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Why are we here?

“There’s always something, always a little 
more, that we can do for our patients.”


-Donald Ezekiel

GlobalEyes podcast



(Image used with permission from  AllAboutVision.com) www.allaboutvision.com

http://AllAboutVision.com
http://www.allaboutvision.com


• Where is it?


• Corneal (anterior- posterior)


• Internal (lenticular)


• Combined


• What is it?


• Regular - myopic; hyperopic; mixed


• Irregular


• Asymmetrical

Astigmatism - “without a point”



Astigmatism - “without a point”
• How do we diagnose it?

(Courtesy - Dr. Barry Leonard)

• Keratometry - limited to  central cornea

• Retinoscopy - with/against motion

•                            “scissors reflex”

• Topography - 


• measures larger corneal surface

• still limited to anterior cornea

• axial/tangential/elevation maps




Every patient is unique.


“What would Picasso do?”


Corneal astigmatism = Refractive>> Corneal RGP   

Corneal astigmatism ≠ Refractive  >> Soft toric 

Cornea essentially spherical w/Refractive astigmatism 
> lenticular or posterior corneal toricity




Example 1
Spectacle Rx:  OD -2.00 -1.00x 090 
                            OS -3.25 - 1.75 x 010


Keratometry: OD 43.50/44.87 x 085 
                          OS 44.50/46.12 x 180


Assessment:   Corneal astigmatism

RGP candidate
Example 2

Spectacle Rx:  OD -3.25 -2.25 x 090 
                            OS -2.50- 1.75 x 010


Keratometry: OD 45.12/ 45.50 x 085 
                          OS 44.50/45.00 x 180


Assessment:   Internal astigmatism

Soft toric candidate

Corneal vs. internal astigmatism

Example 3

Assessment: “Crazy Town”Spectacle Rx:  OD -1.25 -6.00 x 063 
                            OS +0.75 -4.00 x 108

Keratometry: OD 49.5/53.8 x 084    
                          OS 45.6/49.4 x 112




Axial map - single radius

Tangential map - multiple radii



Elevation- map



Tomography - 
Scheimpflug Imaging

Measures anterior AND posterior 
curvature




Scheimpflug 
intersection





Belin/ Ambrósio Enhanced 
Ectasia

Removes 3-4 mm of most ectatic region

Gives a true picture of the distortion



Soft Contact Lens Options

• Lenses designed for true custom fit and Rx


• Wide range of diameters


• Wide range of base curves (sag)


• Extended power range of spheres/cylinders


• Cylinder axis to 1 degree


• Custom lens thickness and prism


• Custom add powers and multifocal optic zones

Custom Soft Lenses







Early keratoconus -  
soft “kone” lenses

• Thicker - masks corneal ectasia

• Less oxygen available due to increased CT

• Available in very small increments



Rx -2.50 - 2.50 x 107

K’s  46.00/49.80

Kmax - 54.8

Custom “kone” lens -  7.80 BC/15.0 MM/-2.50 - 2.25 x 100



A moment in praise of corneal gas-perms

• Appropriate when corneal cylinder is approximately equal to refractive cylinder


• RGP’s can correct high degrees of astigmatism


• Less expensive; easier to maintain; excellent visual acuity


• In cases where anterior corneal astigmatism is greater than  
2.5 diopters, a bitoric design is often indicated  
(ref. Troy Miller - personal communication)



The “kone” that wasn’t

• Fifteen year-old African-American male referred for keratoconus workup  
and scleral lens fitting


• Manifest Rx: OD -15.50 -5.50 x 180       20/70 
                         OS -8.75 - 5.25 X 005       20/25-


• K’s:  OD 43.9/48.8     Kmax 49.4 
         OS 44.0/48.5     Kmax 49.1



Belin/Ambrósio results:




Keratometry:



Q: What would Picasso do?

A: A bitoric RGP, of course!



OD: 7.67/7.03 BC/9.50  OAD/-9.87/-14.87       

OS: 7.67/7.03 BC/9.50 OAD/-8.12/-11.12

BVA  OD 20/25; OS 20/25; OU 20/25+



RGP over post-RK



Yet, another case……….

8.26/7.58 BC/ 9.50 OAD

-0.12/-3.75

K’s - 39.00/44.25

Elevation





Advantages of RGP’s

• Topography makes empirical fitting possible - high success rate


• Many practitioners prefer corneal lenses for penetrating keratoplasty


• Patients may resist adaption period


• Prescribe “boldly”


• The power of the pen


• The Four R’s (Dr. Gary Gerber): Repeat; Review;  
         Recommend; Recall



The road to Middle Earth 

• New designs include high Dk materials  - both RGP and skirts


• Covalent bonding of skirt to RGP reduces separation & tearing


• Excellent for cases where RGP centration is a challenge


• Good choice for occupational or recreational environments where wind, dust,  
debris, or strenuous physical activity are factors

Apologies to J. R. R. Tolkien



• Current skirt designs are linear rather than curved

• HVID is used as metric in skirt design

• This straight design more closely matches the tangent angles of the sclera

• The result is better centration and comfort



Always thinking about sclerals

Ken’s choices



When to pick a scleral lens vs. corneal RGP?

• 2015 - Randy Kojima & Pat Caroline evaluated corneal elevation


• Measured elevation difference in the meridian of greatest curvature


• If the elevation difference is less than ~ 350 µm, corneal lenses may be considered


• 2023 - Subsequent studies confirm 350 µm threshhold (Kojima)


• Elevation differences between 200-400 µm may go either way (Kojima)


• (Note: Randy Kojima’s topography series on YouTube - highly recommended)



The Irregular Meridian

Elevation MapAxial Map

Novel software calculation

• Algorithm searches

• Employing the 
elevation map

• Across a 8mm chord

• 360° degrees (axis?)

• Highest elevation 
differential (microns)

Axial maps = curvature change

Elevation maps - measurements of high/low points

(Courtesy - Kojima, Caroline)



Elevation Differential Threshold
350 microns

GSLS 2015

100 microns

-225 microns

Elevation +100
Depression -225

Differential:
325 Microns



Less than 350um Greater than 350um

Patients with 350um or less of corneal elevation difference 
(along the greatest meridian of change) have an 88.2% 

chance of success with a corneal GP lens. 

N = 87 Patients
127 CL Fits

(Courtesy - Kojima; Caroline)



So? When is a scleral lens appropriate?

• Advanced keratoconus/pellucid marginal degeneration


• Post penetrating keratoplasty


• Post refractive surgery (RK; PRK; LASIK)


• Trauma


• Graft vs. host disease (GVHD)


• Dry eye disease; Ocular surface disease (DED; OSD)

“To the cornea and beyond!” - Buzz Lightyear



Yay for sclerals!

• Comfortable


• Stable - minimal movement, if any


• Long wearing time - up to “all waking hours”


• Neutralize anterior corneal astigmatism


• Excellent for multifocals - stable; may decenter optics


• Landing zone (haptic) may be aligned to scleral shape 



Scleral alignment

• Two-thirds of patients have a highly 
irregular scleral shape 
(DeNaeyer, et al - 2017)

It’s complicated (sometimes)



“Qualitative Assessment of Scleral

Shape Patterns Using a New Wide


Field Ocular Surface Evaluation  
Topographer: The SSSG Study”

DeNaeyer, Sanders, van der Worp,  
Jedlicka, Michaud, Morrison 

Journal of Contact Lens  Research & Science 
Nov 16, 2017




Asymmetric high-low points along same, with-the-rule meridian

(Courtesy of Greg DeNaeyer, et al)



Seeing the unseen

• Many labs support direct importation of scanned information 
to assist in lens design 

          “Enter profilometry”

(Courtesy Kojima; Caroline; Andre)



Tom’s tips

• Use two technicians

• Pre-align patient

• Room must be dark (for NaFl-based instruments)

• Select a “top tech” as the primary technician

• Practice, practice, practice



Scleral toricity starts at the limbus

• Detailed measurements (Fadel) and impression-molding studies (Sindt) have 
confirmed that the limbus is oval and a paraboloid. 

(Courtesy Christine Sindt)



Chord length is shorter & higher 
in one meridian

This results in excessive clearance over the 
limbus in that meridian

(Courtesy of Christine Sindt)



“The Influence of limbal & scleral shape 
on scleral lens design”


Fadel, D.  
Contact Lens & Ant. Eye,  
20 Feb. 2018, pp. 31-38



Elliptical scleral lens 

HVID ≠ VVID 

Peripheral zones all equidistant 
from corneal zone

HVID ≠ VVID 
Only corneal/limbal zones are oval 
Landing zone width adjusts to  
compensate for oval shape of  
corneal/limbal zones

Internal oval trend scleral lens



Practitioner specifies 
clearance  in  three zones:

1. Mid-periphery

2. Limbal zone

3. Landing zone

Quadrant-specific design

(Courtesy Justine Siergey)



(Courtesy Troy Miller)

(Courtesy Jason Jedlicka)
Toric Landing Zone (LZ)

Limbal curves adjusted for parabolic limbus



“That’s great but I don’t have a profilometer”

• DeNaeyer, et al, 2019


• Examined 115 prolate corneas (Group A)


• Examined 227 ectatic corneas (Group B)


• Group B -significantly greater proportion 
of irregular scleral shape vs. Group A


• Scleral shape was more likely to show 
quadrant-specific effect (difference in sagittal 
height along two meridians) when apex of  
ectasia was > 1.25 mm from corneal center

Don’t despair



✤ When ordering toric peripheries specify at least 120-180 µm difference

✤ Many scleras average 120-300 µm (or more) variation between meridians 
(Fadel, Dec. 2017; Kinoshita, Morrison, Caroline, Kojima, Lampa, Jan. 2016)

✤ Larger lenses (15.2 mm or greater) are more likely to require toric PCs

✤ Some labs provide fitting sets with toricity built-in to the landing zone

✤  Practitioners may order toric PCs 80-95% of the time  
(personal communication)

Toric landing zones?    YES!



This means…………

• The majority of scleral lens landing zones will be toric or quadrant-specific


• Severe ectasias may require impression-molding or “free-form” designs from 
profilometry



Lissamine green is a great tool

for assessing haptic aligment

Uptake is very quick

View in white light



What if the Rx calls for cylinder?

• Decentration may lead to 
induced cylinder in Rx


• Rule-of-thumb, order 
spherical-equivalent in 
first lens


• Once centration & rotational 
stability are achieved, add 
cylinder as needed 

Stabilize and center the lens first



Centration is key



The case for a toric scleral lens

• 58 year-old Caucasian male 


• Hx - diabetes mellitus; hypercholesterolemia


• Occupation - petroleum engineer


• Hobbies - outdoorsman; hunting; fishing


• Manifest refraction:   OD —8.75-2.50 x 060; OS -2.00-3.50 x 100  BVA 20/20


• Adult daughter also has KCN


• Tried multiple lens designs - RGP; soft toric; hybrids

Dx:  Keratoconus OD>>OS



Before profilometry…..



Note - hash marks

Small scleral lens: 7.40 BC/ Oblate 150 µm/14.9 OAD/ 
 +o.75 -1.oo x 050 

Limbus - XCL and toric (stabilizes cylinder)

Landing Zone (haptic) - spherical

[Note: oblate design (reverse curve) yields -6.00 diopters]

Right eye



Stabilizing the Landing Zone (LZ) 
w/ toric haptic & recess







Thanks for listening
Tom Arnold


713-806-9160

tarnold@aegvision.com
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