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Technologies

An Affiliate of Harvard Medical School ° Spectade mounted
—Bioptic Telescopes

In-and On-the-Eye

» Combined in/on the eye spectacle systems

I—OW V|S|On Telescopes —Contact lens -Spectacle system
—I0OL-Spectacle system
Eli Peli —Bifocal I0L-Spectacle system
Professor of Ophthalmology —Double bifocal IOL-Spectacle system

Co-Director of Research

Technologies (cont.) Using the Bioptic
 On-the-eye telescopes
—Miniscope — Contact lens telescope Binocular or Monocular

—Catadioptric contact lens telescope

* In-the-eye implantable telescopes
—Catadioptric IOL
—VIP (2 IOLs)
—IMT

Temporal Multiplexing

Effects of (most) Telescopes
 Advantages
—Magnification ﬁ )
« Better VA & Contrast sensitivity J
» Reduces relative size of scotoma
e Limitations
—Restricted field-of-view
—Vestibular conflict, head scanning
—Limited brightness

—Cosmetics — visible, marked as disabled OF! Pell2002
« Interferes with eye contact
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Ring Scotoma due to magnification (External Tx)

—_| s> Superimposed images are possible with some
No peripheral view with many Implanted telescopes Implanted telescopes or Contact lens telescopes
What is the Difference? Telescopes interaction with
 With external Tx Head/Eye Movements
— The objective lens blocks the view of part of the field * Head movements
* Due to the distance from the pupil and nodal point —Voluntary
—Non-voluntary
* In-or on-the-eye Tx (1/0eTx) « In walking
— Transparent non-magnifying part of pupil * In vehicles
images the full field of view « Compensatory (vestibular) eye movements

— The brightness ratio of the
magnified and non-magnified images is proportional
to the ratio of pupil areas occupies by each

« Will talk more about this issue

— Interaction with telescope
— Differences between the eyes.




Unaided Vision
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Peli, E. (2002) Optom. Vis. Sci. 79
The optical functional advantages
of an intraocular low-vision telescope.

Head Turn

Vestibular Reflex

Restores Fixation

Spectacle Mounted Telescope

Head Turn

ixation
= Apparent Motion
Different effect for each eye
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Light Economy with Telescopes
 With magnification the same light is
spread over wider retinal area
—Image is dimmer on the retina
» May reduce VA and contrast sensitivity
 May affect eye dominance
» May be compensated by adaptation

» Different effect with external and
implanted telescopes

With 2.2x 1/0eTx ~ 20 % of light Light Gathering

* External telescope overcome this by
collecting light over a larger pupil
(the objective lens)

» Tx are marked for light gathering

4.0x20 means a 4.0 mag. and 20mm objective lens

« Exit Pupil = 20/4 =5 mm > natural pupil

» |/OeTx do not have a larger pupil

With 2.2x 1/0eTx ~ 20 % of light
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Light Economy
With Superimposed Images?

* Image brightness controls visibility

— If non-magnified image is brighter it will dominate

What is the effect of

the brlght image from the other eye’7 — If magnified image is brighter it will dominate

« The blocked periphery is an extreme case of that
« Will enable the dark adaptation

— If both images are of similar brightness - likely
« They will compete and mask each other

=

= I' - .I p :..f'u\ 4 4
Superimposed images of about equal brightness When magnified image is brighter,
Masking each other — neither is clear it dominates and is visible

Obviously these situations need
to be controlled

» We will discuss possible solutions
and remaining open questions
relative to specific devices,
as we review them

magnified image is not visible
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IOL - Spectacle System

Combined
CL/IOL-Spectacle
Telescopic Systems

IOL of -50D or -100D, Spectacle lens of +30D
Donn & Koester

The Telecon System Contact lens - Spectacle System
* Telescope — Contact Lens system Same idea as the IOL-Spectacle System
* First mentioned in Dallos, 1936 _
“irreprable weakness of sight High power —50.0D lens

(for which an enlarging system can )

be constructed by combining High + power spectacle lens

a simple convex eyeglass with

a strong concave shell acting Practiced in the 1960s and 1970s

as a mobile ocular telescope)”

Limitations
* Constant Magnification
* Restricted field, as with Aphakic specs
* Very poor vision with no glasses
* Vestibular conflict is constant
Q’ * Requires head scanning
' « Scanning eye movements not possible

* Poor cosmetics

—+30D thick lens
* Interferes with social eye contact

Negative IOL in the Eye

Used in France for a short time — no data




Telecon System’s Limitation

« Similar to I0L-Spectacle systems
—Restricted field
—Image stabilization / vestibular conflict
—Requires head scanning
—Poor acuity with no glasses
—Cosmetics of spectacle lens

»  Stability of spectacle and C lens
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IOL/CL - Spectacle System

N

Retinal Image Stabilization
Because the nodal point is near the
eye’s center of rotation

Head Turn

Vestibular Reflex

No Effect on Fixation= Apparent Motion

Same effect prevents scanning with eyes

Bifocal I0L- Spectacle System
With Spectacle Lens

/\ //
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t ! v—"T1 | Image
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Spectacle Lens

Up to 3x Magnification — Field up to 40°

Same design for contact lens by flattening top of lens

—— W \4 T -..,-lr,I

Bifocal IOL- Spectacle System
Without Spectacle Leqs

” il T 4 NORMAL
I— N~ " ]| IMAGE

\\ oL /
RETINA
No Magnification — Full Field

Allergan patented and tested in the USA
Morcher distributed by as the “AMD Lens” in Europe
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Cosmetics  Use of large lens,
believed to help in

scanning field dictated
use of large and heavy
doublet lens.

Cosmetics of the frame
unacceptable.

Eye’s magnified
appearance through the
lens interferes with social
eye contact.

Limitations of Bifocal IOL/CL-Spectacle

Same as the unifocal I0L-Spectacle system

Except that vision is possible without the
high power spectacle lens

Rejected by subjects in the FDA study
Presumably due to cosmetics of the goggles

Spectacles not fitted to the Morcher patients

CL systems rejected also for cosmetics

Limitations of Bifocal IOL/CL-Spectacle

» Both CL and IOL designs are subject to the
diplopic image problem!

* However,

* The diplopic image is way out of focus
— The peripheral non-magnified with spectacles
— The Magnified view without the spectacles

» Will not be noticed in the dark exam room
with only the central chart being illuminated

Light Economy
With Bifocal IOL - Spectacle?
» With Spectacles

— Blurred unmagnified image is superimposed
« Just a flood of light - Glare!
» Without Spectacle
— Blurred magnified image
« Superimposed on the central field - Central Glare!
* Glare effect depends on pupil diameter

— With 4 mm pupil, peripheral glare is 4 time brighter than central
— With 5 mm pupil, 6 times brighter than the central image

Double Bifocal I0L-Spectacle Tx

- =

Looking through the carrier — no magnification

Double Bifocal IOL-Spectacle Tx

——

—

\’
\
X

Looking through the inset — magnification




Double Bifocal I0L-Spectacle System
Better cosmetics

Smaller lens better optical quality

Magnified vision on demand
Temporal multiplexing (bioptic mode)

Never implemented

E. Peli US patent application No. 60/ 310,664

On-the-Eye
(Contact Lens)
Telescopic Systems

Catadioptric Contact lens

Tremblay et al, "Telescopic vision contact lens", Proc. SPIE 7885, 788510 (2011)

Normal Vision 3x Telescopic Vision
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Double Bifocal IOL-Spectacle System
Subject to the diplopic images limitation!
Can be resolved by using polarizers

Crossed polarizers in the carrier and lens
Corresponding polarizers in the IOL parts

Miniscope — Contact Lens Telescope
William Feinbloom

7. Objective Ocular  Assembled

)

*Miniscope’
First Telescopic Contact Lens
Magnficatin s 20X

by il Fonblom M8 gt 201

e Liquid Crystal switching glasses
 Changing polarization direction

« Corresponding polarizers
integrated on contact lens

1X & 3X images superimposed

3X magnified image




In-and On-the-Eye
Low Vision Telescopes

Why?
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What does the In/On eye Tx Give?

—No vestibular conflict

—Scanning with eye rather than head
—Available on-demand

—Superior cosmetics

—Compatible with social interactions

* No interference with eye contact
* Facilitates face recognition

Superior Cosmetics

7% VisionCare

No Vestibular Conflict

-
J"Lf o
(W)

Intraocular Telescope (IT)

Head Turn

Vestibular Reflex

Restores Fixation-Stable Vision
Also permits eye scanning
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Catadioptric IOL

Lens [ MIRROR

;
MIRROR ' | LENS
LENS ./ MIRROR

Used frequentlg/ in astronomy
where Field-of-view is not important

Catadioptric IOL
LMI- Lipshitz Macular Implant

Agarwal et al, J Cataract Refract Surg 2008

LMI- in the eye view
Field of view not reported must be miniscule
Vision improvement in natural conditions not reported
Very dim & peripheral light prevents adaptation
The polarization solution may be applied

Day 1 Postoperative
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Catadioptric I0OL
.-’;':'._‘_ MAGNIFIED
CORNEA / o IMAGE
Y
- CATADIOPTRIC
1oL

LMI
central and peripheral view

Acuity improvement reported 3.66 lines, method not reported

VIP-Double IOL

« Pair of 10Ls creating a telescope
«+53.00D with -64.00D
*64/53 ~ 1.2x
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VIP double IOL
* Claiming 1.3x magnification
e Computed 1.21x
* Claiming improvement of 13 letters ETDRS
—Much more than 1.3x ???
—1.3x =2 letters 11!
— Possibly effect of cataract removal - rejected

—“..the visual improvement experienced by some
patients was greater than that predicted.... It is
likely that optical rule become more flexible in
living eyes,” Orzalesi et al., 2007
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Explanation

» Causing hyperopia - requires a high power
positive spectacle lens

— Amselem et al. J Cataract Refract Surg - Vol 34, September 2008
— Post surgery RX : +7.00,+9.00,+16.75,+11.25,+11.25....

« Similar to old fashion aphakic correction
— About 1.25x
— All the visual limitations of aphakic spectacles
« Effect could be obtained with simply
removing the crystalline lens
—Back to the future!

Implantable Miniature Telescope

IMT
mFully implanted in the eye

mImplanted only in one eye of
patients with 2 functioning eyes

mEnables distance & near vision

(with standard spectacles)
I have been a consultant to VisionCare for many years

1 4.39 |
Air spaces increase power of lenses
enabling higher magnification
High Magnification reduces the field

12
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Field-of-View of the IMT — 20 deg.

0 deg. OU - legal blindness
even with no central field loss

20° on the retina in 15t generation

20X3 = 60° on the retina in current system

Pre-Op (very large ) Scotoma
Patient A

/

\
-

=
&mm Scotoma l:‘ 12mm Scotoma .

BEL Autoplot Measured @ 1 M

Pre-Op View Through a 2.2X
External Telescope: Patient A

Scotoma .

Gmm Target @ 1 M

2.2 x Magnifed VF E

B&L Autoplot

Post-Op View Through
a 2.2x Implanted Telescope

Patienta

Scotoma .

2.2 x Magnifed VF 5

BAL Autoplot &mm Target @ 1 M

Operating Mode
BiOcular Multiplexing

m Central vision using the operated eye
(through the IT)

m Peripheral vision using the fellow eye

Which Eye to Implant?

* Primary consideration
—VA in telescope eye should be better post-op

* Prefer fellow eye dominant
— Safe mobility
—Used most of the time
—Secondary consideration

How can this be achieved?
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Partial Occlusion of Fellow Eye

If Fellow Eye is Dominant

Head Straight

Removable
Frosted Tape \

L
e[

Telescope eye Fellow eye
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Partial Occlusion of Fellow Eye

Same mode of use as bioptic telescopes

Head Tilt (Downwards)

Removal ble
Frosted Tape

Telescope eye Fellow eye

Partial Occlusion of Implant Eye

If implant Eye is Dominant

Head straight

Telescope eye Fellow eye

Partial Occlusion of Implant Eye

Head tilted down

Telescope eye Fellow eye

This technique works

» However, it partially defeats
the cosmetics benefit

» Some patients can switch eyes voluntarily

* The tape occluder may be used to train such
voluntary control, and then removed

FDA Status

FDA Panel Unanimously Approved the IMT
For use in AMD patients over the age of 65

FDA Approval granted 2010

Medicare approval granted 2011

Rolled out in few cities 2012
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Conclusions

* 1/0eTx offer some unique advantages

—Visual field is wider than external Tx
—Natural Eye movements retained
—No vestibular conflict

—Better cosmetics

* Monocular use only with some designs
—Ability to use/train not well established

over external and combinations telescopes

7129/2012

Conclusions (Cont.)

» A main limitation is light economy and
reported glare

—Works best with bright sources in dark
rooms

* TV, Movies, Acuity charts

» With FDA approval for IMT we should
get more /better data in the near future

* More complete understanding is required

Thank Youl!
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