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Artificial Intelligence in Ophthalmology
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Machine learning and ophthalmology

§ A marriage made in Heaven
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Why do I say that?

§ OCT scans

§ Digital images
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Optical coherent images
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Ø 5 million oct scans in
US medicare population
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Artificial intelligence and Ophthalmology
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Journal of Ophthalmology 
https://doi.org/10.1155/2018/5278196

AI papers 
By
Ophthalmological
Disease
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Machine learning: how does it work?
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Machine learning: how does it work?

§ Machine learning is a method of data analysis that 
automates analytical model building. 

§ It is a branch of artificial intelligence based on the idea 
that systems can learn from data, identify patterns and 
make decisions with minimal human intervention.

§ The test for a machine learning model is a validation error 
on new data, not a theoretical test that proves a null 
hypothesis. Because machine learning often uses an 
iterative approach to learn from data, the learning can be 
easily automated. Passes are run through the data until a 
robust pattern is found.
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Deep learning

§ Deep learning is a type of machine learning that trains a 
computer to perform human-like tasks, such as 
recognizing speech, identifying images or making 
predictions. 

§ Instead of organizing data to run through predefined 
equations, deep learning sets up basic parameters about 
the data and trains the computer to learn on its own by 
recognizing patterns using many layers of processing.

11

Hogarty et al Clin & Exper Ophthalmol 2019 47:128-139

https://www.sas.com/en_us/insights/analytics/machine-learning.html
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Some examples

Predicting Cardiovascular Risk Factors from Retinal

Fundus Photographs using Deep Learning

§ Poplin et al

§ Analysed retinal images of 284335 patients
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What information can you glean from this image?

§ Age

§ Gender

§ Smoking status

§ HBA1C

§ Systolic blood pressure

§ Cardiac events
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AMD and AI
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Nat Med. 2018 Aug 13. doi: 10.1038/s41591-018-0107-6
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Nat Med. 2018 Aug 13. doi: 10.1038/s41591-018-0107-6

Conclusion: algorithm makes referral suggestions to a standard 
comparable to clinical experts.

https://www.ncbi.nlm.nih.gov/pubmed/30104768
https://www.ncbi.nlm.nih.gov/pubmed/30104768
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Using AI to understand early changes of AMD

§ Deciphering AMD by deep phenotyping and machine 
learning. The Pinnacle study.

§ Andrew Lotery, Sobha Sivaprasad, Daniel Rueckert, Ursula 
Schmidt-Ehrfurth, Sebastian Waldstein, Toby Prevost, Lars 
Fritsche, Hendrik Scholl

§ £4 million collaborative award from the Wellcome Trust

§ 3 Slides and 10 minutes: equals £6,667 per second
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Deciphering AMD by deep phenotyping and machine learning

1 in 3

Age related macular degeneration (AMD)
A disorder of epidemic proportions

My clinic

Early AMD 

Neovascular

Geographic 
Atrophy

Early AMD 

37 phase 2 clinical
trials

Lifestyle
Modifications

Therapy Pathophysiology
Vitreous cavity

AMD can be deciphered using deep phenotyping and machine learning 
Hypothesis

Prediction of progression

novel biomarkers, mechanistic insight, risk stratification         optimal patient management

Natural History

Choroid

Bruch’s Membrane

Retinal Pigment 
Epithelium

Photoreceptors

Vitreous cavity
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WS1: Collection of retrospective data of normal ageing and AMD

Optical coherence tomography (OCT)

• Validation of retrospective biomarkers
• Multimodal imaging: temporal sequence of focal changes

WS2: Prospective cohort study of 400 patients

Deliverable 2:
Identify novel early changes of AMD progression

OCT OCT Angiography

Adaptive optics Auto-fluorescence

• OCT image archives
• Our centres n=26,000
• UK Biobank n=34,464

WS3: Genotyping

Deliverable 3:
Polygenic risk scores to characterise risk of progression

• Development of polygenic risk scores
• Novel case control studies in early AMD

WS4: Machine learning for prediction of disease progression

Spatio-temporal atlas of retinal morphology

• Generation of atlas: Normal ageing vs AMD
• Identification of multiple structural biomarkers

Deliverable 1:
Spatio-temporal atlas of retinal ageing

Baseline 3 months 6 months

Deliverable 4:
Patient-specific probabilistic decision support tool

• Development of patient specific predictive model
• Validation using prospective cohort study data

Biomarker discovery and quantification

Drusen Hyper-reflective foci

Outer nuclear layer

Drusen volume
Outer nuclear
layer volume

Hyper-reflective
foci volume

Deciphering AMD by deep phenotyping and machine learning

Optimal patient management in hospital and community
Optimal patient stratification and novel endpoints in clinical trials
Mechanistic insight leading to new approaches to therapy

Outcome and Impact

Examples of our expertiseCollaboration and synergy
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Spatio-temporal modelling of morphology using 
atlases, e.g. for brain development

Clinical 
decision 
support 

tools, e.g.
in dementia

• Leading in retinal image analysis
• 25 papers in ophthalmic applications of AI

Prediction of drusen
regression using AI

Ophthalmology

Computer Science

Statistics

Bi
oi

nf
or

m
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“The project team is outstanding”
“An exemplary scientific team”

Vienna Reading Centre

Deciphering AMD by deep phenotyping and machine learning

UK biobank
UK 

clinical trials 
network

“Huge
clinical
Impact”
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Ethics

§ Internal review by University and NHS Trust

§ Review by ethics committee, HRA and confidentiality 
advisory group

§ What do you think? Is it acceptable to review retinal 
images and medical information of a patient without their 
explicit consent if the patients are not identifiable and the 
research aims to increase our understanding of macular 
degeneration?

§ 288 responses to Macular Society: 89% in favour of using 
data without prior to consent
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Diabetic retinopathy

§ UK leads the world with a national diabetic eye screening 
programme

§ Many parts of the world do not have access to such a 
programme or skilled graders to assess diabetic eye 
images

§ Increasing numbers of patients make it difficult to sustain 
such a programme

§ 592 million estimated to have diabetes by 2035

§ Worldwide prevalence of diabetic retinopathy in 2012 was 
35 %
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Diabetic retinopathy

§ Almost 3 million eyes will need to be evaluated each 
working day by 2030 (35 exams per second, assuming 
annual screening)

§ Despite a 54% increase in the diabetes population, there 
will be less than a 2% growth in the number of 
ophthalmologists by 2030*

§ Massive problem in developing world

§ *Acta Ophtalmol 2018:96 63-68
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FDA approved AI for diabetic retinopathy
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§ Head to head study with human 
graders equal or better than 
human graders in phase 3 clinical 
trial
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Automated Fundus Imaging, 
Screening
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7 research committee approvals and revisions to be allowed 
to start our research

Added 6 months to set up of my study – would have been 
more without repeated chasing. No sense of urgency

Is this number of committees really necessary?

BMJ 2019; 364 :l1097
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https://thenewstack.io/are-we-losing-humanity-with-data-driven-medicine/

Holistic approach to medicine?

Professor Topol
told The Times. 
“We’re not going to 
be picking doctors 
because of their 
brilliance and their 
scores on tests, but 
rather their 
empathy and 
emotional 
intelligence and 
their ability to 
communicate. 
That’s really the 
future.”

Conclusion

§ Huge opportunity to use AI in ophthalmology due to our large 
volume of digital images

§ Should help manage capacity and better understand aetiology of 
disease and patients seem happy with this research

§ Integration of AI into oct machines could help move diagnosis to 
the community

§ Still need to think holistically
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