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ELECTRORETINOGRAPHY AND
DIABETIC RETINOPATHY

Diabetes and Diabetic
Retinopathy
In the US, 1,500,000 new cases every year

@ 285,000,000 in the world (100,000,000 in the US)

= Glaucoma : 2,700,00 in the US
In the US, 40% will develop diabetic
retinopathy

= Half of them don’t know about it until vision
problems

Diabetes and Diabetic
Retinopathy

In 2015, 30.3 million Americans had diabetes
= 9.4% of the population

o]

= 7.2 million are undiagnosed
= Between 2015 and 2030 that number will increase to 55
million
Over the age of 65:
= 25.2% prevalence of DM
= Pre-diabetes:
= 841 million Americans

o]

o]

7t leading cause of death
= Probably underreported

Diabetes and Diabetic
Retinopathy

Most frequent cause of new cases of blindness
among adults 20-74 in developed countries

Rate of diabetic retinopathy:

= 35.4%

Type 1 after 5 years - 25%

Type 1 after 10 years - 60%

Type 1 after 15 years - 80%

Type 2 after 5 years - 40% taking insulin, 24% not taking
insulin

Type 2 after 10 years - 84% taking insulin, 53% not taking
insulin

Proliferative diabetic retinopathy:

= 75%

Glaucoma, cataracts and other disorders of the eye
occur earlier and more frequently in people with
diabetes
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Ophthalmic Consequences of
Diabetes

@ Increased risk of cataracts
@ Increased risk of glaucoma
@ Diabetic retinopathy

@ Stroke

Middle-aged female with diabetic cataracts
and mild diabetic retinopathy. Noteworthy
was the spoke-like character of the cataracts.

Flicker Electroretinogram
(Flicker ERG)

Stimulus Mini-ganzfeld

Retinal signal recorded at the

lower lid in response to flash

stimuli of high frequency

Full-field ERG (ffERG)

m Tests the outer retina

= Photoreceptors (rod & cones)
= Bipolar cells

@ Test of overall retinal functioning
= May not pick up small retinal issues

= Flash flicker stimulus
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Severity of diseases

Mild Nonproliferative
Moderate Nonproliferative
Severe Nonproliferative
Proliferative

BB EE @

Diabetic Macular Edema (can happen in any of
the above)
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Flicker Electroretinogram
(Flicker ERG)
Stimulus Mini-ganzfeld Photoreceptors & Bipolar
S

Retinal signal recorded at the
lower lid in response to flash
stimuli of high frequency
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Full-field ERG (ffERG)
m Tests the outer retina

= Photoreceptors (rod & cones)
= Bipolar cells

@ Test of overall retinal functioning
= May not pick up small retinal issues

= Flash flicker stimulus
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Full-field ERG (ffERG)

@ ffERG indications:

DM & diabetic retinopathy

= Monitoring progression

o Monitoring improvement with treatment

Retinal dystrophies/disease
= Rod/cone problems
RP

o

Pt symptoms:

o Color vision issues

e VF defects

° Decreased vision

= Unexplained decreased vision

Testing retinal function with significant media opacities
Indicator for prognosis following cataract surgery

e Is the retina functioning well or not?
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ERG for Early Detection

Review Article

Role of Electrophysiology in the Early Diagnosis and
Follow-Up of Diabetic Retinopathy

Nicola Pescosolido,' Andrea Barbato,” Alessio Stefanucci,’ and Giuseppe Buomprisco®

"Department of C Res Nephrologic, Anesthesiologic and G Faculty of Medicine and Dentistry,
v. ienza” University of Rome, Viale del Polclinico 155, o0 R ety

ty of Medicine and Dentistr

Sapienza” University of Rome,
Vil e s 55,0008 e, lml.

ty of Rome, Vile del Poicinico 155, 00161 Rome I
m o Medicne and Dentisiry, niversity of Rome, Viale del Polclinico 155,

00161 Rome, ltaly

be addressed to Andrea e

Received 30 December 2014; Accepted 1 April 2015
‘Academic Editor: Secundino Cigarran

Pescosolido et al. This is an open access article distributed under the Creative Commons Attribution
icted use, distribution, and reproduction in any medium, provided the original work is properly

pat ge peopl
in developed countries. It is estimated tht the number of people with diabetic retinopathy (DR) wil increase from 126.6 million
in 2011 to191 million by 2030. The pathology scems not only by

by a real neuropahy of cental nervoussystems simila 0 what happens o the peripheral neres, particularly affcted by disbetes.

d visual

evoked potentials (VEP) allow a more detailed study e ot possible effects that diabetes can have on

the visual function. These techniques have an important role both in the clinc and in research: the central nervous system, in fact,

has received much less attention than the peripheral one in the study of the complications of diabetes. These techniques are safe,
&, and objective. In add ERG) and VEP|
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tools for agr potentially, for p of diabetic

patients.
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Electrodiagnostics 2.0

It’s important to be able to detect diabetes early. Electrodiagnostic
testing can make that possible.
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AtaGlance

« Flicker pa ith diabetic
retinopathy are at risk for developing neovascular changes.

o Flicker i s objecti inashort
period of t i

of the retina. It is reimbursed only when used on patients with retinal
vascular changes.

« The Diopsys Chromatic Fiash Vision Screener allows clinicians to identify
patients who are at risk.
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Flicker ERG
Diabetic
Retinopathy

= Evaluation of retinal function
Determining the of level of
retinal ischemia

= Predicting post-treatment
retinal function

= Evaluating post-treatment
retinal function
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ERG for Evaluating Retinal Dysfunction

The Electroretinogram in Diabetic Retinopathy
R. Tzekov, MD, PhD,' and G. B. Arden, MD, PhD, FRCOphth®

? Retina Foundation of the Southwest, Dallas, Texas, USA, and *Center for Applied Vision Research, Department of
Optometry and Visual Science, City University, London, United Kingdom

Abstract. ~ Electroretinography (ERG) is an objective method of evaluating retinal function. Since its
introduction to clinical practice in the 1940s, it has become a useful and routine diagnostic clinical tool
in ophthalmology. This review summarizes the role of ERG as a clinical technique for evaluating the
progression of diabetic retinopathy and as a research tool for increasing our understanding of the
pathophysiology of diabetic retinopathy. Most studies show unequivocally that the different types of
ERG tests detect local abnormalities or widespread pathology, even in very early stages of the disease. It
seems plausible that measurements from ERG recordings, paricularl the oxcllarory potentials, may be

useful for predicting progression from ©h prey
liferative or proliferative—of diabetic retinopathy; somc teceni work xmpll that the ERG can also be a
useful diagnostic method for discriminating between ith diabetic retinopathy and those without

the conditon. (Surv Ophthalmol 1455-60. 1990, © 1999 by Fise

ience Inc. Al righs reserved.)
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Original Article m

CONCLUSION The periodic global flashes produce a greater multifocal response reduction in diabetics than in normals, indicating
impairment in the rate or magnitude of recovery from the bright preceding stimulus. The new stimulation protocol reveals early
changes in retinal function of diabetics.

Yoshiaki Shimada®, Yong Li®, Marcus A Bearse, Ji®, Erich E Sutter®, Wayne Fung’

Author affiliations +

Abstract
AIMS To assess early functional retinal changes in diabetics without retinopathy, a new muiltifocal stimulus paradigm was used that
emphasises fast adaptive response contributions.

METHODS 25 normal control subjects (25 eyes) and 11 diabetics without retinopathy (22 eyes) served as subjects. Stimulation
and analysis were performed with Veris Science 4.0. A stimulation protocol was used that combines regular multifocal flicker
stimulation with a periodic “global” flash inserted between the multifocal stimuli. The multifocal stimuli were presented four video
frames apart. The global flash covered the entire screen in the third frame of the four frame interval. The remaining two frames
were dark. The periodic global flashes could only contribute to the focal responses if they were affected by the multifocal
stimulation. A non-linear component induced by the interaction of the focal and global flashes was observed. The differences
between control subjects and diabetics were assessed in both the multifocal responses and their induced effect on the following
global flashes.

RESULTS The responses to focal flashes were reduced significantly in diabetics matched in age to the control subjects. The

induced showed large ject variability in controls and patients, and did not differ significantly between the two
groups.

CONCLUSION The periodic global flashes produce a greater multifocal response reduction in diabetics than in normals, indicating
impairment in the rate or magnitude of recovery from the bright preceding stimulus. The new stimulation protocol reveals early
changesin retinal function of diabetics.
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ERG vs FA : Predictive value of Vascularization

FA:82%
ERG:94%

ACTA OPHTHALMOLOGICA SCANDINAVICA 1998

Fluorescein angiography versus
ERG for predicting the prognosis
in Central Retinal Vein Occlusion

Jorgen Larsson, Birgitta Bauer. Ulla Cavallin-Sjoberg and
Sten Andréasson

Department of Ophthalmology. Lund University Hospital, Sweden
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Full-field ERG (ffERG)

@ ffERG indications:
= DM & diabetic retinopathy
o Monitoring progression
o Monitoring improvement with treatment
= Retinal dystrophies/disease
e Rod/cone problems
o RP
= Pt symptoms:
o Color vision issues
o VF defects
o Decreased vision
o Unexplained decreased vision
= Testing retinal function with significant media opacities
= Indicator for prognosis following cataract surgery
o Is the retina functioning well or not?
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Healthy Dysfunction
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Flicker ERG is a good predictor of ischemia
Flicker ERG can be used to evaluate DR

Flicker ERG can be used to monitor patients and
evaluate referals
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ffERG Testing
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Healthy Dysfunction
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Healthy Dysfunction
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What else can we do after
such an early diagnosis?

= No longer need to wait for structural damage

@ Multi-component nutritional supplement can
benefit these patients
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The DiVFuSS Formula

(available as EyePromise® DVS)

Supplement Facts
Serving Size: 2 Softgels / Servings per Container: 30
e Y
Amount Per Serving %DV
Vitamin C (Ascorbic Acid) 60mg 100%
Vitamin D3* 2,0001U_500%
Vitamin E* (d-alpha Tocopherol) 601U 200%
Vitamin B12 (Cyanocobatamin) 6mcg 100%
Zinc (Zinc Oxide) 15 mg 100"/_u
Fish Oil EE* 70% 320 mg

Total Omega-3A% 240 mg

~a

EyePromise

P77

‘Alpha Lipoic Acid 150mg  t
Coenzyme Q-10 (Ubidecarenone) 20 mg
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e
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DvVs 2 Mixed Tocotrienols/Tocopherols™ 20mg 1

Doctor Recommended
Promotes Retinal Health’

Zeaxanthin* 8 mg

Lutein* 4 mg

Proprietary Blend* 530 mg
Benfotamine, N-Acet Oysteine, Grape Seed Extract, Resveraiol
(Polygonum Cusgidatum),Turmeric RootExtract(urcuminoid),
Green Tea Leal, Arcnogendf® (French Martme Pine Bark Exract)

v i
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 Daily Value not established * From natural sources

Other Ingredients: Gelatin, glycerin, soybean oil purfied
water, beeswax, colors (annatto extract,ttanium dioxide),
lecithin oil,

()
\V

Gluten Free
Contains
NO Yeast

Contains soy

&fish (cod,
pollack,
whiting)
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Science Based Health DiaVis

DiaVis®
Nutrition Support for Retinal Circulation
i i iti formulation iti i health. DiaVis
s et ol anaronent
e Supplement Facts
PRICE: $44.95 ‘ Serving Size 2 capsules Servings per Container 30
e —— A S5 RS
Soeupto 208 e e e
Quantity: 1
o ——
bocre R s
(] FSmmended VinCare® Whole Grage Exact (Vs Vo) 350mg 1
e ) T
e
— L —
Bilberry Fruit Extract (25% anthocyanins) 25mg ¥
Pgmﬂnﬂ ‘French Maritime Pine (Pinus pinaster) 20 mg 1
P e
e
e o
S, ot
Alpha Lipoic Acid 300 mg. 1
Lutein (FloraGLO®) 2mg 1
e aion o |
e e

ther Ingredients: Bovine Gelatin, Water, ice Flour, Magnosium
Stearate, and Siica.
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" Clinical science

The Diabetes Visual Function Supplement Study
(DiVFuSS)

OPEN ACCESS
A Paul Chous," Stuart P Richer,” Jeffry D Gerson,> Renu A Kowluru*

ABSTRACT
Background Diabetes i known t0 affect visual

function before onset of retinopathy (Giabetic etinopathy
(OR). Protection of visual function may signal disruption

plcebo or 3 noel, mlt-component formul containing
xanthophyl pigments, antioxdants and selected
botanical exvacs. Measuement of

macular pigment optical dersiy, co

5-2 macular treshold permety, i

Recehed 18 Decenber 2014

e 1 2015 aye thicn "
e 3 lor e, dhchaemciobn (A

at study condusion using meand = SDs and t tests
(p<0.05) for continuous variabes.
Results There were no significant intergroup differences
at baseline. At 6 months, subjects on active supplement
compared with plcebo had sigiicantly better visual
function on all measures (p values ranging fiom 0.008
o <0.0001), signficant improvements in mst serum
lipics (p vales ranging rom 001 o 0.0004), hsCRP
(p=0.01) and diabetic perpheral neutopathy (Fisher’s
exact test, p=0.0024) No significant changes i retnal
thickness, HBAIC, total cholestrol o TNF-c were found
between the groups.

Conclusions This study provides srong evidence of
dincally meaningful improvements in visual function,
RCEP 200 oevighera ceuionaiby i Qalienls with

Diabetes Visual Function
Supplement Study (DiVFuSS)

= 6 month double-blind placebo-controlled, randomized,
controlled clinical trial of adults with type 1 diabetes or
type 2 diabetes > 5 years

= No DR (2:1) and mild-moderate NPDR (1:1)

= Daily use of a multi-component nutritional supplement
(zeaxanthin, lutein, vitamins D/C/E including
tocotrienols, curcumin, benfotiamine, Pycnogenol™,
lipoic acid, NAG, resveratrol, green tea & grapeseed
extracts, O-3 FAs, CoQ10, Zn)

@ Pre- and post- analysis of CSF, MPOD, color vision,
macular perimetry, OCT, Alg, lipids, 25(OH) vitamin
D3, hsCRP, TNF-a, NFL thickness and diabetic
peripheral neuropathy symptom scores (DPNSS)

BrJ Ophthalmol 2015 e-published June 18
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Diabetes Visual Function
Supplement Study (DiVFuSS)

@ Pre- and post- analysis of:
= CSF
= MPOD

color vision

macular perimetry

NFL thickness

OCT of macula

Alc

lipids

25(0OH) vitamin D3

hsCRP

TNF-a

diabetic peripheral neuropathy symptom scores (DPNSS)

BrJ Ophthalmol 2015 lished June 18

Diabetes & DR Affect
Visual Function

= Snellen visual acuity is a 150+ yr old test
that does not always reflect real world
visual function

= DMY/DR also impair: color perception,
contrast sensitivity, visual field sensitivity

Graefes Arch Clin Exp Ophthalmol. 2012
Dec;ZS%] 2):

Diabet Med. 2011 Jul;28(7):865-71

Acta Opthalmol 2005; 82(5):574-80
Graefes Arch Clin Exp Ophthalmol. 2001
Sep;239(9):643-8

BJO 1996;80: 209-13

10VS 1997; 38(9): 1819-24
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Diabetes Care 1992; 15(5):620-25
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Mean Change/SD in visual function measures, serum lipids,
. .. hsCRP, TNF-a, glycohemoglobin, foveal thickness and
Su bject Characterl stics (n = 67) symptoms of diabetic peripheral neuropathy with 95% p-Values
A from lin | v. PI -Val
@ 28-79 yo (mean = 56.1 yrs) om baseline_Suppl _v. ac p-value
30 with NPDR & 37 with rio DR > Color Error Score  -20.55+24.37  +7.5+22.01 | <0.0002
B oUW ' . >5-2 MD (db) +278+9.83  -0.75+0.98 | <0.0001
@ 27 type 1 diabetes & 40 type 2 diabetes ~>MPOD (du) £0.09+0.05  -0.01+0.03 <0.0001
@ HbAlc range 5.85 to 10.3% (mean 7.2%) %LDL-C (mg/dl) -7.61+16.08  +0.82+10.15 0.01
@ Diabetes duration 5-52 years (mean 16.1 yrs) HDL-C (mg/dl) +3.82+6.24 -1.61+5.31 0.0004
@ Both Placebo and Supplement Groups showed 5> TGs (mg/d) -10.46+28.48  +2.39 +11.56 0.01
similar and significant deficits in contrast ::>hsCRP (mglL) -2.14+3 -0.28+1.83 0.01
sensitivity, color vision and visual field at TNF-a (pg/ml) +0.78+5.04  +0.56+2.79 0.88
baseline HbA1c (%) -0.1+0.4 +0.1+0.4 0.06
No statistically significant differences at Foveal Thickness ~ 2.66+11.25.m 0.34+3.48,m [ 0.35
baseline between Supplemented and Placebo groups ::>DPNSS -30.7% +10.7% .. 0.0024
41 42



Summary of Facts

= The DiVFuSS formula significantly improved visual function,
diabetic peripheral neuropathy symptoms, blood lipids and hsCRP
in patients with established diabetes - without significantly

affecting blood sugar control

= The DiVFuSS formula significantly increased MPOD

= No adverse events occurred during the study
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RESEARCH Open Access

Beneficial effects of the nutritional supplements
on the development of diabetic retinopathy

Renu A Kowluru™", Qing Zhong', Julia M Santos', Mangayarkarasi Thandampallayam', Doug Putt'

and Dennis L Gierhart”

Abstract

antioxidants, and diabetes decreases lutein an

‘Diabetes Vision Function’, on diabetic retinopathy

of diabetes, car
typsin-digested retinal vasculature. Retina was also an
expressions of mDNA-encoded proteins of the electron transport chain), VEGF
interleukin-1B and NF-kB.

retinal capillary cell apoptosis and degenerative capillaries were increased
eencoded proteins were decreased, and VEGF, interlex B and NF-kB lev
the nutrients prevented increased capillary cell apog
diabetes-induced retinal abnormalities.

Condlusions: Nutitional supplementation prevents diabetic retinoy
mitochondrial homeostasis and inflammatory mediators. Thus, this
and inexpensive adjunct therapy to also inhibit retinopathy, a slow
patients.

Purpose: Increased oxidative stress and inflammatory mediators are implicated in the development of diabetic
retinopathy, and i rats, its development can be prevented by antioxidants. Carotenoids are some of the powerful
xanthin levels in the serum and retina. The aim of this study is
to investigate the effect of carotenoid containing nutritional supplements (Nutr), which is in clinical trials for

Methods: Streptozotocin-induced diabetic rats (Wistar, male) were fed Purina 5001 supplemented with nutritional
supplements containing zeaxanthin, lutein, lipoic acid, omega-3 fatty acids and other nutrients, or without any
supplementation. Retinal function was analyzed at ~4 months of diabetes by electroretinography. After 11 months
cell apoptosis (TUNEL-staining) and histopathology (degenerative capillaries) were quantified in
1 (by quantifying gene
flammatory mediators,

Results: Diabetes impaired retinal function decreasing the amplitudes of both a- and b-waves. In the same animals,
4 fold. Gene expressions of MIDNA

ere elevated. Supplementation with

sis and vascular pathology, and ameliorated these

and also maintains normal retinal function,
entation could represent an achievable

ressing disease feared most by diabetic

Keywords: Carotenoids, Diabetic retinopathy, Macular pigment, Mitochondria, Nutritional supplements, Zeaxanthin
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Applying to Your Practice

VEP PERG

Glaucoma & glaucoma 1. Glaucoma &

suspects glaucoma suspects
Unexplained vision > Unexplained VF
loss defects

Transienf vision loss s Unreliable VF
Unexplained VF

defects 4. Optic neuropathies
Unreliable VF 5. Maculopathies
Optic neuropathies 1. AMD
Optic neuritis/MS 2. Diabetic macular

. edema
Amblyopia 3. High risk med use
TBI (Plaquenil)

4. Generalized DR

FFERG

DM & retinopathy
RP & its variants
Cone dystrophies
& Rod

monochromat
Symptoms:
- “Night blindness”
= Restricted
peripheral fields
- Color vision
deficits
= Unexplained

decreased vision

To get an idea of
retinal functioning
in a pt with media
opacity
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Who Should Consider Taking
DVS Formula?

Adults with any degree of DR

Adults with DM and reduced visual function
and/or low macular pigment

Patients with sub-optimal blood glucose
control

Adults with DM > 5 years

Every patient with diabetes???
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Full-field ERG (ffERG)

ffERG indications:
= DM & diabetic retinopathy
= Monitoring progression
= Monitoring improvement with treatment
= Retinal dystrophies/disease
= Rod/cone problems
° RP
= Ptsymptoms:
e Color vision issues
© VF defects
© Decreased vision
= Unexplained decreased vision
= Testing retinal function with significant media opacities
= Indicator for prognosis following cataract surgery
= Is the retina functioning well or not?
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