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Fitting Keratoconus and
Other Complicated
Corneas
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Contact Lens Indications

Optical Correction  Ocular Protection  Ocular Comfort
Keratoconus Neurotrophic Pinguecula
Pellucid Keratitis Pterygium

marginal Ocular Surface

> rrin
degeneration RESHID

Disease (Dry Eye)

Post LASIK Scleral Patch
Graft vs Host

ectasia Graft
Disease

Post Radial AGVerse
Steven Johnson

Keratometry Environment

Syndrome

Corneal

Transplants

LIS R
Ocular Cicatricial (EEL
High Myopia / Pemphigoid Limbal stem
Hyperopia Chemical Burns cell disease

Aphakia Stem Cell Failure

L

Options ﬁ“""?rli“il]?{'\;\

. GAS PERMEABLE LENSES
. CORNEAL LENSES
. SCLERAL LENSES

. SOFT LENSES

. HYBRID LENSES




General Fitting Principles

AVOID MECHANICAL PRESSURE ON THE
CORNEA

DISTRIBUTE BEARING AREAS

AVOID LIMBAL IRRITATION AND
INFLAMMATION

AVOID ENDOTHELIAL CELL STRESS BY

REMOVING OXYGEN BARRIER TO
ENDOTHELIUM

Vision Issues
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b (’BSI OWA

Front Surface Dryness and Haze

Poor tear film/ & e
MGD

Hydra-PEG
Sqlueegee with
solution-
moistened cotton
g-tip or vented
plunger

Put a Daily

disposable on
front surface and

Refract through it
and adjust the
iens power

eave it on the
lens for half hour

What Determines The
“Right” Lens Design?

e Vision?
e« Oxygen?
e Disease State?

e Ocular
Geometry?

o Physiological
Response?

Mid-Day Fogging

Sick eyes make mucus

Cov much of the globe
as possible if severe dryness

Lens removal drives a form
of mucous fishing syndrome

Exchange the Foslerlor fluid
by squirfing out the lens

Remind patient dr}/mg on
the surface of the lens is
better than drying of the
corneal surface
squeegee the lens from
surface with a solution
moistened cotton g-tip or
plunger

Hydra-PEG

by Tangible Sciences
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Posterior Lens Fogging Watch the Posterior Elevation!

The drier/ sicker the 5 ’ i = ‘_ If > 100 microns
eye, the more debris (58, = ; - S-:1 posterior

infiammatorycells, B 14 B ] backbowing, vision
cellular debris, mucin | AR = S Ebe

compromised

Reduced visual
acuity

Use buffered saline
Apply FL to anterior
surface of lens to see
if leaking

Adjust haptics : - | g Increased
i ek : aberrations

Decrease Vault
Fit a corneal GP

Piggy back

HOA and Scatter are
Different Things!

Small Central Cones

. TRADITIONAL 77N
GP CONE : *
DESIGNS WORK

WELL
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Conventional Scleral Lenses

Manipulating the Optic Zone

Standard Reverse Decentered
Geometry Optics

tered Optics Optics

Multifocal

Applied to the back or When ordering, please
surface [slfe)V/[e[=H
EyePrintPRO Spherical Curre:nosn-. Multi-zone ADD power

Aspheric Primary focal distances
Decentered Distance vision
Computer
Reading
Pupil size

No correction

Standard scleral EyePrintPRO Toric Correction
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Optics Optics

Higher Order
Prism Aberrations

Stabilized by the global
toricity and irregularity of
the eye
Prism in ANY direction
Limited to 4PD per eye
0, transmission
Not good for very high
myor ie to
thick
Order total amount of
vertical and horizontal
split between the eyes

e ]

Oxygen Issues
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Epithelial Stress

Reduction of

epithelial

adhesions
Decreased

hemidesmosome

synthesis

Hypoxia-induced

intracellular
calcium

Front surface
correction
Will correct total
HOA of the ocular
system
Ideal for
Keratoconus with
clear cornea and
back surface
cornea bowing
Caution with:
Cataracts
Corneal scarring

Clinical Signs of Corneal Hypoxia

CORNEAL EDEMA
CORNEAL STAINING
NEOVASCULARIZATION
CONJUNCTIVAL INJECTION
REFRACTIVE ERROR SHIFT
o >-0.50D

ENDOTHELIAL CHANGES
O POLYMEGATHISM
PLEOMORPHISM

DECREASED CELL DENSITY
INCREASED PACHYMETRY

L
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Striae and Folds

- Striae

» 3.6-6% swelling
« Folds

« 10-15% swelling
- Haze

. Gross
separation of
collagen fibers

« Full thickness
cornea

Scleral Lens and Endothelial Cells

*ENDOTHELIAL CELL COUNT OF LESS THAN 800 CELLS/MM2 IS WHERE THE
PROBL Y ARISE (SINDT 2010A), AND ENDOTHELIAL CELL COUNTS
<1,000 CELLS/MM2 SHOULD BE HANDLED WITH EXTRA CARE AND SHOULD NOT
BE FITTED WITH SCLERAL LENSES TO AVOID EDEMA."

EEF VAN DER WORP, 2015. A GUIDE TO SCLERAL LENS FITTING (2 ED.)
EXHAUST OTHER OPTIONS FIRST:

Normal Endothelium

60% of cells are 6 sided

Size and shape are

mportant because

adjacent cells with
similar dimensions are
necessary to maintain
barrier function.

Why hexagonal?

* thisis 3
thermodynamically the
most efficient shape to
cover a surface without
gaps and be
watertight.
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L
Oxygen Calculator ﬁw

Change in lens thickness

ITY
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¢ BOTH LENS THICKNESS AND TEAR
LAYER THICKNESS AFFECT
OXYGEN TRANSMISSION
MODIFYING THE LENS
PARAMETERS RARELY ALLOWS
FOR ENOUGH INCREASED
OXYGEN TO AFFECT ENDOTHELIAL
CELL FUNCTION
BEWARE: A LENS WHICH IS TOO
THIN CAUSES FLEXURE = MANY
Dk/t Calculator PROBLEMS
€1 of bens (micrens) 0
Dk of lens
hickness (m:

¢ Do NOT cAuse
INFLAMMATION IN YOUR PURSUIT

OF INCREASED OXYGEN
Dk of Saline

Endothelial Function

MONOLAYER OF HEXAGONAL CELLS

¢ SIMPLE SQUAMOUS

+ 350,000 TO 500,000 POSTERIOR CORNEA
SECRETES A COLLAGEN MATRIX DESCEMET’S
MEMBRANE

SUPPLIES NUTRIENTS TO THE AVASCULAR CORNEA

» DIFFUSION OF GLUCOSE, AMINO ACIDS, VITAMIN C
FROM ANTERIOR CHAMBER

Cell density alone cannot
determine corneal stability

* Normal Cell Count * Normal Cell Count
* 2,500 cells / mm? * 2,500 cells / mm?
e CV=10 cv=19
* Low variation in size ® High variation in size =
o HEX = 100% Polymegethism

= 250
* Highest strength and HEX = 25%
efficiency of endothelial * High variability in shape =
cellular structure Pleomorphism



Normal Endothelium

¢ Endothelial cells
* Non-mitotic

* 3500-6000 cells/mm?
at birth

e 2500 cells/mm?
adults

. declines by 0.5%/year

The minimum number
of cells (critical cell
density) is between 300
and 500 cells/mm?

Density differs by race
Japanese > Caucasian

Paripharal ENGoiholial Cots Have a Highor Donsity
(Mean * SD)

2712 9268 cotamen’ 1<

/ 206321 Tostama’ 5%

COMPLETE COVERAGE OF THE POSTERIOR SURFACE IS REQUIRED
TO MAINTAIN FUNCTION.

CENTRAL CORNEA LOSES 100 TO 500 CELLS/ YEAR

THEY SLOUGH OFF INTO THE ANTERIOR CHAMBER

¢ CREATING A GAP

GAP REPAIR REQUIRES MIGRATION AND CELLULAR FUSION

¢ CELLS EITHER STRETCH OR SLIDE INTO A DIFFERENT POSITION

* MUST FUSE TOGETHER TO RE-ESTABLISH COVERAGE

¢ VARIATIONS IN SIZE CAUSED BY THIS MOVEMENT IS CALLED
POLYMEGATHISM.

Causes of
Pleomorphism & Polymegathism

1. Injury 5. Disease states
1. Metabolic 1. Diabetes
2. Toxic 2. Glaucoma
3. Trauma 6. Dystrophies

. Keratoplasty an :
Cataract degenerations
surgery 1. Fuch’s
B 2. PPMD

: CXL 5
; 7. Inflammation
4. Hypoxia 8. Aging

1. Contactlens
wear

19/09/25

Natural Aging Cell Loss

Post cataract  Post cataract
Cell loss Cell loss

Pleomorphism

Significant drop in the

hexagonal pattern

¢ Decreases the
endothelial pump
stability

Less than 50%

hexagonal cells=

clinical significance.

Indicates

physiological stress

and overactive

wound repair

* May be more
susceptible to
additional trauma

Corneal Endothelial Injury

ENDOTHELIAL STRESSORS:
* METABOLIC: HYPOXIA, HYPERGLYCEMIA
¢ TOXIC. DRUGS, PRESERVATIVES

+ EPINEPHRINE (TRANSIENT), TIMOLOL,
BETAMETHESONE, GENTAMICIN

e ALTERATIONS IN PH, IONIZATION, OR
OSMOLARITY

* TRAUMA FROM SURGERY

CHANGES TO ENDOTHELIUM CAN APPEAR
LOCALLY, AND THEREFORE NOT SEEN ON
RANDOMLY SELECTED SPECULAR
MICROSCOPY PHOTOGRAPHS.



Diabetes

« Endothelial cell
density is
significantly lower
in diabetics than
non-diabetics
* Specifically if

diabetic greater
than 10 years

Diabetic more
endo damage
during phaco specular Microscopic

photograph. (a) Normal Comea
(b) Diabetic Comea

Pak J Med

{
Inflammation mwlvrl}s Y
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« UVEITIS
+ RELEASE OF IMMUNE RESPONSE PROTEINS IN
TO THE ANTERIOR CHAMBER- LEADS TO ENDO
CELL DEATH
+ INFLAMMATORY CELLS PENETRATE TIGHT
JUNCTIONS

+ INSERT THEMSELVES BETWEEN ENDOTHELIUM AND
DESCEMET’S MEMBRANE

« DISLODGE ENDO CELLS

Data Analysis Basics
CD = Cell Density (cells /

mm?2) } s
+Age related, normal decrease of density :: HEX = % of
with time (0.5% / yr)
.tiigh density is better hexagonal cells
iy L e i ;/n hexagolna\ uce/u;:f
- e 11 exagonal cells/ # of
CV = Coefficient of cells counted
Variation A cornea with low CV
CV=SC in cell area/ average cell = and higher %of
area hexagonality = stable
Large CV- wide variety in cell sizes II endothelium
Higher polymegathism - | ™ « More able to
CV values of 0.32 to 0.40 are n @ @ o withstand trauma
elevated ek or surgery
>0.40 are abnormal | o0 [ +  Any cornea with 50%
Lower CV- more stable cornea . O | hexagonality and <30%
CV = need for
[ e | transplantation
NUM = # of cells analyzed in the =R
sample ! B

~Higher number is better statistically 1

I Pachy = pachymetry
(um)
-

Glaucoma

ENDOTHELIAL LOSS IN PATIENTS
wiTH ACG AND POAG
PROPOSED MECHANISMS

* DIRECT DAMAGE FROM |IOP

* CONGENITAL ALTERATION OF THE
CORNEAL

GLAUCOMA MEDICATION TOXICITY

INCREASED #OF MEDS,
INCREASED CELL LOSS

TUBE SHUNTS- INCREASED CELL
LOSS

¢  MECHANICAL
* INFLAMMATORY

What have you been missing?

STANDARD BIO-MICROSCOPY
DOESN’T REVEAL MOST
ABNORMALITIES

CLEAR/NORMAL LOOKING
CORNEAS MAY BE MASKING
SERIOUS PROBLEMS

MOST GUTTATA AREN’T SEEN
UNTIL THEY REACH SIGNIFICANT
DENSITY

Extended wear

. (] Normal heatty
o] endotheliom

polymegethism

Ocular Geometry

19/09/25
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The Limbus is Not Round m|\-'l“'|’j>s[r|\-‘ Hyperbolic Paraboloid mwl"yl‘p‘[{|}\\-’“

OWA

Pringles are examples of hyperbolic paraboloids.

L
mwrgﬂw
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Nasal
& Limbus

-
=

Photo: Dr Tom Arnold

Landing Area

It takes
about

\ 3mm of
landing

) not to sink
in

But then
more
concerned
d about toric
13.6mm 15.0mm 18.2mm
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Micro vault IVERSITY
Unexpected Geometry ET ZIow

Physiological Responses

L \
Superficial Pannus m R m R
: s IVERSITY IVERSITY
Limbal Stem Cell Deficiency ZTOWA Corneal Haze YIOWA
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Toric Peripheries

Limbal Inflammation

e Nl
«Go:
—Larger/ Smaller
—Flatter
—Toric

b ‘.i*’?"‘l“ a
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Impression Rings ﬁ“ Z10WA
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“Heeling” VERSTTY
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Toeing”

Evaluating a Bleb or
Patch Graft

L

IVERSITY
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L
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Disease States

E@ & IOWA

Patch Graft Erosion

L
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L

ml\-'l‘ly'll'n\-‘ Severe Ocular Surface Disease
Z1OWA

GVHD

SJOGREN SYNDROME
OCULAR
CICATRICIAL
PEMPHIGOID

SEVERE DRY EYE

IVERSITY
ZTOWA
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Episodes of Inflammation
Flare
.,-—w.k.‘,\’

Post Surgical Inflammation

Lid care
In house

Glaucoma drugs

19/09/25

Corneal Scar Protection

3 YEARS LATER PRESENTATION

L
:nc;‘lammatory/ Fibrotic ﬁ“""frli‘}[',‘{x;\
[oF

Granulomas

14



Always Suspect VERSY
o 10WA
Carcinoma

L

Artificial Corneas i

B
7

So How Do You Design a
Lens?

Tq'\/EBSIO\\TA

19/09/25

L
Post Surgical Corneas ﬁ“""Tf5‘>*i['?{'\;\

. PKP

. LASIK

. RK

. ARTIFICIAL CORNEA

L
\II>S \

Epithelial Downgrowth ﬁf low

The First Question YOU Must
ask yourself...

WHAT DIAMETER AM | GOING TO
USE?

15



Nomenclature

All lens bearing on

capacity

Lens Selection

- LENS DIAMETER

« SMALL
+/- EASIER TO HANDLE
LESS TEAR RESERVOIR
NON-COMPROMISED EYES

+ LARGE
MORE VAULT/ CLEARANCE

MAY BE EASIER TO CLEAR THE LIMBUS

EASIER TO FIT FOR COMPROMISED EYES
LARGER LANDING ZONE

K’s versus Sag

mm

%— = —'\\/ \/

mINIVERSITY
w (”%O\VA

No tear resen

19/09/25

Initial Lens Selection

TYPICALLY YOUR CHOICE OF A LENS DESIGN IS BASED UPON

«  UNIQUE CHARACTERISTICS OF A SPECIFIC DESIGN AND THE
DISEASE YOU ARE WORKING WITH

Limited tear reservoir . KERATOCONUS

POST PENETRATING KERATOPLASTY
POST REFRACTIVE
OCULAR SURFACE DISEASE

Large-sclera’ Almost unlimited tear

/18010 250me\| | reservor capacity « ENDOTHELIAL CELL HEALTH

L
L What Should You ﬁ’ﬁ"‘"?"f‘.?,‘{;\
Consider In Lens Design?

EASE OF FITTING

TRIAL SETS/ EMPERIC FITTING
SIMPLE FITTING GUIDE
MINIMAL FITTING TIME

HIGH FIRST FIT SUCCESS
MINIMAL CORNEAL INSULT
INCREASED PATIENT COMFORT
REPEATABLE REPLACEMENTS

Question to ask yourself:
Do | have enough sagittal
depth?
Where do | need to make
changes?
central
intermediate
peripheral

Changes in lens
design

16



Sagittal Depth

« SAG DEPTH = {R-SQRT(R?-(1-
SF)xC?)}/(1-SF)

+ R= APICAL CURVE RADIUS
(BASE CURVE)

+ SF= SHAPE FACTOR
(PERIPHERAL CURVES)

+ C=VISIBLE IRIS DIAMTER
(LENS DIAMETER)

Changing Sagittal Depth

INCREASE

STEEPEN BASE
CURVE

STEEPEN/ LENGTHEN
PERIPHERAL CURVES

+ INTERMEDIATE

» LimBAL

+ PERIPHERAL
INCREASE DIAMETER

DECREASE
FLATTEN BASE
CURVE

FLATTEN/ SHORTEN
PERIPHERAL CURVES

« INTERMEDIATE
« LiMBAL
«  PERIPHERAL

DECREASE
DIAMETER OF LENS

19/09/25

OF LENS OR OPTIC
ZONE

OR OPTIC ZONE

Indentifying Corneal Grafts Topographically

THE PERFECT GRAFT

THE PLATEAU GRAFT

THE PROUD GRAFT

THE TILTED GRAFT

THE HIGH CYLINDER GRAFT

The Perfect Graft The Plateau Graft

®  THESE ARE NOT THE EYES THAT WILL BE SENT TO YOU TO BE FIT
® EVERY SURGEON HAS DIFFERENT DEFINITION OF “PERFECT”
®  USUALLY VA 20/40 OR BETTER

®  SOME CONSIDER SUCCESS TO BE SPHERICAL EQUIVALENT WITHIN 2 D OF
EMMETROPIA-

17



The Plateau Graft

+ CONTACT LENS CORRECTION
+ FIT VERY SMALL (WITHIN THE GRAFT)
« FIT VERY LARGE (REVERSE GEOMETRY)
- DO NOT LAND ON THE SUTURES

The Plateau Graft

« CENTRAL
BUBBLE

The Plateau Graft

« LARGE OAD
« OBLATE
DESIGN WITH
LARGE OPTIC
ZONE
e VAULT
RUNNING
SUTURE
Fit PC’s
SEPARATELY

19/09/25

The Plateau Graft

+ SMALL/ FLAT
LENSES WILL
RIDE HIGH

The Plateau Graft

« GooD
PLATEAU FIT
MAY NEED
EXTREME
CURVES
GRAFT HOST
JUNCTION
MAY BE SITE

FOR LENS
ADHERENCE

The Proud Graft

®  THE GRAFT IS EVENLY ELEVATED ABOVE THE HOST

18
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The Proud Graft The Proud Graft

» MINI SCLERAL ARE A
POOR CHOICE

«  WITHOUT ENOUGH

SAG, USUALLY GET

BROAD AREA OF
CENTRAL ELEVATION
+ LARGE OPTIC ZONE INFERIOR LIFT OFF
NEED REVERSE CURVE SMALL LANDING
TO BRING ALIGN AREA =
PERIPHERY WITH HOST EONMERES I

« STEEPER PC

+ LONGER PC

The Tilted Graft Graft Tilt

» LARGE LENSES

USUALLY SEEN IN KCN/ PMD + BEWARE OLD GRAFTS WITH POOR ENDO
+ TOUGH TO REMOVE ENTIRE CONE FUNCTION

* OLD GRAFTS
TREPHINE DEPENDENT « FIT SMALL, FLAT AND HIGH
+ USE VACUUM TREPHINE TO AVOID

UNDERCUTTING « FIT LARGE AND ASYMMETRIC
WOUND DEHISCENCE » SCLERAL LENSES

TISSUE MAL-APPOSITION . FULL SCLERAL
IMPROPER SUTURE PLACEMENT

+ DECENTER OPTICS
UNEQUAL SUTURE TENSION

« FENESTRATE?

+ GP LENSES

Topography vs Elevation
The Tilted Graft

19



Keratoconus
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Why Do You Need More Than One Lens
Design?

Oval or Mid-
peripheral Cone

Larger Diameter
large optic zone

Reverse geometry

Many Design Options

Central Cone

® USUALLY <5 MM DIAMETER
®  VERY STEEPLY CURVED
® EASY TO FIT WITH ANYTHING

®  SPHERICAL ABERRATION
CONTROL

Flat lenses (low sag) ride
high, steep lenses (high
sag) ride low

19/09/25
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Traditional KC designs don’t fit

Lens Location

Lid Location
- RIDING HIGH :
- REDUCE DIAMETER P 2

« STEEPEN BASE CURVE . -

. REDUCE EDGE LIFT : I " Post ptosis surgery
- Low RIDING

« INCREASE DIAMETER
FLATTEN BASE CURVE
INCREASE EDGE LIFT

Pearls

FINISH REFRACTION WITH LIGHTS ON.
REASSURE PATIENT IF VA IS NOT A LENS WHICH SLIDES OR IS TIPPED OR
OPTIMUM AT INITIAL FITTING. (TEARING)

TILTED ON THE CORNEA CAN INDUCE
VA OFTEN IMPROVES OVER FIRST FEW SIGNIFICANT AMOUNTS OF UNWANTED
WEEKS WEAR.

ABERRATION
EDUCATE PATIENT ABOUT VA
EXPECTATIONS. (NIGHT DRIVING)

21
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RESPECT THE SQUISHY TISSUE
* YOU CAN CAUSE INFLAMMATION
*  ADJUST THE FIT
* THE BODY CAN CAUSE INFLAMMATION
¢ CONTROL THE INFLAMMATION
* DON’T CHANGE THE FIT
» KNOW THE DIFFERENCE
YOU DON’T KNOW WHAT YOU DON’T KNOW
»  GET AN ENDOTHELIAL CAMERA
¢ GET SOME TYPE OF CORNEAL OCT

JUST BECAUSE YOU CAN, DOESN’T MEAN YOU
SHOULD

Thank You

HRISTINE-SINDT@L

FACEBOOK
SCLERAL LENS PRACTIONERS
OD Divas
L’OPTOMETRIA FEMMINILE

IVERSITY
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Most Importantly

- DON’T MAKE TOO MANY CHANGES
ALL AT ONCE

LARGE FITTING SETS ARE HELPFUL
PRACTICE ALTERING ONCE PARAMETER
AT A TIME TO LEARN HOW EACH
CHANGE IMPACTS THE OVERALL FIT
REMEMBER, THESE ARE GENERAL
PRINCIPLES AND EACH LENS WILL HAVE
ITS OWN SPECIFIC NUANCES.
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