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My Practice 
I am a clinician first then a scientist
• Some are scientists first then clinician
• I need to simplify for patient and 

patient care.
• Science is great, but not good if 

there isn’t a clinical application.
• Some lectures are science based 

without clinical application.
• My lecture will be a 

hybrid. Showing clinical 
applications of the science

It is wonderful to have someone who’s 
juggling so many aspects of optometry 
[scientific, clinical experience, teacher & 
lecturer]. It is refreshing and very 
informative.  -Sarah





April 27, 2021 – January 26, 2022 (9 months)





AMD Dominance

$ In 2010, the World Health Organization estimated that 5% of the world’s blindness was due to 
AMD

$ Leading cause of blindness over 55-year-old in USA
$ 11 million people in USA have AMD, 22 million by 2050

¬ Approximately 1 in 14 people over the age of 40 has some degree of macular degeneration
¬ Over 60, 1 in 8 (12.5%)
¬ Over 80, 1 in 3 (33 %)

$More cases of AMD than Alzheimer’s, breast cancer, and Parkinson's combined 
$The leading cause of blindness and vision loss in Caucasians 

$Affect 1 in 5 families
$Hereditary strongest genetic linkage of any major diseases 



Eye Care Professional Landscape

$58,000 eye care professionals
¬40,000 optometrists

¬18,000 ophthalmologists
2About 10% are retinal specialists



Optometrists and All Eye Care Professionals Responsibility

$Rethink our responsibility related AMD diagnosis and management
$Commit to that we will do better in

¬ Early detection

¬ Treatment

$Know, execute, and employ current clinically appropriate Practice Guidelines
¬ Those that preserve vision
¬ Don’t wait until vision has been lost 

$Closely monitor and treat the early detected disease
¬ If progresses to advanced AMD, better opportunity to save vision



Tools for Diagnosis, Management, and Treatment of AMD

$Comprehensive eye exam – structural, some functional 
$Fundus photography and FAF - structural
$OCT and OCT Angiography – structural 
$Dark adaptation – functional
$Carotenoid levels – molecular



Instruments for comprehensive AMD patient care

$Slit lamp/DFE - structural, some functional
$Camera – structural 
$OCT- structural 
$OCT Angiography –structural 
$Dark adaption – functional 
$Contrast sensitivity – functional 
$PHP – structural 
$Macula pigment eval – skin not MPOD - molecular 
$Genetic testing – molecular 



Where is the macula?



How large is the macula?



Beckmann Committee Classification of AMD

$Based on presence of lesions within 2 DD of fovea in either eye
¬ No AMD

2 None or few small drusen, < 63 microns

2 No AMD pigmentary abnormalities 

¬ Early AMD
2 Medium drusen, > 63 – <125 microns

2 No AMD pigmentary changes

¬ Intermediate AMD
2 1 large drusen, > 125 microns

2 Any AMD pigmentary changes

¬ Advanced AMD
2 Any geographic atrophy 

2 Choroidal neovascularization (CNV)



54-year-old man

$Dad is getting intravitreal injections every 6-8 weeks for wet AMD and I was 
told I am too young and that I have “drumezum” 
¬ Patient: “Can we do something now?” 
¬ Me:  You have come to the right person – if you are willing to make lifestyle changes if 

indicated 

$Genetic testing 
$Skin carotenoids 
$Dark Adaption 
$Contrast Sensitivity 
$OCT
$OCT Angiography 



Early Onset Pathogenesis 

$Drusen small or large are not makers for early-stage AMD
¬ Visible structural evidence of a pathological process

2 Underway for quite some time 

$Cholesterol deposits exist beneath the surface long before drusen form 
¬ Cannot be seen with structure-based methods 
¬ Cholesterol produced by RPE and deposits into Bruch’s membrane

¬ Continue to layer in Bruch’s membrane

$As this cholesterol accumulates the process unfolds with compromise to the outer retina
¬ Inflammation
¬ Oxidative stress
¬ Disruption of oxygen and nutrients 
¬ Drusen formation 

$ Impaired Vitamin A across Bruch’s membrane
¬ Functional impairment can occur to dark adaptation



Healthy choriocapillaris, Bruch’s, RPE, and Photoreceptors



Cholesterol barrier deposited along Bruch’s and RPE



RPE Secretes even more cholesterol and degenerates



Finally, visibly evident drusen on fundus evaluation



AMD is a Disease Process that Starts Below the Surface



Applying a Familiar Standard of Care:
Two Multifactorial Diseases

Glaucoma AMD

Structure

Function

Risk

Cup-to-disc 
Ratio

Intraocular Pressure (IOP)
Corneal Thickness
Age/race
Family history/etc.
Health and Lifestyle (Diabetes)

Drusen

Dark AdaptationVisual Field

Age
Genetic Testing
Health and Lifestyle (Smoking)
Macular Pigment Optical Density (MPOD)
Contrast Sensitivity.



Dark Adaptation in AMD
Function Test

$Measures how long to recover from bright light to darkness
¬ Rod intercept line (RI) time 
¬ Adaptation Time – Heru

$Functional test that can help overcome the challenges in diagnosing AMD 
$Alabama Study on Early Are-Related Degeneration (ALSTAR)

¬ Able to detect subclinical 3 years before clinically visible 

¬ 325 adults without clinically detectable AMD 

$Rod deterioration happens in earliest stages of AMD
¬ Earlier defection before visual acuity 

$AdaptDx 92284 
¬ Sensitivity 90.6%
¬ Specificity 90.5%



The Role of Contrast Sensitivity in AMD

$ Contrast Sensitivity is affected in early AMD

¬ In many diseases, including AMD, traditional visual acuity testing does not fully reflect the patient’s symptoms

$ There is evidence that it may degrade prior to observable structural changes in the retina 

$ When AMD leads to significant visual dysfunction, CS testing can give insight into the level of difficulty a 

patient is likely to encounter in activities of daily living 1

$ In one AMD study, increases in central drusen were correlated with decreasing CS results, yet all subjects 

maintained 20/20 VA 2

$ Heru’s contrast sensitivity application uses a tumbling E presentation on a light background (85 cd/m2) 

with a shrinking staircase thresholding strategy

$ Heru test time is 25 – 45 seconds per eye

1, 2. Roark, M.W., Add Contrast Sensitivity Testing for AMD. (2020). Optometric Management - Add Contrast Sensitivity Testing for AMD

https://www.optometricmanagement.com/issues/2020/may-2020/add-contrast-sensitivity-testing-for-amd


Early Detection

Dark Adaptation and Contrast Sensitivity Dark Adaptation



54-year-old man

$Dad is getting intravitreal injections every 6-8 weeks for wet AMD and I was 
told I am too young and that I have “drumezum” 
¬ Patient: “Can we do something now?” 
¬ Me:  You have come to the right person – if you are willing to make lifestyle changes if 

indicated 

$Genetic testing 
$Skin carotenoids 
$Dark Adaption 
$Contrast Sensitivity 
$OCT
$OCT Angiography 



DNA Sciences
$Genomics = all of our genes
$Genetics = individual genes

$Epigenetics – the study of how our cells control gene 
activity without changing the DNA 
¬ Internal and external environments



©2019 Alltech, Inc. All rights reserved.

Ocular Genetic Testing



©2019 Alltech, Inc. All rights reserved.

Generalized Ocular Testing
Inherited Retinal Disease and Spark Therapeutics
• Panel tests for mutations in approximately 300 genes associated with 

inherited retinal disease (IRD)

• More commonly tested for:
• Retinitis pigmentosa

• Leber congenital amaurosis
• Stargardt disease

• Commonly associated symptoms
• Nyctalopia

• Central and/or peripheral field loss
• Color vision deterioration and/or loss

• Severe photophobia

**ID your IRD does NOT currently test for genes associated with AMD**



©2019 Alltech, Inc. All rights reserved.

Generalized Ocular Testing
Inherited Retinal Disease and Spark Therapeutics
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Age-Related Degeneration Genetic Testing
Peer-Reviewed Published Studies

Prospective assessment of genetic effects on progression to different stages of age-related 
macular degeneration using multistate Markov models. IOVS 53.3 (2012): 1548-1556.

CFH and ARMS2 genetic polymorphisms predict response to antioxidants and zinc in patients with 
age-related macular degeneration. Ophthalmology 120.11 (2013): 2317-2323.

Validation of a prediction algorithm for progression to advanced macular degeneration subtypes. 
JAMA ophthalmology 131.4 (2013): 448-455.

Treatment response to antioxidants and zinc based on CFH and ARMS2 genetic risk allele number 
in the Age-Related Eye Disease Study. Ophthalmology 122.1 (2015): 162-169.

Response to AREDS supplements according to genetic factors: survival analysis approach using 
the eye as the unit of analysis. British Journal of Ophthalmology 100.12 (2016): 1731-1737.

CFH and ARMS2 genetic risk determines progression to nvAMD after antioxidant and zinc 
supplementation. Proc National Academy of Sciences 115.4 (2018): E696-E704.



©2019 Alltech, Inc. All rights reserved.

Age-Related Degeneration Testing
Arctic Medical Laboratories (https://arcticdx.com)

Does my patient carry the genetic variations associated with vision loss when using chronic supplements 
such as AREDS?

**Patients positive for VitaRisk are advised to avoid long-term AREDS/AREDS2 supplements 



©2019 Alltech, Inc. All rights reserved.

Age-Related Degeneration Testing
Arctic Medical Laboratories (https://arcticdx.com)

What is the likelihood of my patient progressing to advanced AMD?

Should my patient avoid chronic zinc supplementation? 

**Predictive algorithm touts 89% accuracy @ 2, 5 and 10-year time points 





Ninja Nerd Science 
YouTube









Would You Recommend AREDS2?







Endogenous and Exogenous Antioxidants



Carotenoids 
$Why do hear so much about carotenoids
$ Melonie Clemmons, OD May 20, 2022 AACO Nashville  



Treating Half the Retina?



Carotenoids and Polyphenols



Significance of Carotenoids

High blood levels of the carotenoid alpha-carotene may reduce the risk of dying from cardiovascular disease

(CVD), cancer, and all other causes by up to 39 percent, suggest results from a 14 year study.

Source: Archives of Internal Medicine

Published online ahead of print, doi: 10.1001/archinternmed.2010.440

“Serum a-Carotene Concentrations and Risk of Death Among US Adults: The Third National Health and Nutrition

Examination Survey Follow-up Study”

Authors: C. Li, E.S. Ford, G. Zhao, L.S. Balluz, W.H. Giles, S. Liu

Total plasma carotenoids and mortality in the elderly: results of the

Epidemiology of Vascular Ageing (EVA) study

British
 Journal of Nutritio

n (2009), 101, 86–92

AREDS 2:  Higher dietary intake of lutein/zeaxanthin

was independently associated with decreased likelihood

of having neovascular AMD, geographic atrophy,

and large or extensive intermediate drusen.

Arch Ophthalmol. 2007;125(9):1225-1232

Vegetables, fruit, and antioxidant-related nutrients and risk of

non-Hodgkin lymphoma: a National Cancer Institute–Surveillance,

Epidemiology, and End Results population-based case-control

study 1–3

Am J Clin Nutr 2006;83:1401–10

Low Levels of carotenoids may increase risk of persistent HPV infection 

Nutrition and Cancer Volume 62 issue 6, 2010  PubMed



Measuring Macular Pigment

$Retina macula biopsy
$Clinical Imaging 

¬Subjective 
2 ZeaVision MPSII
2 Guardion Mapcat SF

¬Clinical
2 ZeaVision MPR
2 Zeiss Visucam 200
2 Spectralis HRA+OCT
2 Spectralis MPOV

Thank you! Dr. Chris Putnam 



Macular Pigment



Macular Pigment



Measuring Macular Pigment

$Biophotonic Scanner
¬Measures carotenoids
¬Based on an optical method known as 

Resonant Raman Spectroscopy (RSS)
2 Used for many years in research laboratories

¬Skin RRS measurements
2 Noninvasive

2 Objective

2 Reliable methods to assess carotenoid levels
– Ocular
– Systemic



Carotenoid Levels

$Biomarker of health for 
diet and lifestyle
¬Yale University

$ Phospholipid bi-layer
$Carotenoids, flavonoids, 

and polyphenols 



Raman Spectroscopy

478nm PHOTONS ARE  
EMITTED FROM
THE SCANNER

AS 478nm PHOTONS STRIKE  
CAROTENOIDS IN THE SKIN,  THEY 
ARE REFLECTEDBACK  AS 518nm
PHOTONS

Raman Spectroscopy



ARVO STUDY

Interrelationships between Macula, Skin and Serum 
Carotenoids- Paul Bernstein,Werner Gellerman et al
ARVO May 2016 

Conclusions:
"Our results emphasize  the importance of 
measuring the  total amount of carotenoids 
in the macula region using an objective  
image based modality such as AFI w 
Spectralis rather than  subjective MPOD."
Skin  resonance Raman Spectroscopy  of skin 
carotenoids is a reasonable biomarker of  
macula  carotenoid status.  and correlates 
better than  than subjective  MPOD tests. 

The objective  hand scanner is better than the subjective  
Macuscope, QuantifEYE, and Densitometer  for  estimating 
macula pigment.



Visit

2

At-risk Patients May Convert to Wet AMD
at Any Point Between Follow-up Visits

Visit

1

Converts 
after office 

visit

More likely 
to lose vision

Converts 
between 

office visits

Converts 
before office 

visit

Less likely to 
lose vision

Reference: Rauch R, et al. Retina. 2012;32(7):1260-1264.



Notal Vision - ForeseeHome® product overview 

55

6,000+ actively 
testing patients 

600+ active 
prescribers 

Medicare 
covered 

Uses Preferential 
Hyperacuity 
Perimetry (PHP)

Proven efficacy 
with level 1 
evidence

Reference: Data on File. 



Visit

2

At-risk Patients May Convert to Wet AMD
at Any Point Between Follow-up Visits

Visit

1

Converts 
after office 

visit

More likely 
to lose vision

Converts 
between 

office visits

Converts 
before office 

visit

Less likely to 
lose vision

Reference: Rauch R, et al. Retina. 2012;32(7):1260-1264.



Total of 500 data points 
tested 3 to 5 times each

Stimuli are presented 
on screen for 160 ms

Optic disk

Macula

Notal Vision- PERIMETRY: The ForeseeHome Test

57

0.75°
resolution

Visual field – central 140

(4200 microns)



Optic disk

Macula

Pathology

Once pathology is suspected, the area is 
bracketed to localize and quantify pathology

58

When a patient clicks on the 
“pathological distortion,” 
the algorithm will present 
stimuli of various magnitudes 
over the location to determine 
the size and shape



CASE 1

Trend Score

6/23/17

STARTED TESTING

9/7/17 11/5/17 1/3 /18

ALERTED
20/60 OD and asymptomatic

86 y/o Male  | Baseline Vision: 20/30 OU



OCT in AMD

$Need spectral domain to follow intermediate or worse AMD
$Able to identify OCT predictors of progression
$Especially in identifying OCT predictors of progression

¬ Hyper-reflective foci
¬ Reticular pseudodrusen
¬ Nascent geographic atrophy
¬ Sub-RPE hyper-reflective columns 
¬ Drusen substructures 
¬ Drusen load and regression 



Measure the Drusen with Your OCT



Measure the Drusen with Your OCT



Measure the Drusen with Your OCT



What is this layer called?







Fun Facts I Have Learned About the Mitochondria
$Mitochondria produce energy from organic matter
$ Live about 100 days
$They produce 90% of energy in the body
$ In return they product 90% of the free radicals
$When they become dysfunction when get many clinical consequences

$Mitochondria are very sensitive to reactive oxygen and need antioxidant support
$Mitochondria are one of cellular organelles

¬ Electron transport chain – uses co-enzyme 10, and many other micronutrients 

¬ Brain cell has 1-2 million/single neuron 
¬ Heart cell has 5,000/cell

¬ Liver cell has 1000-2000/cell
¬ Photoreceptors 498/cell
¬ RPE cells >700/cell

The ellipsoid contains a densely-packed array of mostly elongated mitochondria arranged 
broadly parallel to the long axis of the photoreceptor. The cell contained 498 individual 
mitochondria



Credit to: Elroy Vojdani, MD - Dead Batteries: The Role of Mitochondrial Dysfunction in Immunological Decline 
- Emerging Diagnostic Tools and Nutraceutical Interventions



Credit to: Elroy Vojdani, MD - Dead Batteries: The Role of Mitochondrial Dysfunction in Immunological Decline 
- Emerging Diagnostic Tools and Nutraceutical Interventions



AMD is a Disease Process that Starts Below the Surface



OCT in AMD

$Need spectral domain to follow intermediate or worse AMD
$Able to identify OCT predictors of progression
$Especially in identifying OCT predictors of progression

¬ Hyper-reflective foci
¬ Reticular pseudodrusen
¬ Nascent geographic atrophy
¬ Sub-RPE hyper-reflective columns 
¬ Drusen substructures 
¬ Drusen load and regression 



Hypo versus Hyper Reflectance



Can We Learn From These Pictures?



Can We Learn From These Pictures?



Hypo versus Hyper Reflectance



Case 1 - OCT Predictors of Progression



Case 1 - OCT Predictors of Progression



Case 1 - OCT Predictors of Progression



Case 2 - OCT Predictors of Progression



Case 2 - OCT Predictors of Progression



Case 2 - OCT Predictors of Progression



Case 3 - OCT Predictors of Progression



Case 4 - OCT Predictors of Progression



Case 4 - OCT Predictors of Progression



Case 4 - OCT Predictors of Progression



OCT Angiography in AMD
Structure Test

$Able to identify occult or classic CNV before they leak 
$Non-invasive technique 
$Subclinical CNV or “Occult non-exudative CNV” 

¬ Risk of exudation at 12 months is 15.2 times greater compared to eyes without subclinical 
CNV 



OCT Angiography  
A New Approach to Protecting Vision

}Non-invasive visualization of individual layers of retinal vasculature
}Pathology not obscured by fluorescein staining or pooling
} Image acquisition requires less time than a dye-based procedure
}Reduced patient burden allows more frequent imaging to better follow disease 

progression and treatment response 

OCTA of CNVFA of CNV



Enface OCT-A Slabs
Based on Retinal Anatomy

Deep Plexus (INL – OPL)

Superficial Plexus (ILM – IPL) Outer Retinal Zone (ONL – BM)

Choroid Capillaris

En Face Visualization of Layers 
Based on Retinal Anatomy



Normal Retinal Vasculature

Superficial Capillary Plexus

3µm Below ILM →  15 µm 
Below IPL

Deep Capillary Plexus

15µm Below ILM →  70 µm 
Below IPL

Outer Retina 

70µm Below IPL →  30 µm 
Below RPE Reference

Choriocapillaris

30 µm Below RPE Reference → 60 µm 
Below RPE Reference 



Type 1 “Occult” CNV

} New vessels develop in the choroid
} New vessels located below RPE and above Bruch’s membrane

Choroid

Bruch’s 
Membrane

RPE

Occu
lt n

on-exudativ
e C

NV



Type 1 “Occult” CNV
$New vessels develop in the choroid
$New vessels located BELOW RPE and 

ABOVE Bruch’s membrane

Choroid

Bruch’s 
Membrane 

RPE



CNV?



Multimodal imaging and OCTA

Vascularized Non-vascularized

VAGUE???



And the not so obvious ones…



6x6

3x3



Below the RPE

Case example: 70 y/o WM, AMD



Type 2 “Classic” CNV

$ New vessels develop in choroid
$ New vessels located above the RPE and above Bruch’s membrane

Choroid

Bruch’s Membrane

RPE



Type 2 “Classic” CNV

$New vessels develop in choroid
$New vessels located ABOVE the RPE 

and ABOVE Bruch’s membrane

Choroid

Bruch’s Membrane

RPE





48 y/o WM 2-week history of “dark spot” OD



OCT Angiography

Subclinical CNV or “Occult non-exudative CNV”

Risk of exudation at 12 months is 15.2 times greater 
compared to eyes without subclinical CNV 



Which is More Suspicious?



OCT Angiography Evaluation AMD 



OCT Angiography Evaluation AMD
After and Before Bevacizumab (Avastin)
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Treat and Extend!



Treatments for Choroidal Neovascularization (CNV)
$Current Anti-VEGF treatments

¬ Bevacizumab (Avastin)
2 Humanized full length monoclonal antibody
2 AMD

¬ Ranibizumab (Lucentis)
2 Humanized monoclonal antibody fragment 
2 AMD, DME, DR, RVO

¬ Aflibercept (Eylea)
2 Fusion protein 
2 AMD, DME, DR

¬ brolucizumab-dbll (Beovu)
2 Humanized single-chain antibody fragment
2 Up to 3 months dosing intervals, most are 4-6 weeks

– 50% remained 3 months after 1 year 

¬ Pegaptanib (Macugen)
2 RNA aptamer
2 AMD



Beovu (brolucizumab)

$ Indication: injection is used for the treatment of Neovascular (Wet) Age-related 
Macular Degeneration (AMD)
¬ Offers a 3-month dosing schedule in the first year of treatment

$Warning issued by the American Society of Retinal Specialists about a series of 
intraocular inflammation events—some of which led to severe vision loss

$On April 8, 2020, Novartis announced its completion of the review, which included an 
assessment by an external, independent Safety Review Committee

$Complications: n=1098
¬ Intraocular inflammation (IOI) - 4.6% (n=50)
¬ IOI + retinal vasculitis – 3.3% (n=36)
¬ IOI + retinal vasculitis –retinal (artery) vascular occlusion – 2.1% (n=23)
¬ Vision loss of 15 letters or more - <1% 



ByoovizTM (ranibizumab-nuna)
$Reference drug Ranibizumab (LucentisTM)

¬ Ten manufacturers are working on Ranibizumab biosimilar (as of 2021)

$Samsung Bioepis, South Korea
¬ First ophthalmology biosimilar approved by US-FDA in September 2021

2 Others have been approved around the world 

¬ Treat wet AMD, Macular Edema following RVO, and myopic CNVM, 
¬ A randomized phase 3 multicenter, parallel-group double-masked study compared efficacy, 

safety, pharmacokinetics & Immunogenicity of Byooviz with the reference Ranibizumab in 
patients of nAMD. 

¬ 705 patients were enrolled and randomized (1:1) to receive Byooviz or reference 
Ranibizumab every 4 weeks through week 48. 

¬ The safety and immunogenicity profile of SB11 and reference ranibizumab were comparable 
at all points up to week 52



Thank You and Questions!
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