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Keratoconus

• Noninflammatory thinning of the cornea

• Thinning of the corneal stroma with 
disruptions of Bowmans membrane

• Progressive myopia and astigmatism

• Still one of the most common indications 
for corneal transplantation, but with a 
decreasing incidence

Droutsas K, Bagikos G, Miltsakakis D, et al. Trends in Indications and Techniques of Corneal Transplantation from 1999 through 2015 at a Tertiary Referral Center in Athens, Greece. J Ophthalmol. 2018;2018:9132083. Published 2018 Jul 18. doi:10.1155/2018/9132083

Al-Yousuf N, Mavrikakis I, Mavrikakis E, Daya SM. Penetrating keratoplasty: indications over a 10 year period. Br J Ophthalmol. 2004;88(8):998-1001.

Keratoconus
Global Consensus on Keratoconus and Ectatic Diseases 

(Gomes JA et al, 2015)

• Criteria “Mandatory to diagnose” KCN:
• Abnormal posterior elevation
• Abnormal corneal thickness distribution
• Non-inflammatory corneal thinning

• Ectasia progression can be measured by a consistent change 
in at least 2 of the following metrics:
• Progressive steepening of the anterior corneal surface 
• Progressive steepening of the posterior corneal surface 
• Progressive thinning and/or an increase in the rate of 

corneal thickness changes from the thinnest corneal point 
to the periphery 

Gomes JA, Tan D, Rapuano CJ, Belin MW, Ambrósio R Jr, Guell JL, Malecaze F, Nishida K, Sangwan VS; Group of Panelists for the Global Delphi Panel of Keratoconus and Ectatic Diseases. 
Global consensus on keratoconus and ectatic diseases. Cornea. 2015 Apr;34(4):359-69. 
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Much of the focus with Keratoconus is on the younger
patients & prevention of progression…and rightfully so
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But eventually keratoconus patients will develop 
cataracts and need cataract surgery

When are the lens changes 
clinically significant

Should this be combined 
with a corneal procedure

When is it appropriate to 
place a toric IOL

What formula should I use 
to calculate lens power
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Determination of clinically 
significant lens changes 

Clinical Significance

• Reduced vision - corrected and 
uncorrected VA

• Glare & Haloes 

• Difficulty reading

Overlaps of symptoms 
KCN vs Cataract
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Clinical Significance
Establish Corneal Stability 

• Stable corneal Topography/Tomography

• If not stable over time, need to consider 
slow or halt progression 

• Make sure patient is out of CLs before 
cataract evaluation (or pre-IOL planning)

• Change in MRx over time is not 
accompanied by any changes in corneal 
parameters

Clinical Significance
Look at the Cornea 

• RGP contact lens refraction can 
help determine changes in the 
corneal component from lenticular 
changes/opacity

• Significant scarring or hydrops may 
be the etiology for reduced vision

• In some cases, the cornea and the 
lens may both be limiting vision
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Calculation of Lens Power

Biometry in the Keratoconic Patient
• Multiple challenges for axial length and keratometry

• Fixation challenges

• Variability in keratometric values increase with more 
advanced keratoconus (K’s > 55.0)

• Slight advantage noted in Scheimpflug systems with more 
advanced keratoconus

• Placido topographers also show an increase in variability 
with keratoconus patients

Hashemi H, Yekta A, Khabazkhoob M. Effect of keratoconus grades on repeatability of keratometry readings: Comparison of 5 devices. J Cataract Refract 

Surg. 2015 May;41(5):1065-72.

Guilbert E, Saad A, Elluard M, Grise-Dulac A, Rouger H, Gatinel D. Repeatability of Keratometry Measurements Obtained With Three Topographers in 

Keratoconic and Normal Corneas. J Refract Surg. 2016 Mar;32(3):187-92.
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Biometry in the Keratoconic Patient

• No real consensus as to which IOL formula may be preferred

• Confounding variables include steep apical cornea, change in the anterior/posterior corneal 
curvature, deep anterior chamber

• In one small series SRK II was the preferred method for mild KC (compared SRK, SRK II, 
and SRK/T)

• In other series with more modern generation formulas (Barrett univ II, , Holladay I, SRK/T, 
Hoffer Q), the SRK/T was most accurate

• Barrett True-K for Keratoconus and Kane Formula now are the preferred modern generation 
formulas

• Many of the formulas will leave the patient hyperopic due to overestimation of the corneal 
power (steep central K)

• In some cases K values will have to be estimated with the assumption that a PKP may be 
performed in the future

Thebpatiphat N, Hammersmith KM, Rapuano CJ, Ayres BD, Cohen EJ. Cataract surgery in keratoconus. Eye Contact Lens. 2007 Sep;33(5):244-6.

Savini G, Abbate R, Hoffer KJ, Mularoni A, Imburgia A, Avoni L, D'Eliseo D, Schiano-Lomoriello D. Intraocular lens power calculation in eyes with keratoconus. J Cataract Refract Surg. 2019 Feb 21.

Biometry in the Keratoconic Patient

Holladay Report with more advanced 
KCN and show power distribution 

curve for KCN
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Astigmatism Management

• Treating astigmatism in the keratoconus patient can be challenging

• Multiple clinical factors need to be known

• Stability of cornea and refraction (MRx)

• Does patient wear glasses, SCL (toric), or any rigid contact lens? 

• Has corneal influences related to CL wear been reduced or removed?

• Are the astigmatic magnitude & axis measurable, and are they within 
the IOL treatment parameters?

Astigmatism Management
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• Very few large studies

• Allard and Zetterberg (2018) looked a 4 eyes with fairly regular astigmatism

• Kamiya published a series of 19 patients with good results in carefully selected patients

• Hashemi looked at 23 eyes with KCN, astigmatism measured with manual K, topography, and Pentacam

• Favorable results using keratometry derived from 3 mm central zone

• SRK/T formula gave lowest error

• In many cases it may be a astigmatism reducing procedure, not eliminating

Astigmatism Management

Allard K, Zetterberg M. Implantation of toric intraocular lenses in patients with cataract and keratoconus: a case series. Int Med Case Rep J. 2018 Aug 28;11:185-191.

Kamiya K, Shimizu K, Miyake T. Changes in astigmatism and corneal higher-order aberrations after phacoemulsification with toric intraocular lens implantation for mild keratoconus with cataract. 

Jpn J Ophthalmol. 2016 Jul;60(4):302-8.

Hashemi H, Heidarian S, Seyedian MA, Yekta A, Khabazkhoob M. Evaluation of the Results of Using Toric IOL in the Cataract Surgery of Keratoconus Patients. Eye Contact Lens. 2015 Nov;41(6):354-8.

Astigmatism Management
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Surgical Considerations

Surgical Considerations

• Clinical exam is of utmost importance

• Stability of MRx & KCN cornea 

• Peripheral thinning: Location & size

• Corneal scarring: Location & size

• Anterior chamber depth

• Modify technique depending on 
clinical exam
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Surgical Considerations

Surgical Pearls

• Move main incision to area of minimal 
thinning

• Superior temporal wound

• Superior approach

• May need to consider "near-clear lens 
exchange” or scleral tunnel approach

• Very low threshold to place a suture in 
wound
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Surgical PearlsSurgical Pearls
• Irregular shape of cornea may 

make red reflex difficult to see

• Use of OVD on ocular surface 
may help with visualization 
and improve red reflex

• Low threshold for use of 
capsular stain

• Use of an RGP has been 
described to aid in visualization

Oie Y, Kamei M, Matsumura N, Fujimoto H, Soma T, Koh S, Tsujikawa M, Maeda N,  Nishida K. Rigid gas-permeable contact lens-assisted cataract surgery in patientswith severe 

keratoconus. J Cataract Refract Surg. 2014 Mar;40(3):345-8.
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When to Treat the Cornea
Consider Keratoplasty 1st or Combo Tx, if

• Clinically significant corneal scarring

• Non healing hydrops

• Inadequate view into anterior chamber for 
safe cataract removal

• High levels of irregular astigmatism and 
inability to wear RGP

• Staging PKP first before cataract removal, 
if lens changes are mild

When to Treat the Cornea
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When to Treat the Cornea

When to Treat the Cornea
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When are the lens changes 
clinically significant

Should this be combined 
with a corneal procedure

When is it appropriate to 
place a toric IOL

What formula should I use 
to calculate lens power

When are the lens changes 
clinically significant

Should this be combined 
with a corneal procedure

When is it appropriate to 
place a toric IOL

What formula should I use 
to calculate lens power

• Careful clinical exam is necessary

• Confirm stability of the cornea

• RGP refraction is a simple tool to 
help differentiate cornea from lens 
as etiology of changes in vision
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When are the lens changes 
clinically significant

Should this be combined 
with a corneal procedure

When is it appropriate to 
place a toric IOL

What formula should I use 
to calculate lens power

• The more ways the cornea can be 
imaged the better

• Advanced imaging systems can be 
helpful at estimation of corneal 
power

• Most formulas will overestimate the 
corneal power so plan a myopic 
target

• In advanced KCN, corneal power 
may need to be estimated in the 
event PKP needs to be planned
later

When are the lens changes 
clinically significant

Should this be combined 
with a corneal procedure

When is it appropriate to 
place a toric IOL

What formula should I use 
to calculate lens power • In mild KCN with fairly regular

astigmatism, toric IOL can be 
considered

• Avoid in patient doing well with rigid 
contact lenses

• In many cases, toric IOL’s will only 
reduce astigmatism (not eliminate)
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When are the lens changes 
clinically significant

Should this be combined 
with a corneal procedure

When is it appropriate to 
place a toric IOL

What formula should I use 
to calculate lens power

• In cases where the cornea will 
significantly limit best corrected vision

• Corneal scars or persistent hydrops

• Patient who can not tolerate contact lens 
correction and have high irregular 
astigmatism

• Consider PKP first, then cataract surgery

• If PKP is likely in future, IOL power should 
be adjusted or estimated - in anticipation 
of future corneal power changes

Clinical Case
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Case 1
70 year old man with a complaint of reduced vision worse on 
right eye than left

Vision cc

20/70+1

20/25

Current Glasses

-4.75 + 2.75 x 170

-2.25 + 1.75 x 30

Manifest Refraction

-7.25 + 2.75 x 170

-2.25 + 1.75 x 30

20/30

20/25
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What do you want to do?
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Scheduled for surgery

Plan for FLACS with placement of toric IOL

What power

What axis
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IOL Master Data Holladay Report Data
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Implant Placed:
SN6AT6 13.5 @ 155

Uncorrected vision 20/25+
No improvement with glasses
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Clark Chang: cchang@willseye.org


