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“Standard” vs. “Premium” IOLs

ØAll modern IOLs have the same advanced optics
ØMonofocal IOLs are covered by insurance

• Single focal point, distance or near

Ø”Premium” IOLs add additional features
• Toric corrects astigmatism

• Toric is also monofocal

• Multifocal (MFIOL)
• Creates multiple focal points

• Extended depth of focus (EDOF)
• Extends the focal point continuously

https://en.wikipedia.org/wiki/Intraocular_lens
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Presbyopia

ØWhat is it?
• Loss of accommodation as the crystalline lens hardens

• Begins to affect most people after age 40

Ø In 2015, an estimated 1.8 billion people affected
• 25% of the world’s population1

ØNear vision is crucial in modern society

1. “Global Prevalence of Presbyopia and Vision Impairment from Uncorrected Presbyopia: Systematic Review, Meta-
analysis, and Modelling.”, Fricke et al., Ophthalmology 2018.
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Treating Presbyopia

ØSpectacles!
• Reading glasses

• Bifocals/Trifocals/Progressives

ØMonovision
• One eye for distance, one eye for near

ØCorneal Inlays
• Kamra, Raindrop, etc.

https://www.hindawi.com/journals/bmri/2013/154593/fig1/
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Can an IOL accommodate?
Maybe!

ØBausch & Lomb Crystalens
• Ciliary muscle contraction creates increased pressure in vitreous

• Hinged haptics move optic forward, power is increased

Ø Issues:
• Minimal effectiveness at near 
• “Z-syndrome” - rare

https://www.youtube.com/watch?v=bD04HVpgpII
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Multifocal IOLs

ØMultiple simultaneous images on the retina
ØWhen focused on distance target, near image is defocused/blurred

ØWhen focused on near target, distance image is defocused/blurred
ØNeuroadaptation allows brain to ignore blurred image

https://jaheedkhan.co.uk/should-i-have-a-multifocal-intraocular-lens-implant-for-my-cataract-surgery/
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Diffractive Multifocals

ØAlcon PanOptix Trifocal
ØJ&J Tecnis Synergy Trifocal

• Focal points at distance, intermediate, and near

https://ophthalmologymanagement.com/issues/2022/february/insight-on-new-iol-technologies/
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Extended Depth of Focus

ØEDOF IOLs give distance and intermediate vision
ØJ&J Tecnis Symfony

• Diffractive

ØAlcon Vivity
• Waveform shaping

https://assileye.com/library/tecnis-symfony-plus-intraocular-lens

https://www.reviewofophthalmology.com/article/an-update-on-monofocalplus-iols
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Problem Solved?

TNSTAAFL!

There’s no such thing as a free lunch!
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Diffractive Optics

ØDiffractive IOLs “lose light” when it is split or extended
ØContrast sensitivity is reduced

• Lower “quality of vision”

ØPanOptix loses 12% of incoming light to diffraction
ØSymfony loses 18% of incoming light
Ø In a perfectly healthy eye, this may be imperceptible
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Dysphotopsias
Glare, Halos, Starbursts

ØThe rings have an effect!

https://www.reviewofoptometry.com/article/understanding-the-role-of-iol-optics-in-postoperative-vision-complaints
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This Bothers Many Patients!

ØPanOptix Initial Study

Source: myalcon.com
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What about Vivity?

ØNot diffractive, so no additional glare, halos, or starburts
ØSimilar or worse loss of contrast sensitivity to diffractive IOLs

Master Text USA 
Product:  AcrySof™ IQ Vivity™ Intraocular Lens (IOL)  

Models:  DFT015, DFT315, DFT415, DFT515 
 

Master Text USA 
Models: DFT015, DFT315, DFT415, DFT515 

Catalyst Labeling Asset: XXX, Rev. XXX 
Page 4 

 

Figure 4: Modulation Transfer Function (MTF) Through-Focus Response of 20.0 D IOLs in 
a Model Eye (White Light, 50 lp/mm, 3 mm Aperture) 

 
 
INDICATIONS 
The AcrySof™ IQ Vivity™ Extended Vision IOL Model DFT015 is indicated for primary implantation 
for the visual correction of aphakia in adult patients with < 1.00 D of preoperative corneal 
astigmatism, in whom a cataractous lens has been removed by extracapsular cataract extraction.  
The lens mitigates the effects of presbyopia by providing an extended depth of focus.  Compared 
to an aspheric monofocal IOL, the lens provides improved intermediate and near visual acuity, 
while maintaining comparable distance visual acuity. The AcrySof™ IQ Vivity™ IOL is intended for 
capsular bag placement only. 
 
The AcrySof™ IQ Vivity™ Toric Extended Vision IOL Models DFT315, DFT415, and DFT515 are 
indicated for primary implantation for the visual correction of aphakia and for reduction of residual 
refractive astigmatism in adult patients with pre-existing corneal astigmatism, in whom a 
cataractous lens has been removed by extracapsular cataract extraction. The lenses mitigate the 
effects of presbyopia by providing an extended depth of focus.  Compared to an aspheric monofocal 
IOL, the lenses provide improved intermediate and near visual acuity, while maintaining 
comparable distance visual acuity. The AcrySof™ IQ Vivity™ Toric IOLs are intended for capsular 
bag placement only. 
 
IOL IMPLANTATION 
During standard cataract surgery and implantation of the AcrySof™ IQ Vivity™ IOL, an Alcon 
qualified delivery system and viscoelastic combination should be used. The use of an unqualified 
combination may cause damage to the lens and potential complications during the implantation 
process. Alcon recommends using the qualified MONARCH® IOL Delivery System or any other 
Alcon qualified combination. Currently qualified combinations that can be used with these lenses 
are listed in Table 2; contact Alcon for further information on qualified combinations. 
 

Table 2: Qualified Combinations of Compatible Products  
 

Lens 
Model 

Diopter 
Range Cartridge Handpiece 

Ophthalmic 
Viscosurgical Device 

(OVD) 
DFT015 
DFT315 
DFT415 
DFT515 

+15.0 to 
+25.0 

MONARCH™ III 
D 

(8065977763) 
MONARCH™ III (blue) 

(8065977773) 

VISCOAT™ OVD 
PROVISC™ OVD 

DISCOVISC™ OVD 

Contact Alcon for any additional Alcon qualified OVDs, handpieces, and cartridges for use with this lens.  

0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50

-2.50-2.00-1.50-1.00-0.500.00+0.50+1.00+1.50

M
TF

Defocus position (D)

Model DFT015

Model SN60WF

https://www.accessdata.fda.gov/cdrh_docs/pdf/P930014S126C.pdf
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Contraindications to
MF/EDOF IOLS

Ø Cornea

• Dry Eye / Blepharitis
• High astigmatism
• Higher order aberrations
• Post-refractive (RK, LASIK, PRK)

Ø Retina
• ARMD - absolute contraindication
• ERM/Pucker
• Macular edema (DM, RVO, MacTel, etc)

Ø Others
• Uveitis
• Moderate or severe glaucoma
• ?
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MFIOLs Can Be Great

ØMany patients hate glasses
ØMost dysphotopsias are well-tolerated
ØPatients who do well LOVE these lenses

ØBut… a small percentage do poorly

15
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We’ve Been Making 
a Big Assumption

Ø IOL selection is based on biometry and lens calculation formulas

https://mivision.com.au/2021/04/zeiss-iol-master-700/ https://visionequipmentinc.com/product/lenstar-ls-900-biometer/ https://www.myalcon.com/professional/cataract-surgery/surgical-equipment/argos-biometer/
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How Good Are We?

Accuracy of Intraocular Lens Calculation
Formulas

Ronald B. Melles, MD,1 Jack T. Holladay, MD, MSEE,2 William J. Chang, MD1

Purpose: To compare the accuracy of intraocular lens (IOL) calculation formulas (Barrett Universal II, Haigis,
Hoffer Q, Holladay 1, Holladay 2, Olsen, and SRK/T) in the prediction of postoperative refraction using a single
optical biometry device.

Design: Retrospective consecutive case series.
Participants: A total of 13 301 cataract operations with an AcrySof SN60WF implant and 5200 operations

with a SA60AT implant (Alcon Laboratories, Inc., Fort Worth, TX).
Methods: All patients undergoing cataract surgery between July 1, 2014, and December 31, 2015, with

Lenstar 900 optical biometry were eligible. A single eye per patient was included in the final analysis, resulting in a
total of 18 501 cases. We compared the performance of each formula with respect to the error in predicted
spherical equivalent and evaluated the effect of applying the WangeKoch (WK) adjustment for eyes with axial
length >25.0 mm on 4 of the formulas.

Results: For the SN60WF, the standard deviation of the prediction error, in order of lowest to highest, was
the Barrett Universal II (0.404), Olsen (0.424), Haigis (0.437), Holladay 2 (0.450), Holladay 1 (0.453), SRK/T (0.463),
and Hoffer Q (0.473), and the results for the SA60AT were similar. The Barrett formula was significantly better than
the other formulas in postoperative refraction prediction (P < 0.01) for both IOL types. Application of the WK axial
length modification generally resulted in a shift from hyperopic to myopic outcomes in long eyes.

Conclusions: Overall, the Barrett Universal II formula had the lowest prediction error for the 2 IOL models
studied. Ophthalmology 2017;-:1e10 ª 2017 by the American Academy of Ophthalmology

The prediction of refractive outcomes after cataract surgery
has steadily improved, with more recent intraocular lens
(IOL) power formulas generally outperforming those of
prior generations.1,2 Yet there is still considerable debate
about which formula provides the most accurate refractive
prediction. Because no single formula has been shown to be
highly accurate across a range of eye characteristics, some
authors have suggested that cataract surgeons should use
different formulas for eyes of varied ocular dimensions.3,4

During the study period, by provider or patient prefer-
ence, 145 surgeons most frequently used an AcrySof
SN60WF or SA60AT IOL (Alcon Laboratories, Inc., Fort
Worth, TX) for uncomplicated cataract surgery. Although
both of these IOL models are made of hydrophobic acrylic
and have anterior asymmetric biconvex designs (where the
front surface has stronger power), the SN60WF has a yellow
chromophore, has an aspheric posterior surface (with nom-
inal negative asphericity of !0.2), and is available in powers
of 6.0 to 30.0 diopters (D),5 whereas the SA60AT has no
chromophore, has a spheric posterior surface, and includes
IOL powers of 6.0 to 40.0 D.6

Our study was designed to address 4 main questions: (1)
Of the currently popular IOL calculation formulas (Barrett
Universal II, Haigis, Hoffer Q, Holladay 1, Holladay 2, Olsen,
and SRK/T), which is the most accurate when evaluating the
error in predicted postoperative spherical equivalent
including eyes of all ocular dimensions? (2) What is the
accuracy of the various formulas when evaluating short,

medium, and long eyes? (3) What is the extent of bias within
each formula for different biometric dimensions of the eye
(anterior chamber depth, axial length, corneal curvature, and
lens thickness) that lead to imperfect predictions? (4) Does
the use of the WangeKoch (WK) axial length adjustment
for the Haigis, Hoffer Q, Holladay 1, and SRK/T formulas
in long eyes lead to improved outcomes?

Methods

Kaiser Permanente Northern California is a large multiprovider
medical plan providing comprehensive health care services to a
diverse population of approximately 4 million patients.

Consecutive patients who underwent uncomplicated cataract
surgery with an implantation of the 2 most commonly used IOLs at
our institution (SN60WF or SA60AT) from July 1, 2014, to
December 31, 2015, were eligible. A total of 145 surgeons
contributed cases, and surgery was performed by clear cornea
temporal incision phacoemulsification. All patients were measured
preoperatively with the Lenstar 900 (Haag-Streit AG, Koeniz,
Switzerland). Manifest refraction was performed at a 1-month
postoperative visit with an optometrist. The study was performed
under institutional review board approval and conformed to the
tenets of the Declaration of Helsinki.

Selection Criteria

Our selection criteria generally followed the recommendations of a
recent editorial by Hoffer et al7 regarding best practices for studies
of IOL formulas, namely, the use of optical biometry, the inclusion

1ª 2017 by the American Academy of Ophthalmology
Published by Elsevier Inc.

http://dx.doi.org/10.1016/j.ophtha.2017.08.027
ISSN 0161-6420/17

Downloaded for Anonymous User (n/a) at Kaiser Permanente from ClinicalKey.com by Elsevier on September 25, 2017.
For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.

error. Use of the median absolute error negates the effects of
outliers, but clearly one characteristic of a “better” formula
is that it reduces the chance of having large outlier
outcomes.

Are the statistical differences we demonstrated between
the various formulas clinically significant? We believe the
difference between the best and the worst formulas do
represent a modest but relevant difference. It is encouraging

Figure 5. Smoothed line graph of prediction error (in diopters) versus intraocular lens (IOL) power (SN60WF) and frequency distribution of implants used
in the study (gray line). H-S ¼ Haag-Streit; WK ¼ WangeKoch.

Figure 6. Smoothed line graph of prediction error (in diopters) versus axial length (in millimeters) (SN60WF). The WangeKoch (WK) modified formulas
are shown as dashed lines in the same color as the unmodified formula. H-S ¼ Haag-Streit.

Melles et al " Accuracy of IOL Formulas
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Downloaded for Anonymous User (n/a) at Kaiser Permanente from ClinicalKey.com by Elsevier on September 25, 2017.
For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.

Pretty good!
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But Look Closer…

Formula Performance across Ocular Dimensions

As shown in Figure 4, the Barrett had the lowest mean absolute
prediction error for short eyes and the Hoffer had the greatest. For
long eyes, the Olsen had the lowest mean absolute prediction error
and the Holladay 1 and Hoffer had the greatest. Figure 5 illustrates
the variation in prediction error with different IOL powers for the
SN60WF, as well as the frequency distribution of the IOL implants.

Smoothed line graphs with points representing the bin sample
mean of the variation in prediction error for several ocular di-
mensions are displayed in Figures 6 to 9. The SRK/T in particular
is adversely affected by eyes that have flat or steep keratometry
(Fig 7). Figure 8 demonstrates that the Hoffer Q and Olsen
formulas have significant bias with varying anterior chamber
depth (in opposite directions), whereas the Haigis formula shows
little deviation in prediction error. On the other hand, the Haigis

Figure 2. Stacked histogram comparing the percentage of cases within a given diopter range of predicted spherical equivalent refraction outcome for the
SN60WF (Alcon Laboratories, Inc., Fort Worth, TX) model intraocular lens. H1 ¼ Holladay 1; H2 ¼ Holladay 2; HS ¼ Haag-Streit; WK ¼WangeKoch.

Table 2. Optimized Lens Constants

Formula Lens Constant Name

Optimized Lens Constant

SN60WF SA60AT

Barrett Lens factor 1.90 1.71
Haigis a0 (a1, a2) "0.688 (0.331, 0.200) "0.844 (0.295, 0.203)
HaigisULIB a0, a1, a2 "0.573, 0.331, 0.200 "0.786, 0.295, 0.203
HaigisWK a0 (a1, a2) "0.775 (0.331, 0.200) "0.916 (0.295, 0.203)
Hoffer Q ACD 5.64 5.44
Hoffer QULIB ACD 5.73 5.47
Hoffer QWK ACD 5.59 5.40
Holladay 1 Surgeon factor 1.83 1.64
Holladay 1ULIB Surgeon factor 1.94 1.70
Holladay 1WK Surgeon factor 1.77 1.59
Holladay 2 ACD 5.48 5.29
OlsenH-S ACD 4.70 4.67
SRK/T A constant 118.98 118.69
SRK/TULIB A constant 119.2 118.8
SRK/TWK A constant 118.95 118.66
Manufacturer A constant 118.7 118.4

ACD ¼ anterior chamber depth; H-S ¼ Haag-Streit; ULIB ¼ User Group for Laser Interference Biometry; WK ¼ WangeKoch.
The Haigis a1 and a2 were the optimized values listed on the ULIB website for the Lenstar 900.

Ophthalmology Volume -, Number -, Month 2017

4

Downloaded for Anonymous User (n/a) at Kaiser Permanente from ClinicalKey.com by Elsevier on September 25, 2017.
For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.

With our most accurate formula, nearly 20% of cases outside of 0.5 D of target
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What if we just had to get it close?
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RxSight Light Adjustable Lens

Ø3-piece silicone IOL

Ø“Macromers”
• Mobile photosensitive subunits

ØUV light interacts with macromers causing the IOL to change shape

20

LAL Insertion

21
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Light Adjustment
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LAL has EDOF

ØTargeting -0.5 D Sphere or more minus on the first treatment induces 
EDOF effect
• Non-dominant eye

ØThis adds about double the near vision as the MRx suggests
• E.g. MRx of -0.75 D would have equivalent near vision as typical -1.50 D

ØThe Light Delivery Device (LDD) adds negative spherical aberration to 
the center of the lens
• No rings, so no additional glare or halos
• Minimal reduction in contrast sensitivity
• Patients who are not diffractive MF candidates can be LAL candidates
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Light Adjustment Process

ØPatient must wear UV-protecting glasses
ØFirst adjustment at least 21 days after surgery

ØCan adjust 3D of combination sphere and cylinder
ØUp to 3 adjustments per lens

ØAt least 72 hours between adjustments

Ø2 final “lock-ins"

24
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The Importance of 
Refraction

ØThe LDD will do what you tell it to do

Ø If the refraction is incorrect, results will be incorrect

ØMUST be confident in the refraction before light treatment

25

Light Adjustment
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Great LAL Candidates

ØPost-refractive surgery: LASIK, PRK, and even some RK

ØHighly demanding

ØPathology that contraindicates diffractive EDOF or MF IOLs
• Dry Eye, AMD, POAG, etc.

ØGlare/Halo/Dysphotopsia concerns

27
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Not LAL Candidates

ØPoor dilation

• Dilation needs to be at least 5.5mm, ideally >6mm

ØAstigmatism > 3D

• Ideally < 2D

ØHighly aberrant corneas (e.g. keratoconus, some RK, scars, etc.)
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LAL Considerations

ØVery Expensive

ØMany post-op appointments (generally 4 to 6)

ØWearing UV glasses until lock-ins are complete

ØNo instant gratification

• Vision doesn’t ”come in” until first adjustment
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LAL and Near Vision

ØWith both eyes, ~90% of LAL patients are 20/20 and J21

ØNeed to tolerate some monovision to get near

• About 80% of LAL patients choose “blended” vision

ØMay still need some reading glasses for small print

• Those who want full range of vision with both eyes may do better with MFIOL

1. RxSight Combined PMCS-001 & PMCS-002 Clinical Outcomes of Patients Bilaterally Implanted with LAL
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Summary

Ø We don’t have an accommodating IOL… yet

Ø There are some great options for treating presbyopia
Ø Diffractive multifocal IOLs can provide a full range vision

• But many are not candidates

• Need to be able to deal with glare and halos

• Need to nail the refractive outcome

Ø The LAL is the most accurate IOL
• Best glasses-free outcomes for distance

• No glare or halos

• Need to tolerate some blended vision for near, may still need readers rarely
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Thank You!

Matthew Kaufman, MD
EyeHealth Northwest

kaufmanm@ehnpc.com
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