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Risk Factors for Progression

* For patients diagnosed or at risk of glaucoma
« Stage disease
* Assess risk for progression
* Develop treatment plan
* Surveillance
« Establish adequate baseline testing
- 10P
« Visual fields
* Imaging
« Photographs

Risk Factors for Progression

* Once the diagnosis of glaucoma is made, the challenge is to prevent
further deterioration

« If change does occur, detect it quickly

» Understanding which individual is at increased risk to get worse
allows the clinician to individualize management such as:
* Monitor closer
+ See at earlier intervals and do more frequent testing
* Be more aggressive such as having a lower target IOP
* Be quicker to advance therapy

Risk Factors for Progression

« Detecting change is a difficult task requiring periodic testing (photos,
imaging, visual fields) performed over time

* Change may occur at any time
« Change does not occur at the same rate over the patient’s lifetime

* Due to test variability, just because a test is different (worse) from the
previous one does not mean the person got worse
* Need to always confirm that change has occurred

Risk Factors for Progression

« Ability to discriminate true change, over and beyond measurement
variability, is a requirement for any progression technique
* Perimetry or Imaging
* Progression may be measured by

 Structural changes at the optic nerve head, retinal nerve fiber layer and
macula

* Functional changes noted as deterioration in the visual field
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A Road Map for Glaucoma Progression

Examinations at first visit Serial examinations

Change = normal aging/
within retest variability

How Often Do Patients Get
Worse Quickly?

Identify those as risk.
Treat them more aggressively.
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Rates of Glaucomatous Visual Field Change in a Large
Clinical Population
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Risk factors for Progression

 Older age
* Extent of damage at time of diagnosis
+ Based upon fields, optic nerve & RNFL appearance and OCT results
* Higher 10P (peak)
« Bilateral loss — damage in both eyes
« Disc hemorrhage - is this a risk factor or a sign of damage?
* Central visual field loss — within central 10°
« Cornea hysteresis — reduced < 9.5
* Family history of progression
* Pseudoexfoliaton glaucoma
* Higher Myopia - > -6D

Risk factors for progression - EMGT

* Treatment and follow-up IOP

* Age

* Bilateral loss

« PXE glaucoma

* Disc hemorrhages

* Thinner central corneal thickness
* Lower systolic perfusion pressure
* Lower systolic blood pressure

* Cardiovascular disease
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Predictive Factors for Glaucomatous VF
Progression - AGIS
* Increasing age and greater I0P fluctuation increase odds of VF

Progression by 30%
* For each 5-year increase or 1 mm Hg increase
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Risk Factors for Fast Visual Field Progression in
Glavcoma
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Risk factors for Fast VF progression

*Older age

« Higher baseline IOP

* PXE Glaucoma

* Baseline MD on visual fields
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A Prospective Longitudinal Study to Imvestigate &
Corneal Hysteresis as a Risk Factor for Prediching
Development of Glascoma
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Risk factors progression — non glaucoma

* Higher myopia
* Older age
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Risk factors

« Diabetes associated with RNFL thinning over time

« Over 3 years, RNFL change in part related to aging and in part related
to having diabetes

+ Controls 96.2 >95.0 um
* -0.4um/year

+ Diabetics wo retinopathy 93.5 >90.3 um
* -0.92um/year

* Diabetics with NPDR  90.4 > 86.6 um
* -1.16um/year

How Quick Will Progression
Appear in a Glaucoma Patient?

44
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A Road Map for Glaucoma Progression

Latanoprost for open-angle glaucoma (UKGTSY @®
arandomised, multicentre, placebo.controllod trial

Procedures.

measureny

We did visual feld testing, intraocular
t, and imaging at 11 scheduled visits over
24 months, with clustering of the tests at baseline,
18 months, and 24 months; 16 visual fields rest were
scheduled over 24 months. We measured vision function
through testing of the visual field. The visual field test

Summary

Background Tr vision loss

but 10 our knowledge no Nz(dn—(oﬂ!mllrd ras have sscased vsual fancton presenation, and the oservation

‘periods of previous (unmasked) trials have typically been at least 5 years. We assessed vision preservation in patients
i ith those given placel

Methods: In this randomised, triple-masked, placebo-controlled trial, we enrolled patients with newly diagnosed ape

angl glaucoma tten UK centres feriry refralcetre,teaching hospital, and ditrict geoceal hospiak. Egbie

patients were randomly allocated (1:1) with 3 website-generated undunuulmﬂ schedule. stratified by centre and with a

permuted block design, to receive either | roup) or wroup) eye drop.

Drops wer admirisered from identical mmn once a day to both yes. e primary outcome wan time to visual b
i dats, The Data and Safety Monitoring

Jan 6, 2011 (last patient visi July, 201), aer an interim analysis,
and suggested a change in primary outcome from the difference in proportions of patients with incident progression
i 24 months. This mumber ISRCTN9G423140.

Findings We enrolled 516 individuals between Dec 1, 2006, and March 16, 2010 Baseline mean intraocular pressure
was 196 mm Hg (SD 4:6) in 258 patients in the latanoprost group and 20.1 mm Hg (4-5) in 258 controls. At
24 months, mean reduction in intraocular pressure was 3.8 mm Hy (4:0) in 231 patients assessed in the ltanoprost
group and 0-9 mm Hg (3-) in 230 patients assessed in the placebo group. Visual field preservation was significantly
longer in the litanoprost group than in the |vlneho group: adjusted hazard ratio (HR) 0-44 (95% C1 0-28-0-69;
p=0-0003). We noted 15 drug,

Interpretation This is the first randomised placebo-controlled trial to show preservation of the visual ficld with an
intraocular-pressure-Jowering drug in patients with open-angle glaucoma, The study design enabled significant
differences in vision to be assessed in a relatively short observation period.

49

100 — Latanoprost Adjusted hasard ratio 0.4
— Placebo (955 €10:28-0.69; p-0.0003)
g
6 12 1 24
Momberat ik wisual ield progr
Latanoprost 231 20 157 151 55
Pacebo 230 209 169 19 4
Figure 2: Kaplan-Meier failure estimates for visual field progression

Interpretation
Toour knowledge the United ngdom Glaucoma Treatment Study (UKGTS) is the first
iple-masked, placeb lled trial to assess the benefit of topical
bttt (eye drops) for reduction of loss of vision in patients with open-angle
glaucoma. Our findings provide strong evidence for the vision-preserving benefit of
lowering of intraocular pressure, supporting evidence from previous randomised trials.
that were not masked or placebo-controlled. The study also provides evidence of the
vision-preserving benefits of topical prostaglandin analogues. The trial design meant a
fairly short observation period was needed to show treatment effects on vision, with the
difference between treatment groups evident at just 12 months compared with typical
observation periods of roughly 5 years in previous trials. The short trial duration will have
amajor beneficial effecton p and of new increasing
the likelihood of these treatments being made available for patient benefit.
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UKGTS

* You can see progression in as little as one year, but it requires
extensive visual field testing
* Not doable in today’s practice environment

« Still can modify this since some people will progression quickly and
need intervention

UKGTS

* You can see progression in as little as one year, but it requires
extensive visual field testing
* Not doable in today’s practice environment
« Still can modify this since some people will progression quickly and
need intervention
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CLINICAL SCIENGES.

Pa—

Influence of Visual Field Testing Frequency
on Detection of Glaucoma Progression
With Trend Analyses

What are the recommendations for determining
progression and rate of progression ?

« Perform sufficient examinations to detect change (usually 6 or more)
* European Glaucoma Society

« Six visual field examinations should be performed in the first 2 years
* Measure the rate of visual field progression

* Use the same threshold test

* Pay attention to examination quality
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How many fields per year?
And When?
Table 1 Tine period |years) rquisd 1o detect various rates of MD
‘change with B0F% power in visusl elds with low: modesste and high

* At 1field/year,>10yearsto y vithone . o ] ad s )
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- Ve
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X . o s M “
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in 4 years, catastrophic in 2 year S Ty
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Tip= Do 5-6 tests in first 2 years!

« 3 fields in first year
« At Diagnosis, 6 months, 12 months

* Then every 6 months for next 12 months
« Allows good identification of fast, severe progressor
* Scale back to 1/year if stable
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Glaucoma Progression

EThe Future
B Software that integrates imaging and visual field results
B Neural network approach using artificial intelligence
B Currently machines only provide spatial correlation between visual fields and
imaging
B OCT Angiography

American Journal of Ophthalmology

Volume 182, October 2017, Pages 107-117

Original article
Progressive Macula Vessel Density Loss in Primary Open-Angle
Glaucoma: A Longitudinal Study

Takuhei Shoji 2.2, Linda M. Zangwill 3, Tadamichi Akagi 2: ¢, Luke J. Saunders & Adeleh Yarmohammadi 2,
Patricia Isabel C. Manalastas 2, Rafaella C. Penteado 2, Robert N. Weinreb @ & =

63
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Glaucoma Progression

* Glaucoma progresses slowly with high variability
* Change is often non-linear
* Perimetry and OCT are complimentary methods to detect change
« Stereo photography and 2-D photography may detect early change
but difficult and tedious to use
« Difficult to see cup/disc ratio change unless large change has occurred
* Imaging provides quantitative measurements that improves ability to
detect progression

69
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What is the pattern of optic
nerve change?

normal optic dise reglonal or Gtfuse ‘excavation

o thnning
si

\
|

15092 {16%) 50092 (54%) 82/92 (85°%) 292 (2%)

focal rim thinning neeve fiber iayer
= detect

Number (%) of
progressive changes

FIGURE 1. Schematic describing disc change with glaucoma. Optic discs were evaluated for the presence of fim thinning (could be
focal, regional or diffuse), excavation, or a new nerve fiber layer defect compared with baseline photos. The line contours at the bottom
of the image represent the changes in cross-sectional appearance (z axis) of the optic disc.
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Glaucoma Progression

* Tools
« Structural - Optic Disc and RNFL and Macula
« Photographs
* Imaging - OCT
+ RNFLand C/D ratio
* RNFLand Macula GCC Guided Progression Analysis (GPA)
* OCTA - The Future
* Functional
« Perimetry
+ Glaucoma Progression Analysis (GPA)
* Overview printouts
« Electro-diagnostic testing (PERG)

Glaucoma Progression

*The best method to detect progression varies
depending upon the stage of disease
* Early (Mild) — Structure
* Floor effect at approximately 55um

* Moderate to Advanced- Function

76
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The Glaucoma Continuum

ASYMPTOMATI
RNFL & ONH ch ”lss,,&
ange
(detectable)

SWAP/FDP
VE changes

SAP VF chang

Risk Factors:

-lP  -CDratio

-CCT -VFloss

-Age - Other nge (severe)

Courtesy ofR. Weinreb MD, 2003 (adapted)

Glaucoma Progression

« Historically progression determined by
 Evaluating optic nerve in real time and comparing with old photographs
* Decide if most recent picture indicates change
* OR
« Evaluating visual field printouts, either single field or overview, by inspection
to see if more points flagged on most recent field

78 79
It is difficult to detect Field Variability |§ also awp'>rob|em
progression with fundus
photographs
There is often not agreement
among clinicians about who is
getting worse
83 87
Progression
with some
variability
Is One Test Better than
Another to Detect Change?
Structure vs. Function
88 90
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Using the Proper Tools for Monitoring
Glaucoma with
Progression Analysis

Michael Chaglasian, OD

Monitoring for Progression

* Essential Elements:
1. Series of good quality Visual Field tests
2. Series of good quality RNFL and GCA tests

Must use both
of these together

3. Variety of Progression/Serial Reports

58
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Variety of Progression Reports:

oD Herve Head / RNFL Analysis

Develae (RIS ST4ID  Fobowlp) RMINOSSAY P

TREND ANALYSIS REPORT SCREEN

60

Patient Example

Werve Fber ONWGCE Change Anayes

- ————— ot

i'@@ré’b@ﬁ

——— E———
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The Relative Odds of Progressing by Structural and
Functional Tests in Glaucoma

Lincts M. Zangwill, Carobin . B Gracitells, Amie 11, Marvast,

Ricardo Y. Abe, Alberto Dis
b, Sai Felipe A Me

Robert N Wei

65

Disease Stage Matters:

* Early disease at baseline: OCT has edge

* Also noted, patients with:

« Fewer follow up visits (#8): OCT was better

Summary Conclusions: Must Use Both

* More severe disease at baseline: ~ VF has edge

 More follow up visits (#12+): VF performed better

[T Relative Oulds of Progressing by Staciural and
IFuncton: Gl -

Optimal Progression Review:
Visual Field, OCT, Photo. Examined Together.

66 67
3 Tools to Identify Progression: . )
Measures of Progression: Trend Analysis
* Event Analysis
« Comparison to baseline « Trend Analysis
« Is there statistically significant change? « “Measures the rate of change”
* Aregression line is drawn to determine rate of change for all the data that has
* Trend Analysis s been collected over time.
* Quantifies change over time / * Using VFI (Visual Field Index) or RNFL thickness
-rate of change a percentage rate of change (slope is calculated
« Predict future change * Most valuable when multiple VF tests have been completed
* Good for identifying fast progressors and generalized, large defects
* Mental analysis
* (most important)
68 69
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LI = T

Trend L3 = 229
Analysis pe

Event
Analysis

Looking at the Trend using VFI
Trendis plottedin % / year

Vs Field e

S—
o —@placen ___ o o 3
® R P

= LR W e
*x

= The graph gives a prediction of future progression, if the current trend is maintained
70 71
Possible Progression= >1.0% VFI/yr Likely Progression= >1.5% VFI/yr
” e a0
S
72 73
TR - Rapidly Progressing
P
Trend E ST
. = = =
Analysis | B

Stable with Local Defect ‘

74
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Significant rate of Progression?

EXPERT IEVEW OF OPHTHALMLOGY. 2016
VOL 11, M. 3,227-234
et ceg/ 0 V0RO 17460899.2016.1 160286

REVIEW

What rates of glaucoma progression are clinically significant?
Luke J. Saunders, Felipe A. Medeiros, Robert N. Weinreb and Linda M. Zangwill

ABSTRACT
Introduction: Clinically important rtes of glaucoma progression (worsening) are ones that put a
patient at risk of future functional impairment or reduction of vision-related quality of ife (VRQoL)
Most treated eyes do not progress at rates that will lead to future visual mpaiment, but there are a
signifiant proportion (3-17%) of eyes, that are at sk of Impairment even under dinical care. While very
fast rates of progression (e.g. MD progression of ~1.5 dB/year) are generally problematic, much slower
1ates 3ko may be deletrious for young patnc,parciuidy those deguosed with e diese.

know about rates of glaucomatous visual field

Mt ek of g il psomt b o8 Me ity s sy cf 1 e

mmentary: It is important to consider life expectancy, disease severity and vision-related
mumy of Ife based treatment targets to estimate future prognosis when evaluating whether a rate of
glaucoma progression can be clinically relevant.

Hamikon Giaucoma Center, Shiley Eye Institute, Department of Ophehaimology, University of Cakfornia, San Diego, CA, USA

ARTICLE MISTORY

13 May 2016

KEvwoRDS
Glaucome; qualty of e
progression rates; standard
utomated perimetry.
spectral domain optical
coherente tomograpty
corfocl scaneing laser
ophthalmoscopy, e
expectany

Key Points:

« Visual Field Rates of Progression=

*Slow = <0.5 dB/yr Note:
* Fast= 0.5-1.0 dB/yr This is in dB,
* Very Fast = not VFI.

¢ -1.0-1.5 dB per year or higher dB#VFI

* However, slower rates in younger patients are still at risk due to
longer life with disease

Luke.J. Saunders, el . Medelros RobertN. Welnreb & Linda M. Zanguil 2016) Whatraes of
1:3, 227-234, DO

10.1080/17469899.2016.1180246

76

77

Rapid Progression Example

(untreated, with multiple risk factors)

MD values:
) |18 5dB 25d8
5 Years 10P = 38 mmHg

~-5 dB/yr (off the chart fast!)

Example: Glaucoma diagnosed at 50 yrs

* Average 50 yo pt. Progressing @

-0.6 dB/year

* 20 years to -12dB
« defined as severe VF

* 17 more yrs to -22dB

« defined as “legal blindness” - I

* Take Home:
Identify Rate of Change ASAP

78

79

CASE WS

* 65 yo Patient
* POAG:
* OD worse than 0S
* Pre TxIOP : 32 OD; 24 OS

* Currently: 19 OD; 17 0S
* On PGA, FC, s/p SLT OD

* ONHs and VFs =>

Right Eye 7 Year Difference

80
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x

Review: Range of Grayscale MD

MD=-29d8 |

MD =-12dB

Staging Severity
* Early= <-6dB
* Moderate = <-12dB
* Severe= >12dB

(Hoddap Parrish—Anderson criteria)

Mean Deviation

82

83

2021

AGS and ICD10 Staging of Severity

Severe
Mild Glaucoma i

Defect within
5 degrees of
fixation

or,

intwo
hemifields.

Measures of Progression: Event Analysis

* Event Analysis

* Asks “Has this changed”, compared to baseline an appearance on
consecutive tests
* Point by Point basis
* Mostly used in early follow up time period
« But also helpful in middle and late stages
* Good for slow progressors and focal defects
* Look for shaded triangles indicating a single point that is worsening
over consecutive tests

84

American Glaucoma Society

85

Event Progression Analysis

Follow-us: e Ful GPA i1t for compete salysis
rsyione Pattem Devistion Davibticn From Bsssiie Progressn rslysis
05-20-2010 S{TA-Starad  GHT Cutiide pamalimis —_—
Aalaa
Aaajaa
Aaanas
sasaa 4 s
Fovn. OFF MO -0SIEPOSE  FLOAS oox e lan
el 88% 50123148 PrOSE Lty Progression

-- peshOusromton b e (Zooscuve) & PeS% (s consecute) X Outol Range

Point By Point Progression Analysis

« Shows which point have progressed from baseline

Event VFGPAAnalysis  Trend
Both are Progressing:

86
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GPA
Summary
Report:

Trend Line
looks +/- okay,
Event Analysis
is NOT!

Slow Progression May Still Be Vision Threatening:

gl “ Central VFDs
=i 7\ | Can Affect Visual
; W
== L) | runction
o s
PP ox un s <a [ -
o P 6t

[orr— Fove: 35

88

How is possible to have patients perform all of
this visual field testing?

Faster Testing Strategies

SITA-FASTER™:

« SITA Faster testing takes about two-thirds of the time required by SITA Fast and about
half the time required by SITA Standard.

+ Test time reductions are largest in eyes with severe field loss.
+ and by about one-third compared to SITA Fast

* Many patients are able to complete SITA Faster 24-2 testing in
about 2 minutes
* (SITA Faster is only available for 24-2).

« Clinical testing has shown that SITA Faster produces results that are clinically
equivalent to SITA Fast with no loss of repeatability.

90

SITA Faster: Comparison and Validation

SITA Standard: 4:32 SITA Faster:

T = TR
A New SITA Perimetric Threshold Testing
Algorithm: Construction and a Multicenter
Clinical Study
ANDERS WL VINCENT CHAEL PATELLA, LUKE X CHONG, A1K0 IWASE CHEISTOPHER K. FUNG: [
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o dacibe » o - i ® -
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we i s
o 35
i HE
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Roadmap for Glaucoma Progression

* SITA Faster is included in GPA
Summary Progression
Reports,
with other strategies

Detecting Structural

Progression of Glaucoma

What tools do we have currently?
How are they used?
What is the evidence to support the use?

How can changes resulting from aging be
differentiated from true progression?

Better than Visual Fields?

94

95

Event Based

OCT
Progression
Report

Trend Based

RNFL “Event” Ana

+ Two baseline exams are required

+ Yellow Coded: Change greater
than test-retest variability.

+ Red: Confirmed on follow up.

lysis

Deviation Map

96
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OCT “Trend” Analysis

‘ Four Parameters: Average, Superior, Inferior RNFL; Average C/D Ratio

_ SuperorANFL Thgkness
Fate of change: 8,17 +/- 3,88 n'Yaar

TSNIT Analysis

*TSNIT values from baseline and current exams are plotted.

«Areas of " first noted and then red

when the change is sustained over consecutive visits.

RNFL Thickness Profiles

——-B1—82 —C

*

0 30 B0 90 120 150 180 A0
TEMP SUP HAS INF

240
T
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T e

GPA Analysis Guldﬂi?rwass»n Analysis: (GPA™) oD @[ os
RNFL Summary Descriptor

“““““ = RNFL Summary OD
‘!HE HA [¥/] B8] RNFL Thickness Mep Pragression

5 [C] ~~ RNFL Thickness Profles Progression
M ~-. Awverage RNFL Thickness Progression
o Possible loss

Legend summarizes GPA analyses and indicates with a check mark if there is
possible or likely loss of RNFL :

* RNFL Thickness Map Progression  (best for focal change)
* RNFL Thickness Profiles Progression (best for broader focal change)
« Average RNFL Thickness Progression (best for diffuse change)

100 101

smome0saM 427

sl o ? Progression Report

Avorage Thickness: 63

» ’

[4 ll
j’@

Progression

»-cu.»nu Raw
Rate of change: 001 4001 e

nrior NI Thicknens
e of cange. 4 10 1 1.5y aue

102 103

Case Example:
Progression Left Eye?

CASE AA

66 yo, AAM
HTN, Cholesterol, Anxiety Disorder,
I0P =27, 26 mmHg OD and OS
CCT= 550

104 105
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M ~= Guided Progression Analysis: (GPA™) 00 [ ® 08

CASE BB

12 year history of OAG | I
Left eye with visual field defect d v

106 107

POAG, Normal IOPs
(NTG)

* 47yrsold

* GAT = ~21-23 mmHg OD and OS
* Asymmetric Cupping

+ CCT= 520 OD/OS

OU Analysis:Optic Disc Cube 200x200 0D @ [@ 0S

Four Years. VF with Trend/Event Analysis

108 109

GPA at Two and Three Years Follow Up.
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