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Objectives

» To infroduce and summarize developments in corae@hpower
measurements — fotal keratometry (TK)

» To discuss applications of TK in 5 commonly-¢hcountiered
patient populations

Introduction: Keratometry and TCP

» Keratometry (K) uses the keratometric index (e.g., 1.3348jst0
estimate the corneal power from measurements of the anterier
corneal surface only

» The posterior cornea is like the dark side of the moon
» Posterior cornea is a minus-powered lens

What is the refractive power (Ds)
of the back surface of the cornea?

n’ (cornea) 1.37
n (water, aqueous) 1.33
r = radius of curvature of the/cornea 7mm

1.37 -1.33=5.7D +5.7D or -5.7D ????
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Looks like

a minus lens
to me, therefor
-5.7D

Introduction: Keratometry and TCP

» Keratometry (K) uses the keratometric index (e.g., 1.3375) to
estimate the corneal power from measurements of thesamierior
corneal surface only

» The posterior cornea is like the dark side of the nioon

» Scheimpflug devices (e.g., Pentacam) can megsure posterior
corneal surface. Now we can combine the antefior and posterior
corneal power into the total corneal power (TCP)

» Sounds good, right? We are measuring more accurafelye?
» TCP is typically lower than K values [1-4]

TCP:
K value is falsely lower-than-regi

P=A-09K-2.5L




Corneal Power Measurements with
Optical Biometry

» Corneal Power Measurements: Assumed measurement of posterior céinea basedon
Gulistrand ratio - more “inaccuracy” in steep/flat K eyes, which offén‘occur
independently and concurrently with short/long AXL eyes

» Posterior corneal astigmatism: usually contributes ATR astigmatisra
» Range from -0.26 to -0.78D!
» How does ATR confribute to the measured corneal astigmatism?

ase the WITR of the total corneal astigmatism
» Poor: if we measure oblique astigmatism
» Additive: may add to the ATR of the total corneal astigmatism
» How to measure posterior corneal curvature?
» Indirect measurements: Nomograms (Baylor, Abulafia-Koch) vs IOL Formulas (online, Barrett, etc.)

» Direct measurement: Scheimpflug device, Purkinje Images, SS-OCT (Total K 1oL )

1. Koch DD, et al. Confribufion of posterior comeal asfigmatism fo fofal corneal asfigmafism.

Total Keratometry (TK)

» The IOL Master 700 (Carl Zeiss Meditec AG, Jena, Germany) is a swepissouiee
OCT (SS-OCT) biometer that uses

entric keratometry for anterior keratometry measurements

uired pachymetry to define a toric posterior surface modelforposterior
omeal measurements

The resulting total keratometry (TK) value offers the surgeon a me@surement of the
anterior and posterior corneal radii that can potentially be used fofmore accurate IOk
lations

» TK does not differ from standard K in most normal K range unoperated€yes and
post-excimer laser surgery eyes.

» But TK and TCA values are NOT interchangeable [1]

» Allows surgeons fo use TK values compatible with established IOL formula
constants

vini, G., Taroni, L, Schiano-Lom et al Repeatability of total Keratometry and standard Keratometry by the I0LMas

TK on IOL Master 700

(OLMas Toric Séfeevidence that
Lsyestbind model TK works well for post-
Telacaniic, 3otone refractive Syesibu sfill
e Posterior Posterior Apply calibration unclear for virgin eyes

‘ 30 points L L especially for extreme
‘ Y flat/steep Ks

Sws 00T J—
E-Scans
i
\
5 S Power matrices &
| ‘ thick lens formula

Intracorneal
distances
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Is TK Bettere Well

» Depends on the study and what it looked at

Regular Eyes

» Conventional K and TK similar; trend towards better outcomes with TK (60 eyes).&
» TK works better with formulas optimized for it, such as Barrett TK ?
Presbyopia-Corr g 10Ls

» TK may help improve outcomes of toric tri-focal IOLs !

» However, conventional K is better than TK in MFIOLs 2

Post-Laser Vision Correctiol

» TK can help better measure corneal power in post-SMILE patients 3

TK doesn't make existing post-LASIK formulas (ASCRS website) better; Barrett TroeskKiwith
conventional K worked best. (IOA did not improve results!). 4 TK makes Haigis better.

TK used with customized post-LASIK formulas (ie, BTK with TK) is superior (Barrett is author)é

TK can make some existing formulas (not optimized for post-LASIK) better, such as E! d Haigis
(author was developer of Evo)”

Bottom line: v

Where Can TK Potentially Help?2

At this time, no convincing evidence that TK helps improve outcomes in “normal”
» Normal range AL
» Normal range Ks (especially without previous laser vision correction)

For ~90% of most cataract surgeries,

7/18/2022

TK values may not help “that” much
Approximately 0.25D difference on most

eyes between K and TK values

Barrett TK Universal Il (built into IOLM):

requires no additional surgeon effort

Not worth inputting TK values manually into
online-formula websites for “normal” eyes

Where Can TK Potentially Help?

Identifying Post-Laser Vision Correction (LVC) Eyes

Refractive Outcomes in Post-LVC Eyes

Refractive Outcomes in Keratoconus Eyes

Refractive Outcomes in Extreme K (non-ectatic, non LVC) Eyes,
Refractive Outcomes in Combined Phaco-DMEK Eyes
Refractive Outcomes in Post Penetrating Keratoplasty Eyes
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ldentifying LVC Eyes

» We can recognize previous M-LVC during the preoperative
examination through accurate history taking, review of prior medical
records, and meticulous clinical examination.

Ancillary diagnostic testing, such as topography, tomggraphy, and
anterior segment ocular coherence tomography (ASSOCT), can also
help - not covered by insurance

» Surgeons can also review optical biometry (OB), as flafferKvalues
combined with long AL are often associated with previous M-LVC
But we may miss patients with M-LVC
» Poor patient recall, lack of medical records, low amounts of M-LVC treatment

» Preoperative examiner is not the surgeon = information not conveyed to the
surgeon

» LASIK scar may be subtle and missed; PRK has no clinical evidence

» Some surgeons solely utilize biometry measurements and do not have access to
topography/tomography

ldentifying LVC Eyes

» Can we use TK values to detect M-LVC eyes solely using optical
biometry

» We know that M-LVC alters the relationship of ant-poster comegl
gelell]
» This can be used to calculate the APR or P/A ratio

As the APR and P/A values are inversely related, post-M-LYC eyeswillthave loy er
APR and higher P/A values, respectively

Since TK incorporates posterior corneal measurements, we seughtfo develop an
index to detect M-LVC eyes using only IOLMaster700 measurerments

We have termed this: Cooke-Riaz-Wendelstein Index (CRW1)

The CRW1 Index was tested in several infernational datasets to assess its
accuracy, including a comparison to Rpost/Rant obtained by biometry, three

additional corneal imaging devices, and a combined biometry-corneal imaging
software program

Identifying LVC Eyes

» Development of CRWI
» Six centers — 3 in USA, 3 in Austria
» Great Lakes Eye Care (St Joseph, Ml)
» Northwestern University (Chicago, IL)
» Penn State University (Hershey, PA)
» Hanusch Hospital and satellite (Vienna, Austria
» Kepler University Hospital (Linz, Austria)
» Development dataset (DMEI): 10,780 eyes to identify LVC eyes
» Several iterations tested before finalizing CRW1
» CRW1 formula: to be published
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ldentifying LVC Eyes

» Accuracy of CRW1 compared to Rpost/Rant

In 38,43
Dataset Cutoff | #Cases m;i");'s'l‘l‘(“" True (+) | False (+) |  Sensitivity CRWI1 wa
Vienna 1 022 | 3003 16 86% significantly better
Linz 022 | 8677 34 94% than Rpost/Rant
Penn State 022 | 4038 54 T2% (p < 001) witha
Vienna 2 022 | 13,096 58 72% notably higher
GLEC 022 | 1014 67 6% PPV(93% Vs 65%)
022 | 7811 61%

Rpost/Rant had
180 false positives
GRACRWT had
only 29 false
positives.

022 | 38439 68%

Vienna 1 50840 | 3803
Linz 20840 | 8677
Penn State 50840 | 4038
Vienna 2 s0.840 | 13,096
GLEC <0840 | 1,014
5 0.840 7.811

50840 | 38439

Identifying LVC Eyes

» Accuracy of CRW1 compared fo other methods of
detecting M-LVC

Documented False .
Method Cutoff mLASIK ) Sensitivity
CRW1 5-0.22 ? 0 ?

Pentacam® 576.8% 7 8 ?

CRW1 was better
Penn Stale_| CRW1 <022 38 1 56% than Pentacam.
Penn State | Galilei TCP™* 2388 38 23 61% Veracity, and
Penn State | Galilei ReswRan™" | <0.822 38 Gadlilei Indices

GLEC CRW1 5-0.22 67 SIMIIArTS Atias
GLEC CRWa s-0.11 67 Pathfinder Il
GLEC Veracity unknown 67 software

GLEC CRW1 s022 F]
GLEC Allas sss% | 907 [ 57 5
* = AxialSag. BIF Ratio; ** = “Peripheral TCP-Central TCP (ray-traced)”; *** = "R-posteriorBFS/R-

anterior BSF”

CRW1: Summary

CRW1 complements interest in TK in presenting a method for
surgeons to identify post-M-LVC eyes effectively before cataract,
surgery solely utilizing IOLM700 measurements

Researchers may use the CRW1 Index to efficiently identify poStsM=
LVC eyes for research purposes

CRWI1 can be easily incorporated on the printout page of the!
studied SS-OCT biometer (or, after recalibration, onto another
biometer), similar to other metrics, such as the CW-Chord values

Why CRWI1?2 Future iterations to identify other pathologies (e.g.,
Fuchs, KCN, previous H-LVC) through IOLM700 measurements
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TK in M-LVC Eyes

» Previous authors have shown that TK values can make older-generation fogmulas, such
as Haigis, to perform as similar as post-refractive formulas[1]

» Question: Can TK values used with multivariable formulas help imgrove refractive
accuracy in these challenging post M-LVC eyes?

» Or does simply using a formula dedicated for post M-LVC eyes with fraditional K values
work betterg

TK in M-LVC Eyes

Retrospective review of 130 eyes with previous M-LVC that were measuredawith SS-OCT
biometer for K and TK prior to cataract surgery between 2019-2021

» Previous hyperopic LVC and RK were excluded due to an insufficient numberéfeyes

» Eyeswitha ry of rauma, corneal ectasia, or vision-limiting ocular pathology were excluded!

Standard K and TK values were inputted into dedicated post-refiactiveimuliivarable
formulas with mechanisms for adjusted K values using no prior historicalidata

TK values were applied to non-LASIK formulas
Only IOLcon lens constants were used

Postoperative refractive outcomes were compared to the predicted outcomes to
determine predictive error and percentage of eyes within £1.0D of targeted outcome

Refractions done 21-90 days postoperatively with lane-length adjustments

7/18/2022
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Results: Post-LVC Formulas with K vs TK

es (IOLcon) (mean = 25.83 mm; from 23.41 to 30.13 mm) n =130

Formula MAE | MedAE | SD | MaxAE % #/-0.25 D] % +/- 0.5 D% +-0.75

EVO-LVC-PK (TK) 0472 | 0355 | 0616 | 180 | 369% | 631% | 77.7%

EVO LVC (K) 0487 | 0390 | 0841 177 37.7% 615% | 79.2%
Barrett True K (K) 0512 | 0338 | 0688 197 42.3% 60.0%
Barrett True K-PK (TK] 0.521 0.353 0.681 203 34.9% 63.5%
0526 | 0427 | 0652 1.95 31.5% 56.9%
0619 | 0450 | 0721 234 254% 53.1%
0621 | 0500 | 0.690 2.76 30.0% 50.8%

Newer post-LVC formulas (EVO and BTK) performed best both with K or TK

BTK on IOLM700 should be run in post-LVC mode or use online

EVO and Barrett performed better than “old-generation™ LVC formulas (Shammas, Haigis)
Pearl DGS performed consistently hyperopic

Feeding Haigis TK makes it better than Haigis-L

Post-LVC Formulas with K vs TK

» if we want to simply look
at which formulas % +1-025D %+-05D % +-0.75D %+-10D
consistently achieved Barrott True K
within the intended (TK) 34.9% 63.5% 71.4% 87.3%
refractive outcome, we (SRR
again see newer- (TK)
generation post-LVC
formulas performed
better than older- DerEHERSK 42.3% 60.0% 74.6% 84.6%
generation post-LVC )
formulas Haigis (TK) 31.5% 56.9% 73.8% 83.8%

36.9% 63.1% 77.7% 86.9%

EVO LVC (K) 37.7% 61.5% 79.2% 86.2%

Shammas (K) 25.4% 53.1% 70.0% 78.5%

Haigis L (K) 30.0% 50.8% 66.9% 78.5%

Non-LVC Formulas with K vs TK
- K Used TK Used Improvement

Formula ME MAE ME MAE ME MAE
Haigis 0.59 0.71 0.16 0.53 0.43 0.18
Hoffer Q 0.74 0.83 0.33 0.61 0.41 0.22
K-6 0.83 0.90 0.43 0.62 0.40 0.28
0.81 0.87 0.44 0.63 0.36 0.24
0.51 0.66 0.48 0.65 0.03 0.01
0.97 1.02 0.60 0.73 0.37 0.29
1.1 1.16 0.74 0.85 0.37 0.31
1.22 1.25 0.88 0.94 0.34 0.31

» All of these non-LVC formulas improved with TK values




Re O O a
Formua ME | MAE | MediE | SD |[MaxAE |%+-025D|%+-05DF+-0750] % +-100| RMS
Evo-(TK) 0.42 | 0.586 | 0.465 | 0.627 | 2.33 |27.7%52.3%|73.1%|83.1%| 0.754
Kane-(TK) 0.49 | 0.642 | 0.520 | 0.653 | 2.58 |24.6%|48.5%|69.2%|80.8% | 0.815
RBF 3.0 (TK) 0.52 | 0.663 | 0.563 | 0.627 | 2.36 |20.9%(42.7%|67.3%|80.0% | 0.813
e} ese pop ariable fo as perfo ed WOR en give e
Re O or aesigne (@] e ed 1or po eye

TK in M-LVC Eyes: Recommendations

» despite potential advantages of TK to incorporatepesierior
corneal measurements, we recommend that sufgeons Utilize
formulas customized for post-LVC eyes.

» Surgeons should utilize dedicated post-refracfiveformulas wWith

fraditional K values.

» Surgeons can utilize either K or TK values for the BYOSEVC ohd

Barrett True K formulas

Refractive Outcomes in

Keratoconus Eyes

7/18/2022
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Background

» Biometry measurements are difficult in KCN eyes,

» Corneal power is often overestimated, resulting in insufficiefillOk
power and hyperopic surprise [1]

» IOL Calculation assumes a certain ratio of the power ofthe
anterior cornea compared to the posterior cornea, which does not
hold true in KCN [2,3] especially with increasing disease severity:

» Standard Biometry assumes anterior and posterior K'swillloe
equal at visual axis and that the posterior cornea will b&
~1.2mm steeper than the anterior cornea.

» Can TK improve predictions in KCN eyes?

TK in KCN Eyes

87 KCN Eyes between DMEI and Bascom Palmer (2-center study)

Formulas studied included Barrett Universal 2 (KCN measured, KCN predieteeimend
original), Kane (original and KCN), EVO, K-6, SRK/T, Pearl DGS, T2, HoliGday 1,
Holladay 1 with EKRé5, Haigis, and Hoffer Q

» Hill RBF was only able to accept XXX eyes
IOLCon Lens Constants were used
Values input into the respective formula websites
Time from surgery to post-op refraction ranged from 21-180 days

Post-op refractive outcomes were compared with predicted refracted odfcomes to
determine mean error, mean absolute error, median absolute error, standard
deviation, maximum absolute error, root mean squared error, and % of eyes within
+/-0.5D and 1D

All formulas had a better ME with TK compared to K

All formulas had a better or equal MAE with TK, compared to K (Except Kane-KCN MAE was slightly better for K than for TK)

7/18/2022
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»
e oligle D

KCN (only RBF eyes) (mean = 24.72 mm; from 21.37 to 29.05 mm) n = 68
Formia ME_| WAE | WedhE Max AE [% +/-025 D% +/-05 O +-075 ] e
EVO () 633 | 0724 | 0408 | 0095 | 3% | 353% | 674% | 632% e g
EVO (1K) 032 | 0730 | 0493 | 0990 | 337 | 324% | 515% | 66 2%
Barrett KCN -predicted (K 1019 | 310 | 265% | 515% | 632%
Barrett KCN - measured 1006 | 208 | 221% | 51.5% | 647% K
K6 (K) 022 9 9% 54.4% 632% b )
Kane (TK) G 021 7 48.5% o
RBF 30 (K] 037 3 " R
Barrett (K] 011 8
Kane () 026 bo
Barrett (TK) 004
Kane KCN (TK] 047
SRIIT (K) [ 1088
K6 (TK) 1020 Prise
Kane KCN (TR [ 1044
SRKIT (TK) [ 1085 ¥
RBF 30 (1K) [ 1057 did bette
0GS (TK) 599 a e
DGS (K) 995
Holaday 1 (TK) 043
Holaday 1 (K) 044 o
Hasgis (TK) 060 ] b
Hagis (K) 105 | 397 i
Hoffer Q (TK) 1.052 385 -
Hoffer O (K 1051 | 383

TK in KCN Eyes — only EKR eyes

KCN (only EKR eyes) (mean = 24.98 mm; from 21.51 to 29.06 mm)
ME MAE M 0

Formula Max AE | % +/-0.26 D[ % +- 0.5 D)
Barrett KCN - measured 025

0

Barrett KCN predicted (K) | 037 ¥ < Y T In these eyes,

Wone KGN (1K) EE 555 ¥ 6% | 580% | 681% | K@ formulas
EVO (TK) X 44.9% didagain well
Kane-KCN (K]
EVO () [ ¢

Kane (TK] X .

8 () oa7 | Mesen ] H1 with EKR
| Barrett (TK) [ 4 did very
| K6(K) . | 609% | poorly (MAE
Kane (K) [ 94% | Wise) it had
DGS (TK) 3 o
Barrett (K) [ ¢ [ 0% | lowest ME
ST 16 s | e
Bl i that

lladay 1 (TK]

tada 1 (T = : EKR is a wild
| Holladay 1 (K) 2 card: some

s (K)

eyes did ver
offer Q (TR} Ve y

| Hoffer Q (k) } 3 6% | & [ well, otheri
H1 EKR Pentacam 161 I Y VERY bad (~4D
B O surprises!)

TK in KCN Eyes — at least one K > 50D

KCN (One K meridian >50) (mean = 24.68 mi rom 23.17 to 28.23 mm) n = 22

WAE | WedAE | 50| MacAE [% v-020[% 050 10750 % 7100
3 i 182% T 72 s KCN
) 894
528 i 51 formulas
) 969

623 .
o | ores | o | 273% | 500% | 5o 1% | did very
w61 | oeer T Fiogs | oasm well

Barrett (T -
Hee ¥ 2 Good ole
Ko 0
Baret (<) SRK/T
DGS (TK) .

Holladay 1 (TK) [ 7 did
DGS (K)

Hollagay 1 (K) [osar |1 500% | well too!
- o 2

Haigis (TK)

Haigis (K)

Hotfer G (TK)

Hoffer G (K]

7/18/2022
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TK in KCN Eyes — both K < 50D

TK KCN (K<50) (mean = 24.85 mm; from 21.37 to 29.06 mm) n = 65
Formula ME MAE _MedAE S0 Max AE | % +/-025 D)% +/-0.5 EF« +-0.75
37 | 0802 1181 | 4 4% | 508% | 631% KCN formulas
816 174 569% | 631% | 67.7% | 1 Bon.t do as
839 ATT T 508%
839 | 1194 49 2% well
46 | 0514 | 1183 492% 69
852 | 0581 | 1472 | 41! 462% 67
883 | 0520 [ 1205 % | 477% 69 Multivariable
863 | 0417 | 1.207 554% 66, formulas
864 | 0579 | 1.158 4 70 (EVO, Kane,
865 | 0490 | 1198 | 60 Barrett, etc)
866 432 219 66 n
871 | 0647 | 1214 [ 692 RpPoth Tk
87 | 0578 | 12w = 56 and K values
6§04 | 0525 | 1230 X did well
Haigs (TK) 904 | 0592 | 1238 72
Hagis (K) 919 | 0723 | 1223 | 54
SRK/T (TK) 263
Holladay 1 (TK) [ 1231 ;RC:T/LWQSH
SRKTT (K) 203 OLE
Folladay 1 (K}
Haffer Q (TK)
Hoffer Q (K

TK in KCN Eyes: Summary

» If both Ks are < 50D, KCN eyes function similar o “normal” eyes
and do NOT benefit from KCN-specific formulas

» In these eyes, multivariable formulas with TK did slightly betier
» If one K is > 50D, KCN-specific formulas work best
» Multivariable formulas with TK did better than K
» Surprisingly, SRK/T works well (fends to run myopic R exireme K'eyes)

» Do not use third-generation formulas like H1, HQ, and Haigis for
any of these eyes!

Refractive Outcomes in Extréeme K
(non-ectatic, non LVC) Eyes

7/18/2022
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TK in Extreme K Eyes: Background

» |OL calculations are known to be inaccurate in eyes with extreme K
measurements (K=48D or £42D) without ectasia or previous isi
correction (LVC)

» The assumed anterior-posterior corneal radius ratios m
exireme K eyes

» Question: Do TK values provide an improvement in ac
calculations over standard K values in these eyes2

» Retrospective chart review of 1889 eyes with extreme K
SS-OCT between 2019-2021

» 169 eyes met inclusion criteria
» Ten IOL formulas studied using K followed by TK

Barrett Universal 2.0, Evo 2.0, Ké, Kane, Hill RBF 3.0, Pearl DGS, Holladay 1,
Hoffer Q, SRK/T, Haigis

TK in Extreme K Eyes: Results with K

Table 1B. Extreme Eyes using K values (N = 169)
(Note: 2 out-of-bounds RBF 3.0 eyes and one more that would not
compute at all)
RMSE Rank | Formula ME | MAE |MedAE| SD |Max AE |% +/- 0.5 D| % +- 0.75 D| RMSE

Kane -0.08 | 0.384 | 0.335 | 0.500] 2.64 73.4% 90.5% 0.505 n=169
2 RBF 3.0 -0.03 | 0.388 | 0.345 | 0.508] 2.73 75.6% 92.9% 0.507 n=168
3 K6 -0.06 | 0.379 | 0.337 | 0.507] 2.80 79.9% 90.5% 0.509 n=169
4 Evo 2.0 011 ]0.385] 0295 | 0.513]| 283 74.6% 91.7% 0.524 n=169
5 Barrett U2 | -0.03 | 0.390 | 0.308 | 0.530| 282 75.1% 91.1% 0.529 n=169
6 Pearl DGS | 0.02 | 0.407 | 0.327 | 0.556| 3.07 73.4% 86.4% 0.555 n=169
7 Holladay 1 0.07 ] 0.430| 0353 | 0.554] 221 69.2% 87.0% 0.557 n=169
8 Haigis 010 | 0.436 | 0.374 | 0.559| 3.05 68.0% 86.4% 0.567 n=169
9 SRK/T -0.12 | 0.444 | 0332 | 0576] 2.35 66.3% 83.4% 0.587 n=169
10 Hoffer Q 011 ] 0469 | 0395 | 0.606| 3.15 60.4% 82.8% 0615 n=169

TK in Extreme K Eyes: Results with TK

KRank | TK Rank Table 1A. Extreme Eyes using TK values (N = 169)
(Note: 3 out-of-bounds RBF 3.0 eyes and one more that would not compute at all)
RMS Rank|RMS Rank| Formua | ME | MAE | MedAE [ SD | MaxAE |% +-0.5D|% +-1.0D RMS
1 1 Kane 000 | 0377 | 0330 | 0501 | 285 | 722% | 97.0% 0499 n=169
2 3 RBF30 | 004 | 0388 | 0322 | 0508 | 293 | 726% | 97.0% 0508 n=168
3 2 K6 0.02 0372 | 0299 | 0510 314 76.9% 95.3% 0.508 n=169
4 5 Evo 2.0 018 0402 | 0335 | 0516 304 71.0% 95.3% 0.547 n=169
5 4 Barrett U2 | 0.05 0393 | 0312 | 0536 305 73.4% 95.9% 0.537 n=169
] 6 PeariDGS| 010 | 0416 | 0355 | 0551 | 227 | 71.0% | 95.3% 0559 n=169
7 7 Holladay 1] 015 | 0441 | 0354 | 0548 | 239 | 645% | 947% 0.568 n=169
8 9 Haigis 0.19 0455 | 0389 | 0564 330 66.9% 92.9% 0.593 n=169
9 8 SRKIT -006 | 0438 | 0343 | 0572 233 68.6% 93.5% 0573 n=169
10 10 Hoffer Q 0.19 0494 | 0420 | 0603 337 56.8% 92.9% 0632 n=169

14



Difference in ME and RMSE (TK minus K)

Formula

SRK/T

Holladay 1

Evo 2.0

Hoffer Q

Barrett U2

K6

Kane

Pearl DGS

RBF 3.0

Haigis

Table 1B. Extreme Eyes using K values (N = 169)
[Note: 2 out-of-bounds RBF 3.0 eyes and one more that would not compute at all

Minimal chdnge when
using K or TK

Surprisinglyy MEShifts
slightly hyperopic when
using TK values

Formula ME. MAE MedAE SD Max AE [% +/- 0.5 D|% +/- 1.0 D| RMSE _
n= —
n= —
RBF 30 (K) 003 | 0388 | 0345 | 0508 | 273 | 756% | 952% | 0507 [n=1¢ ariable
Uk 0 a
RBF 3.0 (TK) 004 | 0388 | 0322 | 0508 | 293 | 726% | 97.0% | 0508 [n=1¢
n= perro ea pDe
Evo 20 (K) 0.1 | 0385 | 0295 | 0513 | 283 | 746% | 947% | 0.524 |n=1¢ 5 e
Barrett U2 (K) 003 | 0390 | 0308 | 0.5%0 | 282 | 751% | 959% | 0529 [n=
Barrett U2 (TK) 005 | 0393 | 0312 | 0536 | 305 | 734% | 950% | 0587 |n=
Ev020 (1K) 0.18 | 0402 | 0335 | 0516 | 304 | 710% | 953% | 0547 |n=
DGS (K) 002 | 0407 | 0327 | 0556 | 307 | 734% | 953% | 0565 [n= oo
Holladay 1 (K) 007 | 0430 | 0353 | 0554 | 221 | 692% | 935% | 0557 |n=
DGS (1K) 010 | 0416 | 0355 | 0851 | 327 | 71.0% | 953% | 0569 [n= o a
Holladay 1 (TK) 015 | 0441 | 0354 | 0548 | 239 | 645% | 947% | 0566 |n=
Haigis (K) 010 | 0436 | 0374 | 0559 | 305 | 680% | 953% | 0567 |n=
SRKIT (TK) 006 | 0438 | 0343 | 0672 | 233 | 686% | 935% | 0673 [n=
SRKIT (K) 012 | 0444 | 0332 | 0576 | 235 | 663% | 920% | 0687 n=
Haigis (TK) 019 | 0455 | 0389 | 05664 | 330 | 669% | 920% | 0593 |n=
Hoffer Q (K) 0.11 | 0469 | 0395 | 0606 | 315 | 604% | 920% | 0615 |n=
Hoffer Q (TK) 0.19 | 0494 | 0.420 | 0603 | 337 | 56:8% | 929% | 0632 |n
—

TK in Extreme K Eyes: Summary

» TK values did not significantly improve the
performance of a given formula when using TK'or K

values

» Multivariable formulas with either K or TK Rerform
slightly better than third-generation formulasinthese

eyes

7/18/2022
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Refractive Outcomes in Combined
Phaco-DMEK Eyes

TK in Phaco-DMEK Eyes

» IOL calculations are challenging in eyes undergoing combined
cataract surgery and DMEK with a near-universal tep@enéyaior
more-than-intended hyperopic refractive outcorges

» This is primarily due fo inaccuracy of corneal me@surements
secondary to corneal pathology causing
1) alterations of the posterior corneal curvature ‘and
2) increased corneal thickness from corneal edema

» Previously, we have relied on adjustment factors, Such'as
targeting additional myopia (approx. -0.75 to -1.00D] &
compensate for postoperative hyperopic shift and achieve a
plano refractive target

» We sought to study whether using K or TK values with a given
formula would lead to more accurate refractive results

TK in Phaco-DMEK Eyes

Retrospective review of 83 eyes in 62 patients that underwent concurrent
cataract surgery and DMEK between 2019-2021

9 formulas studied include Barrett Universal 2.0, Evo 2.0, K-6, Kane; Pearl DES)
Holladay 1, Hoffer Q, SRK/T, and Haigis (using both K and Tkivalues)

» Only IOLcon lens constants were used

» Values were inputted into the respective formula websifes

» Formulas were additionally tested by internally increasingthe lOEpower by
1.00 D (“adjusted formula”).

Refractions were done 30-120 days postoperatively with adjustments for lane
length

Postoperative refractive outcomes were compared with predicted refractive
outcomes to determine the mean error (ME), mean absolute error (MAE),
standard deviation, and percentage of eyes within £0.25, +0.5, +0.75, and +1.00D
of the targeted outcome

16
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TK in Phaco-DMEK Eyes: adjust IOL 1D

As an example, if Cooke Ké predicted an +11.00 D IOL would give a -0.50 D
final refraction, we would advise that surgeons use a +12.00 D IOL (increase
the IOL power by 1.00 D) to obtain the desired refraction of -0.50 D

Why Did TK Perform Poor

* Normal cornea A
* Edematous cornea — posterior flattening
+ Ant K gives less negative than expected ‘
* Measured PK value falsely skews the TK

« After DMEK, posterior corneal steepening occurs - hence TK value is worse than K value

« ‘“Better to remain ignorant” of the posterior cornea in phaco-DMEK eyes

« Studies now to predict postoperative corneal flattening to improve IOL power calculations

17



TK in Phaco-DMEK Eyes: Summary

» Accuracy remains challenging in these eyes
» For all formulas, the prediction accuracy of K is higher thdathat of 1K
» Multivariable formulas (excluding Barrett) are the mostiaccurate:

» using an IOL power +1.0D higher with all formulas furtherimprove the:
chances of postoperative refractive accuracy

Refractive Outcomes in Post
Penetrating Keratoplasty Eyes

TK in Post-PKP Eyes: Background

IOL calculations remain challenging in patients who have undergone prior
corneal fransplant surgery (penetrating keratoplasty [PKRjjEprimariiadue
to inaccuracy in corneal measurements, significant/ire@ularastigmartisnm,
or corneal pathology

While not as common, surgeons may encounter situationswhere they
have to perform cataract surgery after previous PKP

There is a scarcity of literature or guidelines regarding formulachoicen
these patients. Most surgeons utilize routine formulas with addifienrd!
myopia targeted.

Question: Since K measurements in these eyes are often inaccurate, does
using TK improve refractive accuracy?

22 eyes with previous PKP = 13 met inclusion criteria

7/18/2022
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Results — K values

K PKP eyes (IOLcon) (mean = 25.08 mm; from 23.55 to 27.8 mm) n =13

T2

Max AE [% +/-05D| % +/-10D

DGS

Holladay 1

Barrett

Haigis

Hoffer @

SRK/T

EVO 2.0

TK PKP eyes (IOLcon) (mean

from 23.55 to 27.8 mm) n = 13

Formula ME Max AE [% +/-05D] % +-10D| RMSE
. 5 . 3 . 30.8% 69.2% E

T2 0.40 0.715 0.781 0.767 147 38.5% 69.2% 0.838
Barrett 0.53 0.767 0.625 0.773 1.50 38.5% 61.5% 0.912
Holladay 1 0.50 0.768 0.767 0.835 211 46.2% 76.9% 0.944
Haigis 0.76 0.832 0.693 0.731 1.85 38.5% 69.2% 1.034
Hoffer Q 0.75 0.857 0.735 0.796 2.04 30.8% 69.2% 1.073
SRK/T -0.03 0.987 0.761 1.292 3.15 23.1% 69.2% 1.241

EV02.0

0.42

0.663

0.770

0.656

1.36

41.7%

91.7%

0.753

Hill RBF 3.0

0.47

0.710

0.720

0.687

1.41

41.7%

75.0%

0.808

~40% of eyes were within 0.5D. Not normal eyes. TK values helped slightly
Many newer MV formulas couldn’t run all eyes

Nelal Cle N AN N =

Max AE | % +/-05D [ %+-1.0D

DGS (TK)
T2 (TK) . ) ; - .

T2 (K) 040 | 0752 | 0743 | 0794 | 138 30.8% 69.2% | 0.860
DGS (K) 048 | 0725 | 0737 | 0763 | 185 385% 69.2% | 0879
Barrett (TK) 053 | 0767 | 0625 | 0773 | 1.50 38.5% 61.5% | 0.912
Holladay 1 (K) | 048 | 0.815 | 0.743 | 0.815 | 165 23.1% 69.2% | 0.920
Barrett (K) 054 | 0799 | 0933 | 0784 | 1863 30.8% 69.2% | 0.924
Holladay 1 (TK)| 050 | 0.768 | 0.767 | 0835 | 2.11 46.2% 76.9% | 0.944
Haigis (K) 076 | 0856 | 0970 | 0695 | 181 38.5% 53.8% | 1.013
Haigis (TK) 076 | 0.832 | 0693 | 0.731 | 1.85 38.5% 69.2% | 1.034
Hoffer Q (K) 076 | 0.882 | 1000 | 0786 | 184 38.5% 53.8% | 1.068
Hoffer Q(TK) | 075 | 0.857 | 0735 | 0796 | 204 30.8% 69.2% | 1.073
SRKIT (TK)

SRKIT (K)

n=12
n=12

7/18/2022
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TK in Post-PKP Eyes: Summary

» Very small number of eyes that met inclusion criteria
» TK results were not statistically better than K results

» While we recommend Ké (with K or with TK) as Aavingthe best
performance across all studied eyes, we also pote the sirong
performance of Kane and EVO, with the caveat that these
formulas may not compute all eyes, so surgeonsshouldbe
prepared to utilize other formulas

Our Recommendations for TK

» TK values can help detect previous M-LVC eyes (CRW1 Index)
» Post M-LVC Eyes

» Use dedicated post M-LVC formulas with traditional K values

» TK helps improve the EVO-LVC and Barrett True K formulas
» KCN Eyes

» Both Ks are < 50D: multivariable formulas with TK did better than K KEN=specific
formulas did not help

» If one K is > 50D, KCN-specific formulas (either with K or TK) work{est; SRK/T works we!
» Exireme K Eyes

» TK didn't help much; multivariable formulas > older formulas
» Phaco-DMEK Eyes

» Do NOT use TK values; better to use IOLI1D up > K values
» Post-PKP Eyes

» TK did not help much; multivariable formulas > older formulas

THANK YOU

» Questions/Comments2

7/18/2022
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