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Presbyopia, Problems are Opportunities
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Prevalence: 
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PRESBYOPIA Worldwide

People with Presbyopia 
around the globe in 2019 –

growing to

2.0 B

2.3 B
by 2023

Contributing Factors:
• Aging population
• Longer life expectancies
• Longer Working Careers 
• Near Vision needs
• Growing Middle Class in emerging markets

Presbyopes 2019 2024

US 128.7 M 136.5 M

OUS 1.93 Billion 2.17 Billion

~ 1.8 million new 
presbyopes a 

year in U.S.

Source: 2019 Market Scope Estimates 
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For Internal Use
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EXPANSIVE MARKET OF MOTIVATED PRESBYOPES
PRESBYOPES SEEKING ADDITIONAL OPTIONS TO IMPROVE NEAR VISION & RESIST AGING

Category Diagnosed
% Patients 
Rx-Treated

Total Patients

Dry Eye > 17 Million 10% 1.7 Million

Presbyopia > 120 Million 5%* 5+ Million*

• P r o je c te d  f r o m  K a n ta r  m a r k e t  r e s e a r c h

* *     P a t ie n t  s u r v e y ,  - 2 0 2 2 ,  ( n = 4 1 2 )

Presbyopia will affect 
essentially everyone over 
40, presenting an 
opportunity for 6x more 
patients than DED 

Summary of Insights from Patient Survey** - Presbyopic patients aged 40 to 65:
• Most find presbyopia annoying and frustrating
• Effects leisure and work
• The loss of near vision is a reminder of aging and want to resist growing older
• Many are seeking solutions beyond readers

Opportunity for 
eye care
to educate 
patients on 
options!
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PRESBYOPIA:

INEVITABLE AND AFFECTING MORE PEOPLE THAN EVER

How many
people are   

affected globally? 

How many  
Americans are 
presbyopes?

How many people 
buy their readers 

at
the drugstore?

~1.8 
billion1

128 
million2-4,* 30.9 

million5

1. F ricke  et a l. O p htha lm o log y. 2018; 2 . A m erican  O p tom etric  A ssoc ia tion  w eb site . A ccessed  2019; 3 . Zeb ard ast e t a l. A m  J  O p htha lm o l. 2017; 

4 . U .S . C ensus Bureau. 2014; 5 . V is ion  C ounc il w eb site . A ccessed  2020. 

*Determined based on U.S. Census data.
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Are Eye Exams Cool Again?

• This patient population (the emmetropic presbyopes) doesn’t usually seek out our 
services

• only 13% see an eye exam as a preventative measure and have regular exams.

• Glaucoma
• Dry Eye Disease
• Eye Wellness-future AMD, cataracts, skin cancer, etc.
• Children’s vision-myopia progression, amblyopia
• Others?

9

Epidemiology in the Patient Population

Condition People 
affected

Dry Eye 
Disease

35.5 Million

Diabetic 
Retinopathy

7.7 Million

Glaucoma 3 Million

Macular 
Degeneration

11 Million

Dry Eye Disease:  35 Million affected/ 
17 Million Diagnosed/ 1 Million Rx 

From 2010 to 2050:
Diabetic Retinopathy 7.7 Million - 14.5 
Million
ARMD 11 Million   - 22 Million
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Consumers Rank the Loss of Near Vision as #1 Impact on Quality of Life in Comparison to Other 
Age-related Ailments

R ep o rted  as  
#1  o r #2  m o st 

im p actfu l co n d itio n

Loss of 
Near Vision

35%

33%

14%

20%

60%

Hearing 
Loss 39%

Arthritis

High Blood 
Pressure

High 
Cholesterol

Dry Eyes

B u r k e  H e a l th c a r e  R e s e a r c h  A p r i l  2 0 2 0 ,  n  =  1 0 0 0  p r e s b y o p e s  a g e s  4 0 - 8 0  y e a r s  o ld .

When asked which of the following age-
related ailments has the most significant 
impactful on QOL, people with presbyopia 
ranked the Loss of Near Vision as having more 
impact than any other of these common age-
related conditions

% ranking conditions as top-2 most impactful on QOL
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Our current solutions…

• Spectacles1

• Single vision
• Bifocal/Trifocal
• Progressive

• Contact Lenses2

• Soft Multifocal
• Monovision
• GP’s
• Scleral

1. A m erican  O p tom etric  A ssoc ia tion  w eb site , A ccessed  2020  2 . A m erican  A cad em y o f O p tom etry  w eb site , A ccessed  2020.  A m erican A cad em y o f O p htha lm o log y w eb site , A ccessed  2020  2 . L iu  e t a l. In t J  
O p htha lm o l.2015; 3 .M oare fi e t a l. O p tha lm o lo  Ther.  2017 4 . S ieb urth  and  C hen. Ta iw an J  O p htha lm o l. 2019.

Surgical Treatments

Excimer laser3

Monovision

Modified Monovision
Multifocal ablation

Femtosecond laser inlays4

IOLs
Diffractive Technology-bifocals, trifocals, EDOF3

Nondiffractive Technology EDOF
Accommodating
Light Adjustable

Femtosecond laser-induced shape change
Femtosecond laser4

Softening of the crystalline lens

12
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Glasses
• Negative impact on self 

confidence
• Inconvenient
• Fogging 

Multifocal IOLs
• Glare/halos
• Not usually an option for 

early presbyopes

Refractive Lens 
Exchange
• Especially for early 

presbyopes, the cost and 
risk of surgery may not 
outweigh benefits

Contact Lenses
• Inconvenient
• CL-related dry eye
• Compliance issues

Corneal Inlay
• Expensive
• Complications
• Adjustment to 

monovision 
• Reduced distance vision

Monovision Laser Vision 
Correction
• Hyperopic tx less predictable
• Irreversible
• Dry eye
• Adjustment to monovision

OPTICAL SURGICAL

13

Classifying presbyopia severity1-5

D C N V A  =  d is ta n ce -co rre cte d  n e a r v is u a l a cu ity .
*R e p re s e n ta tio n  o f d iffe re n ce s  in  fo n t s ize  (a ctu a l s ize  n o t s h o w n ).   †A p p ro x im a tio n  o f n e a r v is io n  co rre ctio n  re la tiv e  to  D C N V A .
1. McDonald MB, et al. Ophthalmol Ther. 2021. doi:10.1007/s40123-021-00410-w.  2. Sanders DR, Sanders ML. J Refract Surg. 2007;23:747-751.  3. Kennedy E. The Responsive Website Font Size Guidelines. Accessed April 29, 2021. https://learnui.design/blog/mobile-desktop-website-font-size-
guidelines.html.  4. FDA. Accessed June 15, 2021. https://www.fda.gov/media/ 99151/download.  5. Columbia Journalism Review. Accessed June 15, 2021. https://www.cjr.org/language_corner/points-picas-typography-print.php. 

Nutritional label,
legal disclaimers, footnotes

Smartphone (common text sizes),
Classified ads, Bible, toiletry labels, 

books, magazines

Computer (common text sizes),
Children’s books, newspaper 

sub-headlines
Unable to read font 
size*:

4 p t 6 pt 8 pt 12 pt 14 pt 30 pt
PRESBYOPIA 
CLASSIFICATION

MILD
PRESBYOPIA

MODERATE
PRESBYOPIA

ADVANCED
PRESBYOPIA

NEAR VISION 
CORRECTION† ≤ +1.25 D > +1.25 – +2.00 D > +2.00 D

DCNVA (photopic) 20/25 – 20/40 >20/40 – 20/80 >20/80 
JAEGER EQUIVALENT 
(photopic) <J4 J4 – J9 >J9

TYPICAL AGE 40 – 47 years >47 – 55 years >55 years

FUNCTIONAL 
NEAR VISION 
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A Chance to Cut is a Chance to Cure!?
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Why Is This Important For Optometry?

•4 out of 5 patients diagnosed with a cataract are 
done so by an optometrist

•Optometrists are the “gatekeepers” to cataract 
referrals and ATIOLs 

•Referring O.D.'s must discuss all IOL options and 
educate patients about cataract and treatment 
options

16

TODAY’S 
PRESBYOPIA-
CORRECTING IOL 
OPTIONS

Enhanced Monofocal IOL

Wavefront-Shaping EDOF IOL

Hybrid Multifocal/EDOF IOL

Small Aperture IOL

Light Adjustable Lens

17

PRESBYOPIA IOLS: 5 PEARLS (“P’S”) FOR SUCCESS

1. PLANO OUTCOME
2. PROACTIVE TX OF OCULAR SURFACE DISEASE
3. PRE OP COUNSELING – SETTING REALISTIC EXPECTATIONS
4. PROPERLY SCREEN CANDIDATES
5. PICK THE RIGHT IOL

OTHER: 6. PICK THE RIGHT SURGEON

7. POSTERIOR CAPSULAR OPACIFICATION

8. POOR IOL CENTRATION

18
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DESIGNS SPLIT LIGHT & FOCI DIFFERENTLY

Enhanced Range IOLs

Monofocal IOLs

EDOF IOLs

Multifocal IOLs

Trifocal IOLs

NearIntermediateDistance

Traffic
Signs

Scenery Stage
Performances

Tablets Cooking Multimedia 
Work

Books Mobile 
Devices

Newspaper

19

ENHANCED MONOFOCAL IOL
• REFRACTIVE TECHNOLOGY

(NO RINGS) 
• SAME MATERIAL,  SPHERICAL

ABERRATION AND A-
CONSTANT AS MONOFOCAL
IOL

• PUPIL INDEPENDENT BEHAVIOR

• POWER INCREASES
CONTINUOUSLY FROM
PERIPHERY TO THE CENTER OF
THE LENS, RESULTING IN
SLIGHTLY EXTENDED RANGE OF
VISION

• PROVIDES A BIGGER LANDING
ZONE THAN A STANDARD
ASPHERIC MONOFOCAL LENS

20

J&J VISION – TECNIS EYHANCE

• FIRST LENS[1] IN THE MONOFOCAL IOL CATEGORY IN EUROPE TO DELIVER
IMPROVED INTERMEDIATE VISION AND 20/20* DISTANCE VISION

• TECNIS EYHANCE IOL OFFERS THE SAME WELL-ESTABLISHED LOW
INCIDENCE OF HALO, GLARE, OR STARBURST AS TECNIS® 1-PIECE
IOLS

• FDA APPROVED 2/2/21

21

WAVEFRONT-SHAPING EDOF IOL

22

EDOF - VIVITY IOL
• NON-DIFFRACTIVE IOL 

• NOVEL X-WAVE SHAPING
TECHNOLOGY CREATES AN EXTENDED
FOCAL RANGE BY STRETCHING AND
SHIFTING THE WAVEFRONT

• LOW INCIDENCE OF VISUAL
DISTURBANCES

• POSSIBLE FOR AMD??  
GLAUCOMA??

23 24
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PROPRIETARY TECHNOLOGY

1. TECNIS®  Symfony® IOL DFU

Proprietary 
Echelette Design 
Extends the depth of 
focus

Proprietary 
Achromatic 
Technology Corrects 
chromatic aberration 
for enhanced image 
contrast1

TECNIS Symfony® IOL Merges Two Complementary Enabling 
Technologies

27

Delivering Elongation of Focus

Monofocal IOL

1 D ata  on  F ile ._D ata  on  F ile_Tecn is  S ym fony G reen L ight B und le  B ench Test D O F2014C T0005. A bbott M ed ica l O ptics  
Inc . 2014

Multifocal IOL

TECNIS Symfony®

IOL

28

EXTENDED DEPTH OF FOCUS
THE TECNIS SYMFONY® IOL HAS UNIQUE OPTICS, CREATING A DIFFERENT VISUAL
EXPERIENCE

29

§ The proprietary echelette design introduces a novel pattern of light diffraction that 
elongates the focus of the eye

§ The echelette is the relief or profile of the lens (height differential) within each ring
§ The height, spacing, and profile of the echelettes to create a diffractive pattern for an 

elongated focus
1 . TEC N IS® Sym fo n y® IO L D FU

29

•
•
•

30
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PANOPTIX TRIFOCAL IOL
• SUPERPOSITION OF FOCAL POINTS

• LIGHT REDIRECTION - 120 CM INTERMEDIATE
FOCAL POINT REDIRECTED TO DISTANCE

• 3 FOCI – TRIFOCAL WITH 40CM, 60 CM AND
DISTANCE

• 88% LIGHT UTILIZATION - AT 3.0 MM PUPIL

• LIGHT ALLOCATION - 50% OF AVAILABLE
LIGHT TO DISTANCE, 25% TO INTERMEDIATE AND
25% TO NEAR

Focal Point 2: 60cm

Focal Point 1: 40cm

Distance: ∞

31

HYBRID MULTIFOCAL/EDOF IOL

• COMBINES DIFFRACTIVE
MULTIFOCAL AND EDOF 
TECHNOLOGIES (ECHELETTE
SURFACE TO IMPROVE LIGHT
SCATTER AND HALO
INTENSITY)

• ACHROMATIC
TECHNOLOGY FOR IMAGE
CONTRAST

• VIOLET FILTER TO REDUCE
HALO, GLARE, STARBURST

32

•
•
•
•
•

33

Light Adjustable Lens (LAL) 

•FDA Approved 11/17 for pts with pre-
existing astigmatism of >0.75D 
undergoing cat sx
• Spherical and cylindrical errors up to 2D

•First and only lens designed to be 
adjusted after implantation by UV light
•3 piece IOL design
•6.0mm biconvex optic; 13.0mm overall 

length
•UV absorbing back layer: 50-100 µm

34

Caution: Investigational device in  the U .S . L im ited  by Federal Law  to  investigational use.

Mechanism of Action 
35

35

✓The first IOL designed to be noninvasively adjusted after implantation using 
proprietary UV light

Post Op Adjustable IOL

36
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Flexible Treatment Profiles

Starting Wavefront

37

Light Profile Resulting Wavefront

Myopia

Hyperopia

Astigmatism

EDOF (Spherical Aberration)

Combined Treatment

MultifocalOne Lens 
Replaces Many 
Lenses

37

RxLAL Will Expand Monovision Use 

• Monovision used 3-4x more than PC-IOLs 1

• Usual target: 0.75D-1.00D anisometropia
• W/ average 0.5D SD2, hard to hit target
• If miss first eye, acuity degradation/ binocular 

fusion

• RxLAL will dramatically increases binocular 
accuracy
• Standard deviation reduced to 0.2D3

• Patient ability to test-drive/adjust final outcome
• LASIK-like outcomes

• Creates new premium channel opportunity 

38
1. 2015/2016 ASCRS Survey 2. Average over all IOLs 3. Doane Data FDA Study

IOL Type Refractive Error 
(Standard 
Deviation) 

Non-Adjustable 0.5D

RxLAL 0.2D

38

What’s Next in IOL Technology?

•Modular IOL Systems

•Accommodating

•Multifocal / trifocal

•Extended Depth of Focus

39

Accommodating IOL – Alcon FluidVision 
Lens

•Entire lens is hollow and filled 
with liquid silicone
•Fluid changes changes in optic
•Avg. accommodation range 2D
•Dr. Nichamin ESCRS 2018

• 29 eyes
• Distance 20/20
• Intermediate 20/20-20/25
• Near 20/22-20/27

**Not FDA Approved

40

“Pinhole” IOL Design

• IOL Material
• Single-piece hydrophobic acrylic

•Mask 
• PVDF & nano-particles of 

carbon
• 1.36mm aperture
• 3.23mm total diameter
• 3200 microperforations
• 5 microns thick

41

Presbyopia Correction No Longer Only 
for the Perfect Cornea!

Post-LASIK
Sathish Srinivasan, MD

Iris Trauma
Burkhard Dick, MD

Keratoconus
Omid Kermani, MD

Post--RK
David Kent, MD

42
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KAMRA® Inlay 
First US approved corneal inlay; commercially available in 50 countries

6 μm 
Thick

8,400 micro-perforations 
(5-11 μm) allow nutrient flow

Inlay matches corneal 
curvature

✓

✓

✓

✓

Im proves near vision with m inim al im pact to distance 
vision

− Achieves long-lasting results even as presbyopia 

progresses

Implanted into corneal pocket created with femtosecond laser
− Implanted monocularly into non-dominant eye

Removable via low-risk procedure with recovery of pre-
inlay vision

Highly biocompatible material
−Made from Polyvinylidene Fluoride (PVDF)

3.8 mm  
Total 

Diameter

Effective, Reliable and Safe Presbyopia Solution

43

1.6mm 
Central 
Apertur

e

43

How It Works

•The inlay works like an aperture in a 
camera (opening)
•This small opening allows only 

focused images in the eye
•Only focused light rays to reach the 

retina
•Same principle used in camera 

lenses to increase depth-of-focus

Pinhole Principle:
“Increased Depth of 

Focus”

44

Corneal Inlays

45

Indications for Use

•Patient who is between 45 and 60 years old 
•Cycloplegic refraction between +0.50 D and -0.75 D 

with less than or equal to 0.75 D of refractive 
cylinder
•Patient does not require glasses or contact lenses 

for clear distance vision
•Patient requires near correction of +1.00 D to +2.50 

D of reading add

46

Inlay Patient- Exclusion Criteria

•Any ocular or systemic disease that is a 
contraindication for corneal refractive procedures 
including:
• Keratoconus
• Uncontrolled and/or severe dry eye
• Cataracts
• Macular degeneration
• Corneal dystrophy or degeneration
• Amblyopia or Strabismus

•Patients with unrealistic expectations
•Patients with psychological conditions

47

Avedro’s Approach: Non-invasively Stabilizing and Reshaping the Cornea
Corneal Remodeling Technology

U nifo rm  A ctiva tion  to  
S tab ilize

T argeted  A ctiva tion  to   
R esh ap e

P harm aceutica l A pp lica tion

TMTM

The Mosaic System, Boost Goggles, and transepithelial drug formulations are not sold in the United States

48
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Corneal remodeling for non-invasive reshaping the cornea without ablation or 
incision

GLASSES DROPS
(not 

approved)

MULTI-FOCAL 
CONTACTS

INLAYSLASIK REFRACTIVE LENS 
EXCHANGEDROPS & UV LIGHT

(dependence) (independence)

Most 
Invasive

Least 
Invasive

30 
m inutes 

to vision 
renewal In ve stig a tio n a l. N o t FD A  a p p ro ve d .

49

One time, non-invasive corneal 
remodeling treatment 

Spectacle independence
Binocular UNVA of J2 or better

No halo or loss of CDVA

Non-invasive, simple procedure
1-2 day recovery

Long-term stability of CXL

PiXL for Vision Improvement
Non-invasive corneal remodeling

In ve stig a tio n a l. N o t FD A  a p p ro ve d .

C en tra l A ctivatio n
fo r M yo p ia

P erip h era l A ctivatio n  fo r 
P resb yo p ia

5

4

50

Image courtesy of Pavel Stodulka, MD

Clinical case example from Jeff Machat, MD

53 year o ld  m a le  
+1 .25  D  correction  

P
re

-P
iX

L
P

o
st

-P
iX

L

M ore than 200 eyes treated internationally with PiXL to date

In ve stig a tio n a l. N o t FD A  a p p ro ve d .

PiXL for Presbyopia
Spatially targeted, epithelium-on, accelerated cross-linking 

• Midperipheral cross-linking, no UVA applied to central cornea

• Image above: High resolution OCT image showing mid peripheral 
corneal stromal demarcation line after epi-ON PiXL with oxygen

51

• A potential non-invasive solution for 
presbyopia

• Filling a gap in refractive treatment options

• Drops, UV light and O2

• Targeted corneal reshaping with long-term 
durability of cross-linking

• Likely advantageous for post operative 
cornea adjustability

• Early clinical results are promising

• Multicenter Phase II Study in 2019 

Mosaic System
Proprietary computer 
software and UVA beam 
forming technology

Boost Goggles

New Drug 
Formulations
Proprietary single-use drug 
formulations 

In ve stig a tio n a l. N o t FD A  a p p ro ve d .

52

Allogenic Corneal Inlay (Allotex)
PEARL: PrEsbyopic Allogenic Refractive Lenticule

• Increasing central corneal power to improve near vision

53

Excimer laser shaped corneal inlays

Human tissue shaped with 
excimer laser precision.

Valuable use of 
gifted human tissue!

Scaling Predictability

www.allotex.com

54



3/16/23

10

Surgical Procedure (Aylin Kylic, MD)

55

Dysphotopsias and Depth of Field are related.

StarburstHaloGlare / Flare

Point source 
of light

Simulated photopsia images for conceptualization only.

Dysphotopsia

56

Dysphotopsias and Depth of Field are related.

Dysphotopsias can occur in combination
Simulated photopsia images for conceptualization only.

Combinations

57

Mechanisms of Pseudoaccomodation
Lower order aberrations (spherical, 
astigmatism)1
Higher-order aberrations

Corneal asphericity 
(Q-value)1

Refractive indexing change3

Pinhole effect (small aperture optics)

Diffractive/nondiffractive IOL technologies3
Aberration Free IOLs 
Improved DOF IOLs

1. Rocha et al. Am J Ophthalmol. 2020. 
2. Hipsley A et al. Eye Vis. 2018. 

3. Alió et al. Eye Vis. 2017.

58

PRESBYOPIA – AN UNTAPPED FRONTIER?

T H E  Q U A L I T Y  O F  
T H E  I M A G E  C A P T U R E  B Y  

T H E  E Y E S

T H E  I M A G E  
P R O C E S S I N G  A B I L I T I E S  

O F  T H E  B R A I N

Current methods 
used to treat near vision loss focus 
on correcting the quality of images 
captured by the eyes – most often 

using glasses.

Perceptual Learning 
uses visual stimulation tasks to 
improve the image processing 
function in the visual cortex, 

thereby compensating for the eyes’ 
function.

59

• Neuroplasticity is defined as a change in neural pathways and synapses 
due to changes in experience, environment, neural processes, or changes 

resulting from bodily injury.
• Its role is widely recognized in development, learning, memory, and 

rehabilitation.
• The visual cortex retains the capacity for perception-dependent 

neuroplasticity following perceptual learning of both the physical structure 

(anatomy) and the functional organization (physiology) throughout life.

What Is Neuroplasticity?

60



3/16/23

11

PERCEPTUAL LEARNING AS A TREATMENT 
APPROACH

• ADULT NEUROPLASTICITY CONSTITUTES THE MECHANISM OF PERCEPTUAL

LEARNING IN NORMAL VISUAL EXPERIENCE AND IN RECOVERY OF FUNCTION

AFTER CNS DAMAGE.

• IT CAN BE SEEN AT MULTIPLE STAGES IN THE VISUAL PATHWAY, INCLUDING

THE PRIMARY VISUAL CORTEX. 

• THE MANIFESTATION OF THE FUNCTIONAL CHANGES ASSOCIATED WITH

PERCEPTUAL LEARNING INVOLVE BOTH LONG TERM MODIFICATION OF

CORTICAL CIRCUITS DURING THE COURSE OF LEARNING, AND SHORT TERM

DYNAMICS IN THE FUNCTIONAL PROPERTIES OF CORTICAL NEURONS. 

Prof. Gilbert, Rockefeller U., topical review: 

61

Found 
effective in 
amblyopia, low 
myopia and 
presbyopia

PERCEPTUAL LEARNING HAS BEEN EXTENSIVELY 
RESEARCHED AND PUBLISHED:

62

Neuroplasticity Breakthroughs 
In Vision

• Studied in the leading laboratories and 
clinics, including UC Berkeley Eye Clinic, 
McGill U. Montreal & Tel Aviv U. 

• Proven effective in numerous studies over 
10 years

• FDA-approved treatment for adult 
amblyopia (Prof. Polat). 

• Acknowledged as “a treatment for 
amblyopia that works better than patching” 
(Prof. Levi, U.C. Berkeley, Optometry) 

AMBLYOPIA

• Studied in the leading laboratories and 
clinics, including UC Berkeley Eye Clinic  

• Proven effective - studies over 7 years
• A treatment for uncorrected presbyopia 

(Prof. Polat, Tel Aviv U. & Prof. Levi, U.C. 
Berkeley, Optometry) 

• Tested on Israeli Defense Force pilots with 
presbyopia

PRESBYOPIA

63

Spatial Frequency

Local Orientation

Contrast

Global Orientation

Target-Flankers Separation

64

T H E  Q U A L I T Y  O F  
T H E  I M A G E  C A P T U R E  B Y  

T H E  E Y E S

Current methods 
used to treat near vision loss focus 
on correcting the quality of images 
captured by the eyes – most often 

using glasses.

Young Subjects
- Higher contrast sensitivity for 
medium spatial frequencies

A
A

A

S T U D Y  G O A L S :  b r a i n  c o m p e n s a t i o n  f o r  n e a r  V A  
r e d u c t i o nIncrease contrast sensitivity 

Enhance processing speed
Achieve gains persistency

Presbyopic
Subjects
- Slower neuronal responses 
- Lower contrast sensitivity

CONTRAST DRIVES NEURAL RESPONSES IN THE 
BRAIN

P o la t U .  M a k in g  p e r c e p t u a l  le a r n in g  p r a c t ic a l  t o  im p r o v e  v is u a l   f u n c t io n s .  V is .  R e s .  2 0 0 9 ;4 9 (2 1 ) :2 5 6 6 – 7 3 .

P o la t U ,  S c h o r C ,  T o n g  J L ,  Z o m e t A ,  L e v  M ,  Y e h e z k e l O ,  S t e r k in A ,  L e v i  D M .  T r a in in g  t h e  b r a in  t o  o v e r c o m e  t h e  e f f e c t  o f  a g in g  o n  t h e  h u m a n  e y e .  S c i R e p .  2 0 1 2 ;2 :2 7 8 1 5 .  Y e h e z k e l O ,  S t e r k in A ,  L e v  M ,  P o la t U .  T r a in in g  o n  s p a t io t e m p o r a l  m a s k in g  im p r o v e s  c r o w d e d  a n d  u n c r o w d e d  v is u a l  a c u i t y .   J  V is .  2 0 1 5 ;1 5 (6 ) :1 2 .

66

T A S K

Temporal processing

Contrast detection

P A R T I C I P A N T S

59 participants 50.06 ± 8.6 
years; mean ± STD, min 40 years, max 65 
years divided to two groups:

Early presbyopic stage
initial near vision below 0.2 

LogMar (ETDRS)  N=29, age 48.03  ± 5.74 
(mean ± STD)

Advanced presbyopic stage 
above 0.2 LogMar (ETDRS) 

N=30 age 52.1  ± 4.91 (mean ± STD)

T R A I N I N G  P R O T O C O L

• Training session duration of 15 min*
• From 40 cm uncorrected for near 
• Every other day
• 2-4 months
• After Post-test: boosting sessions once 

every 2 weeks, over 1 year (up to 6.2 y, 2.5 
y on average)

* historically, session duration used to be 30 min

METHODS

67
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I m p r o v e m e n t  

A D V A N C E D  
P R E S B Y O P I C  S T A G E  

improve
ment of 2.5 ETDRS 

lines, i.e. about 80%.

RESULTS

68

R E A C T I O N  T I M E

Sim ilar to young 

.

C o n t r a s t  S e n s i t i v i t y  
✓ Reaction times were significantly 

longer before training, reaching the 
young control group levels after 
training

✓ Contrast sensitivity improved 
significantly at all spatial 
frequencies

✓ Improvement is persistent over time 

IMPROVEMENT & PERSISTENCE: BASIC VISUAL 
FUNCTIONS

70

Besides acuity and contrast 

sensitivity, improvements, training 

gains were generalized to higher 

functions:

• Rapid matching of object 

properties, such as shape and 

color

• a gain on 185 msec for a 90% 

accuracy in Stereo Acuity

Generalization. On average, there was an improvement of: 
• 24% in the Processing Speed 
• 44% in Stereo Acuity 

Stereo Acuity N=30

Polat U, Levy Y, Sterkin A, Yehezkel O, Lev M, Fried M, Doron, R, Levian L, Porkoy R, Gordon B. Vision improvement in pilots with presbyopia. ARVO Meeting Abstracts 2014.
Sterkin A, Yehezkel O, Lev M, Doron R, Fried M, Levy Y, Levian L, Pokroy R, Gordon B, Polat U. Perceptual learning improves near vision in pilots with eye aging. Visual 
Science Society (VSS) 2014.

ISRAELI AIR FORCE PILOTS

71

A New Hope, Lightsab(v)er in a Bottle?

72

The Early 
Presbyope: 
Topical 
Presbyopia 
Treatments 

73

TOPICAL PRESBYOPIA TREATMENT APPROACHES
Phase 3FDA Approved Phase 2

Allergan/AbbVie
1.25% pilocarpine

Orasis
low dose pilocarpine

Eyenovia
microdose 1% or 2% 

pilocarpine

Visus
brimonidine + 

carbachol

LENZ
aceclidine

Ocuphire
0.75% phentolamine 
+ 0.4% pilocarpine

Novartis
1.5% lipoic acid 

choline ester

Glaukos
transdermal delivery 

of pilocarpine

74
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TOPICAL PRESBYOPIA TREATMENT APPROACHES

• Allergan/AbbVie (1.25% pilocarpine)
• Orasis (low dose pilocarpine)
• LENZ (aceclidine)
• Eyenovia (microdose 1% or 2% pilocarpine)
• Glaukos (transdermal delivery of pilocarpine)

Pupil Modulation

• Visus (brimonidine + carbachol)
• Ocuphire (0.75% phentolamine + 0.4% pilocarpine)

Combination of pupil modulation and ciliary body 
contraction

• Novartis (1.5% lipoic acid choline ester)

Lens Softening

75

PATIENTS LOOKING FOR EFFICACY, 
DURABILITY AND FAVORABLE SIDE EFFECT 
PROFILE

• EFFICACY – RESTORE FUNCTIONAL NEAR VISION AS WELL AS CURRENT SOLUTION (GLASSES/CONTACTS)

• DURATION – LASTING THROUGHOUT A WORK DAY (MINIMUM)

• SIDE EFFECT PROFILE & TOLERABILITY – MINIMAL BROW ACHE/HEADACHE, MINIMAL BURNING/STINGING

• COSMESIS – EYES SHOULD BE WHITE AND QUIET

B u r k e  H e a l t h c a r e  R e s e a r c h  A p r i l  2 0 2 0 ,  n  =  1 , 0 0 0  p r e s b y o p e s  a g e s  4 0 - 8 0  y e a r s  o ld  

…as reading glasses

94%

… at least 8 hours

96%

...mild/minimal side effects

83%

EFFECTIVE

COMFORTABLE

LONG-LASTING

% of Respondents Reporting Feature 
as “Very Appealing”

Thinking about the features of this potential new eye drop medication, which features are most appealing to you?

76

Requirements for Success with Topical 
Presbyopia Treatments

Understand how these key considerations affect 
the patient:

� Duration of effect
� Onset time
� Reduction of distance and night 

vision 
� Adverse events
� Impact on ocular surface health
� Drop administration comfort to 

increase compliance

Understand how to customize your 
approach based on the individual patient:

� Age range
� Baseline refraction
� Residual accommodation
� Near vision needs and range
� Patient-specific 

characteristics

77

WHICH PATIENTS MAY BE THE BEST 
CANDIDATES FOR MIOTIC DROPS?

• EMMETROPES
• LEAST COMFORTABLE WITH VISION CORRECTION SURGERY

• POST-LASIK EMMETROPES
• HAVE ALREADY MADE SIGNIFICANT INVESTMENT TO BE GLASSES-FREE
• IF LASIK WAS PERFORMED PRIOR TO WAVEFRONT-GUIDED PROCEDURES AND

ASPHERIC OPTICAL ZONES, PUPIL CONSTRICTING DROPS MAY ALSO HELP TO
ADDRESS HIGHER ORDER ABERRATIONS, GLARE AND HALO

• HYPEROPES
• WILL IMPROVE VISION AT DISTANCE AND NEAR

• PSEUDOPHAKES
• MONOFOCAL IOL PATIENTS MAY OPT TO USE DROPS INSTEAD OF READERS
• PREMIUM IOL PATIENTS MAY WANT ADDITIONAL NEAR VISION THAN THEIR IOL 

PROVIDED

CONTRAINDICATIONS
• HIGH MYOPES

• PAST HISTORY OF RETINAL TEARS

78

PSEUDOPHAKES VERY INTERESTED IN TRYING A 
PRESBYOPIA DROP – A HIGHLY MOTIVATED PATIENT 
SEGMENT

58%

79%
91%

Al l  Re spon dent s Pseu dop hakes  ( all ) Pr em i um  IO L Pat ie nt s

D e fin ite ly  W o u ld  Try  It

n = 1000 n = 11n = 33

79%
o f p seu d o p h akes rep o rt th ey  

“d efin ite ly  w ill try”  a  n ew  
p resb yo p ia  eye  d ro p

Burke Healthcare Research April 2020, n = 1,000 presbyopes ages 40-80 years old 

If your eye doctor recommended it, how likely would you be to try this new eye drop to 
temporarily restore your near vision? 

% OF PSEUDOPHAKES IN COM PARISON TO ALL RESPONDENTS W HO 
RESPONDED “DEFINITELY W ILL TRY”

79

Iris Anatomy

80
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AGN-190582

• Pilocarpine 1.25% (Vuity)

81

GEMINI 1 Met Primary Efficacy Endpoint ≥ 3-line Gain at Hour 3
and Key Secondary Endpoint ≥3-line Gain at Hour 6 at Day 301

1WaringG., et al. GEMINI1Phase3: Safety andEfficacy ofAGN-190584inParticipantswithPresbyopia. Presentedat theASCRS2021Meeting,July 24-27, 2021.
10

82

Pupil Size DiameterShows Similar Onset and Duration1

Mesopica Pupil Diameter, Near, Nondominant Eye

Pupil size returns to BASELINE
within 24 hours

No TACHYPHYLAXIS observed  
over 30 days

a Mesopic conditionisdefinedas lighting10-11lux, measuredat thetarget.
1Wirta D., et al. GEMINI 1 Phase3:AGN-190584ProvidesRapidImprovementofDistanceCorrectedNearVisionThat is MaintainedinParticipants withPresbyopia.Presentedat theASCRS2021Meeting,July24-27.

AGN-190584

83

Vuitydoes not Compromise DistanceVision1

• No loss in mean distance vision was observed
• Slight numerical improvement (up to 3 letters) observed
• The mean change from baseline in mesopiccorrected distance visual acuity (CDVA), in

number of letters, was similar withVuity and vehicle on Day 30

Gain> 0letters; loss<0letters.

1WaringG., et al.GEMINI 1 Phase3:SafetyandEfficacy of AGN-190584inParticipants withPresbyopia.Presentedat theASCRS2021Meeting,July24-27,2021.
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Orasis

• CSF-1
• Pilocarpine 0.4%

85

Optimal Presbyopia Solution 

Balancing Efficacy, Safety and Comfort with a Winning Combination 
Photoreceptors

Sclera

Curcio CA, Johnson M. Structure, function, and pathology of Bruch’s membrane. In: Ryan SJ, et al, eds. Retina, Vol 1, Part 2: 
Basic Science and Translation to Therapy. 5th ed. London: Elsevier; 2013:466–481.

SafetyComfort

Efficacy

+

LOW 
CONCENTRATION 

PILOCARPINE 

PROPRIETARY MULTI-
FACETED VEHICLE 

✓Exceptional near 
visual acuity
✓No reduction of 

distance vision & 
night vision
✓High safety and 

tolerability profile
✓ Improved comfort
✓Preservative free

PR O PR IETA R Y

86
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P R O P R IE T A R Y

Phase 2b Study Design 
• Parallel-group study (active, vehicle)
• Primary endpoint: 3-line improvement in near visual acuity
• Secondary endpoints: 2-line improvement (near); impact on distance and night 

vision, various safety and tolerability endpoints

7
U.S. sites 

166
Subjects

• BID Administration
• Duration – 2 weeks
• Assessments – end of week 1 

and end of week 2

Purposefully designed to accelerate and de-risk Phase 3

87
For Internal Use

88

POSITIVE PHASE 3 STUDY COMPLETED 

o Parallel-group study (CSF-1 (pilocarpine HCl 0.4%) vs. vehicle)

o A 2-week study, Daily BID administration

o Primary and key secondary endpoints: percentage of 
participants with ≥3-line gain in mesopic, distance-corrected near 
visual acuity (DCNVA), 1-HR and 2-HR post-dose 1 and post-dose 
2 on Day 8 (4 time points)

o Other secondary endpoints: ≥3-line gain in DCNVA on Days 1 
and 15 

o Exploratory endpoints: ≥2-line gain in DCNVA, & pupil diameter

RESULTS DEMONSTRATE A UNIQUE BALANCE OF EFFICACY, SAFETY AND COMFORT

88

LENZ Therapeutics

• The first and only aceclidine-based eye drop

89

Key side effect to avoid is the myopic shift

Risk:

Triggering the iris for pinhole effect while overstimulating the 
ciliary muscle causing unwanted refractive change

Distance vision focus 
shifts in front of 

retina

Contracted
iris muscle

Contracted
ciliary muscle

Problem:
Resulting in improved near vision at the

expense of impaired distance vision

90

Iris sphincter muscle
EC50 (nmol/l)

Pilocarpine

Aceclidine

Carbachol

Ciliary muscle 
EC50 (nmol/l)

Research shows aceclidine targets iris sphincter 
without overstimulating the ciliary muscle7

900

1,800

106

Higher is better

EC50 is the amount of drug required to elicit 50% of the maximum muscle response, research based on 29 pairs of eyes and donor ages ranging from 41 - 89

20,000 Longitudinal

Independence ratio
iris to ciliary EC50

25,000 Circular

3,360 Longitudinal

2,840 Circular

574 Longitudinal

560 Circular

22

28

1.9

1.6

5.4

5.3
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11

0.078 mm lens shift
0.07 mm increase lens thickness

Miotic pinhole effect achieved
(iris sphincter muscle)

2% Pilocarpine

2% Aceclidine

3% Carbachol

Corresponding myopic shift
(ciliary muscle)

Which allows it to uniquely avoid the myopic 
shift4

1.40 mm

1.35 mm

1.63 mm

Lower is better

Academic research on general miotics, concentrations in research not necessarily under development. Pinhole data at 45 minutes. Diopters myopia, lens thickness and
lens shift measurements for ages 40 – 60 years old.

-1.3 Diopters myopia

-0.13 Diopters myopia

0.234 mm lens shift
0.2 mm increase lens thickness

-1.15 Diopters myopia

All capable of 
pinhole effect

0.24 mm lens shift
0.26 mm increase lens thickness

92



3/16/23

16

Visus

• Brimochol™ (Visus Therapeutics)
• Brimochol™ Preservative Free (Visus Therapeutics)
• Carbachol + brimonidine tartrate
• Carbachol: Miotic 
• Brimonidine tartrate: Prevents pupil dilation, inhibits contraction of 

ciliary muscle, increases bioavailability of carbachol1,2, 
prevents redness3 

93

MOA Comparison: Single-agent Miotics vs 
Brimochol

Constricted 
Pupil

(2-3 mm)

Lens – convex

Contracted Ciliary Muscle

Improves near visual acuity and 
depth 
of field 

Ciliary muscle spasm causes side 
effects:
– Headache
– Brow ache

– Loss of distance vision (myopic shift1)
– IOP fluctuations2

– Hyperemia

Single-Agent Miotics
(such as pilocarpine and carbachol)

M iotic-
Induced 

Hyperemia1

MOA=mechanism of action.
1. Becker-Shaffer's Diagnosis and Therapy of the Glaucomas (Eighth Edition), 2009. 2. Korczyn et al. Effect of Pilocarpine on Intraocular Pressure in Normal Humans. Ophthalmic Res. 14:182-187 (1982). 

94

MOA Comparison: Single-agent Miotics vs 
Brimochol

Constricted Pupil
(2-3 mm)

Lens – relaxed

Relaxed Ciliary Muscle

Carbachol – most potent cholinergic for 
pupil constriction

Benefits of Brimonidine:
– Prevents pupil dilation
– Inhibits contraction of ciliary muscle, 

potentially mitigating side effects 
– Increases bioavailability of 

carbachol1,2

– Prevents redness3 

Brimochol
(carbachol + brimonidine tartrate)

Miotic-Induced 
Hyperemia Counteracted 

by brimonidine

MOA=mechanism of action.
1. Suzuki et al. Ocular and Systemic Pharmacokinetics of Brimonidine and Timolol After Topical Administration in Rabbits: Comparison Between Fixed-Combination and Single Drugs. Ophthalmol Ther (2020) 
9:115–125; 2. Allergan patent application (Pub. No.: US 2018 / 0078500 A1). 3. LUMIFY® Product Insert www.fda.gov accessed 9/24/2020.
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Eyenovia

96

97

AcuStream™ (Kedalion)

• Novel delivery system
• Miotic-Pilocarpine

98
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Ocuphire

Phentolamine – A New Miotic MOA Class

99

Nyxol Differentiated MOA as an Alpha-1 Blocker

� Nyxol is 0.75% Phentolamine Ophthalmic Solution

Phentolamine Mesylate is the Active Ingredient in Nyxol: a Non-selective α1 & α2 Antagonist

Blocking α1
Reduces Pupil Size

Blocking α1
Dilates Blood Vessels

Phentolamine mesylate is approved for 2 

indications:

• Regitine® (Pheochromocytoma) –
intravenous injection approved in 1952

• OraVerse® (Reversal of oral anesthesia) –
intramuscular injection approved in 2008

505(b)(2) Regulatory Approval Pathway

Nyxol blocks α1 

receptors only found on 
the Iris Dilator Muscle

↓
Decreases Pupil Size 

(Moderate Miosis)

without
Affecting the Ciliary 

Muscle

Iris Dilator 

Muscle 

Iris Sphincter 

Muscle

100

POS Improves Vision by 
Decreasing Pupil Size (1 to 
1.5mm)

↑ Near & Distance Visual 
Acuity

↑ Contrast Sensitivity (night)

No Systemic Effects
No Changes in Blood Pressure
No Changes in Heart Rate

Well-Tolerated Topical 
Effects

Mild, Transient, Reversible Eye 
Redness

IOP Unchanged or Decreased

No Headaches 
Favorable safety profile vs 

competitors

Nyxol Product Candidate Profile
Nyxol Clinical Trials

Favorable Safety ProfileEffective

Nyxol: 0.75% Phentolamine Ophthalmic Solution

Preservative Free, EDTA Free, and Stable

Effects Last ≥ 24 Hours
Chronic daily dosing of POS at 

bedtime reduced pupil size for up 
to 24 - 36 hours

With nighttime use, patients 
wake up without eye redness

Durable

Nyxol studied in 9 multi-center, well-controlled US clinical trials

101

Nyxol® as a Single Drop and with Low-Dose Pilocarpine (LDP) As Adjunctive Drop
Source: 1) Nyxol® data from 9 completed trials; Pilocarpine Product label and Literature

0.4%  

0.75% Nyxol 0.4% LDPIris Dilator 

Muscle 
Inhibition

Iris Sphincter 

Muscle 
Activation

Evening drop

• Phentolamine (alpha1/2 antagonist)

• Novel M OA on iris dilator with 24+ Hr 
durability

• M oderate pupil reduction
• No daytime redness 
• W ell-tolerated with no systemic effects

• Stable, preservative-free, single-use vial

• Pilocarpine (cholinergic agonist)

• Known M OA on sphincter (and ciliary) m uscle 
as potent m iotic at approved doses (1%, 2%, 
4%)

• Low concentration avoids known safety issues:
➢ headache and brow ache

➢ redness
➢ accom m odative spasm  causing loss of 

distance vision especially at night
Daytime drop

Pin-hole target is 2 to 3 mm with 
contributions from each MOA

One Drop, 24-Hr Modulation to 
Provide Functional Near Vision 

Improvement

An Adjunctive Drop for 
Presbyope’s Who Need 

More Power

102

Novartis –UNR844-CI

• Restoring Lens Function

• UNR844-CI (Lipoic acid choline ester)

• Lens-softening agent-Breaks disulfide bonds that form within the crystalline lens 
overtime

• Increasing lens elasticity

• Utilized twice a day

• NCT02516306

• NCT03809611
• After 3 months:

• 82% had 20/40 or better

• 36% had 20/25 or better
http s://m od ernod .com /artic les/2020-sep t/com ing -soon-p resb yop ia -co rrecting -eye-d rop s?c4src= artic le :in fin ite -sc ro ll

h ttp s://c lin ica ltria ls.g ov/ct2/show /stud y/N C T02516306?term = U N R844& d raw = 2& rank= 2
http s://c lin ica ltria ls.g ov/ct2/show /stud y/N C T03809611
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Pilocarpine and Retina

104
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Pilocarpine and Retina

Releases tension on the zonules of the crystalline lens, resulting in 
forward displacement of this complex, which can cause anterior 
movement of the vitreous and induce sudden-onset traction, where 
the vitreous is strongly adherent to the retina. 

105

Pilocarpine and Retina
Prior to prescribing pilocarpine for presbyopia, physicians should 
inform patients of these potential adverse events and consider 
that these patients undergo a screening dilated examination, 
particularly if they are myopic, to determine if they are at higher 
risk for retinal detachment. 

Findings on history and exam that could indicate an increased 
risk of detachment may include lattice retinal degeneration, a 
personal or family history of retinal detachment, higher degrees 
of myopia, and prior retinal tears. 

Before the initiation of therapy, patients should be appropriately 
informed regarding symptoms of retinal tears or detachment, 
which include flashes, floaters, and visual field loss.

106

Pilocarpine and Retina

Though the rates of retinal detachment associated with pilocarpine 
historically are not well documented and are likely rare, the number 
of patients that may be affected with widespread use of pilocarpine 
1.25% may be significant. 

While we are not suggesting that these cases of retinal detachment 
establish a causal link between pilocarpine topical drops and retinal 
detachment, we do believe that this link should be explored further 
in future studies.
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The Presbyopia Journey

108

Act Early, Act Often
• Do Something, and don’t be the “one and done” doctor
• Talk to every patient about presbyopia age 40 and above

• Keep it simple
• Future is Bright!

• Be Open Minded
• What works for X may not work for Y

• Let the patient neuroadapt for 7-10 days
• Follow-up

• Text
• Appointment
• Another visit reason, ie-dry eye, etc

• Train your team for implementation strategy, Educate them on Options and Future Possibilities

109

Drops on top?

Emerging medical presbyopia options and their possible interactions 
with these patient populations

Method of action and its implications on MF IOLs

110
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Thank You!
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