CAUTION, STEEP HILL
AHEAD: MANAGING
KERATOCONUS IN
CLINICAL PRACTICE: ARE
YOU READY TO

CONQUER
KERATOCONUS?

MELISSA BARNETT, OD, FAAQ, FSLS, FBCLA

Clearly KC Padcast

Bt S P

KC DEFINITION

Abnormal topography:
* Skew deviation
+ Corneal curvature measure 2 48D
* Hemi-meridional steepening
Abnormal posterior shape:
* OCT
* Tomography
Abnormal corneal thickness and distribution
Clinical noninflammatory corneal thinning

KC DEFINITION

According to the 2015 Global Consensus on
Keratoconus and Ectatic Disease,
mandatory findings to diagnose
keratoconus are:

Abnormal posterior ectasia

Abnormal corneal thickness
distribution

Clinically
thinning

inflammatory corneal

Keratoconus:

A sight-threatening disease

i 1 out of 5 people

with keratoconuswill ~ Awareness
need a corneal is growing
transplant

Survey of Ophthalmology - 1998

“For all his career, his life even, Steph Curry ¥
has had issues with his eyes. He said he
has a condition called Keratoconus”

!
The Athletic - April 5, 2019
s
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Previously estimated 1:2000
(1986 US), more recent
estimate 1:375

(2017 Netherlands)

“He was getting worse,
we kept going to the
doctor and saying ‘Hey,
he is really struggling
with this”
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INCIDENCE AND PREVALENCE OF KERATOCONUS CORNEAL TOPOGRAPHY IN KC

Reference Prevalence Geography
Kennody ot al. 1986 005%or 12000 US 1:37

4.4 million patients in
the Netherlands from a
mandatory health
Xuetal. 2012 China insurance data base;
Hashemi et al. 2014 25% Iran topography utilized

Godefrooj et al. 2017 026%0r1:375  Netherlands P——— i one Oval cone s
Normal cornea
(pre-clinical) (minor central bulging) (sagging bulging) (widespread bulging)

Jonas et al. 2009 India

Milodot et al. 2011 Israel

Torres Nettoetal. 2018 4.79% Saudi Arabia
Chan etal. 2020 1.2% or 184 Australia

Hashemi et al. 2020° 014%or1:700  Giobal Meta-
Analysis

Hashemi H, etal. Comea,

1. Kennedy &K, Bourne WM, Dyer JA. Am ) Ophthalmol 1986;101(3):267-73.

2. Godefrooij DA, et al. American journal of ophthalmology. 2017 Mar 1

ECONOMIC IMPACT OF KC ECONCHIES RS EIRE S

3 e TABLE . o Koo Trstrerd Mt e
Modeled a hypothetical cohort of people with clinically Expected value of the lifetime cost of the treatment of KC over
significant KC myopia $25,168

Defined by the Collaborative Longitudinal Evaluation of
Keratoconus (CLEK) Study Factors that most influenced the lifetime cost
(e cesis o + Probability of initial corneal transplant
R n * Subsequent regraft
* Clinic visits The Lifetime Economic Burden of Keratoconus:
it A Decision Analysis Using a Markov Model
Fitting fees ’ 5 Combining corneal transplant with the significantlyimpaired
Contact lenses vision-related QOL and relativelyyoung onset of disease

RONALD L. REBENITSCH, STEVEN M. KYMES, JEFTRIY | WALLINE, AND MAE 0. GORDON

Surgical procedures
Expected lifetime cost of treatment of KC

Complications « Significant cost to patients and payors

Survival curves of corneal transplants and complications

Modeled using data from the 2007 Australian Graft + Economic burden of the treatment of KC represents a
Registry significant public health concern

1. Am ) Ophthalml. 2011 Kymes S, Waline 11, Gordon MO, The ietime economic burden of keratoconus: adecision analyss using 3 mar
2011

CHANGES IN THE QUALITY-OF-LIFE OF PEOPLE WITH
ECONOMIC BURDEN OF KC KERATOCONUS =

Sim

Evaluated changes that occurred in
V-Qol over 7 years of follow-up.

Patients pay more than $25,000 46% of patients pay more than
for cost of care over their lifetime $1,000 annually for treatment Prospective study

post-diagnosis costs gl
1,166 participants for seven years

2008 Aprasia) 6 11017, Epub2008 1an 2




CHANGES IN THE QUALITY-OF-LIFE OF PEOPLE WITH KERATOCONUS

* Al scales showed modest decline except ocular pain
and mental health.

+ Baseline factors were not associated with longitudinal
change in NEI-VFQ scores.

icantly larger declines in V-Qol associated with
+ 10letter decline in high-contrast binocular
VA

* 3.00Dincrease in corneal curvature

* Inmultivariate analysis, factors associated with a 10-
point decline in NEI-VFQ scale scores.

* * KCN is associated with significantly impaired V-Qol
that continues to decline over time.

QOLKC

Research Article
Vision Related Quality of Life in Patients with Keratoconus

CL wearers had better BCVA
compared with non-CL wearers (P

=0.028) Sevda Aydin Kurma, Ahmet Altun,' Tughs Geneaga,' Seren Akkays,' and Tomris Senger’

% Vision related quality of life
worse in patients with KC

+ Success with CLs and
maintaining better visual
acuity may improve vision
related quality of life.

KCN: New Mantra

Diagnose Stop Progression Rehabilitate VA
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LITY OF LIFE IN PATIENTS WITH KC

eh Article
Vision Related Quality of Life in Patients with Keratoconus

- National Eye Institute Visual Function Sevda i Kurma.” ket Alrn” Tugha Gencaga.’Sezen ALk, snd Tomebs Semgas”
Questionnaire-25 (NEI-VFQ-25) N e e oY :
30 patients with KCN
+ 20 RGP wearers

+ 10 non-contact lens wearers

+ 30 healthy patients (control group)

KCN: Old Mantra

Diagnose Monitor Spec/CL

THE PROCEDURE
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FDA-APPROVED ILINK CROSS-LINKING PROCEDURE
SUMMARY

1. Remove epithelium, 4. Once flare s observed, measure
\ comeal thickness
=

1f comeal thick
than 400 m, instill 2 drops of

CORNEAL TRANSPLANTATION

ak conea with Photre:
cous (riboflavin 5-ph

extran ophthalmic st

30 minutes

Photrexa
n &
phosphate in 20% dextran
ophthalmic solution) during
irradiation.

3. Check for flare.

Full thickness or penetrating keratoplasty (PK) Modern day lamellar transplant surgery:
Anatomically targeted replacement of corneal tissue

R — o ¢
Limbal epithelial Stem Cell Transplantation

3= Dowman's
—— layer

- Stroma )—_|

— —— i@ .
Endothelium |2 DSAEK / DMEK:
2 Posterior lamellar or endothelial Keratoplasty

DALK:
Deep Anterior Lamellar Keratoplasty

B

oL

54 DAY

Graft survival — how long the graft stays clear
Lower endothelial cell counts and hypoxia

RISK OF GRAFT REJECTION

* Higher risk
* Vascularized corneas
* Previous rejection
* Herpetic and ocular surface disease =
Superior neovascularisation and edema

* Lower risk

H

Endothaiial call density (ceisimmt)

* Non-vascularized corneas ""

g

* Endothelial rejection most common

e

* Use corticosteroid drops for at lease one year

12y ‘zu

120 240 « Life long risk of rejection
Post-operative time (months)
Khodadoust line

e

fombge 3 ore e gt sorvee
n o

Side credit Carina Koooen MD PhD
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RISk OFCREFT REIECTICH IRREGULAR CORNEAS: WHERE DO | START?

* Require routine monitoring, at least twice a year
* Recognize rejection and refer as emergency

* Any sign of inflammation (often atypical such as ciliary redness,
cells in the anterior chamber, precipitates, edema)

* Reevaluate CL fit and material

+ Ensure that the corneal physiology and the ocular surface are not
disturbed by the lens (avoid hypoxia, inflammation,
neovascularization)

* Inform patient of urgent symptoms = redness, photophobia, pain,
decreased visual acuity

* Symptoms can occur anytime during lifetime

Carina Konpen MD PhD

IRREGULAR CORNEAS: WHERE DO | START WHY CHOOSE A CORNEAL GP?

* Rigid optics = Good vision!
* Wide range of parameters

* Easily obtained

Soft/Soft KC Scleral

Side credit Clark Chang, 0D

oD 0s

Carrie 20/30 VA (CLs) 20/250
- | 46.49/4430/030  TopoSmKs  46.63/44.38/146

31 year old female Irregular Astigmatism Irregular Astigmatism
Resident physician -9.00+6.00x061 Refraction -8.25+6.00x112
Eyes dry with current contact lenses 20/40-1 20/50
History of GP contact lens wear for 15 years 476 Pachymetry

History of atypical keratoconus




oD os
Normal 18/18 Normal

1+ chemosis Conjunctiva 1+ chemosis

Mild thinning Mild thinning
Faint Fleisher Ring Faint Fleisher Ring

Deep and Quiet Deep and Quiet

Clear Clear
0.35 C/D 0.30

Normal Macula Normal

Normal Peripheral Retina Normal

WHY CHOOSE A CORNEAL GP?

* Corneal lenses are less costly and often less complex
than other CL options S|MPLE

&CONPLEX
]

DESIGN CONSIDERATION

* Reverse Geometry Design
* Oblate (periphery steep) cornea
* Eg. post-RK
* Prolate Design
* Prolate (centrally steep) cornea

* Ex. keratoconus

oD CL FITTING 0s

4562/-3.25/ Gas Permeable 46.00/-3.25/
9.5 Green Kone Design 9.2 Blue

Vision
Good

Comfort
Good able to
wear lenses all

day

Lid attachment, Fit Lid attachment,
centered, alignment, centered, alignment,
good peripheral fit good peripheral fit

Good movement Good movement
20/25+2 20/20

Plano Plano

MATERIAL CONSIDERATIONS

* High oxygen, but stable, materials
* Usually high minus powers
* Movement may be compromised
« Stability important for good vision
* Flexure

* Warpage

CONE TYPES

Nipple (or central)

Oval (usually inferior-temporal)
Globus (or generalized)

PMD (near lower limbus)

Undefinable?

\&

3/14/2024
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ASSESSING THE CONE ASSESSING THE CONE

* Where?
* Central:
* Off-center:

Below horizontal: 87.8%

* Where?
*+ How large? + How large?
* How steep? Nipple (3 mm): 28.7%
« Oval (3-5.5 mm): 44.3%
« Globus (5.0mm or above]

* How steep?

BASIC FITTING CONCEPTS

BASIC FITTING CONCEPTS

+ The steeper the cone:
+ Small, central cone (eg.Nipple cone) stecpn BN
+ Steeper the base curve

+ Smaller the back optic zone

> small diameter (<9.9 mm)
Larger, more decentered cone (eg. Oval cone)
- larger diameter (10.0-12.0 mm)
+ REALLY BIG or extremely decentered cone
(eg. Globus or PMD)

> really big!
+ Scleral / Mini-scleral design

DIAGNOSTIC FITTING

+ Start with central (apical) fit
+ Look for light (feather) touch

i
APICAL CLEARANCE

THREE-POINT-TOUCH




DIAGNOSTIC FITTING

+ Start with central fit
+ Second: peripheral fit
*  Only after central fit achieved

* Flatten or steepen accordingly

PERIPHERAL CLEARANCE

—~\

w . Minimal acceptable

4

High acceptable

Variables Affecting Rigid Contact Lens Comfortin the Collaborative Lonaitudinal Evaluation of Keratoconus (CLEK) Study Sd. March 2004 B1(3):152-185.

PIGGYBACK (PB) LENS SYSTEM

+ Definition
« Acorneal GP lens is place over a soft lens
+ GP provides good vision
- Soft:
* Protects cornea

+ Improves comfort

3/14/2024

CORNEAL GP COMFORT & KERATOCONUS

* No association with disease severity
+ No association with apical (central) fitting relationship

* Minimal peripheral clearance may decrease comfort

Variables Affcting Rigid Contac Lers S . rof Kerat Study Optom & 12004 31(3):182-185

DIAGNOSTIC FITTING

* Key performance characteristics
+ Centration
* Pupil within back optic zone
* Movement

* “adequate” lens movement

PIGGYBACK FITTING PRINCIPLES

+ Improved GP and soft lens materials provide better oxygen permeability and prevent corneal edema
and hypoxia

Use high DK RGP lens and daily replacement soft lenses

Plus powered soft lens - flatten the RGP fit

+ Minus powered soft lens - steepen the RGP fit
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ADVANTAGES DISADVANTAGES

Better comfort than standard RGP CL
No corneal compromise or complications More difficulty and inconvenience with piggyback lens system

No hypoxia Loss of GP lens

Improved comfort compared with RGP lens alone Damage to soft lens

Same or increased wearing time vs. the RGP lens worn alone Multiple lens care systems

+ Same or better visual acuity

PIGGYBACK (PB) LENS SYSTEM PIGGYBACK (PB) LENS SYSTEM

* Indications
* Poor comfort with a corneal GP * Challenges
* Minor corneal abrasion with GP wear + Extra cost
* Temporary use of soft lens * Extra hassle
+ Daily disposable soft minimizes added care

PIGGYBACK (PB) LENS SYSTEM PIGGYBACK (PB) LENS SYSTEM

* Fitting Tips- Approach #1 * Fitting Tips- Approach #2
« Fit corneal GP first * Fit soft lens first
* Then fit “near plano” soft lens underneath . If fit mi |
. , steep cornea, fit minus lens Minus Rx
* Good for temporary use (ie. abrasion) « Provides flatter fitting surface
« Ifflat cornea, fit plus lens LGS0
« Provides steeper fitting surface

* Then fit GP lens to front surface of SCL




OM SOFT LENSES

* Indications
* Corneal GP intolerance
+ Mild to moderate corneal irregularities
+ Simple to transition from a soft toric contact lens
* Challenges
+ Vision may not be as good as that provided by rigid optics

+ Added thickness may lead to corneal hypoxia

HYBRID LENSES

* Definition
* Rigid center
* Soft skirt
* Indications
* Those who can't tolerate a corneal GP
* Challenges
* Proper lens movement
* Empirical fitting

A Trip Beyond Limbus

Irregular Corneas: Evolution of Hybrid CL

Manufacturer Contact Lens Name
: Concise K
ABB Optieal Sroup KeraSoft IC & KeraSoft Thin
Acculens Soft K
Soft K & Soft K Definitive
NaturaSOFT IC & ICR

Advanced Vision Technologies
Alden Optical
Art Optical

Continental_ ontinental Ko
GP Specialists YamaKone IC
Gelflex USA Keratoconus Lens
Marietta Soflex
; Revitaleyes & Revitaleyes Definitive
Metro Optics Y KeraSoft Th);n
Ocu-Ease, Optech Ocu-Flex K
TruForm Optics KeraSoft IC & KeraSoft Thin
U ons
HydroKone & HydroKone Toric
Flexlens ARC & Flexlens Tri-Curve

i Visionary Optlcs' —
X-Cel Contacts

SPECIALTY SOFT CONTACT LENSES FOR KERATOCONUS

TABLE ADAPTED FROM CLINICAL MANUAL OF CONTACT LENSES FIFTH EDITION AND THOMPSON TT

A Trip Beyond Limbus

Irregular Corneas: Evolution of Hybrid CL
Redefining Hybrid platform for irregular corneas
o Fitting Parameters: Central and junctional SAG depth
o Metabolic requirement: Higher gas diffusion constant (dK)
o Comfort/Cost/Compliance: Junctional adherence
o Comfort: Surface wetting chemistry

Lens maves
in and aut with biink
— Tears pulled from
= der skirt to the
igh Dk center of lens

3/14/2024

A Trip Beyond Limbus P
Irregular Corneas: Evolution of Hybrid CL s

Proper Vault Maintains 2minetearexchange
Semi-Sealed Environment

10
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ULTRAHEALTH LENS DESIGN

EMPIRICAL FITTING

Reverse Geometry
Aspheric Gas Perm

Patented Hyperbond™ Junction Inner Landing Zone (ILZ) Provide a topography (PDF or raw data) with the following information

Keratometry readings
Soft Cushion " 3
Peripheral SiHy Skirt 1 comeal apex Eccentricity data, often listed as E, E squared, CEl, Shape factor, or Q value

Manifest Rx
Prior RGP/Scleral base curve and power with over Rx
HVID

EMPIRICAL FITTING CLINICAL APPLICATIONS FOR HYBRID LENSES

+ Corneal Ectasia
X _ i « Off-center and central nipple cones
A first lens will be designed and ordered he measurements . PRK/LASIK Ectasia
Alternatively, a first lens from the diagnostic set will be recommended as a * PMD
starting point for an in-office fitting *  Keratoglobus
* Post-surgical Corneas
* PKP
Ideal fit * Intacs
+ Collagen Crosslinking (CXL)
100 microns clearance over apex
2 + Postrefractive surgery
After settling, 40-50 microns centrally 2 « s/p corneal perforation
- slp K
+ s/p HSV stromal scar

and feather clearance at the inner

landing zone (ILZ)

SCLERAL LENSES
MAIN SCLERAL LENS

INDICATIONS

Visual rehabilitation in
irregular corneas

Therapeutic treatment of
ocular surface disease
Correction of refractive error
in normal or healthy eyes

11
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SCLERAL LENS: INDICATION
SCLERAL LENS: INDICATIONS

* Corneal degenerations or
dystrophies
« Salzmann’s nodular degeneration

Corneal ectasias i N .
 Primary corneal ectasias « Terrien’s marginal degeneration

* Corneal transplants

¢ Trauma

Advanced (notably decentered) keratoconus.
Keratoglobus
Pellucid marginal degeneration
Secondary coreal ectasias
Post-LASIK
Post-PRK
Post-RK

THERAPEUTIC SCLERAL SCLERAL LENS INDICATIONS
LENS INDICATIONS

Inflammatory conditions
b A * Limbal stem cell deficiency
Neurotrophic Keratitis
* Ocular cicatricial pemphigoid

Exposure Keratitis . i )
Neovascularization with hybrid lens designs

OiEve Scens Poor comfort with traditional gas permeable designs
Graft vs Host Disease High refractive error

Steven Johnson Syndrome

Ocular Cicatricial Pemphigoid

Chemical Burns

Limbal Stem Cell Failure

Sjogren’s Disease

Persistent Epithelial Defects

SCLERAL LENSES: CONTRAINDICATIONS SCLERAL TORICITY

PEREE R

Corneas with significant edema from reduced endothelial cell count

(OIS GRITTEEL ity Scleral toricity, the greatest difference in

Glaucoma? scleral sagittal height between two
perpendicular meridians (over a specified
chord),! increases further from the limbus

On average ~100-200 pm at 15 mm chord
and up to 400 pm at 20 mm2-4

Significant variation between individuals
agittal depth (elevation) profile for the right eye of a healthy
individual over a range of chord diamet derived from Eye Surface
Profiler (top). The variation in sagittal depth increases with increasing
chord diameter. Visualized when the elevation prof normalized to
the sagittal depth ata s location (0° in this example) (bottom). N-
uperior, T-temporal, I-inferior.>

12



CORNEAL AND SCLERAL TORICITY

Corneal and scleral toricity are not typically correlated
In healthy eyes with minimal astigmatism'.2
In high astigmatism?

The sclera shows greater irregularity in irregular corneas*®

* 4 primary categories of scleral shape

* Measurement of the sclera allows for
more efficient and accurate determination
of lens design

Results suggest that majority of eyes may
benefit from custom back surface haptics
beyond a toric design

PROFILOMETRY DEVICES

. Eaglet Eye Surface Profiler (ESP)

« Visionary Optics sMap3D

« Oculus Pentacam Cornea Scleral Profile (CSP)

THE SCLERA, THE GREAT UNKNOWN

3/14/2024

The scleral shape is most likely asymmetric, irregular or toric but rarely spheric.

152 (12 excluded due to incomplete data)
Spherical = 5,7% GROUP 1

Regular toric = 28,6% GROUP 2

Quad specifi 0,7% GROUP 3

(asymmetric depressions/elevations with approx.180° periodicity)
Irregular = 26% GROUP 4

(toric pattern w. elevations/depressions irregularly spaced)

Scleral Profilometry

Toricity with the rule  Toricity against the rule

Qualitative Assessment of Scleral Shape
Patterns Using a New Wide Field Ocular
Surface Elevation Topographer

Shila Morison

Oblique toricity Irregular

|

Pinguecula Double pinguecula Filtering Bleb

Side credit Shiela

13



VISIONARY OPTICS SMAP3D

* Ocular surface imaging
* 3 images
* Images are stitched together
* Rasterstereography device
* Reflection
* NaFL
* More than 22mm range
* 360° scleral coverage
* Over | million measurement points

* 10 micron precision

KERATOCONUS

Compression of the hybrid lens

-resulting in lens failure

3/14/2024

SOPHISTICATED
SOFTWARE

KERATOCONUS

+ 53 Y0 J Keratoconus OD

* Previously failed corneal GP

* Previously failed scleral lens
* Midday fogging

* Wearing hybrid lens

600u DIFFERENCE BETWEEN 305°-360°

14



IMPRESSION BASED DEVICES

Elevation Specific Technology

Any eye / any shape

Extremely complex geometry
Blebs
Shunts/Tubes
Tectonics

Trauma

LATITUDE SCLERAL LENS

NON-TORIC

3/14/2024

SCLERAL LENS EDUCATIONAL RESOURCES

2010 2015 2018

Increasing amount of literature corresponding with increased adoption
First dedicated educational texted book

15
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NEWEST SCLERAL LENS EDUCATIONAL RESOURCES

Difficulty with lens handling is greater in
SL scleral (63%) compared to rigid corneal lens
wearers (40 %)*

HAN D LI N G - Handling is the primary reason for scleral lens

drop out?3

T IO

2021 PubMed Results 2020 2021

e Continued increase in publications
e Second dedicated educational textbook and new educational supplements

Healthy Scleral Contact Lens Habits
ettty

Eeipha iy
Congratulations on your new Scleral contact benses!
To erure continoes soccess with yoor Sckers fenses, review these bealthy les habits.

APPLICATION AND REMOVAL

The Association of
Optometric Contact Lens
Educators (AOCLE)

+ Difficulty with lens handling greater in scleral (63 %) compared to rigid corneal lens wearers (40
Scleral lens handling primary reason for scleral lens drop out
+ Patient education materials are helpful
‘Healthy Scleral Lens
Habits’ handout

Available in several
different languages
(https://aocle.org/index.p
hp/healthy-scleral-lens-
habits/)

RINSE AND APPLICATION SALINE

% i i
g 09 LacriPure ScleralFil Nutrifill Viprantvis Purilens
Inhalation (Menicon) B+) (Esritee) Scleral (The LifeStyle
Solution Saline (ABB)  Company)

Contains borate | Phosphate buffer, Contains borate
No buffers, no No buffers, no e no preservatives,  No buffers, no buffer, no
preservatives preservatives i contains preservatives preservatives

electrolytes

o
f’ oftabel fonapproved | FORapproved | FDAspproved | FDAapproved | FOA approved

R o 1 s e

preservatives

3ml or 5 mivials 4oz bottle

Avalable inboxof  Avaiable in box  Avallable inbox  Availableinbox %201 gotle replaced
100 vials of 98 vials of 30 vials of 35 vials & als every 15 days

16



DISINFECTION AND

RAGE SOLUTIONS

Reminder: avoid abrasive
cleaners so as not to
prematurely remove plasma or
other surface treatments.

THANK YOU FOR Y

TIME AND ATTENTION!

General Guideline Created by
AOA/AAO/GPLI /CLMA

Joint publication in OVS

Technical Report: Guidelines for Handling of Multipatient Contact
Lenses in the Clinical Setting

3/14/2024
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