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WHAT IS AI?
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AI | Definitions
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Computers or 
machines that can 
emulate aspects of 
human intelligence

Artificial Intelligence

Algorithms that learn using 
examples and dataMachine Learning

Algorithms inspired by biological
neurons

Neural 

Networks



AI | Traditional Programming
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AI / Machine Learning

Program

Model

MANY Examples

Traditional Programming

Program

= Whiskers, Claws

= Snout, Paws

Code

Programmer Explicit ‘Rules’

Image adapted from  
N Jaccard @ ORBIS International

No explicit ‘Rules’

Model learns from data

Trial > Error > Minimise



AI | General Applications

• Classification & 
Regression

• Object Detection

• Segmentation …

Computer Vision

• Translation

• Summarisation

• Generation …

Language

• Retrieval

• Object Detection

• Generation …

Multimodal 
Processes

• Self-driving cars

• Healthcare

• Manufacturing

• Football …

Robotics
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‘A dog swimming underwater’



AI | DR Pathway
UK Diabetic Eye Screening Program

Retinal images Human 
Graders

Resource Intensive
Ø Staff: >1,500 highly trained graders
Ø Effort: >13 million images per year
Ø Cost: >£85 million per year (England alone)

Hospital Eye Service

R

Monitor Treat

Non-referable DR

Referable
DR

Annual 
Follow-up

Imaging

DR Detection

Individualised 
Follow-up

DR Management

L

DR Prediction



AI ó Diabetic Retinopathy

7

DR Detection

DR Prediction

DR Management

Implementation



DR DETECTION
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DR Detection | Evidence

üTrained using 128,175 retinal images

üReferable DR AUROC: 0.99 (95%CI: 0.986-0.995)

üSensitivity: 87.0% (95%CI: 81.1%-91.0%) 

üSpecificity: 98.5% (95%CI: 97.7%-99.1%)
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DR Detection | Evidence

üEvaluated on 30,405 patients from x3 DESP

üEyeArt™ System (V2.1.0, EyeNuk, CA)

üDR+ Sensitivity | Specificity: 90.7% | 67.9%

üSave £0.5 million / 100,000 screening episodes

ü~50% reduction in grading workload 10



DR Detection | Evidence

üTrained on 466,247 fundus images

üLesion level detection & DR classification

üMicroaneurysm AUROC: 0.90 (95%CI: 0.894-0.906)

üHaemorrhage AUROC: 0.97 (95%CI: 0.965-0.969)

üExudate AUROC: 0.95 (95%CI: 0.949-0.957) 11



DR Detection | Evidence
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AI only AI only

General 
ophthalmologists

Retinal specialists

ü Synergy between AI 
& human graders

p<0.001 

p=0.06 p=0.58 
p<0.001 

AI-assistedUnassisted 



DR Detection | AI Systems
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LumineticsCore
FDA Cleared & CE Marked

EyeArt
FDA Cleared & CE Marked

Retmaker
CE Marked

AEYE Health
FDA Cleared

ARDA
CE Marked, FDA Clearance 

Pending

Galaxy
FDA Clearance Pending



DR PREDICTION
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DR Prediction | Evidence

üTrained using 575,431 retinal images

üPredict incident DR+ at 2 years

üUsing retinal images alone

ü Incident DR+ AUROC: 0.79 (95%CI: 0.75-0.82)

üCould predict areas of future DR lesions
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Baseline Prediction (0.71)2 Years Later…



DR Prediction | Evidence

üTraining: 162,339 eyes (SEL-DESP)

üExternal Validation (Birmingham-DESP)

ü Incident R2+ or M1 over 1, 2 and 3 years

ü2-year R2+ AUROC: 0.93 (95%CI: 0.89-0.97)

ü2-year M1 AUROC: 0.79 (95%CI: 0.74-0.84)
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EfficientNet V2-s

TabNet

R2+ 

0.9
M1
0.7

R2+ | M1
0.85

R2+ 

0.7
M1
0.7

R2+ | M1
0.65

Baseline
2-Field images

Baseline
Risk-factors

Age, Sex, Ethnicity, VA, DM 
duration, DM type, deprivation 

R2+ 

0.8
M1
0.7

R2+ | M1
0.75

2-Year 
Prediction

Within 2 years

Within 2 years



DR Prediction | Explainability



DR Generation | Example
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Which macula does not exist?

BA



DR Generation | Conditioning
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A

50-70y
Male
White

Conditioning

30-50y
Male
White

Generated ImageGenerated Image

Change characteristics 50-70y
Male
Black

Characteristics



DR MANAGEMENT
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DR Management | Evidence
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Typical Treatment Needs

High Treatment Needs

Variable response
Treat & extend
Burden & risks
Planning

AUROC: 0.78

Imaging

Specificity: 71%Treat

Sensitivity: 82%

High retreatment?
(≤5weekly)

Anti-VEGF



DR Management | Evidence
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Non-responder

Responder

AUROC: 0.87
Imaging

Treat

Treatment response?
10%+ ê DMO @ 3m

Variable response
Risks
Treatment duration
Cost

Specificity: 85%

Sensitivity: 80%

Anti-VEGF



IMPLEMENTATION
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AI | Myths vs Realities
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AI | Potential

25

Short Term

- Automated DR grading
- Individualised follow-up
- AI-enabled telemedicine
- Multi-disease detection

Medium to Long Term

- Wider access to DES
- Handheld & widefield 
retinal imaging
- Treatment decision 
support systems
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