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®No problem can be solved =
from the same level of IOP and Ocular
consciousness that created

Blood Flow

The Fraternal Twins of
Glaucoma Genesis

- Albert Einstein
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Intra Ocular Pressure

Measu rlng Typical IOP recording over 10 seconds

OBF tonometry
pulsatile ocular blood flow

1997
Goldmann

Mire Pulsation
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236 patients with NTG and 109 with suspicious discs
(red)

compared to 777 normal controls

(1998 Investigative Ophthalmology — R A Hitchings, Moorfields
Eye Hospital)

95% of the axonal blood supply is derived
from the short posterior ciliary arteries
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Heidelberg
Doppler Flowmetry
(late 1990’s)

Dynamic Contour Tonometry
Ocular Pulse Amplitude
2003
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The Clinical Utility of Dynamic Contour Tonometry and Ocular Pulse Amplitude
Weizer, Jennifer S. MD; Asrani, Sanjay MD; Stinnett, Sandra S. DrPH; Herndon, Leon W. MD
Journal of Glaucoma: December 2007 - Volume 16 - Issue 8 - pp 700-703

Purpose: To determine if Ocular Pulse Amplitude (OPA) as
measured by Dynamic Contour Tonometry is related to
severity of glaucoma...

Conclusions: Increased OPA seems to correlate with less
severe glaucoma....

Composite Ocular Blood Flow Analyzer
2019
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Composite Ocular Blood Flow Analyzer
2019

Myopia and Glaucoma

* Poor architecture - more vulnerable to
0P challenge

* Eye size

* Low pulsatile ocular blood flow
* Low pulse amplitudes

* Challenge to perfusion
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auto-regulation

The system which attempts to mitigate variations in intraocular
pressure and systemic blood pressure to meet the metabolic

requirements of the axonal bed.

auto-
regulation
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* 13% POAG / 20% NTG
* 84% are missed

* 100% with 2 disc hemorrhages
will have field loss

* 81% with 1 disc hemorrhage will
have field loss

* 3 fold progression risk — even
under treatment

Drance Hemorrhage

Liebmann et al

FUP #11: 11/14,

Drance Hemorrhage
kills axons
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Drance Hemorrhage

Nocturnal Systemic Hypotension

« Circadian cycle

* Beta blockers

» ACE inhibitors

* Anti-depressants

» Above taken at bedtime
* Physical fitness

Ischemic Optic
Neuropathies

Sohan Singh Hayreh
Professor of Ophthalmology
Universiy of lowa
lowa City
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Nocturnal Systemic Hypotension Increases the Risk of
Glaucoma Progression

tavo de Moraes, MD, Alissa Link,
y B C. Peterson,

Liebmann, MO

Conclusions:

Cumulative nocturnal hypotension predicted VF loss in this cohort. Our data
suggest that the duration and magnitude of decrease in nocturnal blood pressure
below the daytime MAP, especially pressures that are 10 mmHg lower than
daytime MAP, predict progression of NTG. Low nocturnal blood pressure, whether
occurring spontaneously or as a result of medications, may lead to worsening of
VF defects.

NTG: The Nocturnal Blood Pressure Factor
Red Flags for Clinicians

* Postural hypotension

* Cold hands and feet

* Migraines

* Myopia

« Systemic beta blocker use

of Ophthalmology

Carlos G. De Moraes, MD, New York City
Published 10 February 2014

29 30
Progressing case despite controlled IOP
Diastolic Perfusion Pressure (DPP) PP=50 mmHg), cold hands (+)
Time BP  IOP (OD) (Ta/Tp) IOP (OS)(Ta/Tp)
109/65| 14/15
106/68| 13/15
115/74| 1213
* Diastolic Blood pressure — IOP = DPP i 1377| 1112
Stethoscope Inflatable 102/62 1314
L o 96/61 | 11113
* Risk increases 6X below 55 B | erer
113 1012
912 9112
10/11 1M1
1112 12113
31 32



Progressing patient with CAD &
+)antihypertensive medications

1OP (OD)
(TalTp)

1415 (18)*
1315 (18)*
1314 (17)*
14114

I0P (OS) (Ta/Tp)

14115
15116
1516

14115
16017
1314
14115
14/16
14/15
13/15
13/14
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Nocturnal BP/OPP drop = Disc hemorrhages

“Fit but Fainting ?”

Runners World Magazine
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When to consider OPP clinically?

Progressing glaucoma despite well-controlled
IOP

Normal-tension glaucoma

Patients with nocturnal hypotension

History or symptoms of low BP, systemic
antihypertensive medications, orthostasis

Patients with optic disc hemorrhages

Cinical Interventions to improve OPP

Measure BP to identify those with low OPP
Consider 24-h BP/IOP monitoring

Modify systemic antihypertensive medication schedule
or dose (pm-> am, reduce dose to V2

Avoid topical beta-blockers for IOP reduction
Reduce nocturnal IOP with topical PGAs or CAls
Consider salty diet or salt tablets at night
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Reduced Cerebral Blood Flow in the Visual Cortex and Its Correlation With
Glaucomatous Structural Damage to the Retina in Patients With Mild to
Moderate Primary Open-angle Glaucoma

Wang, Qian, MD"; Chen, Weiwei, PhD'; Qu, Xiaoxia, PhD*; Wang, Huaizhou, MD'; Wang, Ying, MD’; Zhang, Xun, MD'; Li,

Ting, MD'; Wang, Ningli, MD, PhD'; Xian, Junfang, MD, PhD"
Journal of September 2018 - Volume 27 - Issue 9 - p 816-822

Conclusions: The complex pathologic progress of POAG includes abnormal cerebral
perfusion within the visual cortex in mild to moderate disease stages. The association
of cerebral perfusion changes with alterations of the optic disc and the retina may
contribute to the early diagnosis of POAG.

Primary Vascular Dysregulation
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OD drawing
discin 1976
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Structure
1976
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&’/ Glaucoma Imaging Evolution
& Drawings (1976) _ Photography
Glaucomascope - GDX — HRT
Time Domain OCT — Spectral Domain OCT»

A/f’
oy K

Angio OCT (2018) e

RNFL, Optic Disc & GCC Analysis

C Sntoance

Inferior RNFL and
GCC Loss OD

Superior RNFL and GCC
Loss OS

Abnormal RNFL
Asymmetry Graph
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OCT best for early and
moderate disease

* Plasticity of fields with early loss

* OCT “Floor Effect” at about 50 microns

Angio OCT
OCTA
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45 46
L
Heidelberg OCTA
AngioPlex OCT September 2018
Ziess
47 48
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Moderate

Michel Puech M.D. Explore Vision, Paris, France

RPC Vessel density Gékgl:?(;%%:g

HELSINKI

7 HELSINKI

* 7th WORLD GLAUCOMA CONGRESS %

OCT Angiography in Glaucoma

David Huang, MD, PhD

Peterson Professor of Ophthaimology

Professor of Bomedical Engnesnng

Casay Eyo institute. Orogon Fealth & Science Urwversty
Portand. Oregon
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Glaucoma Reduces Peripapillary Retinal Vessel

Density

§

— p<0.001 —|

o= o[

:

i

area)
§

Mplplll?q Vessel Density
3

o
(3x3 mm)
501 T v
AROC = 0.938 Normal Glaveoma
Excellent diagnostic potential w;, ILE" w;; ﬁ 3;

UL s Y, Takusagaw HL. Pachaue
reting in glaucoma

AD. Eamunads B
JAMA Ophthaimel 133 1045 (2015)

Lombard: L. Divis €. Mormnon JC, Huing D. OCT angiography of the peripapittary

Glaucoma Decimates the Pe

RPCP
vessel density

AROC=0.985

40 glaucoma
vs
40 normal

apillary Radial Capillary Plexus

All Plexuses

53

* Theory 1

Decreased Vessel Density
cause or effect?

Axonal loss causes reduced demand of blood
(ie. decrease in VEG-F), so vessels recede as the result of

decrease in signal.

* Theory 2

Axonal loss secondary to acute or chronic ischemia

Optical Coherence Tomography Angiography of Optic Disc in Eyes
With Primary Open-angle Glaucoma and Normal-tension Glaucoma

Toshev, Anani P,, MD"; Schuster, Alexander Karl-Georg, MD, MSc'; ul Hassan, Shahzada N., MD™*; Pfeiffer, Norbert, MD';
Hoffmann, Esther M., MD"
Journal of Glaucoma: March 2019 - Volume 28 - Issue 3 - p 243-251

C Overall, eyes had lower peripapillary Vessel Density
compared with normal and OHT eyes. There is a strong relationship between the
peripapillary structure of RNFL and its vasculature.
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Clinical Examples

Right eye (OD) / 12032016 / 12:61:21 Lot aye (OS) / 12/02/2016 1 12:55:17
Grayscale (CC ”

history o Bo om 833

- e

E A- . - -

* Positive family glaucoma History - -
* 5 years treatment latanoprost monotherapy { % i

* |OP’s with medication 20 mm OU
* OD loss approaching fixation
* OD wedge NFL defect
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61

Angio Structure-Function

Right / OD
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76 y/o Caucasian female

¢ Chronic Drance hemorrhage

* 4 topical medicines

e Superior and paracentral field loss
« “controlled” IOP’s in high teens

oo

65

Raght eye (0D} 18347917 | 115887

Lo oye (08 1842017 1 139828

i
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Leh/OS

HD Angio Disc

Disc OverVue

71

72
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Vessel density value

75-year-old
Caucasian female

* Family history

JuIy 2018 * 3 medicines
73 74
::::.M'm‘l’"-l”:“m“u ‘:-m—m"m""“'-wm._...
75 76

19



8/3/2021

normal (reference)

patient

77
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80 y/o Caucasian male

* |OP never exceeded 20 mm
* Dx normal tension glaucoma

* Current meds — Latanoprost,
Simbrinza, Rhopressa

Right/ 00

ORAGCC OU Report

Cote Haove Head Vas.

ey Pararawn

81

82

Right eye (OD)  OROIZ018 / 14:49:02 Left eye (05 0B032018 / 145253
Cormcas prosatnes . Comucted progasanes
’ . .
. = = =
M
- W . -
. . .
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normal (reference)

patient

Next Step - trend analysis

85 86
_ Decrease IOP significantly
Now that we can measure it,
it?
how can we change it: * Small changes in IOP seldom alter blood flow significantly
because of the mitigating effect of autoregulation
* Dramatic IOP decreases overwhelm autoregulation and
increase ocular profusion
87 88
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Calculate Diastolic Perfusion Pressure Look for over treatment of
high blood pressure

* Be more aggressive in treating individuals with DPP below 55

Counsel hydration / salt intake / lifestyle

* Encourage electrolyte drinks @ Consider topical medications or treatments which

23
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Recent Blood Flow Studies

The Effect of Medical Lowering of Intraocular Pressure on Peripapillary and Macular Blood Flow as Measured by Optical
ive Eyes

Coherence i inTr

Aung, Tin FRCS(ED), PhD*,5,14; Nongpiur, Monisha E. MD, PhD*,5Author Information
Journal of Glaucoma: June 2021 - Volume 30 - Issue 6 - p 465-472
doi: 10,1097/11G.0000000000001828

/The_Effect_of_Medical_Lowering_of_Intraocular.3.aspx

Superficial and Deep Macula Vessel Density in Healthy, Glaucoma Suspect, and Glaucoma Eyes

ElNimri, Nevin W, OD, PhD*; Manalastas, Patricia Isabel C. MD*; Zangwil, Linda M. PhD*; Proudfoot, James A. MSc*; Bowd, Christopher PhD*; Hou, Hulyuan MD,
PhD*; Moghimi, Sasan MD*; Penteado, Rafaella C. MD*; Rezapour, Jasmin MD*; Ekici, Eren MD*,t; Shoji, Takuhei MD*,t; Ghahari, Elham MD*.§; Yarmohammadi,
Adeleh MD*; Weinreb, Robert N. MD*Author Information

Journal of Gl June 2021 - Volume 30 - Issue

doi: 10.1097/16.0000000000001860

L_and_Deep_Macula_Vessel_Density_in L.aspx

Liu, Chang MD*; Umapathi, Ruthra M. BSct; Atalay, Eray MDY; Schmetterer, Leopold PhD*, I, 4,#,**,+; Husain, Rahat MDI(Res), FRCOphth*; Boey, Pui Yi FRCS(E)*;

Prediction of 10-2 Visual Field Loss Using Optical Coherence Tomography
and 24-2 Visual Field Data

Sullivan-Mee, Michael OD*,t; Hedayat, Mahdi 0D, Charry, Nicole OD*; Katiyar, Suchitra MPH, OD*; Kee, Helen OD*;
Kimura, Bryan OD*; Pensyl, Denise OD, MS*Author [Magmation

Journal of Glaucoma: June 2021 - Volume 30 - Issue 6 - p €292-e299

doi: 10.1097/1)G.0000000000001837

https://journals.lww. b t/2021/( iction_of_10_2_Visual_Field_Loss_Using_Optic

al.13.aspx
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Thank YOU

Elliot M. Kirstein, OD, FAAO
Harpenr’s Point Eye Assocates
The Glaucoma and Diabetes Eye Institute
Cincinnati, Ohio
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