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SOFTWARE
Deep learning takes to the air

The demand for ophthalmic care is soaring. It is esti-
mated that by the year 2020, a total of 415 million 
people worldwide will be suffering from diabetic 
eye disease, 76 million will have glaucoma and 
approximately 196 million will be suffering from 

age related macular degeneration.1,2 At the same time. the supply 
of trained ophthalmic care professionals will not be able to keep 
up with this demand.3 

SCREENING CHALLENGES
Conventional medical research studies have identified that early 
and prompt recognition of abnormalities through eye screening 
has tangible benefits and improves eye health. As a result, pri-
mary eye care providers and optometrists have become the 
cornerstone for this approach, in many ways acting as ‘gatekeep-
ers’ for NHS Hospital Eye Services.

In spite of this, optometrists are, in certain areas, being put 
under undue pressure. Despite clinical training, many are being 
asked to see increased numbers of patients, and due to pressures 
in other parts of the service, are often asked to make quicker deci-
sions. The result is clinical variability, and in the worst scenarios, 
clinical error. One such example was the manslaughter charge 
applied to an optometrist for failing to spot an abnormal optic 
disc in a young patient.4

Targeting such unwanted variation is a key objective in health 
care services. This is principally as a means to improve both the 
quality and accuracy of care at the outset.5 Within ophthalmic 
care, certainly in the context of eye screening, variation should be 
unwarranted, as this could be potentially harmful to patients and 
the health services that support them. A recent report by Lord 
Carter assessed operational productivity, and estimated that 
unwarranted variation was worth £5bn in terms of overall effi-

ciency opportunity.5 Within the eye domain, work by Harper et al 
has identified considerable variation in accuracy between optom-
etrists and ophthalmologists for vertical cup disc ratio detection 
(VCDR).6 Furthermore, an inter-observer difference standard 
deviation of 0.19 was found between individual optometrists for 
VCDR, with an average agreement of 67% to 71% for other disc 
features.7

INTRODUCING AI
The current environment therefore requires change in order to 
provide innovative, sustainable and standardised ophthalmic 
care. Recent advances in computational power, coupled with the 
availability of medical data, has permitted the development of 
cutting edge artificial intelligence (AI) solutions.

 Medical imaging is undergoing a revolution. Traditionally, 
machine vision algorithms for medical applications were care-
fully developed for specific tasks, for example the detection of 
bone fractures in X-ray imagery. This process can be extremely 
time intensive as it involves;

•	� Devising features (eg edges, texture) that suitably capture the 
pattern to detect such as discontinuities along a bone

•	� Finding a way to combine these features to answer our ques-
tion: ‘Is there a fracture somewhere in this X-ray image?’. 

In many cases, the features and the rules used for their combi-
nation are to be re-engineered when considering a new task, such 
as ‘Is this eye fundus image abnormal?’.

The advent of machine learning (ML) alleviated much of the 
pain related to the combination of identification pattern features. 
ML algorithms, which are very general in nature, can learn the 
optimal combination of features directly from the data, and thus 
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FIGURE 1 Schematic 
representation of an artificial 
neural network designed to 
identify anomalies in eye health
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greatly reduce the amount of work required to tackle a new task. 
For the better part of a decade, much of the improvements seen in 
medical image processing were down to new and improved fea-
tures. However, the engine underpinning the current revolution 
in medical imaging is deep learning (DL), a modern variant of 
decades old artificial neural networks,8 which allows a computer 
to learn both the optimal features and combinations thereof for a 
specific task directly from the data. DL exceeds human-level per-
formance in many applications, including image and voice 
recognition.9,10 DL, coupled with increasing computational 
resources and data availability, is enabling the development of 
robust and useful AI systems. 

DEEP LEARNING FOR FUNDUS IMAGE INTERPRETATION 
An artificial neural network (shown as a simplified schematic 
in figure 1) learns important visual features about the image 
(eg Disc-, Retina-, and Macula-like features) and how to best 
combine them to answer the question ‘Is this fundus image 
normal?’

Visulytix (www.visulytix.com) is an AI company based in the 
United Kingdom which is developing AI-driven clinical decision 
support tools for ophthalmic care professionals. The aim is to 
provide high quality care, delivered in a fraction of the time, and 
therefore at a fraction of the cost to the healthcare provider.  This 
will help promote a healthier population, facilitating care that 
can be equitably accessed. One of its products in development, 
Pegasus, can screen for major blinding disease groups, notably;

• glaucomatous disc morphology analysis (figure 2)
• macular pathology detection 
• classification and grading of diabetic retinopathy (figure 3)

The software can automatically analyse the optic nerve in a fun-
dus image and detect whether there is an abnormality. Clinical 
trials have shown Pegasus to offer superior levels of accuracy 
when compared to expert ophthalmologists, who have been 
shown to have a sensitivity of 80%.11 Furthermore, as part of its 
analysis, Pegasus autonomously identifies the areas of the image 
it has analysed in order to reach its suggestion. This in turn allows 
the healthcare professional to interpret the image with greater 
accuracy, and the AI decision support system and professional 
work in synergy. •
Mr Sameer Trikha is consultant ophthalmologist at Kings 
College Hospital NHS Foundation Trust, and chief medical 
officer with Visulytix. Dr Nicolas Jaccard is the chief technol-

ogy officer at Visulytix. Mr Jay Lakhani is the chief executive 
officer at Visulytix.

REFERENCES 
1	 Tham YC, Li X, Wong TY, Quigley HA, Aung T, Cheng CY. 

Global prevalence of glaucoma and projections of glaucoma 
burden through 2040: a systematic review and meta-analysis. 
Ophthalmology. 2014 Nov;121(11):2081-90.

2	 Wong WL, Su X, Li X, Cheung CM, Klein R, Cheng CY, Wong 
TY. Global prevalence of age-related macular degeneration 
and disease burden projection for 2020 and 2040: a system-
atic review and meta-analysis. Lancet Glob Health. 2014 
Feb;2(2):e106-16.

3	 Resnikoff S, Felch W, Gauthier A, Spivey B. The number of 
ophthalmologists in practice and training worldwide: a grow-
ing gap despite more than 200 000 practitioners British 
Journal of Ophthalmology, 2012 June, Vol 96(6)

4	 Criminal trial for Optometrist. www.aop.org.uk/ot/profes-
sional-support/clinical-and-regulatory/
criminal-trial-of-optometrist-begins (published 15th July 
2016, accessed 22nd May 2017)

5	 Department of Health. Review of Operational Productivity in 
NHS providers: Interim Report. 2013. 2013;(April). Available 
from: www.gov.uk/government/uploads/system/uploads/
attachment_data/file/434202/carter-interim-report.pdf 

6	 Harper R, Radi N, Reeves BC, Fenerty C, Spencer AF, 
Batterbury M. Agreement between ophthalmologists and 
optometrists in optic disc assessment: training implications 
for glaucoma co-management. Graefes Arch Clin Exp 
Ophthalmol. 2001 Jun;239(5):342-50.

7	 Harper R, Reeves B, Smith G. Observer variability in optic disc 
assessment: implications for glaucoma shared care. 
Ophthalmic Physiol Opt. 2000 Jul;20(4):265-73.

8	 LeCun Y, Bengio Y, Hinton G. Deep learning. Nature 521.7553 
(2015): 436-444.

9	 Ren W et al. Deep image: Scaling up image recognition. arXiv 
preprint arXiv:1501.02876 7.8 (2015).

10	Xiong W et al. Achieving human parity in conversational 
speech recognition. arXiv preprint arXiv:1610.05256 (2016). 

11	Harper R, Reeves B. The sensitivity and specificity of direct 
ophthalmoscopic optic disc assessment in screening for glau-
coma: a multivariate analysis. Graefes Arch Clin Exp 
Ophthalmol. 2000 Dec;238(12):949-55.

•Further information email media@visulytix.com

FIGURE 2 Glaucomatous discs may be detected by AI FIGURE 3 Pegasus can 
detect and grade 
diabetic retinopathy


