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* Deep learning networks coupled with imaging have been
created and proven accurate in diagnosing:

Artificial Intelligence in Medicine

O Eye: Diabetic retinopathy
Q Skin cancer

Q Breast cancer

Q Lung cancer
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Artificial Intelligence With Deep Learning Technology
Looks Into Diabetic Retinopathy Screening

Tien Yin Wong, MD. PhD: Neil M. Bressies. MD

T

AMERICAN ACADEMY
OF OPHTHALMOLOGY *

The Future of Keratoconus Screening with Artificial Intelligence
Stephen D. Klyce, PhD, FARVO - Port Washington, New York
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Q First project:

Corneal diseases

Fuchs
Keratoconus

dystrophy
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Q Why these diseases?!
Dry Eye 4 N / Fuchs’ \

Disease Keratoconus Dystrophy

Decrease in quality of Third most common Prevalence ranges from
life and damage to the indication for corneal 3.8% to 11% in ages 40
cornea transplantation. and older
Coniti;ii?g;fg?]ger Prevalenc.e ?f_54-5 per Responsible for 36% of

100,000 individuals in performed corneal
the US

No gold standard for
clinical testing

transplants in the US

U b | 4

Matthaei M, Sandhaeger H, Hermel M, et al. Changing Indications in Penetrating Keratoplasty: A Systematic Review of 34 Years of Global
Reporting. Transplantation. 2017;101(6):1387-1399. .

Waduthantri S, Yong SS, Tan CH, et al. Cost of dry eye treatment in an Asian clinic setting. PloS one. 2012;7(6):e37711-e37711.

Stapleton F, Alves M, Bunya VY, et I, TEOS DEWS Il Epidemiology Report, Ocul Surf. 2017:15(3)334-365 Hamill CE, Schmedt T, Jurkunas U. Fuchs endothelial cornea dystrophy: a review of the genetics behind disease de ent. Semin
P . , Bunya VY, et al. P '8y Report. ettt . Ophthalmol. 2013;28(5-6):281-286. c - S ;
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@ Fuchs dystrophy: Tools for diagnosis

dn.dotmed. istingpics/2667122.jpg
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- I cludes tear break-up time

(TBUT), Schirmers test, corneal staining,
conjunctival staining, and questionnaires

I cudes tear osmolarity, ocular

surface thermography, and tear film biomarkers

Dry eye: Current Clinical Testing

* Many different tests available, but no gold standard!

-
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OCT features

Corneal diseases
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Fourier-Domain Optical Coherence Tomography
Imaging in Keratoconus: A Corneal Structural

Classification
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Diagnostic Performance of 3-Dimensional Thickness of the
Endothelium-Descemet Complex in Fuchs’ Endothelial Cell Corneal
Dystrophy

Taha Eletwn, MD, MSC » Anu Elawy, MSC « Mofsmed Toltss, MD « Wikam Fopst MS » Sonds Yoo MD &

Mahamed Abou ha MDD PND A B

| High-Definition@CT in Fuchs £052023 "

Al AND COMPUTER AUGMENTED VISION LAB




6/1/2023

Corneal epithelial thickness profile in
dry-eye disease

Shousha, kanhua Wang. George Kontadakie Wilkam Feuer, Ana ¥

ane. Rodrigo Hoffmann & Victoe L. Perez B3
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@ Methods

* We used transfer learning with VGG19 network architecture.

* We trained the model to predict the diagnosis per image, but in -
it is used to predict the diagnosis
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g Data Collection

* AS-OCT scans were taken using
Envisu R2210, Bioptigen (Buffalo
Grove, IL)

+ 180 images were captured per scan
using a 6 mm central corneal radial
scan pattern

» The clinical diagnosis was performed
on every patient

» Healthy patient was defined as no
corneal ICD-10 diagnoses
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46,179 OCT images

HD-OCT (11,830 dry eye, 11,440

351 eyes FED, 11,469 keratoconus

and 11,440 controls)

(Envisu R2210, Bioptigen)
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Image-Level Prediction Multi-Discase Al Model

A Single OCT Image

Convolutional and
maximum pooling layers

SoftMax
layer

Fully connected
layers

——s  Prediction

Eye-Level Prediction

.. o .

An OCT Scan

l Bascom Palmer Eye Institute

Al AND COMPUTER AUGMENTED VISION LAB

Al Model

Prediction |

Prediction 2

Multi-Disease ——

Prediction N

Frequent
Prediction

F

=
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@ Bascom Palmer Al, version 1.0, Miami, FL™ ="

TRAINING

(80%)
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VALIDATION
(10%)

TESTING
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Q Results

L

* The Al algorithm was able to achieve a testing
classification accuracy of:
—99.2% for dry eye,
—99.9% for keratoconus,
—100% for FED,
—98.7% for normal controls,
—overall accuracy of 99.51%.
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Q Visualizations

L

Healthy Dry eye Fuchs’ endothelial

Keratoconus
syndrome dystrophy

OCT image

Best feature map
overlaid

Bascom Palmer Eye Institute =0S 2023} -

Al AND COMPUTER AUGMENTED VISION LAB

11



6/1/2023

chyelnsie 0 E0S2023

L

Original Resparch

Comparison of Autonomous AS-OCT Deep Learning
Algorithm and Clinical Dry Eye Tests in Diagnosis of
Dry Eye Disease

Collin Chase, Amyr Elsawy, Taher Bleiwa @9, Eyup Ozcan, Mohamed Tolba & Mohamed Abou Shousha &
Pages £207.4285 | Publizhed online: 18 Nov 2022
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Next

I OV anfmoﬁ & ISSUES TOPICS FOR AUTHORS ABOUT ~
visual sclence
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ARVO Annual Meating Abstract | June 2020

Artificial Intelligence Algorithm for the
Dlagnosis of Corneal Graft Rejectlon

Moh rd Abowy S us Armw £isowy: Taher Kamel Elerwa: Mohamed Tolba: Collin ( T Byt e
Mohamed Abdel-Mattalal

Abstract Issue 2020 + Author Affiliations & Notes
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* The silent epidemic

« 5! cause of Blindness

« 2 million monocular
blindness/year

« >1 million cases of
FKl/year

Infectious keratitis Burden

« UngL, Acharya NR, Agarwal T, et al. Infectious corneal ulceration: a proposal for neglected tropical

« Brown L, Leck AK, Gichangi M, et al. The global incidence and diagnosis of fungal keratitis. Lancet
Infect Dis 2021;21:e49-57
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disease status. Bull World Health Organ 2019;97:854-6. P
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CLINICAL EXPERTISE
GOLD STANDARD: MICROBIOLOGY (SMEAR, C&S, BIOPSY, PCR)
IMAGING: AS-OCT, IVCM

Diagnosis
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Challenges

* Unavailability (equipments) = expertise + empiric ttt
* Poorly differentiated clinical features

* Low yield

* Long turnaround time

* Polymicrobial infection

. . SOS
Bascom Palmer Eye Institute S
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Qd} IVCM

* Cost

* Expertise

* Fungal

* Acanthameba
* No bacteria

* No viruses
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* Cornea specialists: 66%

O

Infectious

keratitis
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survey. Invest. Ophthalmol. Vis. Sci. 2012;53:1787-1791.

Dalmon C, et al. The clinical differentiation of bacterial and fungal keratitis: A photographi
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Typical ccc

30%

Bascom Palmer Eye Institute

Al AND COMPUTER AUGMENTED VISION LAB  Keratitis. Am. J. Ophthalmol. 2007;143:940-944.

Dahlgren MA, Lingappan A, Wilhelmus KR. The clinical diagnosis of microbial
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@ Not fungal!!
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Bimicrobial
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Q Polymicrobial
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Corneal Deep learning
image
I

Other Infectlous
diseases keratitis
\— Which type?
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@ Tool selection

052023 1%

@ Based on SLE photos

SCIENTIFIC
REPORTS

miurereseanch

Sci Rep 2020, 10, 14424 PMCID PMCT7468230
Published online 2020 Sep 2 dol 10 1038/s41598-020.71425.9 PMID: 32879364

A deep learning approach in diagnosing fungal keratitis based on corneal
photographs
Ming-Tse Kuo ™' Benny Wei-Yun Hsu ™ Yu-Kai Yin 2 Po.Chiung Fang.* Hung.Yin Lal ' Alexander Cher

Meno-Shan Yu 1 and Vincent S {-..'1]1};:"
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4 Computer Methods and Programs in
P Biomedicine
ELSEVIER Volume 187, April 2020, 105019 =|

Automatic diagnosis of fungal keratitis
using data augmentation and image fusion
with deep convolutional neural network

Liu Zhi ® 1, Cao Yankun #1, Li Yujun * 2 =, Xiao Xiaoyﬂb, Qiu Qingchen ?, Yang Meijun 3,
Zhao Yuefeng ¢, Cui Lizhen d
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Hyphae Detection in Fungal Keratitis Images With Adaptive
Robust Binary Pattern

Xuelian Wu ; Qingchen Qiu; ZhiLiu® ; Yuefeng Zhao ® ; Bin Zhang ; Yong Zhang; Xinyl Wu ; Jianmi... All Authors
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Conclusion
“ Al is an accurate autonomous technique for the diagnosis of corneal
ﬁ diseases
o Validations in the setting of prospective multi-center clinical studies are

[0 ] warranted.

. Al technologies are likely to refine and shape the diagnostic landscape
of IKin the near future.
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