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44 percent of 2,000 adults 
said they were more fearful 

of losing their sight than 
developing Alzheimer’s, 

Parkinson’s or even heart 
disease



Visual Impairment
Numbers 
 1 in 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 65, 
making them members of a very vulnerable group

 US News March 2015



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 persons globally are blind due to 
glaucoma1 and that this number will rise to 11.2 million by 20202

 US News March 2015
 1. World Health Organization data 

fromwww.who.int/blindness/causes/priority/en/
 2. Quigley et al. Br J Ophthalmol 2006; 90:262-267

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


Telemedicine 
 Benefits

 Enhancing screening for VTD

 Bring subspecialty expertise to underserved 
communities 

 Other…

 Strouthidis NG, et al. Br J Ophthalmol 2014

 Kassam F, et al. Middle East Afr J Ophthalmol 2013
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Tele-Glaucoma
 Part of Telemedicine

 Yet, poses distinct challenges:

 Glaucoma is a group of diseases 

 Slowly progressive optic neuropathy

 Visual field loss is elusive

 IOP is extremely variable

 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

Is there a better way?
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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 J Ophthalmol 2003; 135: 148.

Khouri 11



One way…

or
the better way…
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Digital Imaging



Non-Myd Simultaneous 
Stereo >4mm

Szirth  11

20 x 27 degrees



Ophthalmology Telemedicine at
New jersey Medical School

 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.
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Courtesy Dr B Szirth
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Grading images

Szirth 2007
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Khouri A, Szirth B. J Telemed & E-Health 2010

Stereo Imaging – Gold Standard in Glaucoma
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Advances in Digital Imaging

 Software Filters
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Software Assisted Image Analysis

Khouri AS, et al. Telemedicine and E-Health 2008
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Nakagawa T, Suzuki T, Hayashi Y, et al. J Biomed Opt. 2008 Nov-Dec;13(6):064026

Khouri 11



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

Khouri 11



Depth Map

Khouri 11

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



Depth Distribution

Khouri 11
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Analysis Software (VK-2 WX)

Khouri 11
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Stereo vs depth analysis software was 
not significant (p=0.45). 

The intra-class correlation coefficient 
(r) between stereo and software 
assisted recordings = 0.88.

Khouri et al, ARVO 2012NJ Glaucoma
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Other structural testing

 Optical Coherence Tomography in Tele-Glaucoma

Khouri, Szirth, Kogut, et al. ARVO 2014
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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

NJ Glaucoma
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Screening (triage) Flow
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Captures Image

On-Site
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No VTD present. 
(10% of subjects reviewed 

by Grader 2 as QC)
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17 y/old AA F

Family history pos for 

glaucoma

VA: 20/25

IOP: 26/26

Refers Subject to Appropriate 

Specialist

Screener

Captures Image

Subject is seen by Glaucoma 

Specialist 

Software sends this 

subject for grading

C.b.a.

VTD GRADING FLOW

Remote Location Screening

New Jersey Medical School

(Dr. Khouri)

Khouri, Szirth NJMS Telemedicine



Future Work
Tele-Presence

NJ Glaucoma Khouri, Szirth: NJMS Telemedicine
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New Jersey Medical School
Tele-Glaucoma
 Pilot Experience

 58 stereoscopic ONH images

 Near real time evaluation

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

 No image quality degradation

Khouri, et al. American Glaucoma Society 2013



Conclusions
 Tele-Glaucoma is an evolving field that can offer 

solutions

 Specialized care remotely

 Applications in clinical medicine

 And…

NJ Glaucoma
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Glaucoma Awareness



Food for Thought!

NJ Glaucoma
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Future Tele-Glaucoma

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

NJ Glaucoma
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THANK YOU!

NJ Glaucoma
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