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Purpose: The purpose of this study was to evaluate the ability to screen for glaucoma using 
a Food Drug Administration (FDA) Class II diagnostic digital fundus photography system 
used for diabetic retinopathy screening (DRS).
Methods: All research participants underwent a comprehensive eye examination as well as 
non-mydriatic 45°single photograph retinal imaging centered on the macula. Optic nerve 
images within the 45° non-mydriatic and non-stereo DRS image were evaluated by two 
methods: 1) grading by three glaucoma specialists, and 2) a computer-aided automated 
segmentation system to determine the vertical cup-to-disc ratio (VCDR). Using VCDR 
from clinical assessment as gold standard, VCDR results from two methods were compared 
to that from clinical assessment. Inter-grader agreement was assessed by computing intra-
class correlation coefficient (ICC). In addition, sensitivity and specificity were calculated.
Results: Among 245 fundus photos, 166 images met quality specifications for analysis. Fifty 
images were not processed by the automated system due to the poor quality of the optic disc, 
and 29 images did not include the optic nerve head due to the patient movement during the 
photo acquisition. The ICC value for the VCDR between the gold standard clinical exam and 
the automated system was 0.41, indicating fair agreement. The ICC value between the three 
ophthalmologists and the gold standard was 0.51, 0.56, and 0.69, respectively, indicating fair 
to moderate agreement.
Discussion: Assessing the VCDR on non-mydriatic and non-stereo DRS fundus photo-
graphs by either the computer-aided automated segmentation system or by glaucoma spe-
cialists showed similar fair to moderate agreement. In summary, optic nerve assessment for 
glaucoma from these 45° non-mydriatic and non-stereo DRS images is not yet suitable for 
tele-glaucoma screening.
Keywords: telemedicine, tele-glaucoma, automated screening system, diabetic retinopathy 
screening, glaucoma screening

Introduction
Diabetic retinopathy screening (DRS) has advanced with non-mydriatic digital 
imaging that is centered on the macula.1 The English National Health System 
(NHS) Diabetic Retinopathy Screening (DRS) program, which uses two-field 
mydriatic digital photography, started in 2003 and reached population coverage in 
2008. In 2008, of the 2.59 million diabetics in England, 2.14 (83%) were screened. 
This system, alongside appropriate systems for ensuring proper follow-up care, was 
responsible for moving diabetic retinopathy out of the title of the leading cause of 
certifiable blindness in the working age group.2 Given this strong evidence of 
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success for DRS as a public health program even using 
a digital screening system that depended on dilated image 
acquisition, newer DRS systems have been developed with 
improvements in ease of use. The newer systems do not 
require mydriasis, and algorithms have been developed 
and validated for automated analysis of the digital retina 
images in a commercial platform.3 The FDA has recently 
approved a software program that uses artificial intelli-
gence to detect more than mild diabetic retinopathy in 
patients with diabetes who were not already treated for 
diabetic retinopathy.4

In general, these DRS digital images are centered on 
the macula and include the optic nerve. It remains to be 
determined if these optic nerve images are suitable for 
glaucoma screening. In the United States, the prevalence 
of glaucoma is expected to grow from the current 
2.7 million to 4.2 million by 2030.5 Researchers estimate 
that 50% of people remain undiagnosed,6,7 so 2.1 million 
US citizens will remain undiagnosed in 2030 with current 
screening methods. In the world, the number of people 
(aged 40–80 years) with glaucoma was estimated to be 
64.3 million in 2013, which is projected to increase to 
76.0 million in 2020 and 111.8 million in 2040.8 Given 
the public health services momentum for DRS programs 
with digital imaging platforms and targeted DRS popula-
tion health success in England,2 the purpose of this study 
was to determine the ability to screen for glaucoma on the 
IRIS™ (Pensacola, Florida) digital fundus photography 
used for DRS (FDA Class II diagnostic screening system 
for diabetic retinopathy).

Materials and Methods
Study Participants
This study was conducted in accordance with the 
Declaration of Helsinki. Approval from the University 
of Michigan Institutional Review Board Committee for 
a clinical research examination was obtained as part of 
an ongoing research study, and informed written consent 
was obtained from all participants. All participants 
underwent a comprehensive ophthalmic examination by 
a glaucoma fellowship trained and board-certified 
ophthalmologist (SEM) or board-certified optometrist 
(SDW). Using a 78D or 90D lens, the clinical vertical 
cup-to-disc ratio (VCDR) measurements obtained by 
clinical biomicroscopy, and was considered the gold 
standard (the study flowchart is shown in Figure 1). 
Based on this clinical research examination, participants 

were categorized as either no glaucoma, glaucoma sus-
pect, or definite glaucoma (Confirmed by OCT).

Photograph Imaging
The DRS system used for this study was a non-mydriatic 
automated camera system (Centervue DRS, Fremont, 
CA). The DRS images were captured and stored on the 
Intelligent Retinal Imaging Systems platform (IRIS™, 
Pensacola, Florida) for remote grading by ophthalmolo-
gists. The IRIS system is an FDA Class II diagnostic 
digital fundus photography system as it gives immediate 
diagnostic feedback to patients about the presence or 
absence of diabetic retinopathy. The digital fundus 
images were acquired by three trained assistants. This 
camera has a sensor size of 5M pixel (2592x1944). The 
photographers took the standard 45° photograph of the 
posterior pole centered on the macula. A single image 
was taken of each eye. There are no standardized quality 
parameters for these images. These de-identified macula- 
centered digital photos have been described.9

Optic Nerve Assessment
Four grading methods (Table 1) were used for the VCDR. The 
first method was VCDR measurement using a 78D or 90D 
lens on biomicroscopy during clinical assessment and was 
considered to be the gold standard (ie, grading 1). The remain-
ing grading 2, 3 and 4 of the optic disc images were based 
upon processed digital images of only the optic nerve. The 
computer tablet was a Microsoft Surface Pro 3 with 12-inch 
screen size and 2160X1440 pixel resolution. In brief, during 
the processing of these optic nerve images contained within 
the DRS centered macula image, a standardized approach was 
used to avoid introducing artifact to the image size by max-
imizing it at a fixed percentage number for grading 2 and 3.

Based upon the optic disc images from the DRS 
images, the second method (ie, grading 2) was performed 
by three glaucoma fellowship trained ophthalmologists, 
who graded the VCDR by visual assessment of non- 
stereo optic disc images presented on a tablet. The third 
method (ie, grading 3) was manual annotation by the same 
three ophthalmologists, who drew the disc and cup bound-
aries on the optic disc images on the tablet (Figure 1). The 
fourth method (ie, grading 4) was the automated segmen-
tation system that calculated the VCDR by detecting and 
segmenting the optic disc and optic cup boundaries.

The automated optic nerve head segmentation 
system10–14 was developed from 550 digital optic disc 
images that are part of the Retinal fundus Images for 
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Glaucoma Analysis (RIGA) dataset.15 In brief, this auto-
mated system was developed and tested based on six experi-
enced ophthalmologists, who established manual markings 
of the disc and cup boundaries drawn on digital optic disc 
photos on a computer tablet as shown in Figure 2. This 
automated system was developed based on: (i) pre- 
processing step of localizing the region of interest, (ii) 
processing step that included the optic disc and optic cup 
segmentation techniques, and (iii) post-processing step of 
calculating the horizontal cup-to-disc ratio (HCDR) and 

VCDR. Minor adjustment was conducted, particularly on 
the pre-processing step, ie, change the dimension of the 
localized region of interest to make it appropriate for the 
size of the optic nerve head as well as to minimize distortion 
of the image. This project focuses on the VCDR.

Statistical Analysis
Statistical analysis was performed using IBM SPSS ver-
sion 24 (IBM, Armonk, NY). The VCDR measurements 
for grading methods 2, 3, and 4 (Table 1) were compared 

Figure 1 The study flowchart.

Table 1 Summary of the Optic Disc Grading Methods

Grading Method Description

Grading method 1 Gold standard clinical assessment of VCDR

Grading method 2 Three ophthalmologists’ assessments of VCDR from optic disc digital images on tablet
Grading method 3 Three ophthalmologists’ manual notations of optic disc from digital images on tablet

Grading method 4 Automated segmentation system for calculations of VCDR
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with gold standard grading method 1 using interclass cor-
relation coefficient (ICC). The ICC for the gold standard 
grading 1 was determined for each ophthalmologist’s grad-
ing 2 visual assessment, and for each ophthalmologist’s 
grading 3 manual markings independently (Table 2). 
Similarly, the ICC was calculated for the gold standard 
grading method 1 and to the automated system grading 4. 
The ICC for grading 1 was also compared with the average 
of the three ophthalmologists for both grading 2 and 3 
independently (Table 3).

In addition, the degree of agreement between the dif-
ferent grading methods of the optic disc grading was 
assessed using Bland-Altman plots.13,14 The sensitivity 
and specificity to detect VDCR of 0.5, 0.6 and 0.7 were 
calculated for grading 2, 3 and 4 with reference to the gold 
standard, grading method 1.

Results
There were 123 women who participated with an average 
age of 65.9 ± and the standard deviation is 2.77years 
(range 61 and 72 years). Participants were 60% African 
American and 40% White. Among the total of 245 digi-
tal fundus photos, 79 images (32%) were excluded 
because the optic disc was not present on the digital 
fundus photo. The reasons for poor centering on the 
macula were due to the participant’s inability to fixate 
during the image acquisition. Fifty images of the optic 
disc were of poor quality due to the bad acquisition, 
so could not be processed for the automated system 
grading 4, ie, the poor image quality of the optic nerve 
head, such as underexposure with poor color intensity of 
the neuro-retinal rim, limits the evaluation of the optic 
disc. There were a total of 166 digital images that were 

Figure 2 Representative digital, non-stereo optic disc image shown on computer tablet. The left image (A) is the non-stereo optic disc image from a macula-centered 
DRS photography. The three middle images (B–D) are the same optic disc image that show the manual annotations by the three ophthalmologists as grading 3 
method described in “Materials and Methods, optic nerve assessment”. The right image (E) is the automated segmentation of the optic disc and optic cup margins, 
grading 4. Overall the optic disc and optic cup margins showed small variations among the three ophthalmologists’ manual markings (grading 3) and the computer 
automated margins (grading 4).
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used for grading assessments 2, 3 and 4 (described in 
methods above).

The distribution of the four grading methods of the nine 
VCDR categorical bins “0.1–0.2 to 0.9–1” is shown in 
Figure 3. For each categorical bin, there are eight potential 
histogram columns. For example the first categorical bin 
“0.1–0.2”, VCDR categorical range, there are eight VCDR 
grading, ie, the 1st horizontal columns for each categorical 
bin represents grading 1’s VCDR, columns 2 represents 
ophthalmologist 1 grading 2, columns 3 represents ophthal-
mologist 1 grading 3, columns 4 represents ophthalmologist 
2 grading 2, columns 5 represents ophthalmologist 2 grad-
ing 3, columns 6 represents ophthalmologist 3 grading 2, 
columns 7 represents ophthalmologist 3 grading 3, and 
finally the 8th columns representing grading 4. In the 
extreme “0.1–0.2” and “0.9–1.0”, there were some zero 
values for individual grading categories.

The relative agreement between the eight VCDR grad-
ing assessed by ICC (Table 2). A guideline by Cicchetti,16 

was used for the reliability context – when the reliability 
coefficient is below 40, the level of clinical significance is 
poor; between 40 and 59, the level is fair; between 60 and 
74, the level is good; and when it is between 75 and 100, 
the level is excellent. The highest ICC value among the 
three ophthalmologists was 0.96 (95% CI = 0.94–0.97) 

indicated “excellent” reliability between ophthalmologist 
3 who had visually estimated the VCDR closely to 
ophthalmologist 2. In contrast, the lowest ICC value was 
0.68 (95% CI = 0.4–0.8) indicating “good” reliability 
between ophthalmologist 2 who had manually notated 
the optic disc and optic cup boundaries (grading 3) and 
ophthalmologist 1 who had visually estimated the VCDR 
(grading 2). The highest ICC value with the ground truth 
grading 1 was 0.7 (95% CI = 0.55–0.79) with ophthalmol-
ogist 3 who had visually estimated the VCDR (grading 2) 
indicating “good” reliability. The highest ICC value for 
automated grading 4 was 0.69 (95% CI = 0.55–0.79) with 
ophthalmologist 3 who had visually estimated the VCDR 
(grading 2) indicating “good” reliability. The ICC value 
between the ground truth grading 1 and automated grading 
4 was 0.4 (95% CI = 0.2–0.56) indicating “fair” reliability. 
In general, there was fair agreement among the graders for 
VCDR visual estimation.

After calculating the average of the three ophthalmolo-
gists’ VCDR estimations (grading 2) and manual annotations 
(grading 3), the reliability was compared by ICC with the 
ground truth (grading 1) and the automated system (grad-
ing 4) (Table 2). The ICC value for the automated system 
(grading 4) with the average ophthalmologists’ manual nota-
tions (grading 3) was 0.82 (95% CI = 0.77–0.87), and was 
0.85 (95% CI = 0.75–0.91) with estimated CDR (grading 2). 
These ICC values indicate “excellent” reliability. The ICC 
between the ground truth (grading 1) and the average 
ophthalmologists’ manual notations (grading 3) was 0.8 
(95% CI = 0.73–0.85), and estimated VCDR (grading 2) 
was 0.84 (95% CI = 0.75–0.89), both ICC values indicating 
“excellent” reliability. In general, the results for the auto-
mated system (grading 4) with the 3 ophthalmologists’ esti-
mation (grading 2) tended to be larger than the automated 
system with the 3 ophthalmologists’ manual notation 

Table 2 Summary of Relative Agreement Between VCDR Grading Methods 1–4 by ICC. The Three Colors Represented as White = 
“Excellent”, Light Gray = “Good”, Medium Gray = “Fair” Match with the Cichetti Relative Meaning

Ophtha #1 

G2

Ophtha #2 

G2

Ophtha #3 

G2

Ophtha #1 

G3

Ophtha # 2 

G3

Ophtha # 3 

G3

Grading 1 Grading 4

Ophtha #1 G2 0.7 0.75 0.9 0.68 0.78 0.54 0.58

Ophtha #2 G2 0.7 0.96 0.69 0.77 0.78 0.64 0.65

Ophtha #3 G2 0.75 0.96 0.72 0.8 0.84 0.7 0.69

Ophtha #1 G3 0.9 0.69 0.72 0.76 0.81 0.51 0.56

Ophtha #2 G3 0.68 0.77 0.8 0.76 0.85 0.56 0.64

Ophtha #3 G3 0.78 0.78 0.84 0.81 0.85 0.69 0.6

Grading 1 0.54 0.64 0.7 0.51 0.56 0.69 0.41

Grading 4 0.58 0.65 0.69 0.56 0.64 0.6 0.41

Table 3 Table Showing ICC Values

Comparators The Average 

Value Across 3 

Ophthalmologist 

(Grading 2)

The Average 

Value Across 3 

Ophthalmologist 

(Grading 3)

Ground truth (grading 1) 0.84 0.8

Automated system 

(grading 4)

0.85 0.82
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(grading 3). Similarly, with the ground truth grading 1, the 3 
ophthalmologists’ estimation (grading 2) tended to be larger 
than with 3 ophthalmologists’ manual notation (grading 3).

The Bland-Altman analysis for the VCDR are shown 
(Figure 4) to compare the ground truth (grading 1) against 
the three ophthalmologists’ VCDR manual notation (grading 3) 
as well as grading 1 with the automated system (grading 4). 
The limits of agreement (LoA) represented by VCDR values 
and defined as the mean difference ± 1.96 standard deviation of 
differences. The LoAs for ophthalmologist 1 are between 0.3 
and −0.48 and between 0.4 and −0.43 for ophthalmologists 2 
and 3 as well as the automated system. In addition, the mean 
differences almost close to the zero for all the four graders. 
Overall these Bland-Altman plots revealed that the mean dif-
ferences largely lie within the limits of agreement.

Based on the ground truth examination (grading 1) of 
“glaucoma suspect” and “not glaucoma suspect”, the sensitiv-
ity and specificity (Table 4) were calculated for different 
VCDRs (0.5, 0.6, 0.7) among the three VCDR grading systems 
with grading 2, grading 3 and the grading 4. The sensitivity and 
specificity among the three ophthalmologists were ophthal-
mologist 3 with estimated VCDR (grading 2) providing 72% 
sensitivity and 82% specificity, and manual notations (grad-
ing 3) with 82% sensitivity and 66% specificity. There were 
sensitivity and specificity differences between the ophthalmol-
ogists comparing the estimation (grading 2) with manual nota-
tion (grading 3).

Discussion
Given the implementation of DRS, our goal was to deter-
mine the suitability of opportunistic glaucoma screening of 
optic disc images obtained through DRS using an auto-
mated grading system. Here, we established 166 non- 
stereo optic disc images from DRS digital fundus images 
centered on the macula. In general, our inter-rater agree-
ment measures comparing the four VCDR grading systems 
showed variability in agreement between the ground truth 
(grading 1) and the other VCDR grading systems.

Limitations of our study, which can be considered as 
advantages to the grading 4 (The computer aided diagnosis 
system) to evaluate its performance and reliability includes 
only a single image taken of the macula, no stereo photos 
and no dilation. Another limitation of our study is the 
small population with few actual cases of glaucoma sus-
pect or glaucoma in this population. Two main process are 
suggested to improve the performance of using the non- 
mydriatic and non-stereo DRS images for teleglaucoma 
programs, 1) include the optic nerve head in the DRS 
images as an essential part in the image, and 2) improve 
the developed teleglaucoma program functions to over-
come the low-quality image issues.

A prior study tested the ability to screen for glaucoma using 
images obtained for DRS using the Veterans Affairs image 
capture protocol which includes three images: the macula, the 
nasal arcades and the superotemporal arcades. In a Veterans 
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Figure 3 Histogram distribution of VCDR values from four grading assessments on the 166 optic nerve images. Within each categorical VCDR range, the order from left to 
right is ground truth clinical exam, three ophthalmologists graded digital photos, the same three ophthalmologists did manual annotations, and automated segmentation. The 
X-axis represents the VCDRs, the Y-axis represents the number of images in that category.
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Affairs ambulatory clinic population with diabetes (N=1644), 
Pasquale et al,17 conducted a retrospective analysis of glau-
coma screening using a nonmydriatic digital DRS images 
using the Topcon TRC NW5S. The DRS protocol took stereo-
scopic pairs of 45-degree images of the optic nerve-centered 
macula, superior temporal and nasal fields.17 Although there 
was 96% specificity, the sensitivity was 59% indicating that 
this DRS was not suitable to include glaucoma screening.

In the United Kingdom population with diabetes, 11,565 
patients underwent DRS using dilated retinal imaging with 
the Topcon TRC NW5S and a Nikon D70 camera with 
OptoMize iP software. In this study, the imaging protocol 
consisted of dilated 45-degree images. There were 216 

glaucoma suspects based on the DRS images, and on follow- 
up examinations, 113 were diagnosed with glaucoma. These 
authors calculated a 78.8% predictive value for glaucoma in 
this population of patients with diabetes.18

In a hospital-based screening infrastructure in Dublin, 
Ireland, Treacy et al,19 analyzed non-stereo digital fundus 
camera (Zeiss Visucam Pro NM) images in 3697 patients 
with diabetes. After dilation, two-field retinal images were 
taken with a 50-degree centered on the macula including 
the optic nerve and a 30-degree centered on the optic 
nerve. Among the 3697 patients, 91 glaucoma suspects 
were identified and referred for follow-up glaucoma eva-
luation. Among these 91 suspects, 63 presented for 
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Figure 4 Bland-Altman plots to compare the ground truth (grading 1) VCDR with the estimated VCDR (grading 2) of the three ophthalmologists (A) (ophthalmologist 1), 
(B) (ophthalmologist 2), (C) (ophthalmologist 3) and the automated VCDR (grading 4) (D). The X-axis represents the average between the two measures ie the average 
VCDR between grading method 1and the specified grader, the Y-axis represents the difference between the ground truth and the specified grader. The mean difference is 
represented by the middle line (red line). Green lines indicate the upper and lower limits of agreement.
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glaucoma evaluation with 13 diagnosed with glaucoma 
(21%), 36 remained as glaucoma suspects (57%), and 14 
were classified as no glaucoma (12%). This successful 
glaucoma screening based on DRS photos had the 

advantage of dilation with a 30-degree image centered on 
the optic disc.

Overall, glaucoma screening remains a challenge due to 
the insidious onset and lack of evidence for technology-based 
screening for glaucomatous optic neuropathy in adults.20 

Given the overall open-angle glaucoma prevalence of 4%, 
it is not cost-effective to conduct general population screen-
ing. However, targeted screening in regions of higher-risk 
individuals shows promise as these screenings take place in 
communities where health-care disparities exist.21

Although the feasibility of glaucoma screening from 
DRS images has been demonstrated in some studies, it is 
apparent that there is wide variation in DRS camera sys-
tems and imaging protocols that include high-quality optic 
nerve photos. Most DRS take non-stereo macula-centered 
images and without mydriasis due to the nature of the DRS 
location in a primary care or even a community setting. 
From our dataset, a limitation is the nonmydriatic image 
and a single image taken. Although our sample size was 
small, a major strength of our study was the prospective 
comprehensive clinical examination and ascertainment of 
either glaucoma suspect, or not glaucoma suspect.

Grading optic discs is fundamental to identify glaucoma 
suspects during screening. Given the well-known inter- 
observer variability and intra-observer variability, an auto-
mated algorithm was developed to calculate the CDR from 
550 digital photos established. In the current study, the auto-
mated system took 50–60 seconds to grade this dataset, 
compared to 20–30 seconds to grade the original RIGA 
dataset. With continual improvements toward higher quality 
cameras in the portable fundus cameras and smartphones, the 
automated grading system may have an advantage over 
remote trained graders for glaucoma screening. The applica-
tion of such mobile technology may have applications that 
combine glaucoma screening among patients with diabetes 
who are having photography for DRS. Such a combined 
screening system may be a cost-effective tool to improve 
access to high-quality subspecialty care as well as to over-
come the high rate undiagnosed glaucoma worldwide.

In conclusions, Tele-glaucoma that targets high-risk 
populations show promise to help provide a solution for 
individuals who have access to primary eye care and do not 
to ophthalmology sub-specialty care. This approach could 
help close the gap for the undiagnosed glaucoma assessment. 
Various automated optic disc and optic cup boundary seg-
mentation techniques using fundus photography have been 
introduced. Our findings using non-mydriatic 45° macula- 
centered DRS photographs supports that tele-glaucoma 

Table 4 Sensitivity and Specificity Comparing Ground Truth 
(Grading 1) of “Glaucoma Suspect” and “Not Glaucoma 
Suspect” Based on VCDR

Glaucoma 

Suspect # 

Images

Not 

Glaucoma 

Suspect # 

Images

Sensitivity 

%

Specificity 

%

Ophthalmologist # 1 

Grading 2

0.5 56 20 93 35

0.6 30 38 83 48

0.7 12 63 57 77

Ophthalmologist # 2 

Grading 2

0.5 40 44 67 79

0.6 17 63 47 79

0.7 5 89 24 96

Ophthalmologist # 3 

Grading 2

0.5 43 46 72 82

0.6 20 64 55 80

0.7 8 87 38 94

Ophthalmologist # 1 

Grading 3

0.5 51 24 85 43

0.6 22 57 61 71

0.7 4 85 19 93

Ophthalmologist # 2 

Grading 3

0.5 44 37 73 66

0.6 12 73 33 91

0.7 3 93 14 98

Ophthalmologist # 3 

Grading 3

0.5 49 37 82 66

0.6 19 65 52 81

0.7 4 88 19 94

Automated System 

Grading 4

0.5 40 26 67 46

0.6 17 61 47 76

0.7 4 86 19 92
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screening depends upon high-quality imaging that includes 
the optic disc. Hence, the current IRIS™ DRS platform, optic 
nerve assessment for glaucoma from these digital DRS 
images is not yet appropriate for tele-glaucoma screening.
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