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My bias:

 Work at a large tertiary ophthalmic hospital

 Cornea Service is the cataract service at BPEI. 

 Cornea/Refractive Surgery

 Ocular Surface/Uveitis

 Cataract-Cornea/Surface-Uveitis practice

 Referrals

� Cataracts secondary to inflammation (adult and kids)

� Trauma (cataract, aphakia)

� Cornea/Surface/Lens pathology (adult and kids)

 Weekly Surgical volume

 10 cataract surgeries

 4 Keratoplasties (EK, PKP, DALK, Kpro)

 1-2 Ocular Surface procecures (PTG, MMG, SLET, etc)



Presbyopia: Definition

 Age-related loss of accomodation

 Noticed between 40/50 yo

 Mechanisms: 

- Loss of elasticity of the crystalline lens

- Changes in the lens curvature from continual growth  

- Loss of power of the ciliary body



Presbyopia

Loss of accomodation



Demographics

More than 1 billion presbyopes worldwide



Presbyopia 
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Pseudophakic Mono-Vision (Conventional)

 Dominant eye targeted for distance (Plano)

 Non-dominant eye targeted for near (App - 1.5 D)



Types of Pseudophakic Monovision



Advantages

 Pupil independent (diameter, shape, angle k)

 Cost-effective

 Fewer optical side effects like glare, haloes, HOAs

 Better Contrast sensitivity

 In Clear Lens Extraction – Trial can be given prior 

to surgery (CL or Glasses)



Disadvantages

 Trade Off (Distance vs Near Vision) 

 Near vision suboptimal as compared with

MFIOL

 Decrease in stereopsis

 Neural adaptation necessary (more than

MFIOL)  









Randomized comparisons of monovision to multifocality are scarce. Existing

estimates regarding spectacle independence (imprecision, indirectness) and 

particularly regarding unaided VA and CS (assessment/reporting

heterogeneity, bias, imprecision, indirectness) are burdened with uncertainty.

Dysphotopsia is less common with monovision,but estimate uncertainty is 

high (bias, imprecision) 



Visual performance postoperatively was an important parameter that was worked

out in many trials. It was demonstrated that monovision technique could provide

very good to excellent, distance visual outcome, without statistically significant

differences when compared to multifocal or accommodating methods .

Pseudophakic monovision was considered to be an alternative option for

correction of near vision, as it was significantly improved postop. There

was not statistically significant difference in UNVA between monovision patients

and multifocal or accommodating groups. However, Wilkins et al resulted that

multifocal group dominated in the assessment of near VA, with a significant

difference

Better contrast sensitivity in Monovision, decrease in stereopsis









Surgical Treatment Options for Astigmatism

 Corneal Incisions
 LRI’s, AK’s

� Less predictable outcomes, 
less accurate

� Esp >2D astigmatism

� Potential for regression

� Increased mechanical instability

� Limited treatment range

 Laser Vision Correction
 LASIK, PRK

� Additional procedure

� Risk of complications

� Glare / halos / dry eye



 Toric IOL implantation

 More predictable, permanent results than 

alternative astigmatic treatment

 Improved accuracy relative to alternative 

treatments

 Avoids long-term mechanical instability seen with 

LRIs, additional procedure necessary with 

PRK/LASIK

Surgical Treatment Options for Astigmatism



Candidates

= Cataract surgery/CLE candidates with significant 

regular corneal astigmatism

 Start to consider > 0.75D regular cylinder

 Higher levels of astigmatism (> 4.00D) may need 

additional treatment by other modalities



 Toric lenses currently available in the U.S.:

 Monofocal:

� Alcon Acrysof® Toric IOL

� AMO Tecnis® Toric IOL

� Staar Toric IOLTM

� EnVista Toric IOL

� Hoya iSert Toric 351

Toric IOL Options



 Toric lenses currently available in the U.S.:

 Multifocal/EDF:

� Alcon ReSTOR® Multifocal Toric 

� Alcon ACTIVEFOCUS™ Multifocal Toric 

� Alcon Acrysof® PanOptix® Trifocal Toric IOL

� AMO Tecnis® Symfony Toric 

 Accommodating: 

� TrulignTM Toric Accommodating IOL

Toric IOL Options



Model
Cylinder Power at  

IOL plane

Cylinder Power at  

Corneal plane

Corneal      

Astigmatism 

Correction Range

ZCT150 1.50 1.03 0.75-1.50

ZCT225 2.25 1.55 1.50-2.00

ZCT300 3.00 2.06 2.00-2.75

ZCT400 4.00 2.74 2.75-3.62



Toric IOLs: Is the patient a candidate?

 Adequate level of astigmatism

 REGULAR astigmatism

 ***Requires corneal topography***
� Quality of topography can be greatly impacted by pre-topo 

administration of topical medications

 Toric placement in irregular astigmatism can result in 

undercorrection of astigmatism, introduction of 

higher-order aberrations. 

 Financial ability of patient 
 Additional expense due to non-coverage by insurance 

companies





 Acrysof Toric IOL Calculator
� New calculator incorporates Barrett formulas:  

http://www.acrysoftoriccalculator.com/

 Tecnis Toric IOL Calculator
� www.tecnistoriccalc.com

 enVista Toric Calculator

� https://envista.toriccalculator.com/

 STAAR Toric Online Calculator
� http://www.STAARToric.com

 Barrett Toric calculator
� http://www.ascrs.org/barrett-toric-calculator

� Also includes power recommendation

Toric IOL Calculations: Power and Axis of Placement



Toric IOL Calculations: Power and Axis of 

Placement

 Required components 

 Corneal topography, Refraction

� To confirm regularity

� To verify (not determine) steep corneal meridian

 Axis of incision

 Typical surgically-induced astigmatism (surgeon 

dependent)



Toric IOL Calculations: Power and Axis of 

Placement

 Surgically-induced astigmatism:

 Barrett formula: use 0.10 (temporal incisions) or 0.12 (ST)

� (centroid value instead of mean or median to account for 

significant variability between patients)

� https://doctor-hill.com/CSTILIS_2019/Hill_2019_Toric.pdf

� http://www.doctor-hill.com/



IOL Calculation: Power and 

Axis of Placement

 Required components, cont. 
 Desired spherical equivalent lens power 

 Keratometry readings

� Manual

� Uses 3.0 or 3.2 mm zone vs. 2.5 mm with IOLMaster

� Auto-K’s and sim-K’s can easily be off by 10°
� Angular error of 10° can decrease effect by 33%*

undercorrection of astigmatism

� IOLMaster

� Uses greater number of measurements

� Uses 2.5 mm zone

� Needed in time to order lenses prior to day of surgery

*Novis C.  Astigmatism and toric intraocular lenses.  

Curr Opin Ophthalmol 2000; 11:47-50.





IOL Calculation: Posterior astigmatism

 Fair amount of astigmatism on posterior surface 

of cornea

 Can significantly impact refractive results with 

astigmatic correction

 Magnitude*: 

� Variable between patients

� Increases with higher (anterior) WTR astigmatism (60-120)

� Stable with higher (anterior) ATR astig (150-30)

*Koch DD, Ali SF, Weikert MP, et al. Contribution of posterior corneal astigmatism 

to total corneal astigmatism. J Cataract Refract Surg. 2012;38:2080-2087.



IOL Calculation: Posterior astigmatism

 Koch et. al, 2012* 

� Measured 715 eyes using the Galilei Placido dual-

Scheimpflug analyzer 

� uses a dual-channel Scheimpflug camera and a Placido 

disk to measure anterior and posterior corneal surfaces

� Mean value was –0.30 D, but there was wide 

individual variability

*Koch DD, Ali SF, Weikert MP, et al. Contribution of posterior corneal astigmatism 

to total corneal astigmatism. J Cataract Refract Surg. 2012;38:2080-2087.



IOL Calculation: Posterior astigmatism

 Koch*: 
 “The posterior cornea tends to be steep in everyone.”

 Because the posterior cornea is a minus lens, if it’s steep vertically 

(86.6%), it actually creates net power along the horizontal meridian—a 

low-powered lens in the back of the cornea that is creating plus power 

along the horizontal meridian;  against-the-rule refractive astigmatism

 “So if a patient is steep vertically on the front—that is, with-the-rule 

astigmatism on the anterior, then total corneal astigmatism actually 

ends up being less. And, conversely, if a patient has against-the-rule on 

the anterior surface—that is, they’re steep horizontally on the front—

the total corneal astigmatism actually ends up being more.”

*Roach, L. Toric IOL Calculations: Consider the Posterior Cornea. EyeNet 2014(October):43.



 Follow-up study: Koch et. al* measured total 

corneal astigmatism in 41 eyes post-Toric implant 

using 5 devices (incl IOLMaster)

 4 of 5 devices overestimated WTR eyes by 0.5-0.6 D

 Underestimated ATR eyes by 0.2-0.3 D

 Galilei had least error, however had significant prediction 

error of 0.57 D in eyes with preop WTR astigmatism

IOL Calculation: Posterior astigmatism

*Koch DD, Jenkins RB, Weikert MP, et al. Correcting astigmatism with toric intraocular lenses: 

effect of posterior corneal astigmatism. J Cataract Refract Surg. 2013;39:1803-1809.



 So….??

 Consider using Baylor nomogram
� However based on population averages, not individual 

measurements

� Also aims to leave patients with slight WTR astigmatism to account 

for the ATR shift that occurs over time with aging

IOL Calculation: Posterior astigmatism





 So….??

 Use Barrett Toric calculator (ASCRS website) (and now    

new Alcon Toric calculator)
� Takes into account the impact from the IOL’s spherical correction 

and anterior chamber depth 

IOL Calculation: Posterior astigmatism



 Be careful about flipping the axis!



Modifications to 

Routine Cataract Surgery

1. Preoperative Toric calculations (+/-

ordering lens)

2. Marking of eye pre-operatively, 

intraoperatively (OR use 

Callisto/Verion)

3. Accurate positioning of IOL +/-

confirmation of alignment



Marking the Eye

 Reference marks placed at 3-, 6-, and 9-o’clock 

meridians

 Pt should be in upright position

� Avoids cyclotorsion in supine position



 Duckworth & Kent—Cionni Toric Reference 

Marker (Model 9-840)

Reference Markers

 Asico—Preoperative Toric Reference Marker 

(Model AE-2793D) 





 Intraoperatively mark desired axis relative to 

3:00, 9:00 

 Indicates steep axis of astigmatism

Marking the Eye





 Duckworth & Kent—Cionni Toric Axis Marker 

(Model 9-841)

Axis Markers



Axis Markers

 Asico—Intraoperative Toric Axis Marker 

(Model AE-2792) 



 Intraoperatively mark desired axis relative to 

3:00, 9:00 

 Indicates steep axis of astigmatism

 May be performed before or after routine 

capsulorrhexis, hydrodissection, 

phacoemulsification, and cortex removal

Marking the Eye



 Intraoperatively mark desired axis relative to 

3:00, 9:00 

 Indicates steep axis of astigmatism

 May be performed before or after routine 

capsulorrhexis, hydrodissection, 

phacoemulsification, and cortex removal

Marking the Eye



Intraoperative Alignment Tools

 VERION™ Reference Unit

 Zeiss Callisto Eye

 Take high resolution, digital reference image of 

patient’s eye

 Captures ocular landmarks (scleral vessels, limbus, iris 

landmarks) to register and track eye throughout 

procedures

 Provides visual reference/overlays for incisions, 

capsulotomy, 180 and desired axis for IOL 

alignment



Zeiss Callisto Eye





 Final alignment

 Precise alignment critical in final outcome

� Axis  10°33% reduction in astigmatic correction

�  Axis off by 30° equivalent to spherical IOL

Intraocular Lens Positioning



Intraocular Complications

 Over-rotation of IOL during final alignment

 May require re-inflation of capsular bag with additional 

viscoelastic

 Capsular rupture

 Placement of 1-piece toric IOL in sulcus contraindicated



 Rotation of IOL
 Based on patient satisfaction, may be important to 

dilate post-operatively to evaluate for proper axis 

alignment

 Re-position as soon as possible

� May find rotational difficulty, may require re-inflation of 

capsular bag with additional viscoelastic

Postoperative Complications



 Suboptimal results
 astigmatismfix.com

Postoperative Complications



…“Sandwich” Approach, by Sonia Yoo!

“Bread”- Good :  Inform them of all  IOL

options – and state that ALL will work for most 

people, but none will work for all

“Meat”- Bad: Focus on the limitations

- Monovision issues

- Multifocal – possibility of starbursts, halos,

limitation of quality of vision

- Accommodating- unpredictable post op

refractive error + possible inadequate near vision

“Bread”-Good: Reassure that 95% or patients 

are thrilled with these IOLs 





 Monovision is a good safe affordable choice

 Toric IOLs are an effective, stable treatment option for regular 

astigmatism

 Strongly recommend aggressive management of astigmatism

 Need to watch for:

 Accurate intraoperative alignment

 Early postoperative rotation

 Fine-tune improvement
� Accurate SIA

� Adjustment of incision location with help of Toric Calculator 

Summary


