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Objectives

* Global Impact/Perspectives

» Patient centered approach

* Macula and Glaucoma Basics

* OCT reproducibility/Green Isn’t clean
* Progression
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GLAUCOMA's GLOBAL IMPACT ON VISION LOSS & BLINDNESS

2ND

Percent of all
giobal blindness
caused by glaucoma:

People blind due
to glaucoma:

an estimated
slightly more than
@ most common
a cause of blindness
MILLION 0 worldwide
globally

Percent of affected peopled that are not even aware of having glaucoma:
up to may rise to
O In developed 0 n P
0 countries 0 parts of the world

http://ourgsc.blogspot.com/2016/06/glaucoma-demographics-glaucoma-is.html
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LIVING PROOF THAT WE NEED TO MAINTAIN
TO PLAN FOR A LONGER RETIREMENT. OUR PATIENTS VISUAL FUNCTION LONGER

LIVING PROOF THAT WE ALL NEED

RELATIVELY FEW ODs ARE ACTIVELY
MANAGING GLAUCOMA PATIENTS

80% of GL Prescriptions in
Optometry are written by
20% of ODs.

Ophthalmology
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Berkowitz ST, Finn AP, Parikh R, Kuriyan AE, Patel S, Ophthalmology (2023), doi: https:// doi.org/10.1016/j.ophtha.2023.09.018.
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RGC-centric Definition Historical=over 21mmHg

. . . . (Leydhecker 1959)
* Glaucoma is characterized by loss of retinal ganglion cells (RGCs) and
their axons that manifests clinically as structural changes to the optic \Nh at |S
nerve head (ONH) and circumpapillary retinal nerve fiber layer Modern Definition= The IOP at

(cpRNFL). These changes are accompanied by a reduction in visual
field sensitivity, which without adequate treatment, may progress to
visual impairment and blindness. | O P

e | evated which the optic nerve sustains

damage

10P susceptibility is more important
than the number

Zhang C, et al PLoS ONE 2016 Aug 18;11(8):e0160549 .
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Patient’(-?!ntric Approach
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Patient
Perception
Case

January 2020

80 year AAM in for Glaucoma F/U
« Dx: November 2019

* NO Visual Complaints

* NO mobility Issues/Falls

November A and P
A: POAG mild OU....HVF does not match CVF or v

P: Rx Latanoprost gevening

Occupation: Drives cars for auto auctions.......

RFL Thichness Mes:

Disc ContortD.05,0.05)mm

Initial OCT .Eg

R Thcko

RNFL Thickness Mo

Extractic) Veri=4 T

Diee Contort-0.15,0.031mm

15
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QurAandP

* POAG, severe OU
* (-) mobility issues or perceived blur

« Ed pt about glaucoma and s/s of disease progression. Discussed
Crabb forced choice images. Patient asymptomatic.
« Refer for surgical consultation

« Refer for LV evaluation/Goldmann with Dr. Squier

LV exam OD

IR~ oT]
S0 ) Fiscord jons
Faur/Poor
\ ‘g undilaled
\ 18 ) Static

19
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LV Exam OS

How Does Glaucoma Look? Glaucoma Vision Loss

Patient Perception of Visual Field Loss

Dawid P. Crubb, PAL,' Nickodas [, Smith, PAD," Fiora C. Glen, PhE),' Rolren Brrton, 88,
Dol F. Garway-Heath, ML

A view on glaucoma—  premn
are we seeing it
clearly?
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Glaucoma=Negative Scotoma? What Does The Patient Perceive?

i e unmodified; not aware  black tunnel
PR — E’-,

—ee=—1 S——
= '/ ™ 4 A

Heijl A, Patella V, Bengtsson B Effective
Perimetry: The field analyzer primer 4t edition
October 2012 p.23

FCiierl FETEEpIOT Patient Perception

Auey™ =L =
S e d AL

Crabb D, et al. Ophthalmology 2013; 120: 1120-1126




Only the Advanced Cases?

0% 4% oo

black blurred black blurred missing not
tunnel  tunnel parts  parts parts aware

/\/\qf

\ (o \

MD in best eye (dB)
\

-20
Crabb D, et al. Ophthalmology 2013; 120: 1120-1126
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Are we biased to believe these are the same?

Eye (2016) 30, 304-313 http

— el v
& i WASHMILLE

SAP Bias Can Cause Flawed Perceptions of Function

Eye (2016) 30, 304-313 @ T ey NASI’WILLI{

31
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Patient Self Reported Descriptors

blurs-w.e
e double—wswn

misty

missing
fuzzy disappear
black side
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Glaucoma Vision Sim...
-~

Patient Self Reported Descriptors

malise .walklngmha-; stumble

driving=:i;.:=

~eshopping =
el sbalrs

reading _|

They told me I'm a perfect 20/20!

Detection Strategies/Bias/Understanding
and Predicting Functional Sequelae

& i WASHVILLE

36
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Current Evaluation/SAP Problems
T e ———

«Substantial variability in psychophysical
testing? .
*Requires high volume of tests to detect
change during followup?
*Substantial number of RGCs may be lost
prior to detection3
*Retinal loci/RGC receptive fields
sampled poorly by current strategies?
*Highly trained Perimetrist Required®
«Lacks portability*

1) Susanna R, et al. TVST. 2015 2) Abe RY, et al IOVS 2016;57(9):421-8

3) Kerrigan-Baumrind LA, et al. OVS. 2000;41:741-748 -
4) Ashimatey BS, Swanson WH. IOV, 2016;57:502-507 5) Patella et al. Effective Perimetry 2012 (P

P — )
o NASHVILLE

JAMA | Original
Use of Virtual Reality Simulation to Identify Vision-Related Disability
in Patients With Glaucoma

Aksander K. N Lan PO, Eline To, M5 Robert N Welnmb, MDD, Marco Wi, PhO. Hesther Mak, PhO,

GidaLal BSc, Vian Oy, BSC: Ken Wu, PhD; Xuipan Zhang PhD. Timothy P 14 Cheng, BSc.

Philip Yowen Guo, Méc: Christopher K. S, Laung, MO, MB. Cha
CONCLUSIONS AND RELEVANCE These findings suggest that vision-related disability is
associated with lighting condition and task in patients with glaucoma. Virtual reality may
allow eye care professionals to understand the patients’ perspectives on how visual
impairment imparts disability in daily living and provide anew paradigm to augment the
assessment of vision-related disability.

https:// m/journals/j icle/2762850

& Uiiniid WASIILLE

37 40
Simulations
« Shopping hitps://edhub org/in-learning/video-plaver/18315135
- City httpsi//edhub.ama-assn.ore/in-learning/video-plaver/18315141
« City Day vs Night https://edhub.ama-assn.org/in-learning/video-plaver/18315143 Medication Adherence/
« Night Stars hitps://edhub ama-assn ore/in-learning fideo-plaver/18315137 Criticality of Doctor-Patient Dialogue
+ Day vs Night Stairs hitps://edhub.ama-assn.ore/inlearning/video-plaver/18315139
42

41
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Maedication Adherence Reality Check

*30-70% of mean doses are taken across multiple studies

*30-50% of medications are D/C in the first months of therapy

« Patients report far higher medication use than reality

« Patients DO NOT want to acknowledge undesirable behavior

« Ophthalmologists do a poor job of detecting nonadherence

«10P and Cap Color DO NOT capture medication adherence

* Many patients DO NOT believe reduced vision is a risk of Not using drops

Doctor-Patient communication DOES
contribute to patient adherence!!!
1)Friedman DS, et al. JOVS. 2007;48:5052-5057 2)Savitz ST, et al. Med Care. 2017;55:500-505 3) Okeke C, et al. Ophthalmology 2009;116:: 1517

199 4) Okeke C, et al. Ophthalmology 2009;116:2286-2293 5) Slota C, et al. OVS.2015;92:537-543 s)Dysg et,al, Ophthalmology il
2015;122:2373-2379. 7) Robin A, Grover D. Indian J Ophthalmol. 2011;59:593-96 arnnn NAS'WILL[

Effect of Patient-Centered Communication
Training on Discussion and Detection of

We can IMPFOVE..... Nopadherence in Glaucoma

« Ophthalmologi ication is
centered

centered, NOT patient-

* Videotaped doctor-patient communication before and after
educational intervention

* Substantial improvement post education
* 4 steps to improved adherence assessment
1) Open-ended questions

2) Non-judgmental environment I M
3) Shared Decision Making/Patient Understanding
4) Ask about missed doses last

Hahn SR, et al. Ophthalmology 2010;117:1339~1347 S i NASHVILLE

43

44

So....Are you nonadherent????
*|OP and Cap Color DO NOT capture 3

medication

«Choetal. A “Iuse that Cosopt everyday, twice a day”
subjective s
pharmacy r 10mL x10= 100mL
objective el 100mL=2000 drops (S0ul/drop)
nonadherel

. Nov 2018-February 2021= 28 mo= 840 days
*95 patients 4 drops/day= need 3360 drops at 100% adherence
*56% were n Assessment
*Pharmacy r
with nonad ;

*SiNgle qUES..c.. veu veican wu. . LhErMacy refill graph
* Accuracy 71%, sen |t|V|t

e T 35% month, what percentage of your drops

do you think you took correct}:y@” p—--1

laucoma-and-retinal-care/

Cho et al. Ophthalmology Glaucoma. 202251137145 o NASHVILLE

Glaucoma Patient Education Deck

T — -,
(& e NASHVILLE

45
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(= @
Classification OD ‘ 8w
Within Normal Limits I -—

51
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Optic Nerve

httos://irisvision com /ootic-nerve-d, 4 d-eve-condition £

A& Ly NASHVILLE AES Carmnne NASHVILLE

52 53

Just another day in clinic.....

ok hhk

“We need to achieve structure/function TN
correlation in order to confirm diagnosis”
3 Ll
el

54 55
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Structure-Function Alignment

1) Abe RY, et al. I0VS 2016;57:0CT421-428 2) Belginth et al. JOVS. 2016 3) Miraftabi et al. IOVS. 2016;57:6405

eLinear vs non-linear units of measurement!

Structure-Function Relationship.....

Statue

=

0

*Between subject test-retest variability?

*Retinal loci/RGC receptive fields poorly
sampled?

*Tissue thickness # RGC function?
*Lower variability in structural testing*
*Disease severity and number of tests run!

3) Ashimatey BS, Swanson WH. IOVS. 2016; 4) Raza, Hood IOVS. 2015

Interested m;

Lealang fer:

1) Abe RY, et al. JOVS. 2016 2)Malik, Swanson, Garway-Heath. Clin Exp Ophthalmol. 2012

L
Ina Redsiorahip

In an Open Relstcrsto
Wickaned

Cloatw
[ 4 Relicesti
[ netoedrg

56

57

RGC estimates and MD loss in Humans
based on disease stage

Change in MD, dB.

Stage of Disease for a Change of:
Estimated 10,000 35,000 100,000
MD, dB RGC Count RGCs RGCs RGCs
0.4* 1,020,000 0.04 011 0.33
[ == 710,000 1S 156 1797 |
5 560,000 0.25 0.94 298
-10 403,000 (.39 134 399
15 281,000 047 178 578 ‘ﬂ/
-20 193,000 (.64 238 T02
25 121,000 0.71 253 7.25

* Average MD ot the healthy eves included m the stucy.
Medeiros F. I0VS. 2012;53(11):6939-46

* 306 eyes of 249 glaucoma pts

* Followed by SAP and Monoscopic
Disc Photos over median 8 years

* SAP detected progression first in...
80% with Early Field loss
79% with Moderate
100% with advanced

« Simultaneous Progression in 0.003%
(1/306)

Ohnell HM, et al. Acta Ophthalmol. 2017: 95: 281-287

Progression in EMGT: Structure vs Function

Ohnell HM, et al. Ophthalmology. 2016;123(6):1173-80

59

60
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Structure versus Function in Glaucoma: The Debate That Doesn’t Need to Be
Felipe A. Medeiros, MD, PhD - San Diego, California
Andrew J. Tatham, FROOphth, FRCSEd - Edinburgh, United Kingdom

» Agreement is the EXCEPTION rather than the rule

“The disagreement between structural and functional
changes may seem puzzling, because the death of a RGC
and axonal loss obviously should be accompanied by the
loss of function. However, it can be easily understood when
considering the properties of the tests available to measure
structure and function, such as their different scales,
variability, and dynamic range”

* Both have value, both are needed, Integration is key!

Medeiros FA and Tatham Al. Ophthalmology. 2016;123(6):1171-72

Function-Vascular Relationship May Not Be
Complicated

AR

Yarmohammadi A, et al
Ophthalmology 2016;123:2498-2508 i
-

Arch Case :::m:::lw....

Andrew Rixon OD, FAAO.

9/30/23

Classification 00 Chassificaton 05

£ | Ouside Nomal Limits Outsica Normsl Linits

Andrew Rixon OD, FAAO

9/30/23

63
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.. . 054
This is NOT complicated 20441410
RPC Vessel Density(%) ﬁ e
-14-§ 12 8|-2 4-23-2
-16-9 5|8 -7 -2
30 6|7 -2

S

Pattern Deviafion

essel Density (RPC)

S BT

/30123 Andrew Rixon OD, FARO 6

65 66

Estimating Lead Time Gained by

Val ue Optical Coherence Tomography in
Detecting Glaucoma before Development
of Visual Field Defects

Tawres M. Katng, MO, Chowares Thang. MD.'* Lints M. Tevgudl. PAD.” Vi N Webraeh, M0,
Fele A Mokws, MO, P

o 22ere To etimas the degrosie eovrmy ard e $m ganed by i e e iy (RS
Sreg Ay (CCT) 4w Setsctng (mcora Sefire e Se.
SOt f iy eud tech
ses e ot

8 yearﬁ%jiﬂwin%mwm&«ﬁﬁefect

0 ot Pl ol ecson

cmmrent of te) o,

OCT ONH and Ganglien Cell g Rl nm R A s S R e

Interpretation/Clinical Utility o o oo 7 07w i

68

68
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Cirrus RNFL/Macula Normative
Databa

« 284 Subjects included

OCT in'the management of + 527 subjects screened -
e Glaucoma: Green IS v * 43% caucasian, 24% ' =

“No disclosure

WHERE SIGHT MEETS VISION ™
P

asian, 18% african & o
american, 12% hispanic |

= HPE #56199-GL + -12Dto +8D / },—}

. < 19-84 ‘——-ﬁ’_ 2 -
ndrew Rixon OD

oS OIS O « Red, Green, Yellow

based in databases

P SECO
g VERSITY Ploasessilence all mobile devices Knight OJ, et al Arch Ophthalmol 2012 Mar;130(3):312-8

http:/ww fda.gov/cdrh_ 3201.pdf

Clean

70
\),c-s-\ ’_,' \).’_\ ”/,
Range of values in database-69ye'. = ~
IN NORMAL SUBJECTS
55" prcentle « 107 microm
f
90% in the Green [N
* We can measure multiple
steps of statistically Finucobles Is e QUAL'TY |S CR'T'CAL'
significant change while a i
glaucoma suspect still is in e
the green normal range.
Risk of Disability « 55 microns
Excellent Perimetry 2021 o ot Gt harm] 2

71 72

17
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The Macula and Glaucoma

* Macula=+8° from the foveal center

+ Constitutes ~50% of all RGCs

» Represents less than 2% of the retinal area

» Ganglion Cell layer is most dense at the macula
(6-12 layers)

* In combo with RNFL constitutes 30-35% of retinal
thickness in that region

* Macula involved in ALL stages of Glaucoma

1) Hood DC, et al. Prog Retin E) es. 2013 Jan;32:1-21
2) UmTW, etal. IOVS 2012; -1144

18
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Hood Perspectives

« https://hoodvisualscience.psychology.columbia.edu/videos

Catkires lats avalebie o BciVerse Sciermeiius.

Progress in Retinal and Eye Research < ’

4 RarTesa0n W 4laes e comiTsstarser
m—

Four Questions for Every Clinician Diagnosing
and Monitoring Glaucoma

Arcuates particularly
—

Daonald C. Hood PRD*Y and Carlos G- De Moraex MD. MPH?Y
Hood DC, et al. Prog Retin Eye Res. 2013 Jan;32:1-21

sd TVST CERr

Central Glaucomatous Damage of the Macula Can Be
| Overlooked by Conventional OCT Retinal Nerve Fiber Layer
Thickness Analyses

143 OAG patients

10-2s, Macula and Disc Cubes

Combined RNFL (TQ, CH 7-10), RGC+, 10-2s
Experts graded as Abnormal or Normal macula

Ultimately Topographical Structural
Analysis may be the way....

TQ missed 77%, TQ+CH7 39%, CH7-10 36%
Need more than cp-RNFL!!!

Wang DL, et al. Trans Vis Sci Tech. 2015; 4(6):4

81 82

19



PERSPECTIVE

Rationale and Development of an OCT-Based Method
for Detection of Glaucomatous Optic Neuropathy
Jeffrey M. Lichmann, MD.* Donald C. Hood PhD"}

Carios Gustavo de Moraex MD, Ph). MPH* Dano M. Bhanberg MD. MPH*

Noga Havizman MD.* Yocheved S. Kresch OD. MS*
Enwmanoil Tsamis PhDt and George A. Cioffi. MD*

Detecting glaucoma with only OCT: Implications for the clinic, research,
screening, and Al development

Donald C. Hood ", Sol La Bruna ", Emmanouil Tsamis *, Kaverd A. Thakoor", Anvit Ral ",
Ari Leshno ', Carlos G.V. de Moraes ', George A. Cloffi ", Jeftrey M. Liebmann

https://hoodvisualscience.psychology.columbia.edu/

Mas

AT ey o ST Trb s P o)

Questions to ask.....

*Is there an arcuate-like abnormal region on the RNFL
probability map associated with the temporal half of
the disc?

«Is there a topographically corresponding abnormal
region on the GCL probability map, largely temporal
to fixation?

«Is there confirmatory evidence of a RNFL defect on
the cpRNFL thickness plot/b-scan, the GCL thickness
map and/or RNFL thickness map?

9/30/23

20
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“*Answerlng the questions without

Diagnostic Value of GCC+

Diagnostic Performance of Optical Coherence

Tomography Ganglion Cell-Inner Plexiform * Combo of GCIPL,

Eﬁ;zz‘ll‘:cklluas Measurements in Early M RW, and RNFL
>>>>>
Best single GCIPL,
RNFL or ONH
parameters
89

&
Does CH have a squeegee? ~ = ¢

90

21
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\, =N 3 b i https://hoodvisualscience.psychology.columbia.edu/

92 93

VariabilityToolTip

A oD os » Normative Data Details Report
Average RR"LF:LT;”:;T;;‘; Cn;;;r':meterizﬁc';:E S * There is measurement variability for the macula parameters
that may change the color coding on a re-scan. which may impact the normative database color coding. If
Click for detailed information. the true value is near the limit of what the software uses to
Disc Area| 156mm® | 1.35mm* (7 determine the normative database color code, then it is
#verage C/D Ratio|  0.83 0.31 possible that the color code could vary from exam to exam.
Vertical C/D Ratio 0.66 0.33 When at least one parameter is close to a normative limit, a

blue icon button displays. When your cursor hovers over

Cup Volume| 0107 mm* | 0.030 mm* o A
this icon button, the tooltip appears as shown below.

94 95

22
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lllustrative Case

-
i G_‘ 2014

i + “Some inferior thinning
noted OS, and some
asymmetry b/w eyes.
However, changes are
subtle and not too
concerning at this point.”

* 4 mo VF needed to assess
whether the pt. has
undergone any significant
changes.

» October 2015
* 65y0 AAM in for routine examination

» “Borderline” Glaucoma findings at last exam in
2014

* |OP: 20mmHg/20mmHg
* ONHs: Large discs .55/.60 OD
.60/.65 OS

9%6

96

_— /

5
Normative Data Details OD 20714«

Value Nines
Reproduciviity | Percense

Value Plus.

Thaui

Repredusibility | Percentie
Valus Mines Value Plus
Percentile Percentile | Reproducibility| Percentie
value | Vaue Lim# Value Limit Walue
T ] & 2
] i
| 02
[ W6
a I
B [} o
17 4 a &
] B = 0
Rl @ ] BT ]
El] I & 3
[ /) 16
E 6 7 1 7
CHOT ] = 3 W [ El
0 B [ W E] 2] T
CH= Clock Huwr
Nate: All rite in micrometers.

98
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Baseline VFs-2015

* it
" k -

LH44] ! VFI 99% VFI 95%

100 o1

Panomap OD

More vu
(outside macula)

102 0

24
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So You've Diagnosed and treated i
Glaucoma...

-
&>~

Macular Vulnerability
Zone

Uk

WY

Now:what?

R 4 Andrew Rixon OD, FAR  —————— 104

104 105

But first the static.......

ok hhk * ko

Are historical assumptions/behaviors
correct?
Is There a better way to make decisions?
How do we gauge success or failure??

106 107

25



IOP peaks and Means are not
adequately assessed

9/30/23

IOP is NOT static, it
is Dynamic!

“suenzuRENN

10F grmbig|

*Treated POAG patients do NOT manifeét a feproducible short
or long term diurnal IOP pattern'2

+Any difference <6.8mmHg from pre treatment IOP is
indistinguishable from nontherapeutic variation3

*“Snapshot” readings are most common way of assessing IOP4

*Taking a single IOP measurement between 7am and 9pm has
a >75% chance of missing the highest point of the diurnal
curve®

tal. Ophtholmology. 2011;118:47-51 2)Aptel F, et al. Ophthalmology 2014;121:1998-2003
A, etal. 810. 2012,96(7):967-970 4) Melchior B, et al. Br J Ophthaimol. 2022;106:229-233
al. AJ0. 2005;139:1136-1137 6) Clemen Surv Ophthalmol. 2014;5(6):615-26

108

109

The current paradigm is a problem

* Paradigm of single “IOP” by GAT every 3-4 months

* “In a patient seen 3 to 4 times a year, we obtain about 12 seconds
worth of IOP data. Realizing there are more than 3| million seconds
in a year, we are not even looking at the tip of the iceberg when it
comes to measuring IOP”-Kaweh Mansouri M.D., M.PH.

What is happening when we aren’t

-medici

addressing-unmetneed last accessed Nov 5, 2018

110

Mrs. Smith your pressure i

Peak IOP will be missed in~75% of cases

TABLE. Froquency of the Hgnest imrmocslar Pressure (OF) Measurement aa @
During 3,025 Diumal / Noctums: Pressure |

arest 105 Vwewret o K8 Wowst et

riwray ' e

Tam o6 2% s 2%
oo a8 17.0% 205 127%
Spm 843 213% 458 15.4%
9pm 49

'™ 7%
‘@ el

For the paramaters “Difersncs from Mazn Vakie” and “Dffcesnce Yom Maemal Vb
5 lower thn the mean ard the masim.m, rescectiety.

Highest at midnight!!!! Wait it’s lowest 2} giq ‘seize the moment’ once. Pretty surd
Jonas J, et al. AJO. 2005;139:1136-1137. it was the wrong one though.”

111

26



The Role of Home Based Tonometry/IOP is
dynamic!
GAT vs Icare HOME

0P »

Any difference <6.8mmHg from pre treatment IOP is
indistinguishable from nontherapeutic variation3

TIME
Courtesy of Holly Swain OD iicare USA

*hok kK

“Goldmann is the Gold Standard”

112

So is it time to move on?

When gold standards change: time to
move on from Goldmann tonometry?

Gus Gazzard, " Hari Jayaram @, Ana M Roldan

David S Friedman”
“The technique is widely integrated within clinical practice,
and a certain amount of inertia has prevented clinicians
from shifting to newer, possibly better, technologies.”

“Why are we persisting in using GAT clinically?”

Br J Ophthalmol January 2021 Vol 105 No 1

113

CATS"™ TONOMETER PRISM

Your Goldmann. Better Pressure.

114

115

9/30/23
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CATS core

9/30/23

» Sean McCafferty MD, MS (optical engineering)
*FDA cleared 2018
+ Correcting applanation tonometry surface (CATS)

+ Optimizes historical goldmann prism to minimize
mechanical stress induced by the prism and reduce
tear film adhesion

« Tear film error can Tinduce up to 4.5mmHg of error

McCafferty S, et al. BMC Ophthalmology. 2017;17:215

ssssssss

0

Courtesy Sean McCafferty MD, MS, FACS

116

» Goldmann type prism was 7.9 +/- 2.3 mmHg lower than
intracameral pressure in the supine position in vivo

» Cadaveric eyes were 3.1+/-2.5mmHg in seated and 5.4+/-
3mmHg than intracameral in supme posmomng

B T Shin

117

Evidence for CATS

« Aligns with GAT on “nominal” corneas
* CATS minimally affected by CCT or CH
» Expected to align with IOPcc*

* Reduced non-responder label from 36.1% to 13.8%

* CATS IOP better correlation with glaucoma progressors
then GAT

«IOP accuracy 50% less affected by PRK and LASIK

1) McCafferty Sj, et al. BJO. 2019;103:1840-1844 2) McCafferty S, Lim G, Duncan W, et al. TVST. 2016;5:4-5.
3) McCafferty S, Tetrault K, McColgin A, et al. Am J Ophthalmol. 2018 Dec;196:145-153.
4) McCafferty S, Levine J, Schwiegerling J, et al. BMC Ophthalmol 2018;18. 5) Ang ET, etal. BMC Ophthalmol. 2022;22:503

6) Radcliffe N, et al. Clin Ophthalmol. 2020;14:2245-2253

118

119
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How easy is it to use?

4 Self Centration?

CENTERED NOT CENTERED: DISTORTION

|

Courtesy of Sean McCafferty MD, MS, FACS and CATS Tonometer LLC

120

Insufficient IOP reduction

Reducing IOP is the only known effective treatment for glaucoma

None of the major studies have specifically addressed what the
ideal pressure should be for individual patients or groups

Simply reducing IOP is not good enough, reduction must be
effective

Lack of change or diminished velocity only way to confirm
effectivity

Susanna R, DeMoraes CG, Cioffi GA, Ritch R. TVST. 2015;4(2):1

Singh K, Shrivastava A. Surv 3-38 #a
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e M, 8L Arh QpAChimol 003120701713 Sl A gl 0812012681279 s et QOREETRTCOAT B
2000;130:429-440 4)CNTG Study Group. AJO. 2001;131:699-708 5)Musch DC, et al. Ophthalmology. 2009;116:200-207. o
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OHTS! 20% reduction or 18mmH 22.4% POAG risk reduced by >50% in treated
e . group at 5yrs
55% of treatment group did NOT
2 9
NG DCLLETESt 233 progress vs 35% of control at 6yrs
3 <18mmHg (associative Mean of 12.3mmHg resulted in
el analysis) ECEz minimal progression at >6yrs
A 12% treated eyes progressed vs
4 9
G A el Bz 35% of control eyes in 5-7yrs
e 35-50% (Formula based) 48% (surgery) Minimum A to VF in either group at
37% (medicine) 4yrs
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Insufficient IOP reduction Remains a reason
for why Patients Still Go Blind from
Glaucoma

#a

Percentage Based IOP Reduction in Major
Trials

Target IOP Actual I0P Reduction % m
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Therapeutic Failure Facts

*Hyporesponders/Non-responder
*Definitions vary

<3-5mmHg decrease

<10%, <15%, <20%

*Phase Ill Latanoprost trials 5% of : )A
patients had I0P reduction <10%
*Non-responder rate was 5% when
low adherence minimized (Cardiff

Model of Glaucoma Care)

1) Hedman K, et al. Eur J Ophthalmol 2000;10:95-104 2) Waterman H, et al. Br J Ophthalmol 2020;104:1704-1709

Inc.com

The Trouble with Targets

*Adherence to Target IOP guidelines (
Glaucoma Society) has been recentl
VF progression (ADAGES cohort)

*IOP dynamics/Goldmann errors lead

*Target IOPs can lead to IOP obsessio

*None of the major studies have speci
the ideal pressure should be for indiv

*Often treated by practitioners as statg

1) Susanna R, DeMoraes CG, Cioffi GA, Ritch . TVST. 2015,4(2):12) Singh K, Shrivastava A. Surv Ophthalmol. 2008;53:533-38
3) Jonas JB, et a. Lancet. 2017; 390:2183-2193 4) Melchior B, et al. BrJ Ophthalmol. 2022;106:229-233 5) Clement CI, et al. Surv Ophthalmol.

2014;59(6):615-26 6) Hedman K, et al. EurJ Ophthalmol 2000;10:95-104 7) Waterman H, et al. Br J Ophthalmol 2020;104:1704-1709

124 125
Re-Evaluating Target IOP Dynamic Market IOP concept
“This patient is not meeting target, I'd like to add another med” ; E'LOO';ERNG
w " : : E
u“ 5] '
LATANORROST BRIMONIDINE Added hiszzze;:d E‘a;(w E 2 MG Ia u a c i § i Qu.i
NOT AT TARGET! NOT AT TARGET! you want to” § ; :
l /\ l /\ / | Makin finitely
e s > g ynamic* ;
5{ There has to be a better way! Lo ‘ : f—
p _ i ‘ | THERAPY
Oy RNFL as a Biomarker? - —
R e/ | [(M» RISK OF FUNCTIONAL VISUAL LOSS
Singh K, i A. Surv O
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Progression: Don’t get lost!!!

128

Rate of Progression is difficult to assess

and

There is a notion that OAG is slowly

progressive

We intervened therefore it was successful "

100% +
Bimatoprost
s0%+ ® m. l
B0% + A 3
LTFU
4o + VAL
o
anx ] N
: : N
0% . L S
se 62 Age 72

Don’t Assume Success!!! Prove it/Confirm Failure!
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Real World ys, Projections

* 10 years of St. Lucia Study
-Cumulative probability of unilateral blindness 16%
* Peter’s et al.
-Study of 592 glaucoma patients who died from 2006-2010
-Incidence of unilateral blindness 42.2%
bilateral blindness 16.4%
* Risk of progression on average 368% higher among eyes

enrolled in longitudinal studies

1) Wilson MR, et al. AJO. 2002;134:399-405 2) Peters, Bengtsson, Heijl
3) Henson DB, Shambhu S. Arch Ophthalmol. 2006;124:1405-1408
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IT'S PARTLY TRUE, TOO, BUT IT ISN'T ALL Lack of linearity in progression
TRUE. PEOPLE ALWAYS THINK
SOMETHING'S ALL TRUE. Breakdown
100%
o] ; Free Fallin’
0%+ - -‘\"'-.
: BO + % 1
0% : = Slope of RNFLT 84
s 62 Age 2 over time Tum 0.8
Heijl A, et al. Acta Ophthalmol. 2013:91:406-412 Helyl, ratella, Bengtsson. Excelent rerimetry 2021 A&
132 133
The Progression Lifecycle
e W s
(.
TG , Understand the noise-OCT
x 8 2) Confirm
4)Re-Baseline Progression/
Determine Rate
(¢
\ 3)Consider / a3
Escalating NEW DRLEA
- Therapy. =
134
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If Machine variance is 10um Global.$:
May 2017

May 2016

Cannot attribute change to pathological progression....
NOT a Significant Change........ 137

If Machine variance is 3um Global..=

May 2016

May 2017

Change IS significant.....
This change could be attributable to pathological progression....

9/30/23
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RNFL Reproducibility-Databé’ééf:'

measured on 32 normal subjects.
Mean P y P Repr

Thickness sD SD Limit® Limit®

{um) {pm) {pm) (pm) (pm)

e, ‘ 931 133 8
Terp | 646 205 ¢ 5 74
Sy l 8 '} 3 45 8 6
Masal | 6 9 224 7
riof ‘ 36 4 79
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Clock Hours Reproduciblity

T

Mean Repeatability Reprodudibility Repeatability Reproducibility
Thickness sD o Limie® Limit®
{pm) (um) | {um) {um) (]
25 492 | 52 T ]
1347 500 1400 1403
& 3 5.9 840
530 1 78 an 498
73 3 153 988 988
" 5.2 ] 8 0 1336
b 1206 ‘ 643 800 1823
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Repeatabity Reproducility

Reproducibility
Limit®

Repeatability

Repeatabiity
S Limit*

0

Reproducibiity SO

| GCA Parameters (um)

What is significant change?

9/30/23

+ Global/Average RNFL 4-5um’
+ Inf/Sup RNFL Sectors=9-15um23
« RNFL Clock hrs (Cirrus)=5-18um*

+ Average GCIPL=2-3uym®
+ Average minGCIPL=7-8um?®
* Change MUST BE REPRODUCIBLE

1)Mwanza JC, et al. IOVS. 2015;56(11):6344-6351. 2) Tan BB, et al. J Glaucoma. 2012;21:266-273

5) Kim KE, et al. IOVS. 2015;56:4857-4864

* Inferior/Superior regions more sensitive/greater variability

3)Tosacano DA, et al. Arq Bras Oftalmol. 2012, 75(5):320-3 4) Zeiss Cirrus HD-OCT User Manual 2017142

What is 5um worth?

* Loss of 70,000 axons if axon=1um diameter

» 141,500 axons if axon=0.7 (Fortune)

» Baseline 848,827+167,928 in progressors (Medeiros)

» Baseline 1,026,569+158,081in nonprogressors (Medeiros)

» 7500 axons/yr over age 50 normal (Quigley)

» ~19,000 per/yr in progressors, 8,800 per/yr in non progressors
» Every 10,000 cells/yr faster =2.7x risk of progression

I0VS 2013 Jun;54(6):4174-4183 143

142

Age Related Attrition o~

~

* Mean loss of Global Cp-RNFL
-0.26—0.92um/yr"2:6

* Mean loss of Macular Thickness -0.42um/yr"

e ~1.5-2um per decade’*

+ 7500 axons/yr over age 50 ~0.75%/yr®

1) Sung KR, Wollstein G, et al Ophthalmology. 2009;116:1119-1124.
2) Leung CK, et al Ophthalmology. 2012;119:731-7

3) Alasil, T etal J Glaucoma. 2012

4) Budenz DL, et al. Ophthalmology. 2007 Jun; 114(6): 1046-52

5) Quigley HA, et al. Am J Ophthalmol 1989;107:453-64

6) WuZ, etal. Am J Ophthalmol 2017
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T )‘z\ r
Rates of Progression < Confirm!!! before Initiating or Reinfercing™

* Up to 56% of abnormal scans were not abnormal on F/U
» Consider test-retest variability

Age-related Siow Moderate NJSI * Minimally 2 consecutive follow-up exams

0 54um/year <Tym/year Between-1and -2ym/year  |Between-2 and -dum/year « Trend analysis performs better than event analysis

0.060B/year 051dB/year  |-+150B/year %5‘208/&@3' » May take 4.5-4.8yrs to exceed test-retest if only 1 test per
i year

Yu M, etal. IOVS 2011

Cottrill, Maxey, Rixon. RevOptom July 2023
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Performance of the Rule of 5 for Detecting
Glaucoma Progression between Visits

with OCT
* Provides Event and Trend analysis
Compafmg the Rulg of S to Trend-based < » Each “event” is compared to baseline and flagged on the

. resus: Analysis for Detecting Glaucoma Progression sed on }

um or mc faucoma RNFL thickness map

were cON OCT true pro- )

Sumuletve e -Yellow “possible loss”
that only 18 Awk ¢ ) . N

Cu,m;"us‘;‘ b D e o -Red “likely loss
specific for g - Feaje — roportion
" Rosu pars.tho simple sl of 5 idantfied 37 59 of eyes a3 proGracsing at a speciicty of 81.1% -Lavender “Possible increase

the it rate for trend-based analys: antly greater than that of the rnde of 5

37.5%: P & 0,007, i the ruls of 5 was required o bie on a consecutive test, specificity « If events show repeatable statistical change over

.ﬂrmoved t‘o 93.4%, but ht rate decreased to 21.0%. At this higher specificity, trend-basad analysis stil had a . . . T
significantly greater hit rate than the nufe of 5 (47.4% vs, 21.0%, respoctively; P < 0.001). baseline the likelihood description escalates

Conclusions: Trend-based analyss was supenor to the simple rule of 5 for identifyng progression n
glaucoma eyes and shouid be preferred as a method for bngitudinal assessment of global SD-OCT RNFL change « Trend can analyze from 3 to 8 exams
over time, Ophthaimology Glaucoma 2020,3:414-420 © 2020 by the Amencsan Academy of Ophthamalogy

147 148

35



9/30/23

Sample RNFL GPA

Guided Progression Analysis: (GPA™)

“Possible loss”

“Likely loss”

Figure 5-1F Companson of ANFL Loss Over Time

149
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“Trend” analysis New Intervention=Re-baseline or else...

. I think my patient is a fast progressor
. bt prog -3.3um/yr
ey ) oo e ——— 128um
) lﬁvu;ugc.;’-N"t:Tmhlu;: o ) NFLThiess ’
Rate of changa: 0.17 +)- (L42 ynvYesar

Bups L]
Rale of change: -003 +/- 2.56 pmvrear

2011

- Inferior RNFL Thickness
Rate of changa: 0.03 +/-0.01 Vear

Rote of changs: 036 +- 3.08 um/Year

Note: Does not take age related attrition into account

151
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You're looking at this all wrong..... Perspective/Vantage Point Matters
When did we start treatment????
S -0.5um/yr
128um
o ° o ] ®
2011 r——¢
° °
No Re-baseline=No Perspective
153 154

Visual Fields and
Progression

Trend Analysis

« Provides evidence that there is change and estimates its rate

« Presumed to be directly related to the underlying damage or disease
mechanism

« The significance is determined by the variability of the measurement
and tha rhanna mannitida

.. 1

- G P —

|
‘ .
1

1) WGA Consensus Series 8 Progression of Glaucoma. 2011
2) HuR, Racette L, Chen KS, Johnson CA. Surv Ophthalmol. 2020 Nov-Dec;65(6):639-661.

155

156

9/30/23

37



Local Variability

«Variability (Overall and local) increases as level of VF sensitivity decreases
*Test-Retest variability is +3dB in locis with threshold of 30dB
*Test-Retest variability +15dB in locis with baseline threshold of 10dB

1) Artes PH, Hutchison DM, Nicolela MT, et a. Invest. Ophthaimol. Vis. Sci. 2005:46(7):2451-2457

2) DeMoraes CG, et al. Surv Ophihalmol. 2016:61597-615

3) DeMoraes CG, et al. Prog Ret Eye Res. 2017;56:107-147
4) Russell RA, Garway-Heath DF, Crabb DP. Plos ONE. 2013;8(12):e83595

e !
ol 13
*
al -
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Trend Vs Event

“n
TES—a— - 7 it
et e ot oy
. y 1an
el
o8N
SRS

VL 8TR FLOe 0% | oreow

Fuvea OF

»
[
1) Casas-Llera P, etal. BrJ Ophthalmol. 2009 Dec:93(12)1576-9

2) Zhichao Wu, Felipe A. Medeiros. Trans. Vis. Sci. Tech. 2018:7(4):20.

3) Hu R, Racette L, Chen KS, Johnson CA. Surv Ophthalmol. 2020 Nov-Dec:65(6):639-661

Clinical Judgment

« Clinician compare grayscale, dB se
and pattern deviation across a seri
«Viswanathan et al. (5 glaucoma erperts) graded 27 VF series (19 VF
per series) for progression’
-k=0.32
«Tanna et al. using 5 glaucoma specialists found k=0.45 but intra-
observer agreement as high as 0.782
« GPA did not improve inter-observer, but altered decisions on 11/100*
« Lack of standardization, Not intra-observer variability may be the issue

*WGA rec for Us=Use the available software support!3

WGA Consensus Series 8. Progression of Glaucoma.

1) Viswanathan AC, Crabb DP, et al. BrJ Ophthalmol. 2003 Jun;87(6):726-30. 2) Tanna A, et al. Ophthalmology. 2012 Mar;119(3):468-73.
011
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Rates of Visual Field Progression® =
Age Related Slow Moderate Fast Catastrophic
SAP in
MDs  |-0.06dB/yr -0.3-1.0dB/yr | -1.0-1.5dB/yr |-1.5-2.0dB/yr |>-2.0dB/yr
24-2

1.Jammal AA, Thompson AC, Mariottoni EB, et al. Am J Ophthalmol. 2021;222:238-247
2.8pry PG, Johnson CA. Optom Vis Sci. 2001; 78(6):436-41

«5-13% of patients under routine care as reported to be Fast Progressors*

3.Saunders L, Medeiros FA, Weinreb RN, Zangwill LM. Expert Review of Ophthalmology. 2016,11(3):227-234
4.Jackson AB, Martin KB, Coote MA et al. Ophthalmology. 2023 May:130(5):462-468
5.Chauhan BC, et al. IOVS 2014. 55:4135-4143

Pr
G

Warle Gleucama Asocelxtion

ression of
ucoma
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(al

Total MD change (d8)
10
20
a0

(bl

Total MD change (dB}
10
20
a0

Progression rate (dB/year)

2 years 3 years 5§ years
DS 03 0.2
1.0 07 0.4

13 0.8

Annual examinations

2 yoars 3 years 5 years
7

8
4 3
ONEE :

Chauhan B, et al. Br J Ophthalmol. 2008;92:569-573

162

1 examination/ye

Foundation
« 2 reliable fields in the first 6mo

At least 2 VF in the next 18mo if low risk of disability
4 in the next 18mo if high risk of disability’2
Framing
«Employ an “Adaptive” test strategy
-Adapt testing based on the context of the patient
i.e. test intervals shortened if progression suspected
SO.....2 VF per year post progression should
be the minimum (After new baseline)

1) WGA Consensus Series 8. Progression of Glaucoma. 2011 2)Wu Z et al. Ophthalmology 2017:124:786-792

3) Chauhan B, et al. Br J Ophthalmol. 2008;92:569-573 4) Melchior B, etal. J Glaucoma. 2023 Sep 1;32(9):721-724
5)Sabouri S, et al_J Glaucoma. 2023 May 1:32(5):355-360
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Contingent on Variability

Variability
Low Moder ate

§ 9 |
] 6 wyrs |
~ Variability
Progression rts (0B, yaar) Low Moderate High
0.25 65 a5 15
05 a5 65 B85
10 3 45 b5
2o 25 a asyrs |

-Newly diagnosed COAG patients receive <3 VFs in the first 2yrs
-Then average 0.7 VF over minimum 2yrs of f/u (Glc Specialist Offices)
1) Chauhan B, et al. Br J Ophthalmol. 2008;92:569-573 2) Fung SSM, et al. Br J Ophthalmol 2013;97:843-847
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Re-baselining provides perspective T

1) WGAC Series 8 ion of 2011
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Progression Pearls

«There is a lack of linearity in progression’ e

«Risk of progression in the real world is much greater than in RCTs?

*No consensus on average length of time required to prove
intervention is working (12mo?)

« Confirmation of progression/stability requires vigilance

« 2 Baseline VFs, followed by 2-4 in the next 18 mo is WGA
recommendation*

+2 OCT/OCT scans per year are likely sufficient to detect progression®

« A target rate of progression may be>>> target IOP3

Resources

OMAQD

GLAUCO

iGlaucoma
662 subscribers Excellent

EVERYD Perimetry
@ P‘e?e&’r

Ophthskmology and Visusl Sciences

| Gonioscopy.org

Rt

1) Heijl A, et al. Acta Ophthalmol. 2013:91:406-412 2) Peters, Bengtsson, Heijl Am J Ophthalmol 2013; 156:724-730 Oucomc
3) Melchior B, et al. Br J Ophthalmol. 2022;106:229-233 4) Weinreb R et al. World Glaucoma Association Consensus Series-8 Tt 4 oo C M
Progression of Glaucoma 2011 p.5 5) Mahmoudinez G, et al. AJO. Online Sept 2022 C URRICULU
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Thank Youl!!ll
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