 

 

** P – Value < 0.001 Very Highly Significant  
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Table 4 and Figure 8 : table and bar diagram of P100 latencies, showing highly 

significant prolongation with increasing duration of the disease (<0.001).  
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TABLE 5. MEAN  VEGF LEVELS IN GROUP 1, 2 & 3 

 

      Group  1 

 

      Group  2        Group  3          P  value 

 

48.3± 30.62 

 

61± 39.99 

 

62.4± 49.61 

 

      0.489 

 

P  Value ˃ 0.05  -  Not significant 

Table 5  reveals no significant increase in the serum VEGF levels among the 

different groups.  

 

TABLE 6. COMPARISON OF MEAN VEGF LEVELS BETWEEN 

GROUPS 1 & 2 

 

     Group  1 

 

      Group  2         P value 

 

48.3± 30.62 

 

61± 39.99 

 

0.266 

 

P  Value ˃ 0.05  -  Not significant 

 

 



ELISA READER 

 

 

ELISA WELLS WITH STANDARDS & SAMPLES 
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Table 6 : no significant increase in the serum VEGF levels between controls 

and  diabetics without retinopathy (Groups 1, and 2).  
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Figure 9 : Bar diagram showing serum VEGF levels among different groups. 
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DISCUSSION 

With the present number of diabetics in the  world reaching epidemic 

proportions added with increased life expectancy and improved healthcare for 

them,  the incidence of DR, a common microvascular central nervous system 

complication of diabetes, is expected to rise to alarming levels. However early 

changes of DR may be asymptomatic and as such patients may be unaware of 

its existence. As DR can affect visual acuity and proliferative type of DR even 

leading to blindness, it is one of the important complications of diabetes which 

needs management. Chronic hyperglycemia and its sequelae are responsible for 

its pathogenesis. A number of interconnecting biochemical pathways have been 

proposed as potential links between hyperglycaemia and diabetic retinopathy, 

notably the polyol pathway, and activation of diacylglycerol- (DAG-)PKC 

pathways. These promote accelerated formation of advanced glycation 

endproducts (AGEs), oxidative stress and subclinical inflammation and 

leukostasis – all leading to accumulation of sorbitol and fructose within the 

nerve. This in turn leads to increased water content within the nerves,  reduced 

membrane Na+- K+ ATPase activity and intra-axonal sodium accumulation 

which reduces nerve conduction velocity and brings about structural 

breakdown of the nerve. Local retinal ischemia causes secretion of substances 

like VEGF. The most important VEGF-mediated mechanism in the 

pathogenesis of diabetic retinopathy are  the breakdown of the BRB and 

angiogenesis, both considered as important events in the progression 

proliferative DR and diabetic macular edema – which can lead to blindness.   
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VEP are electrical potential differences recorded from scalp in response 

to visual stimuli and arise from the optical pathway. Delay of the latency to the 

major positive wave P100 in Visual Evoked Potential is a very sensitive 

method of detecting  demyelination in the optic nerve. With the increase in 

duration of disease, there is increased accumulation of toxic  metabolites which 

can cause further delay in the latency of these waveforms.  

We do know that VEP predates clinically visible diabetic retinopathy 

and our study wanted to evaluate the usefulness of VEP in this context. We had 

a control group of non-diabetics with no known ocular problems aged 30 – 60 

years whose VEP findings were compared with two groups of diabetics – one 

without retinopathy (Group 2) and one with clinical DR (Group 3). Serum 

VEGF levels were compared between the controls and both groups of diabetics 

to look for significant differences.  

While both N75 and P 100 latencies of VEP were significantally 

prolonged in group 2 and group 3 subjects when compared to controls (non-

diabetics), the P 100 component showed highly significant corroboration. This 

finding is consistent with the findings of Dolu H et al [80], Varkonyi TT et al 

[79], Azal O et al [81], Li P et al [82], Szabela DA et al [83], Heravian J et al 

[118] .  

The significant increase in the N75 latency in diabetics (Group 2 and 3) 

when compared to controls is consistent with the finding of Deepika Chopra et 

al [125].  
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The significant prolongation of P 100 latency with increased duration of 

diabetes has also been seen with the findings of Dolu H et al [80], Azal O et al 

[81], Li P et al [82].  

This study also shows a significant increase in the mean P 100 latency  

of subjects in group 2 who didn’t show any clinical sign of retinopathy. This is 

indicative of anterior visual pathway damage in diabetics which happens much 

before the clinical manifestation of DR. Therefore VEP should be considered 

as a valid investigation tool for detecting prediabetic retinopathy which can aid 

in the prevention of diabetic retinopathy and its complications. 

VEGF was first discovered as a vascular permeability factor is 

specifically a mitogenic cytokine for vascular endothelial cells. Retinal hypoxia 

/ ischemia is the basic stimulus leading to the marked ‘upregulation’ and 

‘increase’ of VEGF locally, known to play a major role in the progression of 

DR.  

The mean serum VEGF levels  showed a mild increase in group 2 and 

group 3 subjects  when compared to group 1 but didn’t show statistical 

significance. ( tables 5,6 and fig 9 ). This is consistent with the findings of 

Burgos et al [126], Malik RA et al.  The study by Burgos et al shows a 

significant increase in the vitreous VEGF levels in patients with diabetic 

retinopathy but their  serum VEGF levels didn’t show any significant increase 

when compared with non diabetics and diabetics with no retinopathy. So serum 

levels of VEGF may not be a useful marker of diabetic retinopathy.  
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SUMMARY 

This study was conducted to evaluate the cortical and retinal activity in 

patients with type 2 Diabetes mellitus and the role of VEGF in the pathogenesis 

of Diabetic Retinopathy. 

40 type 2 diabetics  and 20 non diabetic controls participated in the study. 

VEP study was conducted on them and their fasting  serum VEGF levels were 

estimated. 

• The visual evoked potentials were studied in type 2 diabetes mellitus 

patients with and without retinopathy as well as non diabetic controls. 

• The P 100 and N 75 latencies were significantly prolonged in diabetic 

patients with and without retinopathy when compared to the non 

diabetic controls. 

• A positive correlation was found between P100 latency and increased 

duration of diabetes. 

• The increase in N 145 latency was not statistically significant in 

diabetics when compared to non diabetic controls. 

• There was a mild increase in the serum VEGF levels in diabetics with 

and without retinopathy but not statistically significant when compared 

to the non diabetic controls. 
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CONCLUSION 

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

response in diabetic patients occur much before the development of overt 

retinopathy and the prolongation of latencies in this study is thus  an expression 

of the structural damage at the level of myelinated optic nerve fibers. .  

So VEP assessment is a highly sensitive , reliable, non invasive and 

reproducible method for detecting early alterations in the central optic pathway 

in diabetics. It should be added  to the list of screening tools for a more 

complete and early assessment of central neurological involvement in diabetics. 

This is especially true as early DR is asymptomatic and VEP may help 

diagnose the condition, preventing further progression of disease.  

Serum levels of VEGF are not a useful marker of diabetic retinopathy.  
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LIMITATIONS OF THE STUDY 

We were aware of the following limitations of this study : 

1. The sample size was small.  

2. VEP studies may need to be performed along with more specific tools 

for optic nerve / retinal dysfunction like electroretinography.  

3. The glycemic control of the subjects were not taken into consideration 

and so  the correlation of VEP parameters or plasma VEGF to the  

glycemic control could not be studied. 

4. Intra-vitreal VEGF is more specific for DR.   

                        

 

 

 

 

 

 

 

 

 

 

 

 

 



[75] 

 

FUTURE SCOPE OF THE STUDY 

1. The  study can be further extended to a larger group of diabetics. 

2. Correlation  between glycemic control and the VEP parameters can be 

studied. 

3. Further studies are needed to determine whether a good glycemic 

control would reverse the structural abnormalities of the optic nerve or 

prevent the early progression of diabetic retinopathy. 

4. Serum VEGF levels can be correlated with vitreous VEGF levels if 

vitreous samples could be collected from proliferative  diabetic 

retinopathy patients  who undergo pars plana  vitrectomy as treatment 

for PDR.  
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INFORMED CONSENT FORM 

Title of the study: “ Evaluation of cortical and retinal activity in patients with 

type 2 Diabetes mellitus and the role of Vascular Endothelial Growth Factor 

(VEGF) in the pathogenesis of Diabetic Retinopathy” 

Name of the Participant:  

Name of the Principal Investigator: Dr. VIDHYA A. 

Name of the Institution:  

Institute of Physiology and Experimental Medicine, 

          Madras Medical College and Govt. General Hospital, 

          Chennai - 3 

 

Documentation of the informed consent 

I _____________________________ have read the information in this form 

(or it has been read to me). I was free to ask any questions and they have been 

answered. I am over 18 years of age and, exercising my free power of choice, 

hereby give my consent to be included as a participant in 

 

“ Evaluation of cortical and retinal activity in patients with type 2 Diabetes 

mellitus and the role of Vascular Endothelial Growth Factor (VEGF) in 

the pathogenesis of Diabetic Retinopathy” 

1. I have read and understood this consent form and the information provided 

to me. 

2. I have had the consent document explained to me. 



3. I have been explained about the nature of the study. 

4. I have been explained about my rights and responsibilities by the 

investigator. 

5. I have been informed the investigator of all the treatments I am taking or 

have taken in the past ________ months including any native (alternative) 

treatment. 

6. I have been advised about the risks associated with my participation in this 

study. 

7. I agree to cooperate with the investigator and I will inform him/her 

immediately if I suffer unusual symptoms.  

8. I have not participated in any research study within the 

past________month(s).  

9. I am aware of the fact that I can opt out of the study at any time without 

having to give any reason and this will not affect my future treatment in this 

hospital.  

10. I am also aware that the investigator may terminate my participation in the 

study at any time, for any reason, without my consent.  

11. I hereby give permission to the investigators to release the information 

obtained from me as result of participation in this study to the sponsors, 

regulatory authorities, Govt. agencies, and IEC. I understand that they are 

publicly presented. 

12. I have understand that my identity will be kept confidential if my data are 

publicly presented. 



13. I have had my questions answered to my satisfaction. 

14. I have decided to be in the research study. 

I am aware that if I have any question during this study, I should contact the 

investigator. By signing this consent form I attest that the information given in 

this document has been clearly explained to mean and understood by me, I will 

be given a copy of this consent document. 

 

For adult participants: 

 

Name and signature / thumb impression of the participant (or legal 

representative if participant incompetent) 

 

Name _________________________ Signature_________________  

 

Date________________ 

 

Name and Signature of impartial witness (required for illiterate patients): 

 

Name _________________________ Signature_________________  

 

Date________________ 

 

 



Address and contact number of the impartial witness: 

 

Name and Signature of the investigator or his representative obtaining 

consent: 

 

Name _________________________ Signature_________________  

 

Date________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PROFORMA 

1. Name: 

 

2.Age: 

 

3.Sex:  

 

4.Address: 

 

5.Occupation: 

 

6.Symptoms suggestive of type 2 diabetes mellitus: 

 

7.History of drug intake: 

 

8.Past medical or surgical history: DM, HT,Malignancy.Cardiovascular 

disease: 

 

9.Family history: 

 

10.Personal history: 

 

11.Clinical examination: 



General examination: 

 

Vitals:  

HR : 

BP : 

RR: 

 

Ophthalmic examination: 

- Visual acuity tests. 

- Slit lamp examination. 

- Direct and indirect opthalmoscopy. 

 

 

 

 

 

 

 

 

 

 

 

 



MASTER CHART: GROUP 1 – CONTROLS WITH NO DIABETES 

 

 

 

 

 

 

 

 

 

 

 

S.NO AGE 

FBS 

[mg/dl] 

PPBS 

[mg/dl] 

LT   N75 

[ms] 

LT    

P100[ms] 

LT   

N145[ms] 

RT  N75 

[ms] 

RT  

P100[ms] 

RT  

N145[ms] 

VEGF 

pg/ml 

1 54 9 125 67.5 100.75 147.5 64.75 101 149 40 

2 33 76 110 69.5 99.25 139.25 74.5 97 143.5 38 

3 35 84 124 67 100.5 148 69.25 101 152 80 

4 36 74 108 66.25 96.5 142 67.5 98.5 140.5 28 

5 58 102 132 74 102.25 152.5 71.5 102 148.5 46 

6 39 88 130 68.25 96.5 146.25 67.5 95.5 149.5 60 

7 42 72 124 63.5 98 137.5 67 99.5 135 18 

8 60 86 142 69.75 95.5 148.5 68.25 94.25 147.25 54 

9 48 82 116 69.25 102 150.25 67.5 100.5 151 60 

10 54 94 136 73.25 100.5 146.5 73.5 101.5 150 20 

11 56 82 128 70.5 102.5 148.5 69 99.25 150 26 

12 48 90 130 65 97.5 151.5 67.25 98 154 54 

13 51 72 118 69.25 101.25 138 70.5 100.5 141.5 110 

14 55 84 120 74.5 97 140 72.75 98.5 139.5 42 

15 50 76 132 64.5 99.25 147.25 65.5 95 143.5 48 

16 52 86 138 72.75 101 151.25 70.5 97.5 150.75 126 

17 53 90 106 70.75 101.75 142.5 71.25 100.25 149.5 70 

18 49 84 110 71.5 100.5 140.25 68.25 97.75 141.5 20 

19 41 88 126 68.75 98.25 136 66.25 100 138.25 10 

20 51 72 114 67.5 98.75 142 67 96.75 144.75 16 



MASTER CHART: GROUP 2 DIABETES MELLITUS WITH NO RETINOPATHY  

 

S.NO AGE 

FBS 

[mg/dl] 

PPBS 

[mg/dl] 

duration 

of  DM 

LT    

N75[ms] 

LT    

P100 [ms] 

LT    

N145[ms] 

RT    

N75[ms] 

RT   

P100[ms] 

RT   

N145[ms] 

VEGF 

pg/ml 

1 53 325 485 10 77 105.25 148 78.5 107 148.75 40 

2 65 131 128 7 70.5 102.5 136.5 71.5 98.5 138 56 

3 65 109 138 5 69.25 98.75 142.5 70.5 101.5 140.5 28 

4 69 108 176 20 73.5 106.25 142 70 104.5 141.5 62 

5 64 128 160 18 75.25 108.5 150 75 107.5 148.5 18 

6 57 110 166 11 68.5 105 147.5 69.25 104 146 46 

7 56 146 225 6 74 105.5 139.5 72.5 106 140 20 

8 54 95 156 5 71.5 98.5 138.25 70 100.25 140.25 80 

9 52 86 142 6 72.75 101.5 142.5 71.5 99 143.75 64 

10 61 112 149 12 75.5 107 146 77 104.75 146.5 36 

11 57 76 132 10 72.5 110.5 152.5 70.5 110 156.5 30 

12 56 81 156 8 69.75 106.5 148.5 70.5 104 147.5 40 

13 74 146 188 20 72.75 111.25 152.5 74 106.5 150 138 

14 62 91 150 7 65.5 102.5 147 64 104.5 145 106 

15 70 138 190 25 78 114 152.5 75.5 112.5 146.5 24 

16 65 156 240 8 72.5 104.5 139.75 75 105 142.5 76 

17 70 114 182 12 76.5 108.75 154 74.5 107.75 150.5 146 

18 67 64 148 8 74 97.5 152 72.5 98 152.5 126 

19 69 136 170 15 71 103.25 146 67.5 104.5 145.25 64 

20 56 120 154 5 73.5 104 146 72.5 101.5 147.5 20 



MASTER CHART : GROUP 3 – TYPE 2 DIABETES MELLITUS WITH RETINOPATHY 

S.NO AGE 

FBS 

[mg/dl] 

PPBS 

[mg/dl] 

duration 

of DM 

LT   

N75[ms] 

LT   

P100[ms] 

LT   

N145[ms] 

RT  

N75[ms] 

RT   

P100[ms] 

RT   

N145[ms] 

VEGF 

pg/ml 

1 48 128 268 7 63.5 101.5 131.25 67.5 100.75 132.75 56 

2 52 106 156 9 74 100 136.55 75.5 102.5 139.5 40 

3 64 128 188 10 69.5 106.5 141.5 71.75 108.75 143.5 28 

4 68 142 210 15 70 112.5 153.5 72.5 115 156 116 

5 58 140 192 10 74.25 108.5 144 73.5 110.75 148.5 60 

6 52 140 252 8 74.5 109 156 74 111.5 153.25 22 

7 66 132 168 10 72 110.5 147.5 73.5 108.5 150 18 

8 69 159 224 12 81.5 116 149.5 80.5 114.5 154.5 222 

9 63 160 238 15 76.75 118.75 150.5 77.5 112.5 156 24 

10 62 156 198 18 78.5 112.5 139.5 76.75 110 150 52 

11 71 158 310 20 80.75 120.5 155 78.5 117.5 152.5 132 

12 61 122 176 11 72.5 114.5 151 72 109.75 150.25 104 

13 66 184 328 6 67.5 112.5 142.5 69 100.5 140 46 

14 70 204 286 15 74.75 118.5 145 76.5 120 145.75 48 

15 62 136 190 10 69.5 104.5 137.5 70.5 106 140 32 

16 59 140 206 12 74.5 112 142.5 72.75 110.5 139.5 56 

17 66 165 178 15 72 110.5 145 73.5 112.5 143.75 84 

18 68 145 176 11 70.75 106.75 145.5 73.5 109.5 148 30 

19 62 256 368 10 76.5 118.25 150.25 77.75 121.5 154.5 18 

20 70 180 268 15 73.25 116.5 153.25 76.5 115 151.5 60 
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