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¨ Aerie Pharmaceuticals
¨ Biotissue
¨ Diopsys
¨ Ellex
¨ EyePromise
¨ Ivantis
¨ Maculogix
¨ Nidek

¨ Nova Ocular
¨ Novartis
¨ Optovue
¨ Quantel
¨ Reichert
¨ RevolutionEHR
¨ Sight Sciences
¨ Shire
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¨ 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

Diabetic changes in a blonde fundus.

4

¨ In 2015, 30.3 million Americans had diabetes
¡ 9.4% of the population
¡ 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:

¡ 84.1 million Americans
¨ 7th leading cause of death

¡ Probably underreported 
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¨ Most frequent cause of new cases of blindness 
among adults 20-74 in developed countries

¨ Rate of diabetic retinopathy:
¡ 35.4%

ú Type 1 after 5 years – 25%
ú Type 1 after 10 years – 60%
ú Type 1 after 15 years – 80%
ú Type 2 after 5 years – 40% taking insulin, 24% not taking 

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

insulin
¨ Proliferative diabetic retinopathy:

¡ 7.5%
¨ Glaucoma, cataracts and other disorders of the eye 

occur earlier and more frequently in people with 
diabetes
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¨ 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.

7

¨ Mild Nonproliferative
¨ Moderate Nonproliferative
¨ Severe Nonproliferative
¨ Proliferative
¨ Diabetic Macular Edema (can happen in any of 

the above)
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Stimulus Mini-ganzfeld

Flicker Electroretinogram
(Flicker ERG)

Retinal signal recorded at the 

lower lid in response to flash 

stimuli of high frequency
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Stimulus Mini-ganzfeld Photoreceptors & Bipolar

Flicker Electroretinogram
(Flicker ERG)

Retinal signal recorded at the 

lower lid in response to flash 

stimuli of high frequency
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¨ 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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BCVA
2-3°
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BCVA
2-3°

14

OCT 12°
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mfERG21°
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Flicker 
ERG

Full Field
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¨ 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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¨ ffERG indications:
¡ DM & diabetic retinopathy

ú Monitoring progression
ú Monitoring improvement with treatment

¡ Retinal dystrophies/disease
ú Rod/cone problems 
ú RP

¡ Pt symptoms:
ú Color vision issues
ú VF defects
ú Decreased vision
ú Unexplained decreased vision

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

ú Is the retina functioning well or not?
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¨ 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 Early Detection
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ERG for Evaluating Retinal Dysfunction
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ERG vs FA : Predictive value of Vascularization

FA:82%
ERG:94%
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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 indications:
¡ DM & diabetic retinopathy

ú Monitoring progression
ú Monitoring improvement with treatment

¡ Retinal dystrophies/disease
ú Rod/cone problems 
ú RP

¡ Pt symptoms:
ú Color vision issues
ú VF defects
ú Decreased vision
ú Unexplained decreased vision

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

ú Is the retina functioning well or not?
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Healthy Dysfunction
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Healthy Dysfunction
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Healthy Dysfunction
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¨ No longer need to wait for structural damage
¨ Multi-component nutritional supplement can 

benefit these patients
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Br J Ophthalmol 2015 e-published June 18

¨ 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, NAC, resveratrol, green tea & grapeseed 
extracts, O-3 FAs, CoQ10, Zn)

¨ Pre- and post- analysis of CSF, MPOD, color vision, 
macular perimetry, OCT, A1c, lipids, 25(OH) vitamin 
D3, hsCRP, TNF-a, NFL thickness and diabetic 
peripheral neuropathy symptom scores (DPNSS)
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Br J Ophthalmol 2015 e-published June 18

¨ Pre- and post- analysis of:
¡ CSF
¡ MPOD 
¡ color vision 
¡ macular perimetry
¡ NFL thickness
¡ OCT of macula
¡ A1c 
¡ lipids 
¡ 25(OH) vitamin D3 
¡ hsCRP
¡ TNF-a 
¡ diabetic peripheral neuropathy symptom scores (DPNSS)
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Diabetes & DR Affect 
Visual Function
§ Snellen visual acuity is a 150+ yr old test 

that does not always reflect real world 
visual function

§ DM/DR also impair: color perception, 
contrast sensitivity, visual field sensitivity

Graefes Arch Clin Exp Ophthalmol. 2012 
Dec;250(12):
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
IOVS 1997; 38(9): 1819-24
Diabetes Care 1992; 15(5):620-25
Graefes Arch Clin Exp Ophthalmol.1996 
May;234(5):300-540

No statistically significant differences at 
baseline between Supplemented and Placebo groups

¨ 28-79 yo (mean = 56.1 yrs)
¨ 30 with NPDR & 37 with no DR
¨ 27 type 1 diabetes & 40 type 2 diabetes
¨ HbA1c range 5.85 to 10.3% (mean 7.2%)
¨ Diabetes duration 5-52 years (mean 16.1 yrs)
¨ Both Placebo and Supplement Groups showed 

similar and significant deficits in contrast 
sensitivity, color vision and visual field at 
baseline
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Mean Change/SD in visual function measures, serum lipids, 
hsCRP, TNF-a, glycohemoglobin, foveal thickness and 
symptoms of diabetic peripheral neuropathy with 95% p-Values

Δ from baseline   Suppl v.      Plac p-Value
Color Error Score     -20.55+24.37     +7.5+22.01        <0.0002
5-2 MD (db)               +2.78+9.83       -0.75+0.98         <0.0001
MPOD (du)                +0.09+0.05       -0.01+0.03         < 0.0001
LDL-C (mg/dl)           -7.61+16.08     +0.82+10.15          0.01
HDL-C (mg/dl)          +3.82+6.24        -1.61+5.31          0.0004
TGs (mg/dl)             -10.46+28.48    +2.39 +11.56          0.01
hsCRP (mg/L)             -2.14+3           -0.28+1.83            0.01
TNF-a (pg/ml)           +0.78+5.04      +0.56+2.79            0.88
HbA1c (%)                   -0.1+0.4           +0.1+0.4             0.06
Foveal Thickness      2.66+11.25µm 0.34+3.48 µm 0.35
DPNSS                       -30.7%               +10.7%            0.0024 

Fisher’s Exact Test
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§ 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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¨ 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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¨ ffERG indications:
¡ DM & diabetic retinopathy

ú Monitoring progression
ú Monitoring improvement with treatment

¡ Retinal dystrophies/disease
ú Rod/cone problems 
ú RP

¡ Pt symptoms:
ú Color vision issues
ú VF defects
ú Decreased vision
ú Unexplained decreased vision

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

ú Is the retina functioning well or not?
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VEP FFERG
1. Glaucoma & glaucoma 

suspects
2. Unexplained vision 

loss
3. Transient vision loss
4. Unexplained VF 

defects 
5. Unreliable VF
6. Optic neuropathies
7. Optic neuritis/MS
8. Amblyopia
9. TBI

1. DM & retinopathy
2. RP & its variants
3. Cone dystrophies 

& Rod 
monochromat

4. Symptoms:
¡ “Night blindness”
¡ Restricted 

peripheral fields
¡ Color vision 

deficits
¡ Unexplained 

decreased vision

5. To get an idea of 
retinal functioning 
in a pt with media 
opacity

PERG
1. Glaucoma & 

glaucoma suspects
2. Unexplained VF 

defects 
3. Unreliable VF
4. Optic neuropathies
5. Maculopathies

1. AMD
2. Diabetic macular 

edema
3. High risk med use 

(Plaquenil)
4. Generalized DR
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