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Presbyopic 
Opportunity 
and Reach

Approximately 120 million Americans 
between 40-70 years old1 

70% wear some sort of vision correction 

Reported frustration with vision in the 
exam room 

1. Data on file, B&L 2019; multi-sponsor surveys 2018. 

• Population growing 

• Incomes and education 

rising 

• Life expectancy increasing

• Working longer

• Importance of near Vision 

• Cannot be at the expense 

of distance Vision!

Presbyopic Population
What has changed?

Source: MarketScope 2010

• More than 50% of exercise regularly 
• 72% of boomers plan to keep working in 

some capacity after retirement 
• 83% of Boomers are on the internet and 

spend more hours per week on computer 
than TV 

• 72% of Boomers have a cell phone and 
check it on average 46 times per day!

1.Data on file, Bausch & Lomb Incorporated.
2.Hardy. Love to Know website. 2012.
3.Del Webb 2010 Baby Boomer Survey
4.Sauer et al. Deloitte Research. 2012.
5.Jones. Pew Research Center. 2009.

What do we know about 
Presbyopes?

Population Growth 2000 to 2010
The Presbyopic population 
is growing over 10x faster  
than the pre-presbyopic 
population

2010 U.S. Census



Presbyopia

Ametropia (Static)
• Only need single refractive change
• Correct for distance

• Accommodation provides near

Presbyopia (Dynamic)
• Need many points (range) of focus

• Multiple / moving lens(es)
• Must replicate (or simulate) natural 

movement.

Goldberg DB.  Clinical Ophthalmol. 2011;5:1559-66.

The Accommodative Triad

When looking from far to 
near, three things happen: 

1) the eyes converge 

2) the pupils constrict  

3) the eyes accommodate

Together, these three things are referred to as the accommodative triad

Photorefraction

Video

The Mechanism of Accommodation The Mechanism of Accommodation

The Lens and Accommodation

Rosales P, Dubbelman M, Marcos S, van der Heijde R. J Vis 2006, 6, 1057-67.

Video

Helmholtz Theory of Accommodation

Helmholtz, 1855



Binocular Vision Issues

• Consider: 

• The convergent insufficient who can no longer accommodate to 
accommodate 

• The post-LASIK “former” myope with symptoms of asthenopia 

• Accommodative insufficient 

Aging

The Aging Lens

Kuszak, J.R., AL-Ghoul, K.J.  and Costello, M.J. Duane's Clinical Ophthalmology, 2006. 

The adult lens contains the embryonic 
nucleus 

The embryonic nucleus contains the oldest 
cells and proteins in the lens 

The embryonic nucleus is surrounded by the 
fetal nucleus, the juvenile nucleus and the 
adult nucleus 

The nucleus is surrounded by the cells of the 
cortex which are the youngest cells in the 
lens

Aging of Lens Crystallins
Crystallins are normally water soluble lens proteins 

With age they undergo post-translational modifications including racemization, deamidation, 
oxidation of amino acid sub-groups 

This results in degradation, backbone cleavage… 

… which alters the protein three dimensional structure,… 

… allows inter-molecular disulfide bonding,… 

… exposes the hydrophobic core… 

… and leads to aggregation, insolubility, lens stiffening and cataract

Hanson, S. R., Hasan, A., Smith, D. L. & Smith, J. B. Exp. Eye Res. 2000, 71, 195–207.

Growth of the Human Lens

The human lens 
continues to grow 
throughout life 
resulting in an increase 
in the size of the lens. 
This has been 
suggested to be an 
additional contributing 
factor to the 
development of 
presbyopia.

Glasser & Campbell, Vision Research, 1999

Stiffening of the Lens With Age



Loss of Soluble α-Crystallins in Human Lens Nucleus 

Age (Years)
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Loss of soluble α-crystallins from the human lens nucleus

Heys, K.R., Friedrich, M.G., Truscott, R.J.W. Aging Cell, 2007, 6, 807–815.

Lenticular Change: Continuum

What about vision 
correction means? 

• Spectacles: OTC, PAL, Anti-fatigue 

*Limitations for many 

ACTIVE:  
• Loss of near vision interferes with 

everyday activities: 
• Shopping 

• Sending text messages 

• Seeing time on digital devices 

• Reading a menu 

DISLIKE READING GLASSES: 
• Feel like their parents 

• Look “old” in glasses 

• Inconvenient  
• Embarrassing

Who is a typical patient?

Contact Lenses

Multifocals 

Monovision 

Modified Monovision 

Various designs/modalities 

What’s the appropriate expectation?

Accommodating IOLs  

Multifocal/EDOF/Trifocal IOLs 

Corneal Inlay Technology 

Scleral expansion

Surgical Presbyopia Correction



Surgical Presbyopia Correction

Accommodating IOLs  

Multifocal/EDOF/Trifocal IOLs 

Corneal Inlay Technology 

Scleral expansion

42-50 yo 
Lens starts to 
stiffen, lose 
focusing power 
Loss of near 
vision 
HOA 
Development

Stage 1
> 50 yo 

Loss of 
accommodation 
Light Scatter 
formation 
degrading vision 
Decreased 
contrast and  
night vision

Stage 2
> 65 yo 
Full Cataract  
Poor visual 
quality 
Nucleus of the 
lens yellows, 
affects colors  
Opacity with 
degraded vision 
 

Stage 3

What is Dysfunctional Lens Syndrome?  
A new descriptor educate patients about their condition

Patients no longer have to suffer with glasses or contacts until they develop a full Cataract (Stage 3)

54 yr old Post Lasik Stage II

Video

Elongation Of Focus

28

Monofocal IOL 

Multifocal IOL

EDOF IOL

1 Data on File. Tecnis Symfony Green Light Bundle Bench Test DOF2014CT0005. Abbott Medical Optics Inc. 2014


Tecnis Multifocal ReSTOR CrystalensTecnis Symfony

Low Add Multifocal 
High Add Multifocal

EDOFAccommodating

PanOptix Vivity

EDOF EDOF

• Monofocal IOL Monovision 
• Mini-monovision with presbyopia IOLs 
• Mixing and matching presbyopia IOLs 
• Low add IOLs 
• EDOF IOLs 
• Multifocal

Many Evolving Surgical Presbyopia 
Correcting Options Post-Op is the New Pre-Op!

• Delivers world’s best clinical outcomes for 
cataract patients 

• Overcomes limitations of both pre-operative 
and intra-operative prediction processes 

• Premium channel driver 

• Private pay 

The world’s first adjustable intraocular lens that allows office-
based optimization of vision after lens implantation and healing



A Better Way to Deliver Premium Cataract 
Surgery

Pre-Operative 
Prediction

Post-Operative 
Adjustment 

Standard Cataract Implant 
Procedure

• Low Stress Cataract Surgery 
• Not dependent on 

prediction of SIA, ELP, 
Individual Healing, 
Surgical Technique, 
Sophisticated Equipment

Residual Refractive Error is 
Determined Using Standard 

Phoropter

• Interactive Post-Op Process 
• Refraction optimized with 

patient after healing is 
complete and ocular 
media clear

Refractive Error is Entered into 
Light Delivery Device

• Office Based Refractive 
Treatment on IOL 

• Unparalleled flexibility 
and accuracy 

• Bifurcated cataract and 
refractive procedure

How It Works 

2-3 Weeks

LAL Parameters

OPTIC BODY

- Photo-reactive UV absorbing 
Silicone

- Biconvex

- Anterior surface – rounded 
edge

- Posterior surface – squared 
edge

- 6mm diameter

HAPTICS

- Blue core 
polymethylmethacrylate 
(PMMA) Monofilament

- Modified ‘C’

- Haptic angle – 10o

- 13mm - RxLAL Total 
Diameter

Light Delivery Device (LDD)

The LDD consists of the following 
components:

- Anterior segment biomicroscope
- Patient Chin and headrest
- Computer system for planning and 

performing light treatments
- Ultraviolet (UV) light projection 

system

Interactive Post-Op Process

• First Ever “Patient Trial’ of final 
outcome 

• Patient previews different 
refractions 

• Refraction optimized after healing is 
complete and ocular media clear 

• Increase Optometric (OD) 
engagement



UV Protective Glasses
At the end of 
surgery RxLAL 
Patients are 

provided with UV 
Protective glasses 
to help protect the 
RxLAL from sources 

of UV light

• The patient may discontinue 
wear of the UV protective 
glasses 24 hours after the 
final light treatment has 
been completed

• Exposure to UV light, such as 
sunlight, can cause 
uncontrolled changes to the 
RxLAL

Light Treatments
Light Treatments are Painless, Non-Invasive 

and Last Approximately 90 Seconds

Tecnis Multifocal ReSTOR CrystalensTecnis Symfony

Low Add Multifocal 
High Add Multifocal

EDOFAccommodating

Summary of US Presbyopia Correcting Options

PanOptix Vivity

EDOF EDOF

Topical Treatment for Presbyopia

•Pupil Modulation  
• Contains miotics but also proprietary components that allow for 

near and far vision 
•Lens softening 

• Contains drops that selectively target and disrupt the disulfide bonds 
in the lens 

Higher proportion of EV06 subjects had gain of 10 
letters or more (DCNVA) compared to placebo

41
Note: Preliminary analysis based on LOCF in study eye only

Percent of Subjects with Gain of ≥10 Letters 
in DCNVA

%
 o

f 
Su

bj
ec

ts

0

13

25

38

50

Day 8 Day 15 Day 31 Day 61 Day 91

Placebo
EV06

P=0.04

P-value is based on 
Fisher’s exact test

P=0.003

DCNVA=Distance-corrected near visual acuity

How Is Accommodation Lost? 

42

Aging EyeYoung Eye

Cytosol Displacement 
Centrally = Accommodation

 Lens Stiffening  =  
Compromised 

Accommodation

Oxidation induced disulfide 
bonds form between crystalline 
proteins - a Leading Potential 

Cause

↓

↑



What is EV06? 
How Does it Work?

43

• EV06 (Lipoic Acid Choline 
Ester, 1.5%) is a prodrug 

Choline Lipoic Acid

Lipoic Acid Choline Ester 

• EV06 penetrates cornea - 
metabolized into Choline 
& Lipoic Acid, two 
naturally occurring 
substances

Dihydrolipoic Acid

• Enzymes within lens 
fiber cells chemically 
reduce Lipoic Acid 
to active form 
Dihydrolipoic Acid

Dihydrolipoic Acid Chemically Reduces Disulfide Bonds

44

Dihydrolipoic Acid

Disulfide Bonds

LENS ELASTICITY IS REGAINED

Cytosol Displacement 
Centrally = Accommodation

↓

↑

EV06 Safety & Tolerance Results

• No Subjects Discontinued For Adverse Events, 
Safety Concerns, or Tolerability

• No Sight Related Adverse Events
• Upon Instillation 

– Mean EV06 Comfort Rating 3.0

– Mean Placebo Comfort Rating 2.7 
• (Scale 0 – 10; “0” = Very Comfortable)

• No Change In Best Corrected Distance Visual 
Acuity 45

EV06 Efficacy Results

• Achieved both Primary Efficacy Results:

– Improvement in Distance Corrected Near Vision 
Acuity (DCNVA) in the Study Eye after 
treatment, which continued throughout the 
dosing period

– Higher proportion of subjects with gain of ≥10 
letters in DCNVA in the study eye vs. placebo 

46
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•P-values for two sample t-test, EV06 vs. Placebo

Improvement in Distance Corrected Near Vision Acuity

DCNVA=Distance-corrected near visual acuity

•

• 48

• EV06 DCNVA Snellen score - Day 1 & Day 91
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•

• 49

• Placebo DCNVA Snellen score - Day 1 & Day 91
%

 S
ub

je
ct

s

20/20 20/25 20/32 20/40 20/50 20/63 20/80 20/100

04

8

32

24

8

12

4 1

12

16

40

20

8

00

Day 1 Placebo 
Day 91 Placebo

• No material shift 
in Snellen Scores

Emerging Treatments—Miotics 

MOA: Decrease pupil size 
• Increases DoF and clears image by limiting entering light to central parallel rays that converge 

at a focal point on the retina 
AGN-190584 

• Two 30-day vehicle-controlled phase 3 trials 
• Total 650 subjects aged 40 to 55 years 
• Primary outcome: % gaining ≥3 lines in mesopic, high contrast, binocular DCNVA from 

baseline to day 30 
CSF-1 

• Phase 2b study, 166 subjects 
• Primary endpoint met – statistically significant improvement in DCNVA ≥3 lines 
• Acceptable safety and tolerability

Emerging Treatments—Miotics 

Pilocarpine Picodispenser (1 & 2 %) 
• Uses MicroLine, a proprietary microdose formulation 
• Improves near vision for 3 to 4 hours 
• Plans to initiate two phase 3 trials (VISION-1 and VISION-2) 

PRX-100 (Acceclidine) 
• Acceclidine is a similar miotic to pilocarpine 
• Designed to induce strong miosis without associated accommodative distance blur 
• Phase 2b study of 58 patients aged 48 to 64 years  
• Monocular distance-corrected near acuity increased ≥3 lines at 1 hour in 47% and by ≥2 

lines in 92% 
• ~50% maintained a 2-line or greater improvement in DCNVA for up to 7 hours 
• Onset within 30 min, no significant loss in monocular BCDVA

Emerging Treatments—Miotics 

Carbechol + Brimonidine 
• Combination contributing effects  
• Improves near vision for 7-8 hours 
• In phase IIb 

Pilo (0.4%) + Nyxol 
• Combination contributing effects  
• Improves near vision for 8-10 hours 
• Two drop formulation with Nyxol QHS 
• Starting phase III 

Using Pupillary Miotics to Improve DoF

• Pupillary miosis can improve near vision  
• Distance vision can be lost if pupil becomes too small 

• What is the optimal pupil size to increase DoF? 
• No specific number 
• Optimal pupil size is a % of an individual’s natural pupil size 
• Lighting conditions and age influence the ability of pupil to increase 

DoF

Effects of Light Conditions and Pupil Size on 
Near Vision (Xu et al. IOVS. 2016)
• Examined impact of small pupils and light levels on reading 

performance in distance-corrected presbyopes (n = 20; age 40-60 
years) 

• Low-light levels are detrimental to reading at near distances 
• Near vision alleviated without loss of distance vision with: 

• Pupil sizes between 2.1 mm and 3.6 mm (not true for pupil size of 1 mm) 
• Multifocal treatments (contact lenses) 
• Increasing light levels (140 and 1.4 cd/m2) 

• Poor light levels motivate emerging presbyopes to seek near reading 
aids



Future presbyopia drops: miotics

.

Early Presbyope 

Positioning Your Practice

• Preparing the dialogue 
• Education of your staff 
• Patients may come asking, be ready 
• Discuss all options

Opportunities 
for Patients 
and Us

How will you 
incorporate?

Part-time 
occasional 

use

Daily use

Adjunctive 
to other 

presbyopic 
corrections 



What Do you Need to Succeed

• Significant number of patients may be new, who have only purchased 
reading glasses online or at big box retail stores 

• Need to start educating patients now 
• Must dilate and record findings on first exam before starting miotics 
• Wide field imaging (confocal or ultra-wide field) 
• Pupil testing for baseline (and follow-up in patients who don’t 

respond)

Confocal imaging

Diabetic retinopathy through 2.3 mm pupil

Age Related Loss of Accommodation

Duane measured the 
amplitude of 
accommodation in 
1500 subjects using 
the subjective  “push 
up” technique 
(Duane, 1912).

Pupillometry



Need to ensure pupils are 
between 1.5mm and 2.4mm
Need to ensure pupils are 

between 1.5mm and 2.4mm
In Scotopic Light!

What is it…

• EyeKinetix is an objective machine vision alternative to the SFM for assessing APDs 

• Objectively assess pupils in less than 1 minute; an order of magnitude more detailed 
than the finest human observer 

• It includes a scotopic / photopic pupil measurement + PD

Test:  Full Field Stimuli

Expanded Stimuli

Analog of
Swinging Flashlight

Normal, typical, 
matching 
responses

Abnormal,   
differential latency



Key Clinical Papers

• There is evidence that very subtle APDs (above 0.3) are present in the vast majority of 
glaucoma subjects 1 

• Studies have shown that automated objective pupillography identified more than twice 
as many RAPDs than the SFM2 

• Clinically detected asymmetry in disc damage was missed 49% of the time with the SFM 
compared to 21% with automated objective pupillography2 

• When using automated objective pupillography, the pupillary light reflex is strongly 
correlated with VF functional testing and measurements of RNFL thickness3

1. Tatham, A.J., Meira-Freitas, D., Weinreb, R.N., Marvasti, A.H., Zangwill, L.M. and Medeiros, F.A., 2014. Estimation of retinal 
ganglion cell loss in glaucomatous eyes with a relative afferent pupillary defect. Investigative ophthalmology & visual 
science, 55(1), pp.513-522. 
2. Ali, M., Lu, L., Martinez, P., Faria, B., Gupta, L., Zhang, A., Hwang, E., Moster, M. and Spaeth, G., 2013. Pupil-based detection of 
asymmetric glaucomatous damage-comparison of the Konan RAPDx pupillograph, swinging flashlight method, and magnifier-
assisted swinging flashlight method. Investigative Ophthalmology & Visual Science, 54(15), pp.4811-4811.

Potential Practice Concerns About Drops

• Drop likely to be an adjunctive treatment— 
• Won’t eliminate glasses  
• Patients will likely want to use a drop periodically  

• Potential cons of drops: costs, cosmetic side effects (e.g. 
small pupil size in light-colored eyes), adherence 

• Some will have adverse events like HA’s, burning etc. 
• Helpful to start identifying ideal candidates and how drops 

could benefit practice over time

Opportunities for a Practice

• Practice builder for any eye care provider 
• Access patients we don’t normally see (reading glasses purchasers) 
• Raise awareness to bring patients in for the treatment  

• Retains patients 
• Raises patient interest in a presbyopia-correcting solutions 

• Spectacles 
• Contact lenses 
• Surgery 
• Therapeutics

Thank you


