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Correcting presbyopia
Surgical-Options
B Excimetaser

B Aspheric profile
@ Multifocal ablation pattern
@ Monovision
@ Intraocular lens (IOL)
@ Monovision
B Accommodating
B Multifocal
B Aspheric (low add)

Monovision with IOLs
Peerrreviewed iteratureresuilts

B Ito et al, JCRS, 2009:35(9), Reading ability

B Reading ability comparable to refractive
multifocal (Array)
B Patient selection important
B Finkelman& Barrett, JCRS, 2009:35(6),
Patient Satisfaction
& 1.16D refractivenisometropiaachieved
B 75% of patients spectacle independent
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Correcting presbyopia
Non-surgical @ptions

B Spectacles

@ Bifocal, trifocal

& Progressive lens

& Monovision(rare)

@ Reading glassesrimetropicpatients, lowhyperope$
B Contact lenses

B Aspheric

& Multifocal

& Monovision

Monovision IOL Option

B Non-dominant eye is corrected for a near target
refraction (e.g.;1.50D)

B Success appears inversely correlated to degree of
ocular dominanceHandaet al, 2004)
B Higher degree of dominance, lower success

B A number of clinical trials have been published in
the past few years

Monovision with IOLs
Peerrreviewed iteratureresuilts

B Zhang et al, JCRS, 2011:37(3), 2011:37(5)

B ReSTOR4, monovision(n=22 in each group)
B Less difficulty with computersr{onovisior)
B Similar near/distance VA, better intermediate

@ Stereoacuityslightly compromised, fewer
visual disturbances

B Quality of Life scores higher in both groups



Monovision with IOLs
Pros

HE No special IOLs required

B No increase in visual disturbances
related to multifocal effects

E Covered by Medicare

Accommodating IOL Options

H Single Optic
B CrystalengB+L); FDA Approved
@ Tetraflex- CE Mark

B Dual Optic
@ VisiogenSynchrony (now AMOg CE Mark

Crystalens
FDAApproval Qrder 6/03

B 304 patients, 124 bilateral
@ < 1D corneal astigmatism

B Recommendation 0f0.25D target for first eye,
slightly higher for second eye

B 25% of bilaterally implanted patients
indicated they did not wear spectacles
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Monovision with IOLs
Cons

HE Limit to add power (tolerance to blur)
B! WIWISNYIySyiQ a2f dziai:

HE Visual disturbances may result from the
residual refractive error in the near eye

B Stereopsisssue, othemonovisioneffects?

E Covered by Medicare
(no presbyopia reimbursement)

Crystalens <
SingleOpticcTechnology ﬁ -~

B Flexiblehapticto allow lens movement b

B Original 4.5mm optic design ‘
B 2" Generationg 5.0mm optic design

B 39Generationc HDGO Sy (i NI f  LJ dz&d Wo dzi i 2
produced through an aspheric profile

B 4" Generationg AOG spherical aberration neutral design
(no HD component), announced 1/10

Crystalens

FDAAppraval Qrder6/03

Table 2. Bilateral UCVA  Near (40cm) Intermediate Distance
(n=124) (80cm)

20/20 or better 31.5% 96.8% 79.7%
20/25 or better 72.6% 98.4% 91.9%
20/32 or better 93.5% 100% 97.6%
20/40 or better 98.4% 100% 98.4%
Worse than 20/40 1.6% 0% 1.6%

FDA Approval Order, Summary of Safety and Effectiveness Data 6/27/03



Crystalens

FDAApproval Qrder6/03

Table 4 UnilateralUCVA  Near (40cm) Intermediate Distance
(n=368) (80cm)

20/20 or better 14.1% = 49.6%
20/25 or better 43.8% - 72.5%
20/32 or better 69.6% - 83.8%
20/40 or better 89.1% - 91.4%
Worse than 20/40 10.9% o 8.6%

FDA Approval Order, Summary of Safety and Effectiveness Data 6/27/03

Tetraflex

Single-opti@ccommdatindechnalogy

B CE Mark, FDA approval pending
(2012? No news at present)

B Sanders et al reported 12M US |
FDA trial results (JRS, 2010, Oct®

B 47% DCNVA of 20/46
25% for Control Population

B Mean required add for CNVA
Tetraflex: 1.69D
Control: 2.04D

Synchrony
Resiis

B Ossmeet al., JCRS Jan 2007, 33(1), Earl
Clinical Results (6M shown here, n = 24)

E 80% of patients 20/40 or better UCDVA

E 50% of patient J1 (~20/20) when distance
corrected

B Mean add required to reach J1: 0.73D 6/66D
B 16.6% ACO, 4% significant RQ®quired YAG
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Crystalens HD
Peerrreviewed literatureresuilts

B Alioet al, JCRS, 2010:36(10)

B CrystalensdiDvsAcri.Smartmonofocal

& 12 patientsmonofocal 8 CrystalendHD

& Distance vision similar

& Near vision better foCrystalens
& 0.35 logMAR/s0.51 logMAR

B Distance corrected near VA less different
& 0.43 logMAR/s0.54 logMAR

Synchrony

Dual coptictechnology

B CE Mark, FDA approval pending
(201272 No news at present)

B 32D anterior optic
B Variable negative power posteriof
optic

B Anterior optic axial displacement
is primary principle of
accommodative effect

B Dual optics create larger power
changes/mm of movement

Accommodating |OLs
Pres

B All light dedicated to vision at the given
distance

Bazad Wylddz2Ny¥tQ 2LIGAO!I
(mimics crystalline lens function)

B Potential for lower levels of visual
disturbance



Accommaodating IOLs
Cans

B Lower add effect relative toultifocalsat present

B Performance to date is variable, with no
preoperative predictors
B Biomechanics are not well understood

B accommodative musculature
B Capsulotomy, capsular tension

B Higher rates of ACO/PQQelated to lens
movement?

Multifocal Presbyopic Lens Options

B Zonal refractive
B Fulloptic diffractive
B Apodizeddiffractive

B Segmented Add (rotationally
asymmetric multifocal)
NOT FDA APPROVED

Zonal Refractive Multifocal Optics

B Alternating zones of
refractive power.

B Each zone acts primarily : =
an independent annular (=
refractive lens. I

H Zone centration and axial
alignment are important.

Power Plot  Surface
Profile £ ¢

3
POWER

Exaggerated surface profile.
The surface slope changes for different zones. There are no steps.
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Accommodating IOL Summary

B Current accommodating IOLs depend on mechanical
action for their operation

H lens design significantly affects mechanics and the
degree of axial change required for effect

B The lenses are more dependent on biomechanical
FTILOUZ2NA AY | LI GASYyUQa S
residual refractive error and accommodative effect

B Capsular fibrosis and PCO/YAG effects have not bee
well studied, but may affect long term performance

Multifocal Intraocular 0L History

& Original Array design (zonal refractive)

B Low percentages of spectacle independence
achieved (26% to 47%)

B High percentages of severe visual disturbances
(primarily halos)

& 3M diffractive multifocal
Hd Centrationwas important to success

A Lens design (PMMA) and associated surgical
technique limited outcomes

Zonal Refractive Lens: Potential Pupil Issues
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Zonal Refractive Lens: Potential Pupil Issues Zonal Refractive Lens: Potential Pupil Issues

Zonal Refractive Lens: Potential Pupil Issues Zonal Refractive Multifocal Lenses
Advantages Disadvantages
B Conceptually simple B Pupil size restrictions
B Each annular zone B Image quality affected by
contributes to either annular apertures

distance or near vision B Rings visible at night from
B Provides multifocal vision second image

B Refractive technology B Sensitive to centration

B Limited add power (transition
zone size increases)

The Lentis Mplus Rotationally Asymmetric Lentis Mplus Early Clinical Results
Multifocal 10L

H 26 eyes

B Central and superior distance ) HE Uncorrected Visual Acuity (means)

zone = .
) i T s \ B 0.26 at distance (20/320/40)
B Multifocal, not progressive (splits. - ) @ 0.21 at near (20/32)

light, nat designed for change in| "\ H Contrast sensitivity reported as better than
. EOSI'“O“) - : S for a diffractive multifocal 10L

arly resuits snow promise P
(not currently FDA approved) ) B Further development is likely

Ali6JL, PlazRucheAB Javaloyd, Ayala MJ. Comparison of the visual and intraocular optical performance of a refracti
multifocal 10L with rotational asymmetry and apodizeddiffractive multifocal 10L. J Refract Surg. 2012 Feb;28(25100




Diffractive Lenses

B NOT a Fresnel lens

B Fresnel lenses were designed for
weight reduction, nomultifocality

B Fresnel studied diffraction AND
f AIKUK2dzaSax
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Theoretical Energy Balance at 550 nm
for Full Optic Diffractive IOL
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Design Observations
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Full optic design gives a
stronger halo effect than
necessary for larger pupil
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Reéanvfe: Energy
= o

Distance = Near /

w2 Near light is retained even 7|
for large pupil / low light
activities

Pupil Size Less Critical with Diffractive Lens
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Traditional Diffractive Lens

B Transparent lens material

B Geometry is very important
B Place zone boundary whenever optical path
length increases by 1 wavelength

B Jump in phase at boundary (diffractive steps)
B Zones shaped to direct light

B Adjacent zones have
similar effects

Full Optic Diffractive

B Step sizes are all the sam¢
height
B The diffractive steps run tg
the edge of the optic zone

lf.ﬁ}ii’l'v'-l‘:‘.i‘l-.‘-;""' dda. -ifi.ii.‘::;.‘;;;;;,q-

Pupil Size Less Critical with Diffractive Lens



http://upload.wikimedia.org/wikipedia/commons/e/e8/Fresnel_lens.svg

Pupil Size Less Critical with Diffractive Lens
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Pupil Size Less Critical with Diffractive Lens

®0

Full Optic Diffractive 10L

Advantages
B Provides multifocal

Disadvantages
B Equal distribution of light

vision energy for all pupils
B Reduced pupil d Potential for glare and
dependency halos at night

B Higher add powers
possible (relative to
zonal refractive)

Apodization

B Historical

BCNRY (KS DNBS| =
Baid2 NBY2OS | aKkh |
YIUGKSYIl GAOFt ¥Fdzy

amonofocaloptic)

B In optics:apodizationwas often
achieved by use of filters to improve
image quality

HE These Days

B Refers to any function designed to
control/alter light transmission
through the pupil

Apodized Partial-Optic Diffractive

3 Limited diffractive zone, remainder of lens for distance
vision (refractive only)

B Step size reductions from center to periphery

B Higher percentage of light to distance as pupil size
increases

ApodiizetiiirfifsatitivedOL

B Gradual reduction in step
heights
B Each diffractive ring farther
from the center has a
smaller step height

@ Central step ~1.3
& Outer step ~0.2







