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IOL Technology and New Advancements

Nick Bruns, OD, FAAO
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5th century BC – “couching 

1747 – Jacques Daviel – first extracapsular cataract extraction
• 50% success rate

1753 – Samuel Sharp – first Intracapsular cataract extraction
• Entire lens and capsule removed

1949 – Sir harold Ridley – first IOL 
• PPMA lenses

1967 – introduction of phacoemulsification 
• Smaller incisions!

1980 – First foldable IOL

1992 – First toric lens 

Davis G . The Evolution of Cataract Surgery. M o M ed. 2016 Jan-Feb;113(1):58-62.

• “Couching” – from the French word 
“put to bed”

• Cataract dislodged out of visual axis 
with needle

A Brief History…
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1949 – Sir Harold Ridley

● WWII – airplane cockpit and gunnery canopies were made of glass and PMMA
○ “Unless a sharp edge of the plastic material rests in contact with a sensitive and mobile portion of the 

eye, the tissue reaction is insignificant." 

● November 29, 1949
○ ECCE on 45 yo woman at St. Thomas Hospital in London
○ Two stages: ECCE followed by implant three months later
○ IOL calculation did not account for refractive index differences è  resultant MR over 14D myopic 

H aro ld  R id ley and  the inventio n o f the intrao cu lar lens. A p p le 
D J, S im s, J. S u rvey o f O p hthalm o lo gy. Jan-Feb  1996. (40) 4.   
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FAQ

Which IOL is best?

6



8/17/26

2

IOL	Categories
This isn’t your grandma’s cataract surgery…

Monofocal

Enhanced Monofocal

Toric

Accommodative

Extended Depth of Focus (EDOF)

Multifocal / Trifocal

Small Aperture

Adjustable

DISTANCE VISUAL
QUALITY

NEAR
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The	Spectrum	of	Visual	Demand
Everyday tasks span a continuum from high near demand to high distance demand

HIGH NEAR DEMAND EVERYDAY “ACTIVE” VISION HIGH DISTANCE DEMAND

High	Near	Demand Everyday	“Active”	
Vision

High	Distance	
Demand

Sewing / knitting

Reading paperback books

Anything within 40cm or less

Daytime driving

Phone

Menu at dinner

Golf

Bicycling

Pilots

Truck drivers

Distance tasks in poor lighting
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The	Spectrum	of	IOL	Technology
Lens choice balances glasses independence against visual disturbances like glare and halos

Adjustable

LESS GLARE / HALOS MORE GLARE / HALOS

MORE DEPENDENCE ON GLASSES LESS DEPENDENCE ON GLASSES

Monofocal

Single fixed focal point

Toric

Corrects corneal astigmatism

Small	Aperture

Pinhole-effect extended focus

EDOF

Elongated depth of focus

Multifocal

Multiple discrete focal points
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FAQ 
How do these new lenses 
even work? 
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Defocus Curves

Image Source: https://millennialeye.com/articles/2017-innovations/the-next-generation- 
o f-i ol -te c hn ol og y/

• Tool for analyzing optical 
capability of IOL
• Simulates lens performance 

to various working distances
• Allows for comparison of 

various IOLs
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Photo: Madeleine Vessel. Higher Order Aberrations. All about vision. Accessed 7 August 
2024 from https://www.allaboutvision.com/conditions/aberrations.htm

First / Second Order: 
• Prism (tilt)
• Defocus – myopia, hyperopia
• Astigmatism
• Account for ~83% of all aberrations in 

the eye

• Third Order
• Coma 

• Incident wavefront is decentered
• Off-axis rays create a trailing “comet-

like” blur
• Trefoil

• Astigmatism with multiple axes

• Fourth Order
• Spherical Aberration 

12



8/17/26

3

Negative Aspheric Monofocal Positive Spherical Aberration Negative Spherical Aberration

0 SA

Spherical Aberration

13
D Gatinel – Patient selection for advanced technology IO Ls

Corne
a
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Refractive vs Diffractive IOLs

● Refractive design - circular zones of alternating refractive 
power

○ Waves exit at different regions, converging at distinct 
foci

○ Most early MF IOLs 

● Diffractive design - annular rings on surface of IOL to induce 
○ Relies on property of constructive interference 
○ Out of focus light tends to spread more evenly ⇒ 

Typically less glare/halos 
○ Most modern MF/EDOF IOLs
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Diffractive Multifocals

Image Source: Schwiegerling JT & Petznick A (2019). Refractive and Diffractive Principles in Presbyopia- Correcting IOLs 
— An Optical Lesson White Paper.

• Predominant form of multifocal IOL
• Goal: Minimize HOAs (glare, halos, starbursts)

• Constructive interference → phase-shifted light waves reinforce at specific diffraction orders, creating distinct 
focal points (distance, intermediate, near). 

• Destructive interference → contributes to the redistribution/suppression of optical energy between diffraction 
orders, helping determine how light is distributed across focal points.
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ORA – Optiwave Refractive Analysis

• Intraoperative Aberrometry

• Uses Talbot–Moiré interferometry to measure real-time aphakic/pseudophakic refraction 

• 81.9%  of eyes within ±0.50 D  with ORA-guided IOL selection. 75.9%  with preoperative planning alone (p < 0.0001) 

• Greatest benefit 
• Eyes with prior refractive surgery 

• Cases where modern IOL formulas (e.g., Barrett, Hill-RBF) are not utilized 
• Limited additional benefit when optimized modern formulas are already used 

• Best used as an adjunct—not a replacement 
• Complements preoperative biometry 

• Accuracy can be affected by: 
• Corneal edema 
• Residual viscoelastic 
• Intraocular pressure fluctuations
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Image: Nejad M. Your Guide to Improving Refractive Outcomes. Ophthalmology Management. 
April 2024;28(4):28-30.
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IOL	Categories
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Monofocal
● Single focal distance

○ No accounting for corneal astigmatism
○ No added depth of focus

● Benefit of insurance coverage - most affordable
● Patient expectation: Glasses for all distances postoperatively
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Toric IOL
● FDA approved in 1998, increased in use mid 2000’s
● Can correct up to ~5 D at the corneal plane (IOL power 1.0 - 6.0 D)

● Pros
○ Compared to Limbal Relaxing Incision/Astigmatic 

Keratecomy:
○ higher degree of axis precision
○ Higher range of correction

○ Many EDOF/MF IOLs come in toric 

● Cons
○ Rotation

○ 3-20% chance of rotation >10°
○ For every 1° of rotation, there is a 3.3% reduction in toric 

power
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When to consider a toric IOL?

• Remember that Ant K is most important
• General guidelines for toric IOL – 1D of anterior K cyl

• ~0.25D ATR drift per 10 years after the age of 50
• Consider cylinder correction earlier in ATR patients
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Femtosecond 
Laser 
Assisted 
Cataract 
Surgery

• Objectives
 Improve Safety
 Improve Accuracy
 Improve Predictability

23
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These small tabs assist surgeons in accurately aligning 
toric IOL marks along the predefined axis

Creates a pair of small tabs on the capsular rim guided 
by iris registration to identify the intended axis

Refractive Capsulorhexis and Toric IOL Alignment

24



8/17/26

5

Enhanced Monofocal
● Added ~0.50 D near 
● Improved distance/intermediate vision

○ No loss of contrast sensitivity
○ No glare/halos
○ “Easier” monovision than traditional monofocal
○ Does not meet FDA criteria for EDOF IOL

Tecnis Eyhance 
Aspheric - contiguous change in power without diffractive rings
Not based on spherical aberration

Ray One EMV 
Hydrophilic
Aspheric - positive spherical aberration for some EDOF

EnVista Aspire 
Aspheric biconvex
osterior high-order aspheric surface

1. Intermediate optimized central zone
2. Transition zone
3. Base power optic – aspheric to minimize dysphotopsias

25

Extended Depth of Focus (EDOF)
○ Tecnis Symfony - 2016 (J&J)

○ Diffractive IOL, foci peaks at plano and ~22 inches 
(1.75D)

○ Peaks close enough that most patients note smooth 
vision in good lighting

○ Specific design reduces chromatic aberration 

○ Vivity – 2020

○ Non-diffractive 6-mm biconvex, aspheric, 
wavefront-shaping optic

○ Elongates focus for continuous range of vision from 
infinity to ~26 inch

26

Case

• 67 yo female

• Large shift in vision OD>OS

• History of steroid inhaler use

• Motivated for spec independence, ok with readers
• Leaving for  European Vacation in 1 month

• Drives a lot – often at night

 

OD: -9.75 – 1.00 x 165 20/30

OS: -4.50 – 1.75 x 170 20/25

27

• OD: 
• 1.8 DC @ 80.8

• HOA @ 4mm 0.076

• OS: 
• 1.8 DC @ 91.9

• HOA @ 4mm 0.126

28

Puresee
○ 2026 

○ Purely refractive IOL

○ Continuous power change across the optic to 
extend depth of focus – no rings, diffractive 
elements, or discrete transition zones

29

PureSee - Toric

UCDVA: OD: 20/20 OS: 20/20- OU: 20/15

UCNVA: OD: J5 OS: J5 OU: J2

30
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Multifocal / Trifocal

● Bifocal
○ AcrySof Restor - 2005

■ First FDA approved diffractive IOL
■ Near-dominant central with concentric rings
■ Near powers 2.5D, 3D, and 4D

○ Tecnis - 2009

■ Aspheric with concentric ring diffractive design
■ Near power 2.75D, 3.25D, 4D
■ Performance independent of pupil size

31

Multifocal / Trifocal
● Panoptix  - 2019

■ Intermediate focus at 60 cm (2.17D), near focus at 40 cm 
(3.25D)

■ 88% light allocation ⇒ Reduced contrast sensitivity
● ~50% distance, ~25% intermediate, ~25% near

■ Larger central 4.5 mm diffractive optic ⇒ less impacted by 
angle kappa than earlier MF IOLs

■ Panoptix PRO (release late 2025)- highest reported light 
utilization of any trifocal IOL—and the lowest light 
scatter

■ Panoptic Pro – 2025
■ Improved image quality and contrast – especially in low-

light – while maintaining trifocal visual range.
■ Improved light transmission

32

Tecnis Odyssey - 2024
 - Freeform diffractive surface – designed to minimize gaps 

between near/int/dist zones
 - Hybrid Multifocal / EDOF

enVista Envy - 2024
 - Diffractive anterior surface, 1.2 mm central zone w/ 1.6D 

intermediate and 3.1D near adds
 - Consistent -0.15 micron SA profile

Multifocal / Trifocal

33

FineVision - 2025
 - Trifocal - Dual add powers (~+3.5 D 

near / ~+1.75 D intermediate)

 - Double-C haptics

 - Latest version (FineVision HP) - 
Hydrophobic

Multifocal / Trifocal

34

Defocus Curve – 
EDOF vs MF

35

Defocus Curve – 
EDOF vs Monofocal

36
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Hybrid
● Tecnis Synergy - 2021 

● Diffractive

● Blend between multifocal and EDOF 

Accommodating

● Crystalens - 2003 
● Flexible hinge plate haptics

● Pseudoaccommodation with flex of 
the ciliary muscle

37

Case 

● 76 yo WF
○ OD: Pseudophakic – done by outside surgeon ~3 years prior

■ Monofocal IOL, set for max DVA

○ OS: 3+ NS

● UCDVA:    
○ OD: 20/20-2
○ OS 20/150

○ MR: 
■ OD: -0.25-0.50x080 20/20 
■ OS: -1.25-1.00x086 20/25-

38

Exam:
○ 2+ lid telangiectasia, tr SPK w/ scant TF OU

■ Currently on cyclosporine 0.05% plus PT ATs QID

○ Mild macular mottling OU
      ….What’s the plan?

39

IC-8 Apthera 

● Target -0.75

● 3 Months Postop – Pt reports zero 
dependance on glasses except for 
medicine bottles

● OS: -0.50 - 0.50 x 95  20/20

Photo credit: Ellen Stodola. Incorporating the IC8 into practice. ASCRS Eye World. September 2023. 
https://www.eyeworld.org/2023/incorporating-the-ic-8-apthera-into-practice/

UCDVA: OD: 20/20-1 OS: 20/25 OU: 20/20

UCNVA: OD: J10 OS: J3 OU: J2
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Small Aperture IOL

● IC8 Aphthera
○ 1.36 mm aperture with 3.23 mm outer 

diameter
○ Indicated for patients with up to 1.50 D of 

astigmatism
○ Only implanted in Non-dominant eye with 

refractive target -0.75 DS

■ Meant to work with fellow plano 
targeted eye (monofocal / monofocal 
toric IOL)

41

Small Aperture IOL
● Minimizes higher order aberrations

○ Radial Keratotomy (RK)
○ LASIK ectasia
○ Keratoconus 

● Autorefraction and retinoscopy 
unreliable

○ Subjective refraction yields a “soft end 
point”

● Patients must dilate to 7mm 
○ Unable to perform dilated exam through 

pinhole. Peripheral retinal exam must be 
done outside of 3.23 mm outer aperture 
diameter G r a p h ic :   h t t p s : / / a c u f o c u s u n iv e r s it y .c o m / s m a ll - a p e r t u r e - o p t ic s /

42
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Post LVC Patients

● Why are they so tricky?

○ Assumptions made by current biometers:
■ Corneal curvature is proportional across the entire cornea
■ Ratio of anterior K curvature to posterior K curvature is normal

■ Both assumptions influence the power formulas which rely on 1.3375 as 
the accepted index of refraction 

LVC alters cornea è Lens not positioned where we expected è Refractive surprise!
    

43

Lichtinger, A . The Light ad ju stab le Lens – a review . 3  M ay 2012. Eu rop ean O p hthalm ic R eview . 6(2): 108-111. 

Adjustable IOLs – A new frontier!

● 1996 – Kraser – 3-piece IOL with inflatable diaphragm that could be 
injected postoperatively with fluid

● 1996 –Schwartz, Grubbs – Photosensitive Macromer System (early 
LAL)

● 2003 -  Eggleston – Mechanically adjustable IOL with samarium and 
cobalt magnets

● 2019 – Light Adjustable Lens – Available in US

44

Crystal-clear silicone monofocal optic

6.0 mm diameter/13 mm overall length

Available in +4.0 D to +30.0 D

Light Adjustable Lens

Innovative design
Photoreactive UV-absorbing material

ActivShield blocks unintended UV exposure

Retina-protective posterior layer ≤ 392 nm

———

The World’s First Adjustable Intraocular Lens

45

Light Delivery Device treatments 
are painless, non-invasive, 
and take approximately 
90 seconds

§ 365 nm UV light (non-laser)

§ Spatially-patterned treatments customized 
to manifest and target refractions

§ Tracking system to maintain alignment

LDD Key Features
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Light Treatment After Light Adjustable Lens Implantation

Adjustment Beam
Light from  the RxSight 

LD D  is directed to the 

Light Adjustable Lens

Photopolymerization
M acrom ers in  the path of 

the light are photo-

polym erized

Diffusion and 
Power Change
U npolym erized m acrom ers 

m ove into the polym erized 

area, causing precise shape 
and pow er change

Lock-In Beam
The entire lens is 

exposed to light to 

polym erize all the 
rem aining m acrom ers

Final Result
The outcom e is a precise 

change in  the Light 

Adjustable Lens’ pow er 
to m atch the patient’s 

individual prescription

ActivShield
Blocks U V light except 

during LD D  treatm ent

Digital Correction of Vision

47

Light Adjustable Lens Journey Timeline
The Light Adjustable Lens can be adjusted by the LDD up to three times. Additionally, 
the Light Adjustable Lens receives lock-in treatment to finalize the power.  

The lens adjustment process is similar to a contact lens fitting.

48
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Custom Blended Vision

• Ability to preserve 
binocularity while achieving 
functional near

• Stay away from 
“Monovision”

49

Introducing the LAL+

LAL+LAL

+1.5 +1.0 +0.5 0.0 -0.5 -1.0 -1.5 -2.0 -2.5 -3.0
Defocus (D)

0.6

0.5

0.4

0.3

0.2

0.1

0

-0.1

log
m

ar

LAL (DOF = 1.37 D)
LAL+ (DOF = 1.58 D)

Addition of small continuous increase in 

central lens power relative to the LAL

50

Pipeline

51

Hybrid Acrylic Silicon Adjustable Multifocal

Company A and Company B

Company A’s
Company 

B’s

52

Galaxy IOL

• Spiral optic à continuous range of vision from +0.5 D to -2.5 D
• Non-diffractive à decreased glare and halo
• Targeted for US release Q4 2026

Im a g e s  c o u rte s y  o f R a y n e r

53

Modular / Multicomponent IOLs

● Harmoni
○ Base unit that fills capsular bag with attached 

secondary optic
○ Theoretically, lower risk of PCO because of size 

of base unit 

● Precisight 
○ Two refractive lenses – a front and a base lens
○ Front lens outside of bag

Photo credit: Uy HS. Precisight multicomponent IOL. CRST Global Europe edition. Accessed 6 August 
2024 from https://crstodayeurope.com/articles/2018-may/the-harmoni-modular-iol-system/
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Accommodating IOLs
What we know… the pseudophakic eye

Ciliary muscle
Remains strong and functions throughout 
life
Exerts up to 0.065 - 0.08 N of cumulative 
radial force

Marchini G, Pedrotti E, Modesti M, Visentin S, Tosi R. Anterior segment changes during accommodation in eyes with a monofocal intraocular lens: high-frequency ultrasound study. J Cataract Refract Surg. 2008 
Jun;34(6):949-56. doi: 10.1016/j.jcrs.2008.02.018. PMID: 18499000.

Fisher RF. The ciliary body in accommodation. Trans Ophthalmol Soc U K (1962). 1986;105 ( Pt 2):208-19. PMID: 3467496.

Strenk SA, Strenk LM, Guo S. Magnetic resonance imaging of aging, accommodating, phakic, and pseudophakic ciliary muscle diameters. J Cataract Refract Surg. 2006 Nov;32(11):1792-8. doi: 10.1016/j.jcrs.2006.05.031. PMID: 
17081859; PMCID: PMC3423448.

Lens capsule
Will become fibrotic Following cataract 
surgery

Diameter change of lens capsule < 0.2 
mm in response to ciliary muscle 
contraction/ relaxation

55

- 5 or more diopters amplitude of accommodation

- Independent of capsular fibrosis

- Requires less than 0.2 mm overall diameter change 
of the lens capsule to achieve full accommodation/ 
dis-accommodation

- Requires less than 0.08 N cumulative radial force

- Accurate and consistent UCDVA 

- Foldable

- In the bag placement

Ideal Parameters for a Shape Changing 
Accommodating IOL

56

● JelliSee

○ 8 Fixed haptics to peripheral lens 
capsule

■ Haptic actuators designed to scar into 
capsule – early models suggest 
improved accommodation over time

○ 7D of accommodation

○ <0.2 mm diameter change needed 
for full accommodative range 

○ Liquid filled, flat anterior surface

Accommodative IOLs

Courtesy of John Vukich, 
M D

114  m icro n s ch a n g e in  d ia m eter 
p ro v id es fu ll d y n a m ic ra n g e
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70-year-old 1-year postop 
compared to healthy 10-year-
old child

6 months postop
Group 1 = 5 patients
Group 2 = 5 patients

Courtesy of John Vukich, MD
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OmniVu Lens System  

Adapted From P. Dee Stephenson; https://ois.net/wp-content/uploads/2019/10/Atia-Vision.pdf

59

Adapted From  P. Dee Stephenson; https://ois.net/w p-content/uploads/2019/10/Atia-Vision.pdf

ASCRS 2026 Data
• 29 eyes of 19 patients
• At 36 months, mean binocular acuities:

• UCDVA = 20/16
• BCDVA = 20/12
• UCIVA = 20/20
• UCNVA = J1

• 20/32 vision over ~ 5 D of defocus
• Only one YAG PC required

60
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● Juvene
○ Bag filled haptic surrounding fixed 

power lens with attached fluid 
filled lens 

○ Two parts injected separately 

○ Ability to exchange optic if need 
power change

○ 2 – 3.5 D of additional power 
range

Accommodative IOLs

Pho to  co u rtesy o f LensG en

61

● Perfect Lens

○ IOL adjustment with femtosecond 
laser

○ Low power (below ablation level)

○ Laser application increases 
hydrophilicity è decreases 
refractive index

○ Phase-wrapping algorithm used to 
“shape” a thin power lens into 
previously implanted IOL

Refractive Index Shaping

Photo: Sahler R, Perfect Lens. Accessed from Laser and Lens Adjustability. CRST July 
2023. Accessed 7 August 2024 from https://crstoday.com/articles/july-2023/laser-and-
lens-adjustability
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● 405 nm femtosecond laser 
○ Energy 100-1000x lower than ablation level
○ Laser focus 5-10 micron in diameter and length

● Alteration of collagen fibril density

● Most studies have been applied to cornea
○ Potential application to Contact Lenses and IOLs

LIRIC – Laser Induced Refractive Indexing

Photo: Zheleznyak L, Clerio Vision. Accessed from Laser and Lens Adjustability. CRST 
July 2023. Accessed 7 August 2024 from https://crstoday.com/articles/july-2023/laser-
and-lens-adjustability
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SpyGlass BIM-IOL

• Monofocal IOL with attached drug-
eluting pads

• Additional option in the IG pipeline
• Up to 36 months of IOP lowering

• Exploring options for treatment of:
• AMD
• Uveitis
• Post-op care

64

Conclusion

- In 2026, there’s no such thing as a 
“non-refractive” cataract surgery

- Appropriate education, diagnosis, and 
management can salvage even the 
unhappiest patient!

- Holy Grail still proves to be elusive… 
but more to come!

Nicholas.j.bruns@gmail.com
IG: @brunsnicholas
LI: Nick Bruns OD, FAAO
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