
Eye (2021) 35:3318–3324
https://doi.org/10.1038/s41433-021-01395-3

ARTICLE

Comparison of vertical cup-to-disc ratio estimates using stereoscopic
and monoscopic cameras

Riju Shrestha1 ● Donald Lyle Budenz2 ● Jean-Claude Mwanza 2
● Samantha Elizabeth Tulenko1

●

David Fleischman2
● Emily West Gower1,2

Received: 16 August 2020 / Revised: 9 December 2020 / Accepted: 6 January 2021 / Published online: 29 January 2021
© The Author(s), under exclusive licence to The Royal College of Ophthalmologists 2021

Abstract
Background The use of monoscopic cameras for glaucoma screening is increasing due to their portability, lower cost, and
non-mydriatic capabilities. However, it is important to compare the accuracy of such devices with stereoscopic cameras that
are used clinically and are considered the gold standard in optic disc assessment. The aim of this study is to compare vertical
cup-to-disc ratio (VCDR) estimates obtained using images taken with a monoscopic and stereoscopic camera.
Methods Participants were selected from the Tema Eye Survey. Eligible subjects had images of at least one eye taken with
two cameras. They were classified as meeting the glaucoma threshold if an eye had a VCDR estimate >97.5th percentile,
corresponding to >0.725 for this population. Hence, we used 0.725 as the cutoff to group eyes into two categories: positive
and negative. We calculated sensitivity, specificity, and predictive values of VCDR assessed by expert readers at a reading
center for monoscopic photos using stereoscopic photos as the gold standard.
Results Three hundred and seventy-nine eyes of 206 participants were included in the study. Most participants were female
(60.2%) and the most common age group was 50–59 years (36.4%). Sixteen eyes met the glaucoma threshold (VCDR >
0.725). Of these, the VCDR estimates of 14 eyes (87.5%) disagreed on the glaucoma threshold from the two cameras. The
sensitivity to detect glaucoma with the monoscopic camera was 14.3% (95% CI: 4.0, 40.3).
Conclusions The low sensitivity of monoscopic photos suggests that stereoscopic photos are more useful in the diagnosis of
glaucoma.

Introduction

Glaucoma is one of the most common causes of vision loss
worldwide. In 2010, an estimated 2.1 million people were
blind due to glaucoma, and 4.2 million people were visually
impaired [1]. In an urban Ghanaian population aged
40 years and older, the overall prevalence of primary open
angle glaucoma was found to be 6.8% [2]. With the
increase in life expectancy in sub-Saharan Africa, the bur-
den of age-related diseases such as glaucoma is also
expected to rise.

Screening for glaucoma allows early detection, which
can reduce vision loss and blindness through early treat-
ment. Grødum and colleagues found that participants
diagnosed with glaucoma after population screening had
less advanced glaucoma at initial diagnosis compared to
those in the same birth cohort that self-selected for seeking
help from an ophthalmologist and who were diagnosed with
glaucoma in clinic [3]. Diagnosis of glaucoma involves
measurement of intraocular pressure (IOP), evaluation of
visual field, and assessment of the optic nerve head (ONH)
appearance. Unlike the equipment used in clinical settings,
less expensive and portable devices that do not require
extensive photographic expertise are necessary to screen
patients, particularly in under-resourced areas. With
advancements in technology, portable, non-mydriatic
cameras have been introduced for screening. Therefore, it
is important to evaluate their accuracy for glaucoma
detection [4].

Glaucoma is known to cause distinct structural damage
to the ONH. One of the simplest measures used for
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glaucoma diagnosis is assessment of the vertical cup-to-disc
ratio (VCDR), which is a ratio between the vertical diameter
of the optic cup and the optic disc [5]. If the VCDR exceeds
a certain threshold value or varies significantly from the
fellow eye, then the eye is suspected to be glaucomatous.
This study aims to compare the VCDR estimates obtained
from images taken using two devices: (a) a tabletop
simultaneous stereoscopic mydriatic fundus camera, the
gold standard for this study and (b) a portable non-mydriatic
monoscopic digital fundus camera.

Materials and methods

The Tema Eye Survey (TES) is a population-based study of
participants aged 40 years and older from five communities
of Tema, Ghana. The detailed study design has been
described elsewhere [6]. Briefly, the goal of TES was to
determine the prevalence of glaucoma, blindness, and visual
impairment in a West African adult population [7]. Among
the 5603 patients examined during 2006–2008, 362 (6.5%)
were found to have glaucoma. A follow-up study was
conducted in 2015–2016 to determine the incidence and
progression of glaucoma in the same study population [8].
The data used in this analysis were collected during the
follow-up study.

During the follow-up investigation participants without
previously diagnosed glaucoma received an initial screening
test that consisted of measuring distance visual acuity, IOP,
central corneal thickness (CCT), visual field testing, and
fundus photography. Visual acuity was measured using a
reduced logMAR tumbling E chart at four meters, moving
to one meter, if needed. IOP was measured using a Tonopen
(Reichert Ophthalmic Instruments, Depew, New York,
USA), and CCT was measured by ultrasonic pachymetry
(DGH Technology Inc., Exton, Pennsylvania, USA). The
anterior segment was examined using a flashlight, and
visual field screening tests were performed using the Fre-
quency Doubling Technology perimeter C20-5 program
(FDT; Carl Zeiss Meditec, Dublin, California, USA). Non-
mydriatic monoscopic optic disc and macular photographs
were taken using a Smartscope PRO camera (Optomed Oy,
Hallituskatu, Finland) [6, 9].

Participants failed the screening tests if they had best-
corrected monocular distance visual acuity worse than 20/
40, more than one abnormal spot on FDT for two tests in
either eye, average IOP ≥ 21 mmHg on two readings, nar-
row anterior chamber by flashlight testing, or abnormal
optic disc or macular photographs. These participants were
recalled to the clinic for a comprehensive eye examination
by a glaucoma specialist. This examination involved visual
acuity measured using the reduced logMAR tumbling E
chart, and automated perimetry using the Humphrey Visual

Field Analyzer with 24-2 Swedish Interactive Threshold
Algorithm standard metrics (Carl Zeiss Meditec, Dublin,
California, USA). Participants also received slit-lamp
examination of the anterior segment including Goldmann
applanation tonometry, gonioscopy and fundus biomicro-
scopy with a +90-diopter lens. After dilation, stereoscopic
optic disc and macular photographs were taken with a
Nidek 3Dx camera (Nidek Co, Ltd, Gamagori, Japan) [6, 9].
Using a secure study website, the optic disc photographs
were sent to Moorfields Eye Hospital Reading Center,
London, UK to estimate the VCDR.

To be included in this analysis, eyes needed images taken
using both the monoscopic and stereoscopic cameras.
Hence, all individuals in our analysis failed the initial
screening and had returned to the clinic for further assess-
ment. However, our analysis does not include all indivi-
duals who returned for the comprehensive assessment
because some were missing monoscopic images due to
logistical issues in the busy clinic.

Participants were classified as having glaucoma based on
Foster et al.’s category 1 definition. Participants were
classified as having glaucoma if their eye had a VCDR
estimate >97.5th percentile, asymmetry of VCDR between
eyes >97.5th percentile for a healthy population, or neu-
roretinal rim width reduced to <0.1 CDR (between 11 to 1
o’clock or 5 to 7 o’clock) and also showed a definite visual
field defect consistent with glaucoma [2, 5]. In our popu-
lation, the 97.5th percentile corresponds to a VCDR esti-
mate of 0.725 [2]. Hence, we used 0.725 as the cutoff to
group eyes into two categories: ≤0.725 (“negative” - did not
meet the glaucoma threshold) and >0.725 (“positive” - met
the glaucoma threshold). We classified visual impairment
based on the United States definition as follows: Normal
(logMAR 0 to 0.3; Snellen 20/20 to 20/40), Impaired
(logMAR > 0.3–1.0; Snellen > 20/40 to 20/200), and Blind
(logMAR > 1.0; Snellen > 20/200).

The primary analyses utilized the Moorfields’ grading for
both the monoscopic and stereoscopic images. Moorfields’
expert, non-physician readers were masked to the main
study question. We performed a sub-analysis to determine
whether image assessment by glaucoma specialists differed
from the reading center grading. For the sub-analysis, a
subset of the images was independently re-graded by two
glaucoma specialists. Images were selected to include all
eyes that were discordant in their binary outcome (positive
or negative) for the two images based on Moorfields’
grading and a subset of the remaining images, with an
oversampling of eyes that had VCDR estimates close to the
threshold value on at least one Moorfields’ grade. The
glaucoma specialists were masked to the VCDR estimates
reported by Moorfields. One of the glaucoma specialists
was involved in the study design, and therefore was aware
of the study goal while the other was masked to the main
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study question. All monoscopic images were graded before
stereoscopic images for both the overall study and the sub-
analysis. Graders and glaucoma specialists used a hand-held
stereoscope (Screen-Vu, Portland, OR, USA) to
assess VCDR.

The Ethics Committee of the Ministry of Health of
Ghana and the Institutional Review Board at the University
of North Carolina at Chapel Hill approved the study. The
study protocol adhered to the tenets of the Declaration of
Helsinki, and all participants provided written informed
consent before any study procedures were conducted.

Statistical analysis

All analyses were conducted using SAS software, version
9.4 (SAS Institute Inc., Cary, North Carolina, USA).
Descriptive statistics were used to characterize the study
sample. Continuous variables were summarized with means
and standard deviations, and categorical variables with
frequencies and percentages. The monoscopic and stereo-
scopic VCDR estimates were categorized into two groups
(positive and negative) using the 97.5th percentile as the
cutoff, which corresponds to 0.725 for the Tema population.
Therefore, the continuous VCDR estimates were categor-
ized into binary groups and sensitivity, specificity, and
positive and negative predictive values were calculated
using stereoscopically-assessed VCDR estimates as the gold
standard. We computed 95% confidence intervals (95%

CIs) accounting for correlation between eyes of the same
individual. We plotted histograms to assess the distribution
of the differences in VCDR estimates obtained from the two
devices. To compare the differences, we plotted an
enhanced Bland–Altman plot with a regression of the dif-
ferences in VCDR estimates against the mean. The mean
VCDR was calculated by taking the average of the VCDR
estimates obtained from the two cameras. For the sub-
analysis examining the repeat grading by glaucoma spe-
cialists, we calculated the mean difference in VCDR esti-
mates obtained from the two devices for each grader to
assess whether any systematic differences exist.

Results

There were 206 participants included in this study. The
demographic characteristics of the participants are shown in
Table 1. Most participants were female (60.2%) and the
most common age group was 50–59 years (36.4%). Thir-
teen were diagnosed with incident glaucoma.

A total of 379 eyes (92%) had VCDR data available for
both stereoscopic and monoscopic cameras. Among these,
only 139 eyes (37.9%) had normal vision, 203 eyes (55.3%)
failed the FDT test, and 66 eyes (18%) had IOP ≥ 21 mmHg
(Table 2). A total of 16 eyes met the glaucoma threshold
based on images from at least one camera (Table 3). Among
these eyes, the VCDR estimates for 14 eyes (87.5%) dis-
agreed between the two cameras. Twelve of these dis-
crepant eyes met the glaucoma threshold in the stereoscopic
images and two met the glaucoma threshold with the
monoscopic images. For the 33 eyes excluded from the
comparative analysis, only one out of the 15 with only
stereoscopic data met the glaucoma threshold, and none of
the eyes with only monoscopic data met the glaucoma
threshold. The FDT and IOP results for the excluded eyes
were similar to all eyes included in the analysis; however,
approximately half the excluded eyes were blind.

For the 12 eyes where the stereoscopic image indicated
glaucoma but the monoscopic image did not, most (66.7%)
failed two other screening criteria and one eye failed three
other screening criteria. For the two eyes that reached the
glaucoma threshold on the monoscopic but not on stereo-
scopic images, both had visual impairment and failed the
FDT test; however, neither had high IOP. The absolute
difference between the stereoscopic and monoscopic VCDR
estimates was ≥0.1 for two-thirds of the stereoscopic
“positive” eyes. Three of these eyes (25%) had differences
between 0.2 and 0.3 and one eye (8.3%) had a difference of
0.4 (data not shown).

Among our study population, there were large differ-
ences in the stereoscopic and monoscopic estimates, ran-
ging from −0.25 to 0.40, with an overall mean difference of

Table 1 Patient characteristics (N= 206).

Characteristic N (%) Missing N (%)

Gender

Female 124 (60.2)

Age category 22 (10.7)

40–49 15 (7.3)

50–59 75 (36.4)

60–69 51 (24.8)

70–79 32 (15.5)

≥80 11 (5.3)

History of high blood pressure 38 (18.5)

Yes 101 (49.0)

Visual Acuitya 8 (3.9)

Both eyes normal 53 (25.7)

Impaired in one eye 32 (15.5)

Both eyes impaired 78 (37.9)

Blind in one eye 16 (7.8)

Both eyes blind 19 (9.2)

Glaucoma diagnosis at time of study 22 (10.7)

Yes 13 (6.3)

aNormal (Snellen 20/20 to 20/40), Impaired (Snellen > 20/40 to 20/
200), Blind (Snellen > 20/200).
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−0.01 (Fig. 1). However, since the regression line in Fig. 1
moves from a negative to positive VCDR difference, this
indicates that for small VCDR estimates, the reading center
reported smaller stereoscopic VCDR estimates, but for large
VCDR estimates, stereoscopic VCDR estimates were larger
compared to monoscopic. The regression line crosses the
no-difference line, where stereoscopic and monoscopic

VCDR estimates are equal, at ~0.5 mean VCDR. Hence,
histograms were plotted to examine variation in the differ-
ences above and below this value. For eyes with a stereo-
scopic VCDR ≥ 0.5, the stereoscopic value was higher than
the monoscopic value 67% of the time, while for stereo-
scopic values <0.5, the stereoscopic value was higher for
only 32% (data not shown). A similar pattern was found
among the 56 images regraded by the two glaucoma spe-
cialists. The mean difference (stereoscopic VCDR-
monoscopic VCDR) was 0.08 for grader 1 and 0.13 for
grader 2 (data for individual gradings performed by glau-
coma specialists not shown). The mean difference in grad-
ings performed by Moorfields for this subset was 0.05.

The sensitivity of the monoscopic camera to detect
glaucoma was 14.3% (95% CI: 4.0, 40.3) and the specificity
was 99.5% (95% CI: 97.8, 99.9). Additionally, the positive
predictive value was 50.0% (95% CI: 19.8, 80.2) and
the negative predictive value was 96.8% (95% CI:
94.5, 98.2).

Discussion

This study demonstrated that VCDR estimated using
monoscopic images has low sensitivity (14.3%; 95% CI:
4.0, 40.3) to detect glaucoma. Thus, a high proportion of
eyes with glaucoma would be missed when using this
technique as a screening tool. This finding is important
when considering use of this and other non-stereoscopic
cameras for glaucoma screening. Most screening tests are
designed with high sensitivity in order to maximize the
likelihood of identifying disease at an early stage, when
treatment may be more effective. Additionally, over-
identifying potential cases is preferable to under-
identification because further glaucoma assessment of
false-positive cases is relatively simple and non-invasive.
With a low sensitivity test, there is a higher rate of false
negatives, which would prevent early diagnosis and treat-
ment for some individuals who are screened [10]. Given the
low sensitivity of monoscopic images in our study, the use
of this device would lead to missed cases of glaucoma
suspects and delay the potential to receive early treatment
that could prevent blindness.

VCDR estimates using monoscopic images, on average,
are lower than estimates made using stereoscopic images
when estimates are close to the glaucoma threshold.
Importantly, the difference in estimates between the two
cameras increases as the VCDR estimate increases. Thus, as
VCDR estimates reach closer to the glaucoma threshold,
there is a larger difference between assessment of stereo-
scopic and monoscopic images, with the latter more likely
to yield estimates below the threshold. Indeed, in this study,
of the 14 eyes with glaucomatous VCDR using stereoscopic

Table 2 Eye-level characteristics (N= 412).

Characteristic Eyes with readings
from both
camerasa

N (%) or
Mean (± sd)

Missing stereoscopic
and/or monoscopicb

N (%) or Mean (± sd)

N 379 33

Visual acuity

Normal 139 (37.9) 5 (17.2)

Impaired 189 (51.5) 9 (31.0)

Blind-US 39 (10.6) 15 (51.7)

Frequency Doubling Technology (FDT)

Pass 157 (42.8) 5 (17.2)

Fail 203 (55.3) 13 (44.8)

Unable to determine 7 (1.9) 11 (37.9)

Intraocular pressure (IOP)

<21 mmHg 301 (82.0) 25 (86.2)

≥21 mmHg 66 (18.0) 4 (13.8)

Central Corneal
Thickness (CCT)

525.1 (±38.6) 514.2 (±47.1)

Stereoscopic VCDR

≤0.725 365 (96.3) 14 (93.3)

>0.725 14 (3.7) 1 (6.7)

Monoscopic VCDR

≤0.725 375 (98.9) 5 (27.8)

>0.725 4 (1.1) 0 (0)

Unable to grade 13 (72.2)

VCDR vertical cup-to-disc ratio.
a12 eyes were missing visual acuity, frequency doubling technology,
intraocular pressure and central corneal thickness.
b4 eyes were missing visual acuity, frequency doubling technology,
intraocular pressure, and central corneal thickness. 18 eyes were
missing stereoscopic VCDR and 15 eyes were missing monoscopic
VCDR estimates.

Table 3 Comparison of stereoscopic and monoscopic VCDR
(N= 379).

Stereoscopic VCDR Monoscopic VCDR Total

≤0.725 >0.725

≤0.725 363 2 365

>0.725 12 2 14

Total 375 4 379

VCDR vertical cup-to-disc ratio.
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images, monoscopic images led to underestimation of the
VCDR in 12 (85.7%). Interestingly, in two cases, the
monoscopic estimate was above the threshold when the
stereoscopic estimate was not. The VCDR difference was
0.12 for one eye and 0.05 for the other. Both of these eyes
failed the FDT test and had visual impairment. The FDT
was designed to detect dysfunction of the magnocellular
pathway, specifically Y-like magnocellular (My) cells,
which are preferentially affected in glaucoma [11]. FDT has
been shown to detect visual field deficits earlier than stan-
dard automated perimetry [12, 13]. Given that these two
eyes failed multiple screening criteria, they might have early
signs of glaucoma. The VCDR difference for both eyes is
small and we expect that as the glaucoma severity increases,
the stereoscopic VCDR estimate will likely exceed the
glaucoma threshold as well.

We further analyzed a subset of images to determine
whether the differences between stereoscopic- and
monoscopic-related VCDR estimates determined by glau-
coma specialists was consistent with the assessment done
by the reading center. This sub-analysis had consistent
findings, with VCDR estimates from stereoscopic images
being larger on average compared to monoscopic images.
The differences in VCDR estimates determined by each
glaucoma specialist showed the same trend as the assess-
ment done by the Moorfields Reading Center. The results of
our analysis are similar to those of prior studies that have
indicated larger CDR measurements with stereoscopic ver-
sus monoscopic images [14–16]. We did not compare
interobserver agreement as part of this study because sig-
nificant variation in assessment of CDR estimates has been
previously reported between glaucoma specialists [14], and
observers have higher reproducibility with themselves than
between each other when assessing the optic disc [16].
Furthermore, findings from Tielsch’s study aimed at com-
paring intraobserver and interobserver agreement for optic
disc assessment recommended using the same observer for
assessing stereoscopic photographs [17].

Although monoscopic cameras provide some practical
advantages, images acquired from stereoscopic devices
capture the three-dimensional nature of the optic disc,
allowing proper assessment of cup depth and disc shape
[18, 19]. Monoscopic devices such as Smartscope PRO are
portable and less expensive than stereoscopic cameras,
making them easier to use for community-based screening.
Furthermore, they capture optic disc images without
requiring pupil dilation; hence, patients need not wait until
the mydriatic drops become effective [18, 20]. However,
this study found that in comparison to VCDR estimates
obtained from the stereoscopic images, VCDR estimates
obtained from the monoscopic images had low sensitivity,
therefore, limiting its ability to capture glaucoma suspects.
Although CDR estimates are not the only factor considered
for glaucoma diagnosis, they are used extensively as a
screening tool to identify glaucoma suspects [21]. Prior
studies comparing effectiveness of glaucoma screening
using monoscopic images to direct ophthalmoscope or
clinical eye examination have indicated low sensitivity
when monoscopic images are used by themselves to detect
glaucoma [22–24]. The two dimensional nature of non-
stereoscopic images fails to capture optic disc contour at the
same level as stereoscopic images [14]. Although stereo-
scopic methods require a stereoviewer, careful alignment,
stereopsis, and equipment with higher cost, optic disc eva-
luation using stereoscopic methods has been considered to
be better and more reproducible in comparison to mono-
scopic methods [7, 14, 16, 23, 25]. A prior study has also
indicated that stereoscopic images allow earlier detection of
neuroretinal rim changes compared to monoscopic imaging
[15]. Hence, the results from this study further support the
need to assess optic disc images using stereoscopic
methods.

While there have been advancements in the diagnostic
techniques for glaucoma and optic nerve health that
recommend approaches other than CDR assessments [26],
for screening purposes, capturing optic nerve images and

Fig. 1 Enhanced
Bland–Altman plot of
differences between VCDR
estimates obtained from
stereoscopic and monoscopic
images against the mean. The
plot includes a regression line of
the difference in VCDR
estimates against the mean.
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assessing CDR estimates remain the standard approach.
Given the high resolution, reproducibility, and quantitative
assessment of retinal layers provided by optic coherence
tomography (OCT), this technology has gained popularity
for glaucoma diagnosis. However, it is important to note
that the assessment provided by OCT complements the
assessment done using optic nerve photographs and should
not be considered as a replacement for glaucoma screening
and diagnosis. The use of photography during screening
enables experts to provide their assessment even while they
are not present in the field and is regarded as a useful real-
time telemedicine tool [27].

Our study has some limitations. We had a small number
of incident glaucoma cases. While we had 206 participants
in this study, only 13 were diagnosed with glaucoma. This
limits the precision to detect differences between the cam-
eras and resulted in wide confidence intervals. However,
given that the monoscopic images missed 85% of the
glaucoma cases, it is unlikely that a larger study would yield
different results. Given the small sample size of eyes that
met the glaucoma threshold and low incidence of glaucoma
in our study, we did not calculate kappa statistics, which is
generally used as a measure of agreement. Instead, we
calculated sensitivity and specificity, which might provide
better assessment of agreement between the two devices in
this study due to the smaller sample size [28]. Given that
monoscopic images were taken before dilation and stereo-
scopic images after dilation, we are unable to separate out
the effect of dilation on identifying glaucoma suspects in
this study. Also, it was out of the scope of the study to
determine whether pupil dilation impacted the quality of
photos and assessment of CDR. Although one study noted
that dilation results in images with better quality and optic
disc rim visualization [29], several studies have shown that
optic disc photos captured with portable non-mydriatic
fundus camera are of acceptable quality and allows
reliable CDR estimation during screenings [21, 24, 30–32].
Given that these portable non-mydriatic devices are being
introduced for use in resource-limited settings for screening
purposes, it is important to address the impact of these
combined features on the overall sensitivity of the mono-
scopic camera. Furthermore, the cutoff (0.725) used to
classify monoscopic VCDR estimates into two categories
(positive and negative) was based on the distribution of the
stereoscopic VCDR estimates for the Tema population. This
may have contributed to the poor sensitivity seen in our
study, since a cutoff based on the distribution of mono-
scopic VCDR estimates might have been more suitable to
categorize the monoscopic estimates. However, the clinical
standard for diagnosis of glaucoma is based on stereoscopic
images; hence, a VCDR distribution of the Tema population
based on monoscopic estimates has not been done yet.

Our study has several strengths. First, this study used a
population-based design that allowed us to capture a
representative sample of the general population and
includes a wide variety of optic disc features. Hence, find-
ings from this study can be generalized to the larger Tema
population. Second, optic disc images were analyzed by an
internationally-renowned ophthalmic reading center.
Assessment of optic disc images by a reading center has
been recommended for glaucoma prevalence studies [7, 33].
Third, we classified participants as having glaucoma based
on the Foster et al.’s definition, which takes into account
numerous factors such as visual field defect, VCDR esti-
mate, and neuroretinal rim width. This definition was pro-
posed to standardize glaucoma definition using simple
assessment of the structure and function of the optic nerve
[5]. Another strength of this study is the inclusion of repeat
analysis of a subset of images conducted by two glaucoma
specialists. The results from this subanalysis further corro-
borated our finding based on the reading center’s grading
that VCDR estimates obtained from stereoscopic images
were larger on average compared to monoscopic images for
higher VCDR values.

In conclusion, the low sensitivity of monoscopic in
comparison to stereoscopic assessment in this study
emphasizes the need to assess optic disc images using ste-
reoscopic devices. For non-invasive screening purposes, it
is essential to capture most glaucoma suspects in order to
intervene early and limit the risk of further disease pro-
gression. Use of stereoscopic devices allows proper
assessment of optic disc and hence, should be promoted for
glaucoma screening purposes rather than monoscopic
devices that results in a higher number of missed glaucoma
suspects.

Summary

What was known before

● Use of monoscopic cameras is increasing for glaucoma
screening purposes due to their low cost, portability, and
non-mydriatic nature.

What this study adds

● On average, VCDR estimates obtained using a mono-
scopic device were smaller in comparison to the
estimates obtained from a stereoscopic device. The
differences in VCDR estimates increased as the
estimates reached closer to the glaucoma threshold.

● Stereoscopic devices allow better assessment of the
VCDR in comparison to monoscopic devices.
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