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Al | Definitions

Artificial Intelligence
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Computers or
machines that can
emulate aspects of
human intelligence

Machine Learning

Algorithms that learn using
examples and data

Neural

Networks Algorithms inspired by biological

neurons
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Al | Traditional Programming

Traditional Programming Al / Machine Learning
Q | i Model
Progr “\\ ™ ,,/' c Program
() ' T . g N
// \\ .
Programmer Explicit ‘Rules’ i'/ (‘f (‘f |
(‘ = Whiskers, Claws (‘ N No explicit ‘Rules’
= Snout, Paws Sl Model learns from data
MANY Examples Trial > Error > Minimise

Image adapted from
N Jaccard @ ORBIS International



Al | General Applications

Computer Vision
N

e Classification &
Regression

e Object Detection

e Segmentation ...

n Thoughts on Al in 3 words

controversial.

e Translation
e Summarisation

e Generation ...

Innovative, transformative,

¢ Retrieval
e Object Detection

e Generation ...

Multimodal
Processes

‘A dog swimming underwater’
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¢ Self-driving cars
e Healthcare
¢ Manufacturing

e Football ...
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Al | DR Pathway
UK Diabetic Eye Screening Program :

Referab/e

@ Individualised /mag/ng

Follow-up  pg prediction

A Resource Intensive

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

@j Treat

DR Management
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Al <~ Diabetic Retinopathy
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. DR DETECTION

©)




1fi;

ING'S
College

LONDON

DR Detection | Evidence

JAMA | Original Investigation | INNOVATIONS IN HEALTH CARE DELIVERY

e B
Development and Validation of a Deep Learning Algorithm | * 7
- - - - e e
for Detection of Diabetic Retinopathy 007 e
in Retinal Fundus Photographs B [° oert
95 High-sensitivity operating point

Varun Gulshan, PhD; Lily Peng, MD, PhD; Marc Coram, PhD; Martin C. Stumpe, PhD; Derek Wu, BS; Arunachalam Narayanaswamy, PhD;
Subhashini Venugopalan, MS; Kasumi Widner, MS; Tom Madams, MEng; Jorge Cuadros, OD, PhD; Ramasamy Kim, OD, DNB;
Rajiv Raman, MS, DNB; Philip C. Nelson, BS; Jessica L. Mega, MD, MPH; Dale R. Webster, PhD se 60 |- 90 ®

% ; Q

-‘E ® High-specificity operating point

= 851
v Trained using 128,175 retinal images “ 40- Y wl]®
v Referable DR AUROC: 0.99 (95%Cl: 0.986-0.995) - 7

70" .
. 0 5 10 15 20 25 30
v’ Sensitivity: 87.0% (95%Cl: 81.1%-91.0%) N
6 210 4'0 6l0 810 160
wgn = 1 - Specificity, %

v’ Specificity: 98.5% (95%Cl: 97.7%-99.1%) e



DR Detection | Evidence

Replacing L1G by an automated

Prospective evaluation of an artificial intelligence-
enabled algorithm for automated diabetic retinopathy
screening of 30 000 patients

Peter Heydon @, Catherine Egan,'-? Louis Bolter,® Ryan Chambers,* John Anderson,>
Steve Aldington,? Irene M Stratton,* Peter Henry Scanlon @, Laura Webster,?
Samantha Mann,> Alain du Chemin,® Christopher G Owen © ® Adnan Tufail, 2
Alicja Regina Rudnicka ©®®

v'Evaluated on 30,405 patients from x3 DESP
(V2.1.0, EyeNuk, CA)

v'DR* Sensitivity | Specificity: 90.7% | 67.9%

v'Save £0.5 million / 100,000 screening episodes

v ~50% reduction in grading workload

system

Automated
system (AS)
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90% of D- lD*, TF, and 10% of D~

A

Level 2 grader |[AllR3, U
(L2G) R2, M1, D*, TF
RO, R1 R2, M1, D-

Level 3 grader

(L3G)
RO, R1 R3, R2, M1, U
A A4 A
Hospital eye
Annual rescreen .
service
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DR Detection | Evidence

A deep learning system for detecting diabetic
retinopathy across the disease spectrum

Ling Dai232, Liang Wu® 29 Huating Lid 29 Chun Cai@® 2°, Qiang Wu#?, Hongyu Kong® 4 Ruhan Liu® '3,
Xiangning Wang?, Xuhong Hou?, Yuexing Liu?, Xiaoxue Long® 2, Yang Wen® '3, Lina Lu®, Yaxin Shen® '3,
Yan Chen?, Dinggang Shen® ©7, Xiaokang Yang®, Haidong Zou® >*, Bin Sheng® 3™ & Weiping Jia® 2*

Original Hard exudate

Hard exudate
v Trained on 466,247 fundus images m
v'Lesion level detection & DR classification Q
v'Microaneurysm AUROC: 0.90 (95%CIl: 0.894-0.906) 5

AUC

“7 7 0.954 (0.949-0.957)

v"Haemorrhage AUROC: 0.97 (95%Cl: 0.965-0.969) . -

100% - Specificity %

v Exudate AUROC: 0.95 (95%Cl: 0.949-0.957) 11
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DR Detection | Evidence

Unassisted Al-assisted

40

20

5-class DR Accuracy, %
5-class DR Accuracy, %

0000

Qe
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000
m General
ophthalmologists

0000
[’m\YhJY’m\YlIJS Retinal specialists

v' Synergy between Al
& human graders

12
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DR Detection | Al Systems

D (),
y EYENUK

LumineticsCore EyeArt Retmaker
FDA Cleared & CE Marked FDA Cleared & CE Marked CE Marked

~
<J

. ‘.."
e ) RETINA-AI

AEYE Health ARDA Galaxy

FDA Cleared FDA Clearance Pending
CE Marked, FDA Clearance 13

Pending
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DR Prediction | Evidence

Predicting the risk of developing diabetic retinopathy
using deep learning

Ashish Bora, Siva Balasubramanian, Boris Babenko, Sunny Virmani, Subhashini Venugopalan, Akinori Mitani, Guilherme de Oliveira Marinho,
Jorge Cuadros, Paisan Ruamviboonsuk, Greg S Corrado, Lily Peng, Dale R Webster, Avinash V Varadarajan, Naama Hammel, Yun Liu*, Pinal Bavishi*

/ - - - =
Trained using 575,431 retinal images

v Predict incident DR* at 2 years

v'Using retinal images alone
v Incident DR* AUROC: 0.79 (95%Cl: 0.75-0.82)

v Could predict areas of future DR lesions
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Prediction (0.71)

i,
_3 TN

15



DR Prediction | Evidence

Predicting progression to referable
diabetic retinopathy from retinal images
and screening data using deep learning

Paul Nderitu; Joan Nunez do Rio; Laura Webster; Samantha Mann; David Hopkins; Jorge Cardoso; Marc
Modat; Christos Bergeles; Timothy L Jackson

v Training: 162,339 eyes (SEL-DESP)

v’ External Validation (Birmingham-DESP)
v'Incident R2* or M1 over 1, 2 and 3 years
v'2-year R2* AUROC: 0.93 (95%Cl: 0.89-0.97)

v'2-year M1 AUROC: 0.79 (95%Cl: 0.74-0.84)
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Baseline
2-Field images
EfficientNet V2-s
_L' Vl//th/n 2 years
0 7

R2* | M1
0.85

Prediction 08 | 0.7
A A A
Baseline
Risk-factors TabNet
T T A

%
Age, Sex, Ethnicity, VA, DM

duration, DM type, deprivation 16

Within 2 years
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DR Prediction | Explainability

2 year prediction interval

Outcome: R2*

Macula Mean Heatmap

Macula Mean Image Nasal Mean Image Nasal Mean Heatmap
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DR Generation | Example

Which macula does not exist?

18
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DR Generation | Conditioning

Generated Image Generated Image

50-70y

Characteristics Male
White
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DR Management | Evidence

Machine Learning Can Predict Anti—VEGF
Treatment Demand in a Treat-and-Extend
Regimen for Patients with Neovascular AMD,
DME, and RVO Associated Macular Edema

Mathias Gallardo, PhD," Marion R. Munk, MD, PhD,* Thomas Kurmann, PhD," Sandro De Zanet, PhD,’
Agata Mosinska, PhD,” Isil Kutlutiick Karagoz, MD.‘PhD,’ Martin S. Zinkemagel, MD, PhD,”
Sebastian Wolf, MD, PhD,~ Raphael Sznitman, PhD’

i

Imaging @
L d

Anti-VEGF %
.

High retreatment?
(<5weekly)
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High Treatment Needs
Sensitivity: 82%

Treat

AUROC: 0.78

J
¢

B P 7

Variable response
Treat & extend
Burden & risks
Planning

-7

Typical Treatment Needs
Specificity: 71%

1M

21
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DR Management | Evidence

Deep learning-based single-shot prediction of
differential effects of anti-VEGF treatment in
patients with diabetic macular edema

REzA RASTI,‘S" MICHAEL J. ALLleGHAM,2 PRIYATHAMzs. MEeTTU,? Responder
S K 9 K G S wW.C . S ege o
F::swlt\’lzuﬁl ISHAN GOVIND,?2 ScoTT OUSINS,2 AND SINA SE"SItIVIty.' 80%
Treatment response? >
10%* ¥ DMO @ 3m V.

Imaging g
W

Non-responder

AUROC: 0.87 Specificity: 85%

Anti-VEGF % »x lariable response > f
A Risks {

@ Treatment duration
=1 COSt 22

Treat
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Al | Myths vs Realities

Lessonslearned fromtranslating Al from
development to deploymentinhealthcare

Kasumi Widner, Sunny Virmani, Jonathan Krause, Jay Nayar, Richa Tiwari,
Elin Renby Pedersen, Divleen Jeji, Naama Hammel, Yossi Matias, Greg S. Corrado,

Yun Liu, Lily Peng & Dale R. Webster

Reality

Post-launch —

=
o —— I

Continuously monitoring performance

e ——
ll \ \
‘l I|- ‘{;
Al

I

Al — "',, - = | PN
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N — —_— A=

- o — =
M:

Work is completed at launch
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Al | Potential

Medium to Long Term
- Automated DR grading

- Individualised follow-up | - Wider access to DES
- Handheld & widefield
retinal imaging

- Treatment decision
support systems

- Al-enabled telemedicine

- Mlulti-disease detection

25
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THANK YOU
QUESTIONS?

Dr Paul Nderitu, Kings College London, UK

p-nderitu@doctors.org.uk

@pnderitu89



