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Why does glaucoma matter?

Glaucoma: 2" |eading cause of blindness in

developed nations!

~40% ~10%

of patients have of people with glaucoma
moderate-to-severe lose vision over time,
visual field loss by the even if they are treated3

time they are diagnosed?
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More People Will Need Help Lowering IOP
Due to a Growing and Aging Population

. i Patient populations who have
e The US populat|on is aging higher risk of glaucoma will
also be increasing3
10,000 people will turn 65
every day through 2030 African-American and Hispanic
populations: Projected to increase
from 17% of the US population in
2012 to 34% by 20503

Glaucoma Is on the Rise,
With 3x More Cases by 205012

Glaucoma Population by Age Group®
2014 - 2032 - 2050 (i millons)
2015t 1,800,000

2.2 million people in the US 240 00,000 o daad
yrs old had glaucoma

20302

4.3 million 1,000,000
2050° 400,000
6.3 million will have glaucoma 00000 I
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Underdiagnoses of Open-Angle Glaucoma

« Population studies suggest over half of all glaucoma cases in
the US have not been diagnosed

» Percentage of patients with undiagnosed glaucoma
* Baltimore Eye Survey: 56%*
* Proyecto VER: 62%2
< Many suffer severe visual field (VF) loss before diagnosis?

1. Sommer et al. Arch Ophthaimol. 1991
2. Quigley et al. Arch Ophthaimol. 2001
3. Gillespie et al. Invest Ophthaimol Vis Sci. 2003,

Primary Open-Angle Glaucoma: Definition

From the American Academy of Ophthalmology’s (AAO’s) Preferred Practice Pattern for
Primary Open-Angle Glaucoma:

“Primary open-angle glaucoma (POAG) is a chronic, progressive optic
neuropathy in adults in which there is a characteristic acquired atrophy of
the optic nerve and loss of retinal ganglion cells and their axons...”

What does that mean? How do we diagnose glaucoma?
* Acquired disease that affects the optic nerve * Measure the IOP
* Loss of the ganglion cells and their axons 5
L . 3 —lIs it normal?
« Characteristic “cupping” of the optic nerve
R X « Traditionally 10-21 mmHg

* Results in visual field loss .

— Starts peripheral (nasal field) — Is it elevated?

— Butcan be paracentral « Look at the optic nerve

— Can result in blindness . 5
« Traditionally — thought to be from IOP that is too — Does it look normal?

high — Is there "cupping?

— Is there asymmetry between the R and L eye?

Here are the difficulties?
* Individual variability of the optic nerve

Difference in the Size Between Each Eye

Berta: 65 y/o Hispanic Female: Followed for OHTN

2005-2014: TA 20-24
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Optic Nerve Cup

Highly variable even in normal patients

Most people are 0.3 to 0.4

—Jonas .42 (0-.79) V; .50 (0 - .84) H
Racial differences in disc size

— Baltimore .56 (blacks) .49 (whites)
Larger discs larger cups

Physiologic vs. GL Damage

Physiologic GL Cupping
* Smaller * Larger

* Horizontally oval
* Uniform rim

* Vertically oval

* Non uniform rim
* Similar to shape of nerve
* R=L

* May be asymmetric

A
14

Classic Optic Nerve Findings Suggestive of Glaucoma

Obvious large cup

Vertical elongation of the cup
Focal Notch
Thinning of neuroretinal rim

Superficial splinter hemorrhage

Baring of vessels

Cup/disc ratio asymmetry

* Focal thinning of rim at
superior and inferior poles

* Disc hemorrhage

Size of the disc

* Large Optic Disc
* Large C/D

* No focal thinning
« Superior and

Inferior poles are
thickest part of rim

Asymmetry

* Larger nerve and cup
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How do we diagnose it?

If we are suspicious or concerned...
* Fundus photograph

* Visual field

* OCT: RNFL and ganglion cell layer

Diagnosing Glaucoma Until Mid-1990’s

* Stereoscopic evaluation of the optic nerve

g

e —

* Goldmann visual field -> Automatic visual fields
— Humphrey visual fields

Sounds simple

1+1=2

Here are the difficulties with IOP?

* Patients can have glaucoma when the pressure is “normal”

— Beaver Dam Eye Study: 1/3 of glaucoma patients had IOP at a normal
pressurel

— Baltimore Eye Study: ~ 50% of glaucoma patients had IOP < 21
mmHg

* Not every with “high” IOP develops glaucoma

What Does a Pressure of 16 really mean?

24

What are we measuring when we measure the IOP?

Conventional wisdom
e The intraocular
pressure

e The pressure INSIDE
the eye




What are we measuring when we measure the |OP?

Conventional wisdom

* The intraocular
pressure

* The pressure INSIDE
the eye

776 mmHg

I —
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I0P =16

What Does That Really Mean?
Normal Atmospheric

Pressure = 760 mmHg Sea level

760 mmHg

776 mmHg - 760 mmHg = 16 mmHg

Atmospheric pressure (inside) — normal atmospheric pressure = Intraocular pressure

I —
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High IOP = 26 Glaucoma

Atmospheric Intraocular

760 mmHg

Absolute Pressure

Trans-Corneal
Pressure Difference
26 mmHg

29
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| ———|
10P =16
What Does That Really Mean?

Normal Atmospheric

Pressure = 760 mmHg Sealevel
ea level

760 mmHg

760 mmHg

What is IOP?

¢ When we measure the IOP, we
are really measuring the “trans-
corneal” pressure

— Pressure difference across ——
the cornea

* The pressure inside the eye
minus the atmospheric pressure
that surrounds the eye.

I —
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High IOP = 26 Glaucoma

Atmospheric Intraocular

760 mmHg

Absolute Pressure

Trans-Corneal
Pressure Difference

26 mmHg 774 mmHg = I0P 16

Lower intraocular pressure ~ reduces Trans-Cornea difference

30
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Absolute Pressure

High IOP Glaucoma

Atmospheric Intraocular

760 mmHg

Trans-Corneal
pressure Differenge
26 mmHg

the pressure here — affect what is happening at the ON?

31

Cerebral Spinal Fluid Pressure (SFp) and Glaucoma

33

CSF (ICP) causes more displacement of the lamina then IOP

CSF and Glaucoma

45 Years ago: (1976) Volkov pointed out that cerebrospinal fluid
pressure (CSF-P) could pathogenetically be associated with
glaucomatous optic neuropathy

Volkov V. Essential element of the glaucomatous process neglected in clinical practice (in Russian]. Oftalmol Zh 1976;31: 500-4.

* 1979: Yablonsky et al postulated that an abnormally low CSF-P
around the optic nerve may be the reason for a barotraumatically
induced optic nerve damage in normal-pressure glaucoma.

Yablonski M, Ritch R, Pokorny KS. Effect of decreased intracranial pressure on optic disc. Invest Ophthalmol Vis
Sci 1979;18(Suppl]:165

34
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2008

Cerebrospinal Fluid Pressure Is Decreased
in Primary Open-angle Glaucoma
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Mayo Clinic Study: CSF and Glaucoma

* Retrospective review of 31,786 patients that had lumbar
punctures over a 11-year period

* Determined # who had complete eye exams

* 28 met inclusion criteria of POAG, 49 controls

= |CP was significantly lower in patients with POAG compared to

the non-glaucoma control

Berdahl JP, et al. Ophthalmology. 2008;115(5):763-768
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Berdahl 2 Mayo Clinic Study: CSF and Glaucoma
POAG vs. NTG vs OHT

* Retrospective review of 62,468 patients that had lumbar
punctures over a 20-year period

* 189 met inclusion criteria of complete eye exam

* |CP was significantly lower in patients with POAG and NTG
and significantly higher in OHT

Berdahl JP, Fautsch MP, Stinnett SS, et al Intracranial pressure in primary open angle
glaucoma, normal tension glaucoma, and ocular hypertension: a case-control study. Invest
Ophthalmol Vis Sci. 2008;48(12):5412-5418
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Cercbrospinal Fluid Pressure in Glaucoma

A Prospective Stady

Lumbar CSF Pressure in NTG, POAG and Non GL
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Relationship between IOP and CSF

¢ In the normal state IOP and CSF have minimal trans-laminar
pressure differences

* Increasing the difference alters the homeostatic balance and
results pressure gradient difference at the lamina

I —
42
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110p | cs

High IOP Glaucoma Mid-Low CSFp
Intraocular Intracranial

Atmospheric

760 mmHg

Absolute Pressure

Lower CSPp

772 mmHg

Absolute Pressure

Trans-Laminar
Pressure Difference
13 mmHg

(Low CSF pressure results in higher
Trans-laminar pressure difference)

45

Treatment in Glaucoma

Intraocular Intracranial

Atmospheric

Lowered atmospheric

760 mmHg 772 mmHg

Absolute Pressure
Absolute Pressure

Trans-Laminar
Pressure Difference
13 mmHg

Lowering intraocular pressure n
> | difference

25 mmHg

Treatment in Glaucoma

Atmospheric

Intraocular

Intracranial

Lowered atmospheric

760 mmHG

Absolute Pressure

25 mmHg

Lowering intraocular pressure

772 mmHg

Absolute Pressure

Trans-Laminar
Pressure Difference
13 mmHg

Reducing tra
difference 6
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60% of astronauts suffer ocular problems related to
prolonged space travel
P Ehe New ork Thwes
Squasked Eyeballs Are o Denger for Astrenauts

* Globe flattening IR
* Hyperopic shift
- Dm

« Disc swelling

Spaceflight Associated Neuro-ocular Syndrome: (SANS)

AW AT

Spacefligh associnted meuro-ocular syndrome (SANS) and the
neuro-ophthalmologic effects of microgravity: a review and an

update
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Zero Gravity

| 0p
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Glaucoma Today

BESEARCH RISULTS

Cerebrospinal Fluid
Pressure and Glaucoma

Y JOHS BOASL, WD

50

THE WL TRIM
MEPITRESIZO0 WOLE OF FIF v, CSF PRESSERE 08 0TI IS
Cacema e Paphesena

What other factors besides |IOP contribute to
glaucomatous ON damage?

Intracranial pressure (ICP)
Blood pressure

— High vs Low blood pressure (BP)
* Reduced ocular blood flow

— Lower ocular perfusion pressure (OPPO

53

54

Where Does Blood Pressure Fit In?
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Where Does Blood Pressure Fit In?

* Not high blood pressure...but low blood pressure

* 1990’s: Hayreh, Drance, and others 1st raised the important
issues of systemic hypotension and nocturnal blood
pressure dips in the progression of glaucoma

* The problem: difficult to measure systemic BP during
sleeping hours

55

When is the highest IOP during the 24-hour cycle?

I0P is a dynamic physiological

parameter that doesn't remain
constant over the course of 24 »
hours -

Peak IOP is usually recorded at the
end of the nocturnal sleep period

Trough IOP levels tend to occur at

the end of the waking period § é !! é ;- ; g ; 5 ; 5 ;

Liu JH, K

Risk Factors For Progression

* BPis lowest at night
* 10P is highest during the night time
— Highest prior to waking

+ Combination of A\ IOP and W BP may result in a critical
W ocular perfusion pressure (OPP) in susceptible people

— Patients with faulty autoregulation

Ocular Perfusion Pressure (OPP)

OPP is the relative pressure at which blood enters the eye

Defined as the ocular arterial pressure minus the I0P

OPP is a delicate balance between IOP and blood pressure

Low ophthalmic perfusion pressure (OPP) is a risk factor for progression
— Low BP and/or high I0P

MOPP = 2/3 X [DBP + 1/3 X (SBP — DBP)] — IOP

Simple: Diastolic BP — 0P = OPP nfl A\

Low OPP and Glaucoma

Epidemiologic Studies Linking Diastolic Perfusion Pressure and Glaucoma

Glaucoma Rlsk
From Low DPP
ve Normal DPP

Study Design Participants

Non-Hispanic Whites and

Baltimore Eye Survey' Cross-sectional N QT T 2-6-fold
Study? i i ic Whites 2.5-fold*
Proyecto VER? Cross-sectional Hispanics 4-fold
Los Angeles Latino Eye Cross-sactional Hispanics 1.9-fold
Study
Barbados Eye Study® L (3'2"0“)
4 years

Low OPP and Glaucoma

Tatde 1 Low diastolic ocular perfusion pressure and prevalence
of open-angke glaucoms

Study n Diastobo OFP < 50-585 mmidg

Boftimore Epe Survey wne

[ Prevalence: 2-6-%0Md
Egne Noamark! Study 4207 | Prevelenc: Sf0d cnly
n hghtenson gaucome®
Proyecis VER 4774 T Pywwsleccs: &told
Buartewion Eyw Stady 4831 7 Provadercs: >3-fold
Romesdom Eye Study 1320 ! Prevalance: 4-fold only

forly panscipants
recumeg bestrant b
systorsc hyperunsons)

Adageed from [10-13,14*°L OPP. o« st e ) Catvre.
*Low OFF wis defined as <88 mmédg in ths study

N hgirenson gaucoma
Imandy probabie e oma)

60



11/22/21

Risk Factoes for Visual Field Progression in the
Low-pressure Glaucoma Treatment Study

CARLOS CLSTARO D ACIRASS, JFFREY W LIEVANS, DAMID 5 GREDNFILD, SPOAKT K GARDNIR

DO B0, AND DHECESORE TN, OO SIMALH CF THE SO MO B CLALCOMA SEATMENT
SILUT Geour

We determined that a lower MOPP during follow-up
was significantly associated with visual field progression in
our model and this effect was not significantly affected by
other covariates, such as use of systemic amihyperrensi\'es
and randomization arm (Table 4). An imbalance between

61

OPP and Glaucoma — The Reality

Perfusion pressure is difficult to accurately measure
There is currently no widely accepted consensus
regarding which techniques should be used to evaluate
blood flow or how the results should be interpreted
None of the methods used to estimate blood flow have
been standardized or externally validated for humans
Ocular blood flow measurements are not currently
used in the diagnosis or management of patients with
glaucoma

Vascular Supply to the ON
* COMPLEX arterial supply and an even more complex
venous drainage system
* Which vascular network is most critical for development
of glaucoma?

Putting it all together...

Compromised Autoregulation in Glaucoma

Autoregulation: The body’s ability to regulate itself in the presence of
change: The ability to maintain homeostasis
— Vascular factors
* Cardiovascular disease
* Vasospasm
— Postural changes
— Atmospheric pressure
— Temperature
— Fatigue can lead to abnormal pressure-flow relationship

Periods of ischemia are then more likely to occur
— Canresult in reduced or fluctuating OPP

65

66

Autoregulation

Or Vascular Dysregulation. . .?

Inability to maintain homeostasis

* Can lead to over/under perfusion

* Chronic under perfusion can lead to tissue necrosis and death
» Unstable perfusion leads to oxidative stress
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Autoregulation in Glaucoma

'-) Nu Asrocyte
sty

Ty homases
Vs Uk "l
DysrogAaton \ =5 >

Case

80 yo White Female

* Presented for “annual eye exam”

0 yrs oid. female New Patent here for annual check

80 yo White Female

‘ Fools vision 2t distanca was not a5 9ood as it has bean, especially the LE

She uses ghasses to see smal prints, reports good veson ot distance OU
Denwes pan Soaters or flashes of light
Sip: CEX YAG laser posteror capsulolomy OO (Bapsst Hosprlal)

LEE. 022017 by M. w/DFE)

Mom had glaucoma and used drops

Ganwrally doss not wear glasaes for driving

Oct 2017

I —
69
I —
71
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Gangicn el OU Anayria: Maciter Cute S42x i

1

So now what?

Is this low/normal tension glaucoma?

Would you begin treatment today?

75

Would you begin treating on this visit?

1. Yes
2. No

3. I would refer to ophthalmologist

This is what | did...
Iimpression

1) Probable Normal Tension Glaucoma OU

Inderor thinning OU

Desc hemorhags RE infanor

OCT and GCC thin corresponding 1o clinical presantation

TA~150U
2) Pseudophaioa OU
3) PVD OU

Plan

1) Ed and reasswre

[2) RTC 1-2 weeks for V- and 10F measuwement |
3) Wil stant Tx at next vsit

4) Rx given for specs

76

77

1 week later: 10/25/17

Visual Acuity (Snelten - Linear) Pupils

Foght (] Both
Dwtcc 2020 2020 -2 A
Dt ph N Newro/Psyeh
< Yes
Tonometry (Tomopen, 1206 PM) Pomat

Rght Lan

Prassure 5 “

- - ey e L e ese |
-
s
2 3
) Cié
\. -
3 3
PSS g gt
: H . . - - *
A = i t 2 i
e . - an—
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Putting the Pieces of the Puzzle Together...

The IOP is normal

Abnormal optic nerve
— Disc hemorrhage
OCT shows RNFL thinning

— Ganglion cell complex also
shows thinning

Visual field defect in a
location where we see ON

damaie

. o b} Setting an Initial Target Pressure: Normal Tension Glaucoma
How do you manage this patient?
Pt with glaucoma
Normal Tension Glaucoma Is pre-Tx IOP average > 21 mmHG?
Note: initial target IOP is
Based on extent of damage
Set initial target at
Treatment? Is the VF defect Yes 20% reduction from
.. . Mod. 2 pre-treatment
* This is what | did coernorsesere pressure
— Latanoprost ghs OU Ne
— RTC 3 months Is fixation Yes
Threatened?
* Should I bring her back sooner to check I0P?
No Observe for progression
(NTG study showed 50% do not progress)

I ———
81 82

A Few Thoughts on Disc Heme Detection and Prognostic Significance of
Optic Disc Hemorrhages during the Ocular
Hypertension Treatment Study

* Disc hemorrhages detected in 128 eyes of 123 participants
21 cases detected by both doctor and photos

* 107 cases (84%) were detected only by a review of
photography

83 84

14



Of Note:

v Lot

Incidence of Progressing to POAG
* No Disc Heme: 5.2%

* + Disc Heme: 13.6% -> at 10 years 25.6% vs. 13%

 Presence of a disc heme increase risk of developing
POAG 6 fold

I —
85

13 Year Follow Up of Disc
Hemorrhages in the OHTS

ODH 179 eyes of 169 participants

Incidence of POAG in eyes with ODH was 25.6% vs. 12.9% in
eyes without ODH

ODH increased the risk of developing POAG

Risk Factors for ODH:

— Older age, thinner central corneal thickness, larger vertical cup to
disc ratio, higher intraocular pressure, and self-reported black race

.

.

.

.

86

Perhaps the Bigger Question?

* How is it that a patient can continue to “progress” or develop a
disc hemorrhage with a pressure ~ 12?

* What are the factors that result in progression?

87

Compromised Autoregulation in Glaucoma

* Autoregulation: The body’s ability to regulate itself in the presence of
change: The ability to maintain homeostasis
— Vascular factors
* Cardiovascular disease
* Vasospasm
— Postural changes
— Atmospheric pressure
— Temperature
— Fatigue can lead to abnormal pressure-flow relationship

* Periods of ischemia are then more likely to occur

— Can result in reduced or fluctuating OPP

88

Autoregulation

Or Vascular Dysregulation...?

Inability to maintain homeostasis

* Can lead to over/under perfusion

* Chronic under perfusion can lead to tissue necrosis and death
» Unstable perfusion leads to oxidative stress

89

1/6/21 Latanoprost
Ta: 13/11 Alphagan P

11/22/21
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2018

OU Analysis:Optic Disc Cubs 200x200 0D @ | @ OS.

Jan 2021

* NTG: Stable

— No Disc heme

— Good |IOP today at 13/11 on Latanoprost and Alphagan P

— OCT done today is “stable” but poor quality scans

* Plan

— Continue with Latanoprost and Alphagan P

— Follow 6 mo
— Repeat VF
— No need to dilate at next visit

93
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Visual Field

* Various testing methods
* Standard automated perimetry
— SAP or White on White most
commonly used
* Itis a difficult test to perform

« Itrelies on the patient being able
to provide subjective input on - T
what they see . o

— Many patients have extreme
difficulties

95

Some Things to Keep in Mind

e GLvisual field loss shows more variability
than normal fields

There tends to be high variability and
reductions in sensitivity preceding
definite field loss

Local depressions of sensitivity frequently
come and go before finally resolving into
stable repeatable VF defects

96

Visual Fields in OHTS

* 86% of retests had normal visual fields
* Abnormal confirmed in 14%

16
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Visual Fields and Glaucoma : OCT: The missing piece of the puzzle?

- . PITT TP

Visual fields can be difficult to perform

Visual fields can be variable

— Some days better and some days worse
Determining progression can be very *
difficult

— Because of long term fluctuations -

97

ONH and RNFL OU Analysis:-Optic Disc Cube 200x200 OD @ @ OS

W Ticimers Moy = ] e v e

99 100

51 y/o Hispanic Female

« Reports shadow peripherally in her IE_
* TA: 16-17 on 3 visits

P

Disc Hemorrhage

I —
101 102
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ONH and RNFL OU Analysis-Optic Disc Cube 200x200 OD @ @ OS

WL Tumrens e

103 104

5 —" 5
Sofey 08 Ol foints Benin Ot e RIS,

105 106

[T

The RNFL thickness measurements
are based on a “normative data base”

Can the optic nerve of
this patients be compared
to the normative data
base?

107 108

Can the RNFL/optic nerve of your patient be applied to
the normative data base?

High myopia
Tilted disc
Extremely large cups oieraited
(and small) Distrdyaticy of Noemaks
Patients less then 18 yo =]
e A LU LY
S
- 99% probability that the

area is abnormal -
compared to the normal
population

18
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The OCT can show glaucomatous change
BEFORE it is seen on visual fields

109

Estimating the Lead Time Gained by
Optical Coherence Tomography in
Detecting Glaucoma before Development
of Visual Field Defects

Voo M. Kmg, 2 Chumars S, MU L AL gl 0. R V. W, AL
Fotpe A Mok, M2,

At 95% specificity, up to 35% of eyes had abnormal average
RNFL thickness 4 years before development of visual field loss
and 19% of eyes had abnormal results 8 years before field loss.

Conclusions: Assessment of RNFL thickness with OCT was able
to detect glaucomatous damage before the appearance of VF
defects on SAP. In many subjects, significantly large lead times
were seen when applying OCT as an ancillary diagnostic tool.

110

When is it glaucoma?

111

Case MC

73 yo female presents for follow up: GL
Suspect

Past history single elevated IOP

BCVA 20/25 and 20/20

I0P 21 RE 19 LE;

— CCT 560u R 565u L

Anterior segment normal

Mild NS and cortical cataracts

112

The ON

Small optic discs OU
RE ¢/d ~ 0.6 but
— Appeared saucerized infero temporally

— Broadening of a vein as it crossed edge disc
— ? Small disc hemorrhage
LE c¢/d .35

113

114

Photos

19
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ONH ané BNFL OU Asalysis Opfsc Disc Cubs 200050 00

115 116

Summary

.

Suspicious disc
Borderline IOP
Normal visual field
Normal OCT *

What did | do? Observed ( but did discuss
v | tx)

— Patient education

.

.

.

.

— Importance of follow up

I ———
117 118

This was her 15 months earlier
8/2012 10/2013

10/2016

119 120
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See what happens the next year - =
e T e LR Hmﬂ ;

121 122

o Pragmn Arbyrn. P e =

Case MC progression

: m ﬂ m m « Clinical suspicion proved true
Tt —
A 1T

; ' ,' « Initial progression in normal range and
el Va4 continued

— Rate is important consideration
* Treatment initiated

* Subtle corresponding VF defect evolved

é_:_  Currently stable in short term on well
. :::_;:__;: tolerated meds
123 124
10/2016 ' A7 WU IDT FP-ARLV*NAND AT W@ AT EWTAL)

T e 8 7ol | Rt RN W B ol | R 1)

i - 55 ML A N IO AL O
' ‘It takes aVillage . * -,
= W . BT ST .. .ﬂ!_u'_;“i
- 0 DU O 11 E T
fen

el earg A-iaN DALl eexd dc-col
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It Takes a Village
to Manage Glaucoma Patients

« All the data that is gathered is critical!
— |OP measurement
— Optic nerve evaluation
— Visual fields
- OCT

* The data needs to be accurate and reliable

« Even though the patient comes to see “their doctor”
for glaucoma

« Everybody who sees these patients along the way plays
a critical role in the care of a glaucoma patient

11/22/21
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