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Outline

ÅWhat is artificial intelligence / machine learning /deep learning?

Å Types of machine learning tasks

ïSupervised learning

ïUnsupervised learning

ÅDeep learning

Å Applications in ophthalmic diagnostics

Recommendation Engines

Ophthalmology
Object Recognition

Autonomous Driving

Machine learning is changing our lives
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What is artificial intelligence (AI), machine 

learning and deep learning?

Fortune Magazine:  September 28, 2016 by Roger Parloff
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Courtesy of Michael Goldbaum MD
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Types of Machine Learning Tasks
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Types of Machine Learning Tasks

Machine Learning Applications: 

3 categories of Software as a Medical Device
(From: FDA draft guidance Aug 2016)
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Machine Learning in Ophthalmic 

Diagnostics 1990-2017

Early Applications in Ophthalmology 

early 1990s and 2000s

Supervised 

ÅTo detect glaucomatous visual field damage

ÅTo detect retinal disease and retinal lesions
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IOVS 1994;35:3362-3373

Presented at ARVO 1990

1990s: 

Detection of glaucomatous visual field damage

IOVS 1994;35:3362-3373

Conclusions: ñéA neural network can be taught to be as proficient 

as a trained reader in interpreting visual fields for glaucoma.ò

Presented at ARVO 1990

1990s: 

Detection of glaucomatous visual field damage
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Arch Ophthalmol 1997: 115:725-728

AJO 1996: 121:511-521

1990s and 2000s (selected examples):

Detection of glaucomatous damage and progression

IOVS 2005: 46:3730-3736

Medical Image Analysis 2010:14:471-481

1990s and 2000s (selected examples): 

Detection of retinal lesions and diabetic retinopathy  

Diab Med 2000;17:588-599

Comp Methods and Prog in Biomedicine 2000;62:165ï175

Br J Ophthalmol 2010;94:1606e1610

Br J Ophthalmol 1996; 80 937-938 

IEEE Trans Med Imaging 2005;24:584-592

IOVS 2007;48: 2260 -2267

IEEE Trans Med Imaging 2010;29:185-194

Proceedings: IEEE Intl Cong of Image Processing:1996;695-598

IEEE Trans Med Imaging 1989;8:263-9
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Computers in Biology and Medicine 2013;43:2136ï2155

Lesion Detection Literature Review: 

Segmentation of microaneurysms and hemorrhages.

Computers in Biology and Medicine 2013;43:2136ï2155

Literature review: 

Automated diabetic retinopathy detection methods
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Unsupervised Learning in 

Ophthalmic Diagnostics

Trans Am Ophthalmol Soc  2009;107:136-175

Unsupervised algorithms can detect glaucomatous visual 

field patterns and progression without labeled data

J R Soc Interface 2015;12: 20141118. 

n=1147 normal and 939 glaucoma eyes

n=7300 subjects

TSVT 2016;5:1-19

n= 1316 subjects (1976 eyes)
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Tremendous Progress in Last 3 Years

Å Deep learning

Å Availability of large datasets

Å Computational power

Imaging
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Deep Learning 

Can be supervised or unsupervised

Courtesy of Michael Abramoff, MD, PhD

ÅDeep learning models highly complex relationships within data

ÅThese models can understand complex patterns within images

Background

Coordinate 
System

Veins 

Arteries

Optic nerve

Fovea

Cotton - Wool 

Hemorrhages

Deep Learning with Convolutional Neural Networks 

Courtesy of Michael Goldbaum, MD

Segmentation and Object Detection (Features/Lesions etc.)

Classification of Disease (e.g. Diabetic Retinopathy)


