: "lncorporatmg Technology into
- Today 3 Contact Lens Practlce

S. Barry Eiden, OD, FAAO,FSLS

International Keratoconusi
Academy

Of Eye Care Professinal



General Notes Appllcable to AII Devrces_

. Unrversal metrrcs erI be reV|ewed e

« Comparing metrics of the same technology from drfferent

manufacturers IS net d|rectly comparable D
- Even within the same |nstrument may | |ntroduce error if-not
callbrated routinely or srmply assocrated wrth test/re test” :
varlablllty e

o Scan quality matters
Garbage |n garbage out



- Corneal Shape Analysis Systems-

- Corneal Topography (Curvature Based) |

- Corneal '[q_fpograp,hy"(E'Ievati,ofn' B'as'ed)_‘

e, Anterlor Segment Optlcal Coherence Tomography
(ASOCT) i -




- Placido Topography Systems .

Video keratoscopy

Curvature based
- corneal shape anaIyS|s'_ -



Strengths of Plaoldo Topography ek 2

. Curvature (dlreot measure &
- most curvature sen3|t|ve)

* Excellent optlcal performance |nd|oator;

~» Cost (affordable optlons)

~ «Integration with other software h_ opportunltles
(aberrometry;-dry eye anaIyS|s eto Yo |



Placido Based Corneal Topography

e Anterior Corneal Surface Curvature
e Placido Ring Reflection
o Affected by tear film quality - important to view ring
image to assess artifacts
s Mires: Smooth = normal, Broken = tear film
Curvature with derived elevation
Symmetry most important
Axial = smoothed, Tangential = exact
Values of interest
o K>47D
o 1-S >1.4D = top to bottom symmetry
o Skew >20 degrees with >1.5D of Kcyl = axis
symmetry
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Normal Distribution of
Axial Topography Patterns
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= Round ® =25.1%

= Oval (O) =20.8%

= Symmetric Bowtie (SB) = 20.3%
m Superior Steep (SS) = 4.1%

= Asymmetric Bowtie Superior Steep (AB/SS)= 2. 3%
= Irregular (1) = 5.9%

» Inferior Steep (IS) =12.12%

= Asymmetric Bowtie Inferior Steep (AB/IS) = 7.4%
= Symmetric Bowtie — SRAX (SB/SRAX) = 1.5%

RabinowitzYS, Yang H, Brickman, et al. Videokeratography database of normal human corneas. BrJ Ophthalmol.
1996;80(7):610-616. doi:10.1136/bjo.80.7.610



Corneal “"Indices”

Automatic
classification of
the stage of a
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Integration of Placido topography
systems with other diagnostic technologies

0.25s { 6.283s 5.0 10.0

Breakup (First):  0.52s
Play 7 Show TF-Points Breakup {Average): 4.23s

Classification: Level 2 - Dry Eye

J Contact lens fitting: =1

Manufactur.: |GETERREET j
Lens: | Quantum Riicktarisch j

[® Toric r0:| 7.45

Suggestions:

NKL SE-Bit G&  8.05/7.45 0.60 10.10
Falco FITRez. 8.10{7.50 0.50 9.80
TECHN T2.N 6.10/7.50 0.50 10.20 =

[HechteL] [ Details |
Pao:
O Eccentricity R{L[mm]:
C Sagittal cur.
C) Top-Test Al

@ Fluo image Incl.(): lIl

Distance of major meridian and contact lens  |im CL power i ¥ 2| P
= - e : Co @4.00m
185.2° 95.2°[275.2° 5.2° o 25 Cyl=-2.25/140° cvd=13mm - HOA [pm]: C )T&ﬂl&d 00mm
] lens: 75 Toric [Boston X0] Total, Internal@4.00mm / Orde!
45 min. test, ) T.Sph T.Coma T.Tre

|
} = regular layer

Visus up to 1,25 P, . [ - Total: 0.121 0.115 0.036

[ cL power| Cornea: 0.068 0.034 0.035

Internal: 0.054 0.115 0.070

Refraction: VD = 13.75mm
Sph Cyl Axis RMS
+2.25 125 94
+1.00 -1.50 99
-1



Placido Corneal Topography

Topography o .
Limitations

analysis of posterior
corneal surface

J hatlvi representation of
R L o ith corneal thickness
- ; 0agraphy

» + There are other issuves...



CerneaIIAnterlor Segment Tomography
e Schelmpflug/ASOCT

-

o Cross-sectlonal imaging and reconstructlon 2 D to3 D
o Global corneal analysis i , >
o Assess anterior, posterior ¢ corneal shape and global corneal th|ckness
o - Multiple derived values ' ' :
e - Two main imaging technologlesQ--
o Schelmptlug | '
o OCT -
e -True EIevatlon with calculated curvature :
e Elevation maps: Measures at Thin Point Values of Interest
- _ o Anterior curvature values: same metrlcs as. preV|ous
Anterior elevations >15um
Posterior elevations >20um : :
Corneal thickness <500um (thickness “distribution” is impt. In disease dx)
Epithelial thickness difference >10um with donut pattern -

(ORMO AL NG 1T T



Elevation Based
“Scheimpflug” Anterior Segment Tomography
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Eg. PENTACAM (Oculus) / GALILEI (Ziemer)

Utilizes Scheimpflug Imaging

To Achieve True Elevation Measures




Scheimpflug Imaging Principle




Right epe

Scheimpflug Image: keratoconus w/scar




Corneal Elevation Maps : Color

Scale Max Red

anterior high

anterior to the

(+)
reference surface
reference

(-) low
posterior to the
reference surface

posterior Min

Blue

Relative elevation measures height difference in microns
from a best-fitting reference body
In all elevation maps, green is the reference surface or

zero level
Red is high and positive, Elue is low and negative
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Posterior Corneal Elevation Abnormalities
MUST be present to diagnose mild or sub-clinical keratoconus

= Consensus on Tests to Diagnose Early or
Sub-Clinical Keratoconus:
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Corneal Tomography
(Scheimpflug or AS-OCT)
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Central Corneal Pachymetry
Least Reliable Indicator or Determinant of KC

This is because Keratoconus can be present in a cornea of
normal thickness...

Elevation [Front)

BFS=7.29 Floa, Dia<7.51 North Suburban Vision Consultants, Ltd.
4 0s

Sagittal Curvature (Front)

OCULUS - PENTACAM

Mean coneal thickness values on rings concantrically to the thinnest location
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Changes to posterior cornea and corneal thickness
occur prior to changes that impact vision

False Negative on Placido Topography

iEiagitt.‘:I Curvature [Front] -

00 Elevation (Fiont) Elevation (Back) False Positive on Placido Topography

(Fy=7 72 Float, Dia=8 00 (B)=6.31 Float. Dia=8.00

"”\OS
2%

-----------

CTSP: corneal thickness spatial profile o -
(absolute thickness) Normal absolute thickness

= But,
Abnormal thickness
“Distribution”

PTI: percentage of increased thickness
(thickness “distribution”)



~ Anterior Segment OCT e

. Corneal Imaging
» Global Pachymetﬂ}_ e Co‘rn‘e'él'dis_ea_seﬂld)"; &'man_age'm.erﬁ

* Epithelial Thi_c;kness-.;k'e_'ir'atocohds Dx and monitdring- e



ASOCT High Resolution
Corneal Imaging

- —

AS Imaging &
Corneal Thickness
(Global + ETM)

= General thinning

@ Focal thinning

- @ Asymmetric thinning

Detecting Keratoconic Thinning with OCT
“Pachymetric Indices”:

= Median

» Minimum - median
(w/in Smm zone)

s |-S
= |T-SN
= Y location of the Min

Py Hp



Corneo-ScIeraI Ocular Surface Mapplng
(Profllometry)

o -

* How to Measure Corne'o-'_S_cleraI S_hape: '_ =

. Anterior Segment O’CT'

* Fluorescein based C S topographlc measurements. |

 S-Map 3D (Premsren Ocular Metrology)
Eye Surface Profller (Eaglet Eye)

. Schelmpflug Anterior Segment Tomography
« Pentacam CSP (Oculus)

* Ocular Surface'lmpression
- EyePrint (EyePrint Prosthetics) "




Anterior Segment OCT C-S Shape
Measurement - —

J Optom. 2013 Jul; 6(3): 141-1485. PMCID: PMC3880514
Published online 2013 Mar 14. doi: 10.1016/j.optom.2013.02.002

Language: English | Spanish

Nasal Notch

Use of the Visante™ OCT to measure the sagittal depth and scleral shape
of keratoconus compared to normal corneae: Pilot study

Luigina Sorbara,®~ Jyotsna Maram,” and Katrin Mueller®

Walker M, Caroline P. 2019 Soft Special Edition

Eye Contact Lens. 2005 Mar,34(2):30-3. doi: 10.1097/1CL.0b01323181663544.

A novel method of fitting scleral lenses using high resolution optical coherence tomography.
Gemoules G*

=) Author information

1 Coppell Family Eyecare, 712 South Denton Tap Road Coppell, TX 75019, USA. greggem@verizon.net




Fluorescein/Reflection based
Corneo-Scleral Profilometry Systems

End result of stitching:

Extensive scleral
topographic coverage

S-Map 3D

Visionary Optics

E\}e Surface Profiler




Scheimpflug Elevation Based AS-Tomography
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Ocular Surface Impression Technology

EyePrint Prosthetics

* Capable of up to 5 million data points scanned from an impression




__ Specular Microscopy

Extended wear B 3 ;
CL induced ' Mormal, healthy

endothelivm

polymegethism



Specu Iar M |CrOSCO py Corneal Endothelial Function:

to maintain corneal
thickness/transparency via “pump

. _ _ action” and barrier property
Objective analysis of endothelial cells

- Cell density = number of cells per square mm
- Hexagonal cell %: pleomorphism = loss of 6 sided shape

- Coefficient of variation: cell size variation
Indications: endothelial disease, edema, CL impact, pre & post surgical, trauma, etc.
Direct visualization of endothelium
o Guttae / Fuch’s
Symmetry is a key metric
Cell Density does not necessarily equal function

Values of interest if:
- CD <1000 cells
- HEX <50%
> CV >40%
- Pachy values




CeII DenS|ty Alone Cannot Determme
: _ Corneal Stablllty 2

* Normal Cell Count . ‘ S : D NormalCellCount

« 2,500 cells/ mm2 - - =5 R ik . e _2,qu'cells/mm2 :

s CV=10 - -t ; ':r I V=79 _

* -Low variation in size " - : | . e ' "7- 7Hig.h‘variart;ion in siz-e=P0lyn.1egethism,
* - HEX=100% LR e 7 T e ‘I;IEX%Z-;S%_ |
 Highest strength and efficighc(yofendothelial_ ' et High variability ir-rsha'pe.-= Plgompfphi_s'm_

cellular structure




Natural Aging vs. Post-op Cell Loss

Post Cataract Cell Post Surgical Cell

10-19yo 40-49 yo Loss Loss

3600 2850 883 623




Advantagesof Specular Microscopy for
the Contact Lens Spemalty Practlce

Ability to establlsh basellne of endothellal morphology at |n|t|al
visit : . e _

Ablllty to desugn a CL treatment plan |f needed based on the
initial endothellal status- - & | ok

Ability to monitor for changes to measures durlng contact Iens

- wear

Ability to dlagnose abnormal endothellal morphology |n
advance of clinical. suins or symptoms
(management throu preventlon?)
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~ Vision Beyond 20/20
Aberrometry

‘AnaIySIS & Correction of ngh Order
: ;Aberratlons with Novel Contact Lens s
= Technologles s

Zernike Chart




LOW ORDER VS. HIGH ORDER ABERRATIONS

Zernike Chart




"HIGHER ORDER ABERRATION”

# Defined as:

« Examples include coma, trefoil, spherical aberration, chromatic aberration, efc.

3 Higher order aberrations make up approximately




20/10 UNC

ORRECTE

D PATIENT

RMS

Astigmatism
Defocus
Astigmatism

Trefoil
Coma
Coma
Trefoil

Tetrafoil
Astigmatism
Spherical
Astigmatism
Tetrafoil

Pentafoil
Trefoil
Coma
Coma
Trefoil
Pentafoil

Hexafoil
Tetrafoil
Astigmatism
Spherical
Astigmatism
Tetrafoil
Hexafoil

Ref +0.04 + 0.16 X 110

0.019 pm
0.032 ym
0.023 pm

0.025 ym
0.034 pm
0.005 pm
0.021 pm

0.013 pm
0.008 pm
0.004 pm
0.004 pm
0.008 pm

0.004 pm
0.002 pm
0.002 pym
0.001 pm
0.003 pm
0.004 ym

0.003 pm
0.004 ym
0.002 pm
0.003 pm
0.004 pm
0.003 pm
0.000 pm

Lower

Higher

1

7.84
22.18
11.15

13.73
24.35
0.64
9.97

307
1.49
0.39
0.31
1.52

0.41
0.13
0.12
0.04
0.21
0.36

0.18
0.33
0.08
0.26
0.37
0.15
0.00

pm

FEFEFE F£FEF

FEFEESF

FREFEFFEFEFFE FEFFEFFEFEFEF



EG. WHERE 99% OF TOTAL ABBERATION IS
LOWER ORDER ABERRATIONS

RMS Lower

3 Astigmatism o.044pm W 0.09 %
4  Defocus 1440pm . 95.99 %
5  Astigmatism o2espym 375 %
[ Trefail 0.004pm | 0.00 %
7 Coma 0.018um | 0.01 %
8 Coma 0.023um | 0.02 %
9 Trefail o.0a0pm [ 0.07 %
10 Tetrafoil 0.004pm | 0.00 %
11 Astigmatism o.021pm | 0.02 %
12 Spherical 0.014 pm | 0.01 %
13 Astigmatism 0.016pm | 0.01 %
14 Tetrafoil p.00Bpm | 0.00 %
15 Pentafoil 0.003pm | 4 0.00 %
16 Trefoail 0.003pm | ngher 0.00 %
17 Coma 0.002 pm 0.00 %
18 Coma 0.001 pm 0.00 %
19 Trefoail 0.004pm | 0.00 %
20 Pentafoil 0.011pm | 0.01 %
21 Hexafoil 0.003pm | 0.00 %
22  Tetrafoil 0.001 pm 0.00 %
23 Astigmatism 0.005 ym | 0.00 %
24 Spherical 0.007 pm | 0.00 %
25 Astigmatism 0.002 pm 0.00 %
26 Tetrafoil 0.001 pm 0.00 %
27 Hexafoil p.oo2pm | 0.00 %




RMS

3  Astigmatism
4 Defocus
5  Astigmatism

6 Trefoil

7 Coma

8 Coma

9 Trefoil

10 Tetrafoil

11 Astigmatism
12 Spherical

13 Astigmatism
14 Tetrafoil

15  Pentafoil
16 Trefoil
17 Coma
18 Coma
19 Trefoil
20 Pentafoil

21 Hexafoil
22 Tetrafoil
23 Astigmatism
24 Spherical
25 Astigmatism
26 Tetrafoil
27 Hexafoil

1.230 pm
8.465 pm
4713 pm

2.480 pm
2.030 pm
1.213 pm
1.775 1m

0.782 pm
0.858 pm
0.997 pm
0.166 pm
0.136 pm

0.207 pm
0.199 pm
0.001 pm
0.037 pm
0.222 pm
0.172 pm

0.111 pm
0.077 pm
0.181 pm
0.041 pm
0.051 pm
0.023 pm
0.059 pm

RMS = 11pm

1.3 %
63.48 %
19.68 %

545 %
3.65 %
130 %
279 %

0.54 %
0.65 %
0.88 %
0.02 %
0.02 %

0.04 %
0.04 %
0.00 %
0.00 %
0.04 %
0.03 %

0.01 %
0.01 %
0.03 %
0.00 %
0.00 %
0.00 %
0.00 %

2 pm




KEY TERMS:

* Aberrations

 Low Order (sphere and cylinder)
 High Order (Coma, Trefoil, S.A., then others ....)

* Root Mean Square (RMS)

 Total vs. Low vs. High
« Total, External and Internal (HOASs)

 Point Spread Function (PSF)

 Total vs. Low vs. High
« Total, External and Internal (HOAS)




POINT SPREAD FUNCTION (PSF)

* Pictorially demonstration of what happens to a point

source of light that is focused through an optical
system.

* The PSF can be differentiated in terms of:
“Total, Corneal, Internal” and “Total vs. High Order”

* Excellent Educational Tool




OPD 0.15@ 11 R W | Axial 0.00@ 0 |Internal OPD_|

0.15@ 11

APP 50.76 5D 2.06 @3.0mm

0 75
i il Bl

P
105

Total, Internal@4.00mm / Order = 4
T.Sph T.Coma T.Tre

Total: 0.082 0.383 0.175
Cornea: 0.232 0.788 0.053
Internal: 0.151 0.411 0.126

Refraction: VD = 13.75mm
Sph Cyl Axis RMS

REF 400 -3.00 7
WF@6.00 300 225 18
t: 0.27@205° Diff +1.00 +0.75 11

- MDist: 0.30@213° |

MPDist: 0.05@263

10 .%Tﬂi'._.zz.‘}le: ”
fsylnmé? E:ﬁﬁ}@ SAT050]@6.00mm / Order: 8 'E{H@g e . -
A: 58 Pur: -5.09 Horm e | 46.87 (7.204@ 3 Pwr : 51.37 (6.57) i CYL#1.18 Pur : -0.42
RIS: 1.68D Dist: 0.00@ 0° V79 | g 3.81 1+0.54) Dist: 0.00@ 0 e RMS:1,67D Dist: 0.00@ 0°
| Mesopic | 0.15@ 112J HOA [um]: Cornea@4.00mm R | R IS | Placido image | ofoc@ 0

PDist: 0.27@205°
MDist: 0.30@213°

Keratoconus: elevation of total HOAs, anterior corneal HOAs
and internal HOAs (from posterior cornea)




Total PSF

Total PSF w/ Scleral CL

Corneal PSF

Corneal PSF w/Scleral CL

Internal PSF

Point Spread Function Images:
TOP: KC without CL

Bottom: KC with scleral lens on with
residual HOAs from posterior corneal
irregularities



EXTERNAL / INTERNAL HOA “OFFSET”
W RIGID CL ON — RESIDUAL HOA

PSF/OPD/HO 0.13@11 PSF/Corn/HO 0.1T@ 45 PSF/int/HO 0.18@180

E 20120 E 2020

HOA [um]: Cornea@4.00mm Placido image Ll b
Total, Internal@4.00mm / Order = 4 g
T.Sph T.Coma T.Tre HO
Total: 0.052 0.317 0.399
Cornea: 0.058 0.011 0.020
Internal: 0.006 0.309 0.417

Refraction: VD = 13.75mm
Sph Cyl Axis
REF -0.75 -0.00 0
WF@6.00 -1.00 -0.25 4
Diff 25 ). 25 s

SFH (i X Simk Steep Simk Flat dk el
000 37.58( 2.98xD 4 IT.50{ 9.00H@D M4 -0.08(+0.02) 0.26(-0.07)




Case: KC treatment w/ Scleral HOA Correction

HOA Reduction Anterior Cornea with Scleral CL & Residual HOAs from
Posterior Cornea in Keratoconus

(Foint Spread Function Images)

Axial 0.1 54% T8
[T

OPD HO (R - Pl Internal OPD 020G T

in [ 3
: ..".'[.r - mae el
Dui 1iag e ) D tiegr
Taotal HOAS Anterior HOAs Internal HOMS

|5clera| CL on keratoconic eye demonstrating the virtual elimination of anterior HOAs but
internal HOAs (from posterior corneal irregularity) result in significant residual HOAs of the
total wisual system).



Case: KC treatment w/ Scleral HOA correction

Wavefront Map (HOA Only)

Zernike Bar Plot

i
|
|
I,
|
I
I
I
I

nit Magnitude (um)

-
.

Total HOA over standard scleral lens, HOA RMS: 1.46 pm

Zernike bar graph showing significant elevations of various specific HOAs measured over
standard scleral lens



Case: KC treatment w/ Scleral HOA correction

Wavefront Map (HOA Only) Zernike Bar Plot

Zernike bar graph showing significant reduction of multiple specific HOAswith HOA
Total HO#As over HOA corrected scleral. HOA RMS: 0.72 pm correcting scleral vs. standard scleral.

[ape. 50°% reduction HOA RMS vs, standard scleral)



Genetic Testing of Corneal Disease -
Ke rato:‘_co' nus - polygenetic (75 -ger]_e._s/fZBOb variants)
3 CorneanDys‘thp‘hy 7'$ingle_+gené e

Avellino - GENE Detection System A ey LS . °
Sample Collection and Shipping Procedures n Ica Ions.
o FIH e s

\ G Co Negative for TGFBI No pathogenic variants

- ® ¥ C phie: Corneal Dystrophies detected

« “Clinical - -

26 2l [ace I

st 4 Confusion” .

Based on the polygenic genetic risk score of , this patient’s risk for

* Pre-Surg.
o +++ :

Low Risk Moderate Risk High Risk
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