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Abstract

Purpose—To compare cup to disc ratio (CDR) measurements from images taken with a portable,
45° non-mydriatic fundus camera to images from a traditional table-top mydriatic fundus camera.

Design—Prospective, cross sectional, comparative instrument validation study.

Methods
Setting: Clinic-based.

Study Population: 422 eyes of 211 subjects were recruited from the Tilganga Institute of
Ophthalmology (Kathmandu, Nepal). Two masked readers measured CDR and noted possible
evidence of glaucoma (CDR =0.7 or the presence of a notch or disc hemorrhage) from fundus
photographs taken with a non-mydriatic portable camera and a mydriatic standard camera. Each
image was graded twice.
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Main Outcome Measures: Effect of camera modality on CDR measurement, inter- and intra-
observer agreement for each camera for the diagnosis of glaucoma.

Results—196 eyes (46.5%) were diagnosed with glaucoma by chart review. 41.2%-59.0% of
eyes were remotely diagnosed with glaucoma over grader, repeat measurement, and camera
modality. There was no significant difference in CDR measurement between cameras after
adjusting for grader and measurement order (estimate=0.004, 95% confidence interval (ClI),
0.003-0.011, p=0.24). There was moderate inter-observer reliability for the diagnosis of glaucoma
(Pictor (x=0.54, Cl, 0.46-0.61); Topcon (x=0.63, Cl, 0.55-0.70) and moderate intra-observer
agreement upon repeat grading (Pictor (x=0.63 and 0.64, for Graders 1 and 2, respectively);
Topcon (x=0.72 and 0.80, for Graders 1 and 2, respectively).

Conclusions—A portable, non-mydriatic, fundus camera can facilitate remote evaluation of disc
images on par with standard mydriatic fundus photography.

Keywords

telemedicine; glaucoma; screening; portable technologies; non-mydriatic imaging; diagnostic
testing

Introduction

Glaucoma is the second leading cause of blindness globally.1~# The number of individuals
with glaucoma worldwide is projected to increase from 64 million in 2013 to 112 million in
2040.5 Approximately 50% of persons with glaucoma remain undiagnosed in the United
States (US), with rates as high as 85% and 75% for African Americans and Hispanics,
respectively, and there exist significant disparities in the prevalence of blindness due to
glaucoma across ethnicities.1-14 These variations are thought to be in part due to minority
groups traditionally having poor access to ophthalmic care.1®17 The rate of undiagnosed
glaucoma is even higher in low-income countries. In Nepal, where there is a paucity of
paved functioning roads, especially in mountainous areas, rates of undiagnosed glaucoma
are estimated to be as high as 96%, with glaucoma remaining a leading cause of preventable
blindness in the country.18:19

Glaucoma poses a serious personal and economic burden throughout the world. As
glaucoma progresses from early to end-stage disease, the costs of care increase by as much
as four fold in both Europe and the United States.29 Additionally, a disparity exists in the
prevalence of blindness between high-income versus low- and middle-income countries. Not
only is the prevalence of blindness higher in low- and middle-income countries, but those
with visual impairment also have higher mortality rates.21-2% With populations in developing
regions increasing more rapidly than in developed regions, the economic burden posed by
glaucoma worldwide will increase.26

Glaucoma is a growing population health crisis and needs improved screening methods. The
United States Preventive Services Task Force (USPSTF) does not currently recommend
glaucoma screening for the general population due to “inadequate evidence on the accuracy
of screening;” therefore, further research into how to best screen for glaucoma is
crucial.27-30 A secondary challenge for glaucoma screening programs is cost. Screening
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technologies would ideally use relatively inexpensive portable imaging devices enabling
screening in remote and underserved communities.” Portable, non-mydriatic, lower-cost
fundus cameras have recently become commercially available. If these image capturing
systems could be used to provide accurate screening for specific, high-risk groups, screening
could extend to remote, resource-limited communities.2%:31

This study aims to compare cup to disc ratio (CDR) measurement from images taken with a
portable, 45° non-mydriatic fundus camera (Pictor, Volk, Mentor, OH) to images taken with
a traditional table-top mydriatic fundus camera in a Nepali sample at the Tilganga Eye
Centre, Kathmandu, Nepal. Findings from this study will add to the literature on how to
build cost-conscious, accurate glaucoma screening programs.

Methods

We conducted a single site (Tilganga Institute of Ophthalmology, Kathmandu, Nepal), cross
sectional, clinic-based, comparative instrument validation study. All adult participants
agreed to the study by written informed consent and those under the age of 18 provided
assent with written informed consent provided by a parent or legal guardian. The
Institutional Ethics Committee at the Tilganga Institute of Ophthalmology approved this
study. The study followed the ICH-GCP guidelines and fulfilled the tenets of the Declaration
of Helsinki.

Participants

Participants were individuals =13 years of age living near Kathmandu, Nepal who attended
the Tilganga Institute of Ophthalmology. Two groups of participants were evaluated: (1)
control subjects with healthy eyes and visual pathways except for corrected refractive errors
or diabetes with or without retinopathy and (2) patients with clinically confirmed glaucoma.
Participants were excluded if they had a best-corrected visual acuity of 20/60 or worse to
ensure clear ocular media, an uncorrected refractive error of greater than 4 diopters sphere
and/or 3 diopters cylinder to exclude myopic discs. We excluded those with high myopia to
exclude myopic discs and excluded those with high hyperopia or astigmatism as that may
have impacted their ability to complete the tablet-based visual field test in our companion
study. Participants were also excluded if they had other known ocular, neurologic or
systemic conditions that may affect visual field sensitivity, or were taking medications that
were known to affect visual field sensitivity. Healthy control participants had eyes with
intraocular pressure (IOP) of <21 mm Hg and no disease of the posterior pole. Glaucoma
patients had eyes with evidence of optic nerve abnormalities alongside characteristic visual
field changes (Humphrey Field Analyzer 24-2 SITA Standard). Diabetic patients had a
diagnosis that was based on hemoglobin AL1C levels. All subjects underwent a
comprehensive ophthalmic examination for glaucoma and diabetic retinopathy, which
included a best corrected visual acuity, measurement of 10OP, biomicroscopy of the anterior
segment, gonioscopy, and a dilated fundus examination by a fellowship trained glaucoma
specialist (ST). Non-mydriatic optic disc photographs and visual field testing with the
Humphrey Visual Field Analyzer (SITA Standard testing) and an iPad based app (Visual
Fields Easy, see companion paper) were obtained prior to dilation and mydriatic optic disc
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photographs were obtained after dilation. The fellowship trained glaucoma specialist
designated whether each eye had glaucoma based on his examination and ancillary testing.

Photography protocol

Patients satisfying the inclusion criteria underwent non-mydriatic fundus photography using
the Pictor camera (Volk Optical, Mentor, Ohio) followed by mydriatic imaging (Topcon
TRC 50 DX, Oakland, New Jersey) on the same day. All imaging was performed in a
darkened room. The Pictor is a handheld, non-mydriatic 45° digital fundus camera with a
five mega-pixel image sensor that weighs 400g (0.88 pounds). The Pictor camera has
autofocus capability, a built-in LED light source, is Wi-Fi enabled, and produces an image
resolution of 2560x 1920 pixels which was compressed to 1280 x 960 pixels post
transmission. In the United States, the camera costs approximately US $8,000 and
approximately US $4,000 when purchased in India. The Topcon camera table top system has
an attached Canon SLR camera that produced an image resolution of 1078 x 960 pixels post
transmission. The Topcon system weighs approximately 35kg (77 pounds) and costs
approximately US $25,000. All photographs for both cameras were stored as Joint
Photographic Experts Group (JPEG) files after removing all patient identifiers and assigning
a randomly generated unique number linked both to the eye and participant.

A single ophthalmic assistant previously unfamiliar with the portable camera was trained to
take all Pictor photographs in this study. The assistant took photographs of the posterior pole
on a training sample of patients prior to taking images for the study. A glaucoma specialist
(ST) reviewed these images until it was determined that the assistant produced adequate
quality images to begin photographing patients for the study, which occurred after he
photographed twenty patients. Once photography for the study began, the assistant took 2—3
photos of the posterior pole with each camera and selected the best for study inclusion.

Remote interpretation of the fundus photographs

Two glaucoma specialists, masked to the patients and their diagnoses, graded the Pictor and
Topcon photographs for evidence of glaucoma (IP, PN). The glaucoma specialists measured
CDR to the nearest 0.05 interval. Specialists also recorded if a notch or disc hemorrhage was
present. A presumptive epidemiologic diagnosis of glaucoma was defined as presence of at
least one of the following: a vertical CDR =0.7, a notch, or disc hemorrhage.32

The two glaucoma specialists received de-identified images of the posterior pole in batches
containing approximately 400 randomly chosen images taken from both of the photographic
modalities: 1) non-mydriatic Pictor and 2) mydriatic Topcon. Eyes from the same patient
were not presented concurrently and the two specialists were masked to photographic
modality. To evaluate intra-observer reliability, the readers re-graded all the images after one
month.

The computer screen used to view the images at each institution (IP, Wilmer Eye Institute,
Johns Hopkins University, Baltimore, MD, USA and PANC, Kellogg Eye Center, Ann
Arbor, Michigan, USA) was at least 17 diagonal inches per NHS guidelines.33 Standard
luminance and contrast settings set by Windows (Microsoft, Washington, US) were used.33
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Outcome measures

The primary outcome was CDR as measured from the non-mydriatic portable camera
images and the mydriatic tabletop camera images. The graders’ inter- and intra-observer
reliability for glaucoma diagnosis were assessed for each camera.

Statistical analysis

Results

Descriptive statistics of the sample were summarized with means and standard deviations
(SD) for continuous variables and with frequencies and percentages for categorical
variables.

CDR measurements were summarized with descriptive statistics by grader and photographic
modality for first and second measurements. In addition, the CDR measurements between
cameras for the same eye were displayed with scatterplots to show agreement and deviations
from it. Linear mixed regression modeling was used to evaluate for fixed effects of grader,
measurement order (first versus second), and camera modality on CDR measurement and
estimates with 95% confidence intervals (CI) are reported. This model accounted for the
correlation between repeated CDR measures on an eye, as well as the correlation between
eyes of a subject. The absolute difference between first and second measurement of CDR
was evaluated for deviations of 0.05 or larger. Repeated measures logistic regression with
generalized estimating equations (GEE)!3 was used to model the probability that the
absolute difference between CDR measures was 0.05 or larger. This model also accounted
for the dependency in the data. Fixed effects of grader and camera were investigated and
odds ratios (OR) with 95% CI are reported.

Inter- and intra-observer agreement for the diagnosis of glaucoma for each camera was
investigated with kappa statistics. In addition, kappa statistics for agreement of glaucoma
diagnosis between imaging modalities but within grader were calculated. Kappa statistics
were interpreted as follows: 0-0.2, slight agreement; 0.2-0.4, fair agreement; 0.4-0.6,
moderate agreement; 0.6-0.8, substantial agreement; >0.81, high level of agreement.34 Tests
for equal kappa statistics between cameras were also performed.

P-values <0.05 were considered statistically significant. All statistical analyses were
performed with SAS software, version 9.4 (SAS Institute, Cary, NC).

A total of 211 participants completed study procedures, providing data on 422 eyes. Subjects
had a mean age of 45.2 + 15.4 years and 38.2% were female. In the study sample, 196 eyes
(46.5%) were diagnosed with glaucoma and 226 eyes (53.5%) were diagnosed as not having
glaucoma by the glaucoma specialist.

Glaucoma detection by photographs

A total of 41.2%-59.0% of eyes were diagnosed with glaucoma stratified over all levels of
grader, repeat measurement, and camera, based on the study criteria (at least one of: CDR
>0.7, or the presence of a notch, or disc hemorrhage). CDR measurement was =0.7 in
39.6%-55.8% of eyes photographed with the Topcon camera and 41.0%-58.6% of eyes

Am J Ophthalmol. Author manuscript; available in PMC 2018 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Miller et al.

Page 6

photographed with the Pictor camera, over all levels of grader and repeat measurement. The
presence of a notch was noted in 20.4%-25.4% of eyes photographed with the Topcon
camera and 16.6%—23.3% of eyes photographed with the Pictor camera, across grader and
repeat grading. Hemorrhage was noted less frequently, ranging from 0.2%-1.9% of eyes
photographed by Topcon and 0.2%-1.4% of eyes photographed by Pictor, across graders and
repeat grading. Grader 1 had a discrepancy in glaucoma diagnosis by 18.7% of eyes when
comparing first measurements from Topcon images to Pictor images (20.4% on repeat
grade). Grader 2 has a discrepancy of 27.6% and 22.0% for first and second grades,
respectively.

Variation in measuring the CDR

Descriptive statistics of CDR measurement by grader, photographic modality, and repeat
measure are displayed in Table 1. Average CDR measures showed a range from 0.56-0.65
across all strata (grader, photographic modality, repeat measure). A multivariable linear
mixed regression model found no statistically significant difference in CDR measurement
between cameras (Estimate = 0.004, Cl —0.003-0.011, p=0.24). However, a statistically
significant effect for grader on CDR measurement was observed, such that Grader 1
measured CDR on average 0.07 lower than Grader 2 (estimate = -0.074, Cl —0.081-0.067,
p<0.0001). In addition, a significant effect of measurement order suggested that first
measurements of CDR were on average 0.007 lower than second measurements (estimate =
-0.007, C1 —-0.014 to —0.0000045, p=0.0498). Figure 1 displays initial CDR measurements
obtained from Topcon versus Pictor images, stratified by grader. A positive linear trend is
observed for both graders measuring CDR between image modalities, such that larger CDR
measures from Pictor images are associated with larger measurements on Topcon images.
However, deviations in CDR measures between cameras are apparent. Of particular
importance are those images where CDR is measured above the threshold for a diagnosis of
glaucoma (=0.7) by one camera but not the other (light gray shaded areas, Figure 1).
Specifically, Grader 1 had a discrepancy in glaucoma diagnosis by CDR alone in 18.0% of
eyes when comparing measurements from Topcon images to Pictor images. Grader 2 had a
discrepancy of 25.4% of eyes.

Descriptive statistics of the absolute difference between first and second measurement of
CDR for each grader are displayed in Table 2. Scatterplots of first measure by second
measure are displayed in Figure 2. The average absolute difference between first and second
measurement of CDR ranged from 0.06-0.09, depending on grader and camera. The
absolute difference between first and second measure of CDR was 0.05 or greater in 58.5%
of eyes for Grader 1 with Topcon images, 61.9% of eyes for Grader 1 with Pictor images,
67.4% of eyes for Grader 2 with Topcon images, and 60.7% of eyes for Grader 2 with Pictor
images. Repeated measures logistic regression showed no statistically significant effect for
camera (OR for Pictor versus Topcon=0.93, Cl 0.76-1.14, p-value=0.50) or grader (OR for
Grader 1 versus Grader 2=0.85, Cl 0.70-1.02, p-value=0.09) on the probability of the
absolute difference between CDR measurements of 0.05 or greater.
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Reliability to detect glaucoma

Table 3 summarizes the inter- and intra-observer reliability for diagnosing glaucoma (at least
one of: CDR =0.7, or the presence of a notch, or disc hemorrhage) by non-mydriatic Pictor
images or mydriatic Topcon images. For initial grading, the inter-observer reliability
between glaucoma specialists grading the images for a remote diagnosis of glaucoma
showed kappa statistic values of x=0.54 (Cl, 0.46-0.61) for Pictor imaging and «=0.63 (Cl,
0.55-0.70) for Topcon imaging. The re-grading of images showed similar kappa values for
inter-observer reliability. The intra-observer reliability for detecting glaucoma upon repeat
grading of images showed kappa value of ¥=0.63 (ClI, 0.56-0.70) and 0.64 (Cl, 0.56-0.71)
for Pictor imaging, and x=0.80 (Cl, 0.74-0.86) and 0.72 (Cl, 0.65-0.78) for Topcon imaging
for graders 1 and 2, respectively. Inter-observer reliability of glaucoma diagnosis was not
significantly different between Pictor and Topcon imaging (all p>0.05). Intra-observer
reliability for Grader 1 showed a statistically significant difference between cameras such
that Topcon graded images showed better agreement upon repeat grading than Pictor
(p=0.0005). Grader 2 showed no significant difference between cameras with respect to
intra-observer reliability.

Agreement of glaucoma diagnosis between imaging modalities was also investigated.
Agreement of glaucoma diagnosis on first grading of images between Pictor and Topcon
cameras showed kappa statistics of x=0.62 for Grader 1 (Cl, 0.54-0.69) and x=0.45 for
Grader 2 (Cl, 0.36-0.53). Agreement of glaucoma diagnosis on second grading of images
between Pictor and Topcon cameras showed kappa statistics of x=0.59 for Grader 1 (Cl,
0.51-0.67) and x=0.55 for Grader 2 (ClI, 0.47-0.63).

Discussion

This study demonstrated that relatively lightweight and inexpensive, battery-operated,
portable non-mydriatic fundus photography facilitated remote grading of cup to disc ratio
(CDR) on par with fundus photography taken with a standard table-top camera that required
dilation. After adjusting for grader and whether it was a first or second grading session, we
found that there was no significant difference in CDR measurement between cameras. CDR
measurements were not only similar between a portable fundus camera and a standard table-
top camera, but also CDR measurements were similar despite the portable camera being
non-mydriatic.

In the Philadelphia Glaucoma Detection and Treatment Project, they noted moderate intra-
observer and inter-observer agreement when measuring cup to disc ratio between portable
monoscopic non-mydriatic disc photos and ophthalmologist examination.3 For our study,
there was moderate between-grader agreement for the remote diagnosis of glaucoma with
images obtained from both the Pictor and the Topcon based on the ability to identify a CDR
>0.7, a notch or a disc hemorrhage. On first and second readings, there was no significant
difference in agreement between graders for images from the Pictor versus the Topcon.
However, with both graders, there was a trend towards improved intra-observer reliability
with the Topcon. One grader had significantly greater reliability in identifying glaucomatous
optic nerve damage using the Topcon compared to the Pictor, with substantial (x=0.80)
intra-observer reliability with the Topcon images compared to only moderate (x=0.63) intra-
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observer reliability with the Pictor images (p=0.0005). Furthermore, the graders had
moderate agreement (x=0.45-0.62) in their remote diagnosis of glaucoma between the
Topcon and Pictor images. Though there may be some gain in reproducibility of image
grading with standard dilated fundus photographs, the difference between the two modalities
was not clinically significant as there was no significant difference between CDR
measurements between the two modalities.

Given our findings that both cameras performed similarly for CDR measurement, the Pictor
appears to be a reasonable tool to use in remote screening settings. The Pictor has several
advantages with regards to its use in these settings that make it unique among the newly
emerging market for portable fundus cameras.36-39 These include being lightweight,
relatively inexpensive (compared to a table top camera), having a flexible black silicone
eyecup that blocks ambient illumination maximizing physiological mydriasis in settings
without darkened rooms, and providing a 45° image of the posterior p ole that can be used to
screen for both glaucoma and other treatable diseases in patients with good vision, such as
diabetic retinopathy. When screening for glaucoma, this might be combined with supra-
threshold perimetry on devices such as a tablet (Johnson Chris, et al. IOVS 2015;56:ARVO
E-Abstract 3179) as described in the companion paper. It also had the relative advantage of
not requiring dilation, which is both relatively incapacitating for a patient and time
consuming.

Using fundus photography alone is not likely a reasonable strategy for a screening program.
Six studies#%-45 have reported low sensitivities (50-67%) for detecting glaucoma with
monoscopic disc photography alone.%6 When no ancillary visual field testing was used, even
a mydriatic fundus examination by an ophthalmologist had 59% sensitivity and 73%
specificity in detecting glaucoma in one study.?® Kumar and colleagues demonstrated that
combining demographic information (age >45 and family history of glaucoma), monoscopic
photographs (CDR >0.5), and frequency doubling perimetry testing (abnormal results)
increased the sensitivity to detect disease from 67% to 84% compared to disc photos
alone.?! Layering information by combining structural and functional screening tools should
greatly improve remote glaucoma screening.

This study had several limitations. First, participants were recruited from a tertiary care eye
hospital. Our participants had greater access to care and perhaps better overall health than
individuals in more remote locations who would be the target for these interventions.
Furthermore, we excluded subjects without clear ocular media and with high myopia and
astigmatism. We will need to assess whether the non-mydriatic camera is a reasonable tool
in this population that is more difficult to image in the future. Additionally, though the
training was relatively quick, a single ophthalmic assistant took all of the images. If a health
care worker in a remote setting did not have substantial daily practice taking photographs,
the quality of the images may be diminished.

The study has distinct strengths. Masking glaucoma specialists to image modality, patient
identification, and randomly ordering eyes before grading helped eliminated grader bias.
The variability of our results was further reduced by employing a single photographer to
conduct all study imaging.
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The opportunity to advance ophthalmic care in both remote and underserved populations can
be met with new, low-cost portable technologies. The ability to image the optic nerve for
glaucoma via a no-dilation method has broad implications for glaucoma screening programs.
Portable equipment, such as the portable non-mydriatic fundus camera used in this study,
could greatly enhance outreach efforts aimed at eliminating treatable blindness in remote
and underserved populations. Future research should combine these images and ancillary
testing to determine if layering information for remote graders can improve sensitivity and
specificity levels to meet screening standards for community-based implementation of a
remote glaucoma screening program.
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Initial cup to disc ratio (CDR) measurements obtained from the Topcon versus the Pictor
images of the posterior pole, stratified by grader (Left. Grader 1; Right. Grader 2). The light
gray shaded area indicates where the CDR is measured above the threshold for a diagnosis
of glaucoma (=0.7) by one camera but not the other.
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Table 3
Agreement for the diagnosis of glaucoma
Grader 2 - 1st Dx
Grader 1 - 1st Dx2 | Normal | Glaucoma Kappa P-valueP
Pictor

Normal 154 81 0.0915

0.54 (0.46, 0.61)
Glaucoma 17 160

TOPCON

Normal 192 55
Glaucoma 23 150 0.63 (0.55, 0.70)

Grader 2 - 2nd Dx

Grader 1 - 2nd Dx Normal | Glaucoma Kappa
Pictor
Normal 145 80 0.1717
Glaucoma 25 165 0.50(0:42,058)
TOPCON
Normal 159 70
Glaucoma 20 172 0.58 (0.50, 0.65)
Grader 1 - 1st Dx
Grader 1 - 2nd Dx Normal | Glaucoma Kappa
Pictor
Normal 198 32 0.0005
0.63 (0.56, 0.70)
Glaucoma 45 147
TOPCON
Normal 218 12
Glaucoma 30 162 0.80 (0.74, 0.86)
Grader 2 - 1st Dx
Grader 2 - 2nd Dx Normal | Glaucoma Kappa
Pictor
Normal 133 34 0.1348
Glaucoma 38 207 0.64(0.56,0.71)
TOPCON
Normal 167 12
Glaucoma 48 193 0.72 (0.65, 0.78)

an = Diagnosis

btest for equality of kappa statistics for Pictor versus Topcon graded images
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