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Abstract Messidor RS GO RS Messidor Messidor
Purpose: To study a Deep Learning model based computer solution as a supplement to the " 4 " " " "
reading function of the Diabetic Retinopathy fundus images. Artelus Artelus Artelus c0 RS c0
Accuracy 0.91 0.93 0.92 0.99 0.92 0.91
Methods: A dataset of 100 fundus images of both normal and Diabetic Retinopathy (from SR 0.93 1.00 1.00 0.98 0.88 0.87
MESSIDOR dataset) have been used to see how well the model performed in a binary Specificity 0.88 0.83 0.80 1.00 1.00 1.00
classification scenario in comparison to a Retina Specialist, a General Ophthalmologist and the  ppv (Precision) 0.94 0.90 0.88 1.00 1.00 1.00
readings provided by the MESSIDOR Group F1 score 0.93 0.94 0.94 0.99 0.94 0.93
Results: The Accuracy was ‘91% (with Group A — Model and MESSIDOR group)’, ‘93% (with kappa 0.79 0.85 0.83 0.98 0.83 0.81
AUROC 0.89 0.91 0.90 0.99 0.90 0.89

Group B — Model and Retina Specialist) and ‘92% (with Group C — Model and General
Ophthalmologist)’; Precision was 94% for Group A, 90% for Group B and 88% for Group C;
Sensitivity was 93% for Group A, 100% for Group B and 100 % for Group C; Specificity was
88% for Group A, 83 % for Group B and 80 % for Group C; Kappa Coefficients were 0.79 for
Group A, 0.85 for Group B and 0.83 for Group C. Kappa Coefficients were 0.83 between the
Retina Specialist and the MESSIDOR Group, 0.81 between the General Ophthalmologist and
the MESSIDOR Group and 0.98 between the Retina Specialist and Ophthalmologist.

Conclusion: The Deep Learning Model has compared well in inferring Diabetic Retinopathy
by reading the mixed (normal and retinopathy) fundus images with the Retina Specialist, the
General Ophthalmologist and with the MESSIDOR Group.

Introduction

The prevalence of type Il Diabetes is rapidly increasing resulting in a global public
health issue! and diabetes has become a premier blinding disease?. The prevalence
of diabetes was estimated at 285 million or 6.4% of adults in the world in 20103.
This prevalence is expected rise to 552 million by 2030%. According to a study by
the American Diabetes Association (ADA) diabetic retinopathy (DR) has affected
more than 4.4 million Americans of age 40 and older during 2005 — 2008, with
almost 0.7 million (4.4% of those with diabetes) having advanced DR that could
lead to severe vision loss> . Early detection and treatment of DR can probably
decrease the risk of severe vision loss by over 90%°. DR is one of the consequences
of diabetes and a leads to ‘acquired’ blindness. To minimize DR, early detection and
intervention are needed. Several attempts have been made to automatically detect
DR with mixed results’ . Computer aided screening systems have recently gained
importance for increasing the feasibility of DR screening and several algorithms
have been developed for automated detection of lesions such as exudates,
hemorrhages (HA) and micro-aneurysms(MA)2 . In this study a model® (applying
‘deep learning’ techniques) is used and compared its performance with two
ophthalmologists (a Retina Specialist and a General Ophthalmologist) and the data
provided by the MESSIDOR Group?°.

Purpose

To study the effectiveness of a Deep Learning model computer solution as an
automated solution to supplement to the reading function of the Diabetic
Retinopathy (DR) using fundus images.

Material & Methods

A dataset of 100 fundus images of both normal and with Diabetic Retinopathy
(from MESSIDOR? dataset) have been used to see how well the model performed
in a binary classification scenario in comparison to a Retina Specialist, a General
Ophthalmologist and the readings provided by the MESSIDOR group.

Fig 1: Fundus image of a
‘normal’ eye

Fig 2: Fundus image of a eye with
Diabetic Retinopathy

Results

Overall, with the three Groups (the MESSIDOR Group, the Retina Specialist and the
General Ophthalmologist) the Artelus Model showed highly comparable results
(Table 1). The Analysis comparison between the Artelus Model and the MESSIDOR
Group (Group A), the Artelus Model and Retina Specialist (Group B) and the Artelus
Model and General Ophthalmologist (Group C) showed the following results:
Accuracy was 91% for Group A, 93% for Group B, 92% for Group C;

Precision was 94% for Group A, 90% for Group B, and 88% for Group C;

Sensitivity was 93% for Group A, 100 % for Group B, 100 % for Group C;

Specificity was 88 % for Group A, 83 % for Group B, 80 %for Group C; (Fig 3 and 4)
Kappa coefficient and AUROC were 0.79 and 0.89 for Group A, 0,85 and 0.91 for
Group B and 0.83 and 90 for Group C. Kappa coefficient and AUROC were
computed for MESSIDOR Group and the Retina Specialist to be 0.83 and 0.90, for
the MESSIDOR Group and the General Ophthalmologist to be 0.81 and 0.89 and for
the Retina Specialist and the General Ophthalmologist to be 0.98 and 0.99 (Figs 5
and 6).

Table 1: Summary of all results

Sensitivity, Specificity and F1 score

Accuracy

0.94 1.10

0.93 1.00

0.93 0.90
0.92 0.80
0.92
0.70
0.91
0.91 0.60
0.90
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Fig 3: Accuracy Fig 4: Sensitivity, Specificity and F1 score

kappa score AUROC
1.00 1.00
0.95 0.98
0.90 0.96
0.85 0.94
0.80 0.92
0.75 0.90
0.70 0.88
0.65 0.86
0.60 0.84
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Fig 5: kappa Coefficient Fig 6: AUROC

Discussion

Diabetic Retinopathy (DR) is a leading cause of vision loss among diabetic
patients in developed and developing countries. Early detection of occurrence of
DR can greatly help in effective treatment. Since the symptoms of DR do not
show up till an advanced stage, regular screening for DR is essential in diabetic
patients. Due to lack of enough skilled medical professionals, this task can
become tedious as the number of images to be screened becomes high with
regular screening of diabetic patients. An automated DR screening system can
help in early diagnosis without the need for a large number of medical
professionals. To improve detection several pattern recognition techniques are
being developed. These include Support Vector Machine (SVM) systems with
genetic algorithms (GA) and Deep Learning models made of convolutional neural
networks (CNNs) etc. Computer aided screening systems have recently gained
importance for increasing the feasibility of DR screening and several algorithms
nave been developed for automated detection of lesions such as exudates,
nemorrhages (HA) and micro-aneurysms(MA)3.

n this study a model® (applying ‘deep learning’ techniques and convolutional
neural networks) developed by Artificial Learning Systems Inc (Artelus) was used
and its performance, in comparison with two ophthalmologists (a Retina
Specialist and a General Ophthalmologist) and the data provided by MESSIDOR
Group'® was studied. The readings of the ‘deep learning’ based solution, in
comparison, with those of the Retina Specialist, the General Ophthalmologist
and the MESSIDOR Group are comparable based on the accuracy, precision,
sensitivity, specificity and the kappa metrics. Further exploration is suggested to
see if the performance of the ‘deep learning model’ based solution is acceptable.
Development of such a solution and embedding the solution as a standalone
service (in the Cloud) or embedded in the Fundus Cameras will be of tremendous
value and minimize ‘acquired blindness’ due to diabetes across the Planet.

Conclusions
In this pilot study of ours, the ‘Deep Learning Model’” based computer solution,
developed by Artelus, did identify diabetic retinopathy from fundus images well

in comparison to the ‘experts’ (the Retina Specialist, the General
Ophthalmologist and the MESSIDOR Group).
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