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Keep an Eye on Your Eyes

44 percen@i adults




Visual Impairment
Numbers

1in 28 Americans ages 40+ suffers from low vision

This number is guaranteed to grow in coming years as
the population ages.

Every day an estimated 10,000 baby boomers turn 635,
making them members of a very vulnerable group

US News March 2015
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Glaucoma

NEI reports that 3 million people in the U.S. have glaucoma- expected
to grow to 4 million by 2030
Glaucoma is the second most common cause of blindness worldwide. It

is estimated that 4.5 million %ersons globally are blind due to
glaucoma' and that this number will rise to 11.2 million by 20202

« US News March 2015

« 1. World Health Organization data
from

e 2. Quigley et al. Br ] Ophthalmol 2006; 90:262-267


http://www.who.int/blindness/causes/priority/en/
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Telemedicine

Benetits
e Enhancing screening for VID

e Bring subspecialty expertise to underserved
communities

e Other...

Strouthidis NG, et al. Br ] Ophthalmol 2014
Kassam F, et al. Middle East Afr ] Ophthalmol 2013
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Tele-Glaucoma

Part of Telemedicine

Yet, poses distinct challenges:
e Glaucoma is a group of diseases
 Slowly progressive optic neuropathy
e Visual field loss is elusive

e IOP is extremely variable
e PAINLESS
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- Challenges to Diagnosis

Flaws in IOP definition

IOP in general pop is not gaussian: skewed
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Screening using IOP will miss many
patients

[s there a better way?

L4 .3 NJ Glaucoma
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Glaucoma

Structure vs Function testing
Is there a best test(s) for diagnosis?
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What shows first ?

Studies have found optic disc and RNFL damage
often precede detectable visual field loss

Sommer A, et al. Arch Ophthalmol 1991;109:77.
Tuulonen A, and Airaksinen PJ. Am J Ophthalmol 1991; 111: 485,
Johnson CA, et al. Am | Ophthalmol 2003; 135: 148.

Khouri 1



or
the better way...
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Ophthalmology Telemedicine at

/(Jersey Medical School

e Telemedicine Outreach
Program (TOP) Services
established at NJMS in
2005
« The Student Sight Savers

Program in 2009 joined

TOP Services in tele-
screening

Szirth B, Shahid K, Zarbin MA, Khouri A, Bhagat N. Touch Briefings 2005:2-7.



Courtesy Dr B Szirth
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Stereo Imaging — Gold Standard in Glaucoma

77 BCS BCS, ID#: T00-00-0418, DOP- 3/17/2007 at 6:16:26

] Configure

Swap/Postion/Zoom image, then: dick Draw Cup/Disc [ Apply DarkRecovery

Zoom level: 50%

Khouri A, Szirth B. ] Telemed & E-Health 2010
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Software Assisted Image Analysis

Software Assisted Optic Nerve Assessment for Glaucoma Tele-Screening

Khouri AS, et al. Telemedicine and E-Health 2008
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Abstract. Depth analysis of the optic nerve head (ONH) in the retinal
fundus is important for the early detection of glaucoma. In this study,
we investigate an automatic reconstruction method for the quantita-
tive depth measurement of the ONH from a stereo retinal fundus im-
age pair. We propose a technique to obtain the depth value from the
stereo retinal fundus image pair, which mainly consists of five steps: 1.
cutout of the ONH region from the stereo retinal fundus image pair, 2.
registration of the stereo image pair, 3. disparity measurement, 4.
noise reduction, and 5. quantitative depth calculation. Depth mea-
surements of 12 normal eyes are performed using the stereo fundus
camera and the Heidelberg Retina Tomograph (HRT), which is a con-
focal laser-scanning microscope. The depth values of the ONH ob-
tained from the stereo retinal fundus image pair were in good accor-
dance with the value obtained using HRT (r=0.80+0.15). These
results indicate that our proposed method could be a useful and easy-
to-handle tool for assessing the cup depth of the ONH in routine
diagnosis as well as in glaucoma screening. @ 2008 Society of Photo-Optical
Instrumentation Engineers. [DOIl: 10.1117/1.3041711]

Nakagawa T, Suzuki T, Hayashi Y, et al. ] Biomed Opt. 2008 Nov-Dec;13(6):064026

Quantitative depth analysis of optic nerve head using
stereo retinal fundus image pair
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A

/
Depth Calculation

A coordinate system arranged
on the optical axis of left and
right view points.

Depth value of each 3D
position determined according
to disparity in both channels

L X tan(f— B;) X tan(f + Sp)
tan(#— B;) + tan(# + Bg)

Depth =

: 5
ﬁ;_ztan‘*x;_th(EKi] X —1,
| 2 180/ W

| )
&

W

Br=tan™'{ xp X tan ;—r X %]

W)’

Shoot po:int (Left)

Shoot point (Right)

Khouri 11



R
28
28
Eo.c
...4:! ———h
s et FeTEEl 1 =0.9693
: 04 o
’ L) Y
T o8
‘ A - e
1 - S
m] e mom:--w.w' -

Fig. 8 The first column shows the depth maps generated from stereo fundus image pairs. The second column shows the topographic images
obtained using the HRT. The third column shows the plots of the depth values in the depth maps and the topographic images along the midline
across the ONH region. The results of the stereo fundus image pairs and the HRT are indicated by white circles and black squares, respectively.

Nakagawa T, Suzuki T, Hayashi Y, et al. ] Biomed Opt. 2008 Nov-Dec;13(6):064026
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Other structural testing

Optical Coherence Tomography in Tele-Glaucoma

=usl  Canon CX-1 Hybrid Left Eye | Canon SD-OCT HS-100

3 micron

Figure 3: A. Screen-shot of SD-OCT HR B. Example of presumed RNFL drop off/glaucomatous ONH. C. View of the Optic Nerve with SD-OCT

Khouri, Szirth, Kogut, et al. ARVO 2014



Courtesy Dr B Szirth
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Challenges facing Tele-Glaucoma

Currently assessment and recommendations are made
on-site by the medical director of the screening team.

Cloud based solutions
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Remote Location Screening

New Jersey Medical School

VTD GRADING FLOW :
< Cagbe (Dr. Khouri)

Screener
Captures Image

Screener
Captures Image

o UL LT TV T Beeas

On-Site
Grader #1

On-Site Grader #1
17 y/old AAF
Family history pos for
glaucoma
VA: 20/25
IOP: 26/26

No VTD present.

(10% of subjects reviewed

Subject is seen by Glaucoma
by Grader 2 as QC)

Specialist

Subject returns next
year

Refers Subject to Appropriate
Specialist

Khouri, Szirth NJMS Telemedicine



Khouri, Szirth: NJMS Telemedicine
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 New Jersey Medica
Tele-Glaucoma

* Pilot Experience
e 58 stereoscopic ONH images

Aood "z ¢

e Near real time evaluation

e Wireless 4G Network:
Transmission speed 5-30 sec
per subject

e No image quality degradation

s w=== Khouri, et al. American Glaucoma Society 2013
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Conclusions

Tele-Glaucoma is an evolving field that can offer
solutions

e Specialized care remotely

e Applications in clinical medicine
e And...
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Jucoma Awareness

World Glaucoma Week
March 6-12, 2016

WGWeek What is Glaucoma?  Activities ~  About WGW ~ Contact &

What is Glaucoma?
| | | WGW2016
Glaucoma is a group of eye diseases that cause progressive damage of the

optic nerve at the point where it leaves the eye to carry visual information to the m

brain.
until World Glaucoma Week 2016

If left untreated, most types of glaucoma progress (without warning nor obvious symptoms to the patient) towards march 6-12. 2016
gradually worsening visual damage and may lead to blindness. Once incurred, visual damage is mostly irreversible, '
and this has led to glaucoma being described as the “silent blinding disease” or the “sneak thief of sight”.

Glaucoma is the second most common cause of blindness worldwide. It is estimated that 4.5 million persons globally
are blind due to glaucoma and that this number will rise to 11.2 million by 20202. It is noteworthy that due to the silent n g
progression of the disease — at least in its early stages — up to 50% of affected persons in the developed countries are

not even aware of having glaucoma®. This number may rise to 90% in underdeveloped parts of the world.

There are several types of glaucoma. Some may occur as a complication of other
visual disorders (the so-called “secondary” glaucomas) but the vast majority is (¢ Subscribe to our newsletter
- ‘primary”, i.e. they occur without a known cause. It was once believed that the cause




‘Food for Thought!
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Future Tele-Glaucoma

* Tele-Glaucoma applied at the “gates” of our healthcare
system.

it il r
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