
EYE ROBOT
Automated Diabetic Retinopathy Image Assessment



humans, robots, and ethics…



Digital imaging



1975 - The worlds first digital camera 

Eastman Kodak engineer Steve Sasson.

The 8 lb camera recorded 0.01 

megapixel black and white photos to a 

cassette tape.



1991 - The world’s first digital SLR the Kodak 

Professional Digital Camera System (DCS) was a 

modified Nikon F3.

It cost around $30,000 



1999 - The first fully integrated digital SLR 

featured a 2.7MP sensor.

It cost around $5,580 



Luddite 

noun
Derogatory: A person opposed to increased industrialisation or new 
technology. 



Despite their modern reputation, the original Luddites were neither 
opposed to technology nor inept at using it…



They were concerned with issues of quality, safety & 
self preservation.



The camera I first used.

My favourite camera!



Everyday automation



PLANES

Most airliners that are certified for Autoland, must perform at least one successful 

Autoland each 30 days in order to maintain certification.  So, at least once a month, 

most commercial and freight large aircraft must do one. 

.



. 

TRAINS

The ATO and ATC/ATP systems work together to maintain a train within its timetable. 

The combined system will marginally adjust parameters such as the ratio of power to 

coast when moving and station dwell time.

.



.

AUTOMOBILES

Automated (driverless) parking, park assist, lane departure and automatic breaking 

are all currently in use. Driverless cars, we are told, are in advanced stages of 

development and will likely be available in the next few years.



Novel uses for A.I.







Automated retinal image analysis



• Imaging hardware

• Computational power

• Data storage

• Better understanding of disease processes

• Advances in diagnosis and treatment

Our ability to capture, process and analyse digital images of human tissue has reached an advanced stage…

Advances since the turn of the century



• General clinical need

• Explosion in diabetes

• Maturation of organised screening programmes

• The needs of research

• The retina as a window on other conditions

Although computer based systems have been shown to be valuable in other conditions, one of the most successful areas is 

…

What are the driving forces



…diabetic retinopathy



Image quality assessment

Image analysis



A growing evidence base



Idx-DR

Iowa Detection Program
Image Quality
ma, haem & CWS detection

Sensitivity 0.97
Specificity 0.59 

Abramoff MD, Folk JC, Han DP,Walker JD,Williams DF, Russell SR, et al. Automated analysis of retinal images for 
detection of referable diabetic retinopathy. JAMA Ophthalmol. 2013;131:351–7. 



iGradingM

Aberdeen University Algorithm
Image Quality
ma & dot haem detection

Sensitivity 0.98
Specificity 0.41 

Fleming AD, Goatman KA, Philip S, Prescott GJ, Sharp PF, Olson JA. Automated grading for diabetic retinopathy: 
a large-scale audit using arbitration by clinical experts. Br J Ophthalmol. 2010;94:1606–10. 



Retinalyze

Denmark
Image Quality
Red ma & haem lesion detection

Sensitivity 0.97
Specificity 0.71

Larsen M, Godt J, Larsen N, Lund-Andersen H, Sjolie AK, Agardh E, et al. Automated detection of fundus 
photographic red lesions in diabetic retinopathy. Invest Ophthalmol Vis Sci. 2003;44:761–6.



RetmarkerDR

Coimbra University Portugal
Image Quality
Co-registration (ma detection and turnover)

Sensitivity 0.96
Specificity 0.52

Pires Dias JM, Oliveira CM, da Silva Cruz LA. Retinal image quality assessment using generic image quality 
indicators. Information Fusion. 2014;19:73–90.



EyeArt (EyeNUK)

Los Angeles California
Image Quality
Co-registration (ma detection and turnover)

Sensitivity 0.90
Specificity 0.63

Pires Dias JM, Oliveira CM, da Silva Cruz LA. Retinal image quality assessment using generic image quality 
indicators. Information Fusion. 2014;19:73–90.



Other systems?

CARA - Diagnos Quebec Canada

The TRIAD Network - University of Tennessee

Visulytix - United Kingdom



Health Technology Assessment





Chief Investigator - Mr Adnan Tufail 

Co-investigators - Miss Clare Bailey (University Hospitals Bristol NHS 

Foundation Trust), Ms Catherine Egan (Moorfields Eye Hospital NHS 

Foundation Trust), Professor Christopher Owen (St George's, University of 

London), Dr Caroline Rudisill (London School of Economics and Political 

Science), Dr Alicja Rudnicka (St George's, University of London), Dr Paul 

Taylor (University College London) 



Automated systems being used

iGrading (Medalytix)

Retmarker (Critical Health)

EyeCheck (Idx-DR)

EyeArt (EyeNUK)



HTA Report

DELAYED



ARVO 2016

Automated diabetic retinopathy image assessment softwares: large 

scale, real world evaluation of diagnostic accuracy and 

costeffectiveness compared to human graders.

Catherine A. Egan, Alicja Rudnicka, Christopher Owen,, Caroline Rudisill, Sebastian Salas-Vega, Paul 
Taylor,, Gerald Liew, Aaron Lee, Clare Bailey, John Anderson, Adnan Tufail.



20,258 consecutive patients



Results

Sensitivity point (95% CI)

EyeArt Retmarker iGrading EyeCheck

Any DR 94.7% 73.0% na not tested

Referable 93.8% 85.0% na not tested

R3 99.6% 97.9% na not tested



Study conclusion

“Retmarker and EyeArt achieved acceptable sensitivity

for referable retinopathy when compared with a quality-assured, real

world human grader working in a high volume clinical setting as a

reference standard and had specificity sufficient to make them cost

effective alternatives to a purely manual grading approach”.



Possible methods of deployment



Primary grading filtration of negatives





60 grades

+ 10% QA

= 66 grades



40 grades x 2

+ 5% arbitration

= 82 grades



10 ROG grades

Grand total = 158 grades





10% QA

= 6 grades



40 grades (triaged?)



10 ROG grades?

or even…

40



Grand total = 56 or 86 grades



Which will you grade quickest?

On Screen Aid 



ma (lesion) count

Lesion co-ordinates

Threshold?



ma count - threshold?

1

2

3

more?



Automation benefits

Quicker results 

reduced patient anxiety

quicker referral 

Cost savings

Resources to focus on service development & continuous improvement

ma turnover  

risk profiling 

personalised screening interval?



Changes to job role



More focus on…

Patient safety

Patient education

Patient engagement

Hard to reach

Research, audit and continuous service improvement

Other imaging/screening tests

CPD







A.I. 

Avian Intelligence





Better patient care

Patient engagement

More sight saved



Thank you.


	EYE ROBOT
	Slide Number 2
	Digital imaging
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Luddite 
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Everyday automation
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Novel uses for A.I.
	Slide Number 16
	Slide Number 17
	Automated retinal image analysis
	Slide Number 19
	Slide Number 20
	…diabetic retinopathy
	Image quality assessment�������Image analysis
	A growing evidence base
	Idx-DR
	iGradingM
	Retinalyze
	RetmarkerDR
	EyeArt (EyeNUK)
	Other systems?��CARA - Diagnos Quebec Canada�The TRIAD Network - University of Tennessee�Visulytix - United Kingdom�
	Health Technology Assessment
	Slide Number 31
	Slide Number 32
	Automated systems being used
	HTA Report
	ARVO 2016
	Slide Number 36
	Results
	Study conclusion
	Possible methods of deployment
	Primary grading filtration of negatives
	Slide Number 41
	60 grades�+ 10% QA�= 66 grades
	40 grades x 2�+ 5% arbitration�= 82 grades
	10 ROG grades�����Grand total = 158 grades
	Slide Number 45
	�10% QA�= 6 grades
	�40 grades (triaged?)
	10 ROG grades?�or even…�40�
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Automation benefits
	Changes to job role
	More focus on…
	Slide Number 56
	Slide Number 57
	A.I. 
	Slide Number 59
	Slide Number 60
	Slide Number 61

