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Home

Preliminary 
Tests: VA, IOP

Further Tests:
Refraction, Dilation, OCT

Consultation with 
Ophthalmologist

All examinations and consultation done at hospitals

Current model of healthcare (e.g., eye-care)

Primary care / 
Optometrists

Eye injections

More Tests:
FFA/ICGA/OCTA

Pharmacy
Appointments

Under-or 

Over-referrals

All cases 

seen by high-

trained eye 

specialists

Long wait times, 

convoluted,  

fragmented care

“Stuck” in 

hospital 

care



“…there are no simple solutions…”



Telehealth

Internet of 
Things (IoT)

Mobile health

AI

What are major digital healthcare technologies? 

Big Data

5G network Blockchain



…telehealth…

Three Trends

#1. Access to expertise and care 

 improve efficiency and reduce 

cost

#2. Acute and episodic 

chronic conditions 

#3. Patient and hospitals 

Patient and technology/AI

Modified from Dorsey & Topol 2016



difficult history…non-technical barriers

“…people are rarely neutral about it; either 

enthusiastic proponents or vehement 

opponents…

…proponents believe that telemedicine represents 

the future. It will lead to higher standards of 

medical care as well as reduced costs… 

…opponents believe that it represents a threat to 

the traditional doctor-patient relationship and is 

an intrinsically unsafe way to practice medicine. The 

potential legal and ethical problems…it could not 

be used to form the basis of a clinical service…”

Stanberry 2000



…what about AI?

2018

“…by far the greatest danger of AI is that people 

conclude too early that they understand it…the field 

of AI has a reputation for making huge promises

and then failing to deliver on them…”      

Eliezer Yudkowsky 2008



…decades of unmet expectations

“…[computing would be] augmenting and, in some 

cases, largely replacing the intellectual 

functions of the physician…” Schwartz NEJM 1970

“After hearing for decades that computers will 

soon be able to assist with difficult diagnoses, the 

practicing physician may well wonder why the 

revolution has not occurred” Schwartz NEJM 1987



…significant “hype” and media attention!



…beyond peak of inflated expectations

Genomic 

Medicine

AI – Deep 

Learning

Driverless Cars
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Brief history of AI…deep learning
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“traditional” machine learning vs deep learning

Deep Learning

“Traditional” 

Machine 

Learning
Human 

performance

Two important concepts

• First, AI requires “big data” for performance improvement

• Second, AI has already exceeded human performance…so 

why is it not “acceptable”? 



Telehealth & AI…unique opportunity in COVID-19?



“In the face of the Covid-19 outbreak, [we] are waking up 

to the limitations of [our] analogue health care system. 

It seems clear we need immediate digital revolution”

…private companies and institutions of higher 

education have made an abrupt transition to remote 

videoconferencing and other digital solutions…while the 

health care system is still managing through risky brick-

and-mortar visits….

…health care industry is structured on the historically 

necessary model of in-person interactions between 

patients and their clinicians…resulting in the 

congregation of patients in ER and waiting areas during 

this crisis.”

…reflection of “bricks & mortar” healthcare system
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3 stories on implementing digital models of care

#2. Tele-ophthalmology: 

“Virtual” clinics &    

Video-consult

#1. IoT 

Mobile Apps & 

Home Monitoring

#3. AI: 

DR Screening

Bonus story…

#4. Non-digital 

innovation



#1. Mobile Apps & Home Monitoring
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Further Tests:
Refraction, Dilation, OCT

Consultation with 
Ophthalmologist

IVT 

Home 
monitoring

Home

Home 
VA check

Home

Mobile apps & home monitoring

Home 
delivery 

medications
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Patients register upon clicking 

a link on a SMS notification. Only 

Phone number is collected

Patients download the app and 

learn how to use the app for 

optimal results via short demo

Patients perform self-monitoring 

test 2-3x per week. Test results 

are monitored by Dr

Results displayed and color 

coded. Patients with Red indicators 

will be contacted for appt with eye Dr.

1 2 3 4

…shorten patient journey in clinic

…empower patients to self-monitor their vision

Mobile apps & home monitoring
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2774 invited

732 (26%)
signed up

2042 (74%)
did not sign up

315 (43%)
Compliant

417 (57%)
Non-compliant

Mobile apps & home monitoring

So a 100% free Mobile App during COVID-19, 

≈10% eligible patients participated fully…why? 

...25% did not sign-up

…60% were non-compliant



#2. Tele-ophthalmology:

“Virtual” clinics & Video-consult



22

VA, OCT, wide-
field imaging

Review by 
ophthalmic 
technician

“Virtual” Clinics 

Stable 

Further review by 
ophthalmologist 

in a week

Patient informed of 
result (one-way)

Two-way video 
consultation in a week

No change 

in Mx

Change 

in MxHome

Vision threatening 
signs / Drop in VA 

> 2 lines

“Stable”

Patients 

(30%)

Tele-ophthalmology: “virtual” clinics & video-consults
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What is the experience of “virtual” clinics in UK?

>50% did not require 

referral to eye hospital
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Glaucoma & Retina Observation Clinics (GLOC & ROC)
• Stable glaucoma & retinal patients with ≥6 months follow-up

• Impact: Shorter waiting time, better patient experience, >20,000 patients (5%) annually

Tele-ophthalmology: “virtual” clinics
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64 yr old female, stable diabetic retinopathy with previous laser

RE VA: 6/9.5

Outcome: Continue ROC in 1 year

Retinal observation clinic (ROC)
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68 yr old female, history of retinal detachment with surgery

RE VA: 6/15

Outcome: Continue ROC in 18 months

Retinal observation clinic (ROC)
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73 yr old female, advanced age-related macular degeneration

RE VA: CF

Outcome: Referred back to SNEC Retinal Clinic in 6 months due to new hemorrhage

Retinal observation clinic (ROC)



Tele-ophthalmology: video-consults 
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“Virtual” clinics & video-consults

GLOC

ROC

Vid
Con

• Difficult to sustain 

initial excitement & 

momentum 

• Resourcing: Limited 

manpower to support 

• Doctors: Unable to 

have clarity on pay

• Patients preferred 

F2F



…pushback from patients…



…introducing new indication for ROC…

Hydroxychloroquine (HCQ) screening

“…Monitoring for hydroxychloroquine retinopathy 

may most effectively take place in virtual 

clinics where visual field testing and dilated 

retinal imaging is undertaken before later being 

interpreted by an ophthalmologist…”



“Dear MD

HCQ screening would be the ideal condition for telemedicine. Patients could be booked in 

for the relevant tests, be asked questions on symptoms when they attend (and their response 

can be documented by the nurse on EMR) and the relevant tests performed. 

The trouble with leaving it to individual faculty is that there's no uniformity (so some 

patients may question why they get to see the doctor and others don't) and also that the 

default behaviour is always to stick with what we've been doing.

If we're to achieve the Moonshot target of "30% of our patients in new models of care by 

2024", as set by MD in the recent townhall, we have to change our protocols to make 

telemedicine the default model….”        

HoD, Vid-Con Program, SNEC

“…there are subtleties with HCQ 

examination that make it not suitable for 

virtual clinic..,

…may be the beginning of the “dilution” 

of XXX as a sub-speciality…

HoD, Department XXX

…pushback from doctors

“Dear MD,

I was disappointed with emails regarding HCQ screening for 

telemedicine. To me it's an ideal condition for virtual clinic.

…I emailed one of my colleagues at Moorfield’s to ask 

what they did for HCQ and he told me they are doing virtual 

clinics for screening.

I'm just frustrated by the lack of enthusiasm for 

telemedicine at SNEC. If the leaders cannot see that this 

condition is suitable for telemedicine, what hope do we 

have for the rest of faculty?” 

HoD, Vid-Con Program, SNEC



…Digital innovation: resilience…we push on!

GLOC

ROC

Vid
Con



#3. AI: DR Screening



Telehealth

Internet of 
Things (IoT)

AI

The story of SELENA+

SiDRP SELENA+

Retinal 
cameras



The retina is the “nerve layer” of the eyeball
can be imaged by retinal fundus camera



World

2007 = 246M

2030 ≈415M

Diabetes is a global public health problem



Diabetes

N~415 M
by 20301,2

1. Shaw JE, et al. Diabetes Res Clin Pract. 2010;87(1):4–14; 2. Wild S, et al. Diabetes Care. 2004;27(5):1047–53; 3. Ting DSW, et al. Clin Exp Ophthalmol. 2016;44(4):260–77; 4. Yau JW, et al. Diabetes Care. 2012;35:556–64; 5. Leasher JL, et al. Diabetes Care. 2016;39:1643–49x

Mild DR

N ~150 M 
by 20303

Severe DR

N~30 M 
by 20301,2,4

Visual 

impairment

N~4 M5

Diabetic retinopathy (DR) is a major cause of blindness

DR ScreeningNon-referable Referable



Singapore’s DR screening program

2004 MOH Guidelines recommend 

the establishment of a national-

level DR screening program…
2014…support for national-level 

DR screening program…



• National tele-ophthalmology based DR screening program, covering 120-150,000 

persons with diabetes (50%) in 19 primary care clinics across Singapore

Singapore’s Integrated DR Program 



Referral to Eye Specialists Clinics

Primary 

Care Clinics 

(n=19)

#2. DR grading at 

centralized reading centers

by trained technicians

#1. Digital retinal photos 

taken by nurses at primary 

care clinics  uploaded to 

secured server

#4. Clear reporting outcomes
• No/Mild DR  Re-screen in 1 yr

• ≥Moderate NPDR  Refer

#3. Report transmitted back 

to primary care clinics 

Standardized & uniform 

referral criteria 

SiDRP Ocular 

Reading Centers





2,245
2010

8,395
2011

11,779
2012

30,726
2015

16,958
2013

21,805
2014

>120,000
2019-2020

Started in Pasir Ris
polyclinic

Started in 
Hougang
polyclinic

Started in 
Woodlands 
polyclinic

Started in 
Clementi & 
Geylang East 
Polyclinics 

11 out of 18 
polyclinics

All 19 
polyclinics



…2019 MOH’s National Medical 

Excellence Team Award…

Question…how to improve 

sustainability of SiDRP?
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…from tele-ophthalmology to AI…
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…collaboration with NUS School of Computing Team 

(Profs Wynne Hsu & Lee Mong Li) since early 2000s…



procures and 
manages all 

external 
vendors for 
SIDRP i.e. 

vendor and 
software 

maintenance 
for OphthLive

system by 
(i) Topcon
(ii) Pellucid

supports

SELENA+

Established

Co-developed

REVEAL Early 2000s

2015-present

SiDRP: Tele-ophthalmology platform SELENA+: AI program

…from SiDRP (telehealth) to SELENA+ (AI)
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SELENA+
Ting et al. JAMA 2017

AUC Ref DR: 93.6

Total retinal images : 493,667

Training Testing

DR 76,370 112,648

Glaucoma 125,189 71,896

AMD 71,616 35,948
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SELENA+
…testing in extreme real-world setting

Bellemo et al. Lancet Digital Health 2019

Zambian 

DR screening program

AUC Ref DR: 97.3

“Although tele-ophthalmology has been attempted 

in Africa, screening programs that provide instant 

feedback have involved taking an individual 

who normally provides key services at eye 

departments… 

…taking skilled individual from a setup already 

struggling with shortages of trained eye workers 

adds further strain to system.”

Editorial, Lancet Digital Heath 2019



SELENA+…significant publicity

…after the media hype 

died down, what next?



first, where does the AI fit in clinical workflow?

SELENA+ 
“triage”

SELENA+ 
“replacement"



…second, develop a phased implementation plan

procures and 
manages all 

external 
vendors for 
SIDRP i.e. 

vendor and 
software 

maintenance 
for OphthLive

system by 
(i) Topcon
(ii) Pellucid

supports

SELENA+

Established

Co-developed

Phase 1: PoC

6 polyclinics

[Nov 2018- Nov 2019]



Phase 1: Proof of Concept
Comparing humans (graders) & AI (SELENA+) vs gold standard (retinal specialist)

n=1,619 patients Referable DR
VTDR

(Key outcome)
DME

Primary Outcome
AUC

(95% CI)
Sensitivity 
(95% CI)

Specificity 
(95% CI)

Sensitivity 
(95% CI)

Sensitivity 
(95% CI)

Graders vs 
Retinal Specialist

0.981
(0.969, 0.992)

98.89 
(93.96,99.97)

97.23 
(96.58,97.79)

91.67
(73.9, 97.0)

92.86 
(66.13,99.82)

SELENA+ vs
Retinal Specialist

0.962
(0.950, 0.974)

94.68 
(88.02,98.25)

82.19
(80.77, 83.53)

100
(85.75, 100)

100
(78.2, 100)

SELENA+ vs 
Graders

0.961
(0.952, 0.969)

97.19
(93.57,99.08)

84.28
(82.91, 85.57)

100
(91.78, 100)

98.04 
(93.1,99.76)



EYRIS, TRANSFORMING AI VISION INTO REALITY
finally…collaborate with private entity

#1. TECHNICAL/OPERATIONAL

• License & manage “day to day” operational 
issues

• Regulatory registrations and compliances

#2. COMMERCIAL

• Commercialization and global marketing 

(e.g., Malaysia, Brunei, China, Middle-East)

• Business & financials

• Local customisation



Licensed to EyRIS

(Sept 2018)

 HSA approval for 

Class B Medical 

Device (Oct 2019)

 CE certification 

(March 2020)

 Malaysia MDA 

certification (April 

2020)

 Indonesia RAMS 

approval (Jan 

2021)

Software and 

maintenance 

of SELENA+

Phase 2: Implementation

[on-going in 12 out of 20 

polyclinics]

[Dec 2020 – Dec 2021]*

Phase 3: Full Deployment

[>Dec 2021]

Commercialization 

with private providers
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SELENA+ is now part of National AI Strategy



1. Clearly defined clinical 

problem and gap

2. Single modality fundus 

image  Standard 

fundus camera & simple 

IT platform

3. Diagnosis of DR requires 

no additional data

4. Impact of change: 

Primary care GPs

1. Impact of AI: incremental

(vs disruptive)…

2. Impact of change: 

Technicians

SiDRP

Tele-Ophthalmology

Standard fundus 
cameras

Simple IT 
architecture

SELENA+

AI System

SiDRP (tele-health) & SELENA+ (AI)

…no impact on ophthalmologists!
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…but the story continues for SELENA+

“…from the last discussion on the clinical 

implications of transiting to SELENA+, we 

would like to highlight that with the 

introduction of an AI screening tool, as 

with any significant changes in care 

models, MOH will need to seek approval 

before SELENA+ can be rolled out to all 

polyclinics, i.e. prior to Phase III…. 

…approval process will involve an 

assessment of clinical and cost 

effectiveness of the AI tool to ensure that 

desired standards of care will continue to be 

delivered at reasonable cost…”



#4. Nurse-led IVT Program
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Further Tests:
Refraction, Dilation, OCT

Consultation with 
Ophthalmologist

IVT 

Home

Nurse-led IVT Program

“Active” 

retinal 

cases
Preliminary 

Tests: VA, IOP
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Nurse-led IVT Program



“This has never been done by any 

nurse at SNEC so I thought it would 

be quite interesting to be the one to 

start. I wanted to expose myself to 

more challenges” 

Staff Nurse Becky 

Nurse-led IVT Program



Nurse-led IVT Program

2019 20202014

…85% of >18,000 IVTs in SNEC
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AMEI Programme Excellence Award



Nurse-led IVT Program

Champions: 
DMD Education

& DN

Education 
Program

Freed up 
resident’s time

Dedicated 
nurses Just do it!



Reflections & Pearls



Digital innovation: crossing the “valley of death”

…inertia,

fear …

…culture change 

patient & doctors…

….change in 

clinical 

workflow…

….financial, 

incentives…

Digital 

technology

Clinical care 

transformation



#1. First, need significant engagement & education
…patients & public…



“…suddenly switching to telemedicine, 

videoconference and Zoom is very new to 

me, and I'm not ready for it," said Mr

Mathew. Although the 59-year-old has 

attended meetings on Zoom, he finds it 

tough. "There are certain things the doctor 

has to examine in person... And I'm not very 

tech-savvy," he added. He is not the only 

one who feels that way….

…significant engagement & education
…patients & public…



“Unhelpful” comments from key 
thinkers of AI

“It’s quite obvious that we should 
stop training radiologists” 

Geoffrey Hinton

“Radiologists should be worried 
about their jobs”

Andrew Ng

#2. Need physician-champions & buy-in



#3. Integrate innovation into clinical workstreams

AI = Computer Science + Engineer 

+ Clinical process change



“…if he fails, at least fails 

while daring greatly, so 

that his place shall never be 

with those cold and time 

souls who neither know 

victory nor defeat…”

#4. Finally, resilience & equanimity 
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• Digital innovations (e.g., AI, telehealth) have potential to transform 

current healthcare models

• Significant technology advances

• However, implementation of such technology into clinical care requires 

a careful phased plan, addressing non-technical challenges (i.e., 

crossing the “valley of death”) with much patience and resilience

Conclusion
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Thank you


