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p Digital Health Innovations
to Transform Glaucoma Care

| USING Al AND BIG DATA TO ELEVATE
o ~GLAUCOMA DETECTION AND MANAGEMENT
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Why Do Some People Go Blind
from Glaucoma?

W. MORTON GRANT, MD, JOSEPH F. BURKE, JR., MD
NEI R01-00002

Abstract: Retrospective analysis of patients blinded by glaucoma has
revealed a need to educate patients to the significance of premonitory
symptoms, to investigate a higher incidence of blindness from open-
angle glaucoma among blacks than whites, and to define the goals of
therapy in relation to presenting pathology. Responding to this third
need, circumstances of patients followed for 20 to 40 years with exten-
sive documentation relating to open-angle glaucoma were analyzed.
Some eyes with normal discs and fields were found to tolerate a tension
of 30 mm Hg for many years without need of treatment. But, when abnor-
malities ranging from early glaucomatous cupping to advanced visual
field defects were present on initial evaluation, progressive loss of field
tended to occur at lower tensions. It appears that the worse the initial
condition of the eye, the lgwer the tension needs to be to prevent further
loss or blindness. [Key words: age, blindness, glaucoma, glaucoma
treatment, glaucoma types, intraocular pressure, optic disc, racial dif-
ference, visual field.] Ophthalmology 89:991-998, 1982




Why Do Some People Go Blind
from Glaucoma?

W. MORTON GRANT, MD, JOSEPH F. BURKE, JR., MD
NEI R01-00002

Other lessons:
*Innovation & new technology = Goldmann applanation, perimetry,
timolol, dipivefrin

“.... these advances are not yet the whole answer, ..... serve as great
encouragement to those who are dedicated to preventing blindness
through education, research, or patient care with the common goal of
seeing all blindness from glaucoma prevented.”
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Why should we change our current approach to glaucoma management?

Answer: People go blind with our current event-based approach.
Tham et al., Global prevalence of glaucoma and projections of glaucoma burden through 2040. Ophthal 2014

Glaucoma
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Objectives

Technology to gather more % 5
data to assess IOP variability = ¢

Technology for more
comfortable visual field
testing

THE OHIO STATE UNIVERSITY
WEXNER MEDICAL CENTER




Overview of home tonometry

Fig 1.—Subject in position at self-tonometer.

FIG. 1. Commercial version of the self-tonometer.




Diurnal IOP Range and Field Progression within 5 years

Asrani S, et al. J Glaucoma. 2000:9:134-142.

N=166 patients

n=64 patients(105 eyes) in upper or lower quartile
Mean IOP < 25 mmHg over 5 yrs

Baseline office IOP 17.6+/-3.2

Mean home |IOP 16.4+/-3.6

IOP range over 5 days home IOP 10.0+/-2.9

57% progressed w/ ~ 3 mmHg
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88% progressed w/ ~ 5 mmHg

Time (months)

Relative risk in 5 yrs

Diurnal IOP range
3.1 mm Hg

Diurnal IOP range
5.4 mm Hg



Overview of (potential) home tonometry

Contact lenses (SENSIMED Triggerfish®)

g Telemetric-Chip

R - .
THE OHIO STATE UNIVERSITY
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_Overview of rebound tonometry
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Comparing rebound tonometry and Goldmann applanation

42%

25
20

15

18%
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< -5 48 -20-3 -1ioi 2163 4106 Blo® 1015 151020
Difference in IOP [lcare OME - GAT, mm Hg)

FIGURE 4. Difference in intraocular pressure (IOP, mm Hg)
by Icare OINE (taken by clinic examiner) vs Goldmann appla-

FIGURE 1.Ph oof g ONE chiing nation tonometry (GAT) in children with known or suspected
1. Photograph of Icare FRRNINEGE ML e glaucoma. The difference in IOP (mm Hg) between Icare ONE

being used by a parent to check the intraocular pressure of his L. i
and Goldmann applanation is plotted on the x-axis vs number of

child’s right eye.
eyes plotted on the y-axis.

Number of Eyes




72 yo active general surgeon, progression OS. CCT 551 OD; 545 OS.

|IOPs 10-16 mmHg (fixed combo dorz+tim OU, travoprost OU).
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Brinzolamide + Brimonidine + Brinzolamide + Brimonidine +
Latanoprostene Bunod

Latanoprostene Bunod
15 12.6 = 6.9 mmHg 13.2 = 4.3 mmHg

[0P (mmHg])

Ob— v 1 v v

— T T p— p—

e |
clinic hours

——
clinic hours

Time of Day OS oD

Rojas CD, Reed DM, Moroi SE. Usefulness of iCare HOME in telemedicine ... THE OHIO STATE UNIVERSITY
Oph Glc 2020
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Considerations for home-based tonometry:

Cost of instrument and probe tips

Currently, no insurance coverage of instrument
Bill under remote monitoring codes

Which patient can learn to use this instrument?
How many data points a day?

low many days of data?

THE OHIO STATE UNIVERSIT Y
WEXNER MEDICAL CENTER




Objectives

Technology for more
comfortable visual field
testing
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Challenges with perimetry

CENTRAL 24-2 THRESHOLD TEST

FIXATION MONITOR: GAZE/BLINDSPOT STINULUS: TII. WHITE
FIXATION TARGET: CENTRAL BACKGROUND: 31.5 ASE
FIXATION LOSSES: 17 STRATECY: SITA-STANDARD

FALSE POS ERRORS: @ X%
FALSE NEC ERRORS: 33 %
TEST DURATION: @7:33

FOVER: 33 0B 3

Reliability (unreliable)
Fixed environment (space, tech/MA)

Selvan K., Mina M., Abdelmeguid H., Gulsha M., Vincent A., Sarhan A. Eye 2023.

THE OHIO STATE UNIVERSITY
WEXNER MEDICAL CENTER
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TABLE. A Lexicon for Head-Mountad Display Technology in Low Vision Rehabilitation and Vision Enhancemant

Tmmn

Ciafiniticn

Exammies

Advantages for Vsion Applications

Electronic visual aid

Heads-up display

Augmeanted reality

Head-mounted display

Any device that provides a digital
image to improve visual
performancs

See-through display projected in
usar's line of sight that does not
move with user; not a form of HMD

Presentation of infformation to the
visual system that doss not
otherwise exist in the user's
environmeant

An electronic viswal aid that is worn
an tha head, often ke a pair of
glasses or gogagles

HMD, closed-circuit television

Automotive and aviation displays,

industrial applications

Contour video mages

Sea various types below

To provide any digital alteration that
improves visual performanca,
such as magnification to improve
visual acurty or minification to
expand visual fields

Limited applications

Presentation of visual cues missing
from a user's field of vision;
imformation on potential obstacles
in user's path

Same functions as electronic visual
aids but with improwved
ergonomics and ease of use since
wwornn on the user's head

Ehrlich JR, Ojeda, LV, Wicker D, Day S, Howson A, Lakshminarayanan V, Moroi SE. HMD Technology for Low
Vision Rehabilitation and Vision Enhancement. AJO 2017

19 |

THE OHIO STATE UNIVERSITY
WEXNER MEDICAL CENTER



Continued....  TABLE. A Lexicon for Head-Mounted Display Technology in Low Vision Rehabilitation and Vision Enhancermant

Tam Diefiniticn Examples Advantages for Vision Applications
Types of HMD:
Virtual reality HMD that covers the evas, eSight, Oculus Rift Enhancement of cantral vision ar
occupying the entirae visual fisld night vision through image
processing
Mear-eye display HMD that projects a see-through Epson Moverio, Microsoft Hololens  Expansion of percaived visual field

image in front of the eye

Retinal projection HMD that directly project a Fujitsu Laser Headset, Google Glass  Expansion of percaived visual field
ses-through image onto the
usar's retina

Optical design
MNon-pupil-forming Display mounted in front of a user's  Epson Mowverio, Microsoft Hololens  Easier to design and fabricate than
display evas amplifies image using simple pupil-forming displays
lenses
Pupil-forming display Usas complex sets of lanses so that  Fujitsu Laser Haadset, Google Glass Improved ergonomics for retinal
the imagse sourca (cameara) can be projection devices compared with
mowved away from the ayes non-pupil-forming displays

Ehrlich JR, Ojeda, LV, Wicker D, Day S, Howson A, Lakshminarayanan V, Moroi SE. HMD Technology for
Low Vision Rehabilitation and Vision Enhancement. AJO 2017

THE OHIO STATE UNIVERSITY
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Smart SyStem® | VR Headset THE OHIO STATE UNIVERSITY

WEXNER MEDICAL CENTER




Validation of a Head-mounted Virtual Reality Visual Field
Screening Device. Mees, L., Upadhyaya, S., Kumar, P., Kotawala,
S., Haran, S., Rajasekar, S., Friedman, D., Venkatesh, R. J Glauc
29(2):86-91, 2020.

Copyright © 2024 Wolters Kluwer. Published by Lippincott Williams & Wilkins.
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ORIGINAL ARTICLE = & Open Access

Comparing a head-mounted virtual reality perimeter and the
Humphrey Field Analyzer for visual field testing in healthy and

glaucoma patients

© ®

Jack Phu B, Henrietta Wang, Michael Kalloniatis

First published: 06 October 2023 | https://doi.org/10.1111/0p0.13229

Comparing a head-mounted virtual reality
perimeter and the Humphrey Field Analyzer for
visual field testing in healthy and glaucoma

patients

Number of defects

Defect on any resulit

Test method

40-

Defect on at least 2 results
Number of defects

Test method

238% | 9.1%

15.8%

28.0%

17.6%

30.0% 30.4%
A -16.7% R LA -20.0%
U0 15.8% | 10.0% |-23.1%
14.3% e %
33.3% (AR 33 3% 0%
2 10.0% NG 26.3% | 6.7% |-10.0%
04% 66.7%
9.1% |-22.2%
A 0% |-33.3%
o) 60.09 4%
el 0% |-16.7% |-11.1%
30.0% RN 25.0%
0.0% 009 60.0
009 0% 66.7% '333%
y 0927 ORI 75 0v, ILD
0.0% 4o
U 14.3% |-25.0%

100% more defects on the
Humphrey Field Analyzer

0% - no difference between
devices

100% more defects on the
Virtual Field

Ophthalmic Physiologic Optic, Volume: 44, Issue: 1, Pages: 83-95, First published: 06 October 2023, DOI: (10.1111/0p0.13229)



SAMUEL & ETHEL BALKAN
INTERNATIONAL PEDIATRIC
GLAUCOMA CENTER

Patient: Gender: Male Bascor Palies
. ’ l.’ Eye Institute
Date Of Blnh: Patlent ID: UNWERSITY OF MIAMI HEALTH SYSTEM

Left Single Field Analysis Superior-64 Screening Superior-64 Screening

Strategy: Screening Pattern: Superior-64 DOB: Eye: 0S
Fixation Target: Inferior Set stimulus Size: 111 ID: >
Questions Asked: 64 Colors: White on Black Date: 03/30/2022
Exam Duration: 03:27 False Positives: - Time: 4:24 PM
Fixation Losses: - False Negatives: -
Eye-Tracking
Tobii Infrared Photography
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Superior Visual Field Testing Using Virtual Reality With and
Without Eye Tracking for Functional Upper Eyelid Surgery
Evaluation: A Pilot Study Patel, A.J., Lee, W.W., Ziff, M., Munshi,
H., Chang, T.C., Grajewski, A.L., Wester, S.T., Tse, D.T., Tse, B.C.
Ophth Plastic & Reconst Surg 39(4):381-385, 2023.

O  -Seen: 8/64

[ ] - Missed: 56/64

Copyright © 2024 Wolters Kluwer. Published by Lippincott Williams & Wilkins.
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Clinical Trials

Virtual Reality Hemifield Measurements for Corrective
Surgery Eligibility in Ptosis Patients: A Pilot Clinical Trial

Margarita Labkovich', Andrew J. Warburton', Stephanie Ying', Aly A. Valliani',
Nicholas Kissel?, Randal A. Serafini'3, Raj Mathew*, Megan Paul’,
S.Malin Hovstadius', Vicente N. Navarro®, Aashay Patel’, Harsha Reddy®, and

James G. Chelnis®

! Department of Medical Education, Icahn School of Medicine at Mount Sinai, New York, NY, USA
* Department of Statistics & Data Science, Carnegie Mellon, Pittsburgh, PA, USA

* Mash Department of Neuroscience and Friedman Brain Institute, lcahn School of Medicine at Mount Sinai, New York, NY, USA

? Department of Medical Education, SUNY Downstate, Brooklyn, NY, USA
* Department of Uro Onc Research, Weill Cornell Medicine, New York, NY, USA
® Department of Ophthalmology, lcahn School of Medicine at Mount Sinai, New York, NY, USA

Translational Relevance: In this study, we look at vision field outputs in patients with
ptosis to evaluate its severity and improvement with eyelid taping on a low-profile VR-
based technology and compare it with HVFA. Our results demonstrate that alternative,
portable technologies such as VR can be used to grade the degree of ptosis and deter-
mine whether ptosis surgery could provide a significant superior visual field improve-
ment of 30% or more, all while ensuring a more comfortable experience and faster

testing time.

THE OHIO STATE UNIVERSITY
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Why Do Some People Go Blind

from Glaucoma?

W. MORTON GRANT, MD, JOSEPH F. BURKE, JR., MD

Considerations before adopting new technology:
Q: How does data compare to “gold standard™?

A: Clinical trials

Q: Cost?

A: Gather data, publish, improve outcome,
efficiencies, less cost to health system

Q: Impact on clinic workflow

A: Model, clinical trials

Q: Which patients?

A: patient reported outcome measures

THE OHIO STATE UNIVERSITY

WEXNER MEDICAL CENTER
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