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ABSTRACT

Importance: There is a burgeoning interest in the use
of deep neural network in diabetic retinal screening.

Background: To determine whether a deep neural
network could satisfactorily detect diabetic retinop-
athy that requires referral to an ophthalmologist
from a local diabetic retinal screening programme
and an international database.

Design: Retrospective audit.

Participants: Diabetic retinal photos from Otago
database photographed during October 2016
(485 photos), and 1200 photos from Messidor
international database.

Methods: Receiver operating characteristic curve to
illustrate the ability of a deep neural network to
identify referable diabetic retinopathy (moderate
or worse diabetic retinopathy or exudates within
one disc diameter of the fovea).

Main Outcome Measures: Area under the receiver
operating characteristic curve, sensitivity and
specificity.

Results: For detecting referable diabetic retinopathy,
the deep neural network had an area under receiver
operating characteristic curve of 0.901 (95%
confidence interval 0.807–0.995), with 84.6% sensi-
tivity and 79.7% specificity for Otago and 0.980
(95% confidence interval 0.973–0.986), with 96.0%
sensitivity and 90.0% specificity for Messidor.

Conclusions and Relevance: This study has
shown that a deep neural network can detect
referable diabetic retinopathy with sensitivities and

specificities close to or better than 80% from both
an international and a domestic (New Zealand)
database. We believe that deep neural networks
can be integrated into community screening once
they can successfully detect both diabetic retinopa-
thy and diabetic macular oedema.
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INTRODUCTION
Diabetes mellitus poses a significant health burden
globally, where 415 million (1 in 11) adults currently
have diabetes mellitus, and this number is expected
to increase to 642 million (1 in 10) adults by the year
2040.1 The prevalence of diabetic retinopathy (DR) in
individuals with diabetes mellitus is expected to be
35% and vision-threatening DR (severe non-
proliferative DR to proliferative DR) to be 10% glob-
ally.2 New Zealand (NZ) has similar proportions with
more than 275,000 people living with diabetes; and
of those, about 20–25% with DR.3 There is good evi-
dence that retinal screening and subsequent treat-
ment reduces preventable blindness.3

Currently there is a nationwide DR screening
programme provided by 26 centres in NZ4; however,
this is neither linked nor co-ordinated. Grading can be
undertaken by ophthalmologists, optometrists, non-
ophthalmic medical practitioners and other allied
health professionals, with secondary grading reserved
for ophthalmologists and some optometrists.4 Variation
in grading centres have been described;4 and this is
not unexpected as there is likely to be inter-specialty
and inter-reporter variability. Screening guidelines
would typically expect a sensitivity and specificity to
exceed 80%.5
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There is evidence that artificial intelligence in the
form of deep learning algorithm (deep neural net-
work) is able to detect referable DR with sensitivity
and specificity that well exceed typical expecta-
tions.5 Gulshan et al. demonstrated that their deep
neural network could detect referable DR to a sensi-
tivity between 87% and 90% and specificity of 98%,
with an area under receiver operating characteristic
(ROC) curve of 0.99.5,6 In Dunedin Hospital grading
of DR photographs from Otago Diabetic Eye Moni-
toring Service (ODEMS) is mostly done by an oph-
thalmologist with help from an ophthalmic medical
photographer.

The aim of this study was to assess whether a
deep neural network could satisfactorily select
patients enrolled in the ODEMS, who need to be
seen by an ophthalmologist in clinic due to the
severity of their DR or diabetic macular oedema
(DME). For comparison to international data, we
also assessed the deep neural network’s ability to
satisfactorily grade referable DR and DME from the
publicly available international Messidor database.7

METHODS

This retrospective study took place in April 2017
and looked at diabetic retinal screening photos from
1 October 2016 to 31 October 2016 from ODEMS as
well as the 1200 diabetic retinal photos from
Messidor.

The ODEMS database yielded 294 patients who
were called for diabetic screening during this time.
All diabetic retinal photos were photographed using
‘Canon CR-2 Plus Digital Non-Mydriatic Retinal
Camera (Canon Inc., Melville, New York, USA). The
field of view was 45� and the photos were of 18 mega-
pixel resolution (5184 × 3456 pixels).8 The trained
ophthalmic medical photographers took at least two
posterior pole photos (a macula centred and a macula
off-centred temporally by one disc diameter) and one
nasal photo for each eye. Three quarters of photos
were captured with pupil dilation and one quarter
without dilation.

All ODEMS photos were assessed initially by a
primary grader, an accredited ophthalmic medical
photographer as per the New Zealand Ministry of
Health (NZ MoH) guideline, followed by an oph-
thalmologist if grading by a secondary grader was
required.3,4 Each eye was assigned a DR and DME
grade by the assessor as per the NZ MoH guideline.3

Messidor is a French database of posterior pole reti-
nal photos that has been publicly disseminated since
the year 2008.7 The images were captured by three
ophthalmology departments in three sets of
400 images of the following resolution: 1440 × 960
pixels, 2240 × 1488 pixels and 2304 × 1536 pixels
for each respective set.9 A total of 800 images were

photographed with pupil dilation and 400 were
photographed without dilation.9 Photographs were
taken using ‘colour video 3CCD camera on a Topcon
TRC NW6 non-mydriatic retinograph with a 45�

field of view’.9 Microaneurysms in images were
denoted by two specialists in each ophthalmology
department.9 Referable DR in this study was
defined as moderate DR (DR more severe than that
seen in Early Treatment Diabetic Retinopathy Study
2A photo)3,10 or moderate DME (presence of exu-
dates within one disc diameter of the fovea).3

The study used a third-party deep neural network
software called Visiona Intelligent Diabetic Retinop-
athy Screening Platform (Visiona Medtech Interna-
tional Limited, Hong Kong), abbreviated to Visiona,
to assess DR grades of the photos from ODEMS and
Messidor. Deep neural network is an advanced form
of artificial intelligence, which is able to program
itself by learning from a large training set to perform
a specific task.6,11 Visiona has been trained by a
training set consisting of more than a 100 000 DR
images of posterior pole of the fundus. In the train-
ing set, more than 30% of the images were graded
as being of grade severe enough to be referable to
an ophthalmologist. Each retinal image in the train-
ing set was graded by more than one experienced
grader (ophthalmologist, optometrist or trained reti-
nal image grader). The Visiona software used for
this study provided a DR score 0.00–4.00, where a
score of 1.50 or higher would indicate at least mod-
erate DR severity and hence referable to an ophthal-
mologist in clinic. However, Visiona did not
specifically grade DME.

The investigator (NR) collected and selected best
quality posterior pole photos that were graded dur-
ing October 2016 from ODEMS and uploaded these
onto Visiona, along with posterior pole Messidor
photos for grading. Statistical analysis was carried
out using ‘IBM SPSS statistics 24’. ROC curve was
plotted to test DR score from Visiona against refer-
able criteria for both ODEMS and Messidor. ROC
curve is a method for selecting the optimal cut-off
value for a test to maximize sensitivity and specific-
ity of finding the abnormal condition.12 Ethics
approval was sought from ‘Health Research South’
before the commencement of the study (Ethics com-
mittee reference number HD17/002).

RESULTS
A total of 294 patients (a potential of 588 eyes) were
registered to be seen by ODEMS in Dunedin Hospi-
tal for diabetic retinal photography between 1st and
31st October. Out of this, a total of 485 eyes were
photographed and graded for both DR and DME.
Fifty of these eyes (10.3%) were graded solely by
the primary grader and 435 were graded by the
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primary grader and the ophthalmologist. A total of
103 potential eyes were not used for this study
either due to patient non-attendance or poor quality
of photos that were ungradable. The ability to satis-
factorily grade photos as part of ODEMS was deter-
mined by the ophthalmologist.

Out of the 485 eyes, 13 eyes (2.7%) were graded
by ODEMS as being referable for ophthalmology
input in clinic (that is at least of moderate DR or
moderate DME). As per the NZ MoH guideline, all
referable fundal photos were also graded by the
ophthalmologist.4 The Messidor database contained
297 of 1200 images (24.8%) with referable DR
or DME.

Visiona’s ability to detect referable DR is summa-
rized in Table 1 with ROC curve areas and best
combination of sensitivities and specificities at
respective DR score cut-off values. Figure 1 shows
ROC curves for Visiona’s performance on ODEMS
and Messidor.

DISCUSSION

With the global burden of diabetes mellitus and
hence DR projected to increase, there will be a
growing demand for DR screening services in a
world with limited resources. Our results have
shown that a deep neural network can successfully
detect referable DR with high areas under the ROC
curves for both a domestic (ODEMS) and interna-
tional database (Messidor). The area under the ROC
curve with ODEMS images was 0.901 (95% confi-
dence interval [CI], 0.807–0.995), while the area
under the ROC curve for the Messidor was 0.980
(95% CI 0.973–0.986). The wider CI for the ODEMS
is explained by the smaller proportion of referable
DR and the smaller sample size compared with
Messidor. There was no statistically significant dif-
ference at P < 0.05 between the areas under the two
ROC curves.

The best combination of sensitivities and specific-
ities with ODEMS (84.6% sensitivity, 79.7% speci-
ficity) and Messidor (96.0% sensitivity, 90.0%
specificity) were at DR score cut-off values 0.55 and
1.89, respectively. Considering that a cut-off value
of 1.50 or more is graded by Visiona as referable
DR, there is a suggestion that ODEMS may be over-
calling the DR grades. The impression from the

ODEMS ophthalmologist is that there are artefacts
on the ODEMS camera which may result in over-
calling DR and DME grades.

Other groups have recently published studies
using artificial intelligence for detecting referable
DR. Abràmoff et al. used an algorithm to detect refer-
able DR achieving sensitivity of 97% and specificity
of 59%,13 Solanki et al. used advanced machine
learning with 94% sensitivity and 72% specificity to
detect referable DR,14 and Gulshan et al. used deep
neural network with 87–90% sensitivity and 98%
specificity for detecting referable DR.5,6 Walton
et al., also used deep neural network to detect sight
threatening diabetic eye disease with 66% sensitiv-
ity and 73% specificity.15 The results of our study
are comparable to the above studies, especially as
Abràmoff et al.,13 Solanki et al.14 and Gulshan et al.6

used Messidor 2 database for testing, an extension
of the Messidor database that we used in this study.

As well as being comparable to other published
studies, other strengths of this study is the lack of
bias and confounding. There was also a large num-
ber of images from two different datasets, with gen-
eralizability to a domestic and an international
setting. The main limitation is Visiona’s inability to
specifically detect DME. However, our definition of
referable DR assigned photos with either significant
(moderate grade or worse) DR or DME as abnormal
and hence our ROC curve analysed Visiona’s ability
to detect both significant DR and DME through
Visiona’s DR score. Four of 13 referable eyes from
ODEMS had significant DME without significant
DR and 43 of 297 referable eyes from Messidor had
significant DME without significant DR.

Our exclusion of ungradable photos due to poor
quality is consistent with other studies,6,15 and
allowed us to produce comparable results. While
ODEMS uses at least three fundal photos to grade
each eye, Visiona used one photo per eye and this is
consistent with other studies.6,13–15 Moreover Lin
et al. showed highly significant agreement (kappa =
0.97) for DR detection by human assessors between
single monochromatic digital photograph and seven
standard colour photos,16 and hence we do not
believe this to be a significant limitation. We also
assumed each eye to be independent of one another
like other studies6,13,14; however, this is not strictly
true with a pair of eyes from the same person.

Table 1. Summary of Visiona’s performance on Otago Diabetic Eye Monitoring Service (ODEMS) and Messidor for detecting referable
diabetic retinopathy (DR)

Database Area under ROC curve (95% CI) DR score cut-off value Sensitivity (%) Specificity (%)

ODEMS 0.901 (0.807–0.995) 0.55 84.6 79.7
Messidor 0.980 (0.973–0.986) 1.89 96.0 90.0

CI, confidence interval; ROC, receiver operating characteristic.
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Visiona is also unable to identify incidental find-
ings such as glaucoma, age related macular degen-
eration, retinal vein occlusion and choroidal
tumours, which would otherwise be identified by a
human assessor.

Screening guidelines typically recommend values
of >80% sensitivity and specificity.5 Visiona was
able to successfully detect referable DR with accu-
racy close to (ODEMS: 84.6% sensitivity, 79.7%
specificity) and well above recommended guidelines

(Messidor: 96.0% sensitivity, 90.0% specificity).
The major limitation was Visiona’s inability to spe-
cifically detect DME. It is currently possible to use
artificial intelligence to interpret optical coherence
tomography scans to detect macular pathology.17,18

We believe that deep neural networks could be inte-
grated into community screening once they can suc-
cessfully detect both DR and DME. The use of
artificial intelligence in a nationwide screening pro-
gramme would eliminate inter-grader and intra-
grader variability, while at the same time liberating
valuable health resources to be allocated elsewhere.
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