
Since 1983, the LEI has been known for:

•  Award-winning researchers and clinicians,  
who are globally recognised for their experience 
and commitment to preventing and curing 
blindness and eye disease.

•  A unique ability to translate basic science  
to clinical outcomes, through direct interfaces 
between the Institute’s research laboratories, 
ophthalmology clinic and clinical trials unit.

•  A significant commitment to eye research and 
eye health care in the community, including 
in regional, remote and Indigenous Australian 
communities and in developing countries.

•  Globally significant collaborations that  
underpin leading edge research programs.

•  World-class laboratories that have been well 
funded by government and private sources over 
many years.

Achievements have included:

•  The invention of the XEN® gelatin stent for 
glaucoma surgery, which has now been used to 
successfully treat more than 100,000 patients 
world-wide.

•  The development of an artificial cornea.

•  The co-invention of the locally-affordable and 
accessible Virna Glaucoma Drainage Device in 
Indonesia, launched in 2019 and now inserted  
in more than 2,000 Indonesian patients.

•  New laser surgery techniques, including laser 
bypass surgery for central retinal vein occlusion.

•  Gene therapy to replace frequent injections  
for macular degeneration.

•  Gene therapy for specific genetic eye disease, 
including retinitis pigmentosa.

•  The development of Lions Outback Vision to 
research and treat eye conditions in rural,  
remote and Indigenous communities.

BUILDING ON A STRONG LEGACY

LISTENING TO CONSUMERS

We will expand our consumer involvement to establish a new LEI Consumer and Community Advisory Panel, 
which will be an active participant in our research, providing the lived experience in decisions impacting our work.  
The Panel will help to improve understanding of the relevance of research to patient needs, contribute to enhanced 
research translation, and assist in improving public confidence in research. 

OUR GOVERNANCE

The development and embedding of the Institute’s refreshed research governance 
framework will support our Research Plan. There are four principal LEI research 
committees that play an important role in research governance and the overall 
governance of LEI:

Research and University Relationships 
Committee (RAUR). This committee 
has the broadest oversight of research 
capacity, governance and strategy, and 
is an LEI Board sub-committee that 
ensures that research complies with 
standards and ethics.

Scientific Advisory Panel (SAP).  
The SAP drives the research strategy and 
the processes to support implementation 
of the strategy. It engages with a range  
of external expertise to develop and 
renew strategic directions and inform 
LEI’s research strategy. 

OUR PEOPLE

Integral to our success and sustainability is the calibre  
of our scientists and clinicians. 

We are committed to fostering research excellence and the training of world-
class researchers, clinicians and clinician-researchers, and to expanding our 
award-winning research team with leading scientists who are trail-blazers in their 
fields. We will recruit at least three key senior research leaders:

The Ian Constable Chair in Discovery and Translational Ophthalmic 
Science at UWA, which aims to create in Western Australia an exceptional 
vision neuroscience group that will contribute to the state’s reputation as a 
premier medical research hub. A key aim is to develop techniques for earlier 
diagnosis and novel therapeutic interventions for retinal vascular diseases 
and glaucoma.

The Chair in Optometry Translational Research with UWA aims to build 
outstanding optometric research capacity at LEI and UWA. The research 
will focus on new or improved methods of detecting and managing ocular 
disease earlier, evolving to new eye care pathways. The primary goal is to 
reduce preventable blindness within the community by making eye care 
services accessible to all.

With Curtin University, a senior research group in eye care using big data 
will include big data, artificial intelligence, image analysis, Indigenous, 
rural and remote eye health, and dataset linkages to improve health 
outcomes across communities. This group will help to refine and translate 
our laboratory discoveries into clinically useful techniques, through image 
analysis and other algorithm refinements.

Clinical Trials and Research 
Committee (CT&RC). The CT&RC 
ensures clinical trials and research 
is high quality, of scientific merit and 
ethical, and that trials are undertaken 
fairly and sustainably in line with  
LEI strategic objectives.

Research Implementation Group 
(RIG). The RIG represents the LEI 
research groups and aims to build 
research capability, allocate small 
grants to LEI researchers, and build 
research culture and alliances for 
clinical trials.
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The founding of the Lions Eye Institute in 1983 marked 
the start of an exciting journey in ocular research and 
health care, and was a seminal moment for Australia’s 
medical research sector. 

A MESSAGE FROM OUR PATRON

Professor Ian Constable AO 
Patron and Founding 

Managing Director

Perhaps even more 
importantly, it demonstrated  
a commitment to eye health 
that would underpin sight-
saving work all over the world.

In building the Institute, 
we sought to walk two 
complementary paths –  
to gain knowledge through 
leading edge research 
programs, and to apply that 
knowledge in a clinical setting 
to find treatments and cures 
for patients suffering the  
life-sapping challenges of 
vision loss.

We are now running, rather 
than walking as we set out 
a roadmap for our future 
approach to translational 
research and push the 
boundaries of scientific 
endeavour.

Our core focus areas and 
research programmes will 
target glaucoma, diabetic 
and vascular retinopathies, 
Indigenous and community 
eye research, genetic eye 

disease, gene therapies and 
macular degeneration, and 
cornea, ocular surface and 
ocular immunology. We have 
an enduring commitment to 
finding solutions to serious 
blinding eye diseases, 
whether in our own cities, 
in rural and Indigenous 
communities and in 
developing countries. 

The Plan builds on the 
strengths we have long 
demonstrated through 
harnessing the expertise of 
our talented scientists and 
clinicians, and challenges  
them to reach further.

The Lions Eye Institute has 
an exciting future, and I am 
confident our Research Plan  
will be an excellent guide for  
us as we continue to attract 
high-calibre researchers, 
inspiring collaborators and 
sought-after research funds.

RESEARCH PLAN  
2020-2023

 

At the Lions Eye Institute, we have renewed our 
commitment to world-leading scientific endeavour with 
the development of our Research Plan (2020-2023).

OUR COMMITMENT TO  
EXEMPLARY RESEARCH

Professor Bill Morgan 
Managing Director

This Plan has been crafted 
in collaboration with our 
Scientific Advisory Panel, 
senior researchers and 
clinicians, and reflects  
the LEI’s Strategic Plan 
(2020-23), Purpose, Vision 
and Values.

Since our establishment in 
1983, our greatest impact 
on health has been achieved 
by taking the knowledge and 
techniques developed in the 
laboratory to the clinic and 
patients, in the form of new 
breakthrough treatments  
and diagnostic techniques. 

We are renowned for this  
‘can do’ translational ability.

Medical breakthroughs are 
in our DNA and through our 
Research Plan we aim to 
harness almost four decades 
of experience to drive the 
delivery of a new set of  
health advances to save 
people’s sight.

Investing in world-class medical research 
and its translation into clinical practice
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PRIORITY RESEARCH AREAS
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444
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111 Glaucoma
Identify the underlying physiology 
of glaucoma including pressures in 
and around the eye, to develop new 
treatments, using drugs, laser surgery 
and diagnostics with novel image 
analysis.

Diabetic and Vascular Retinopathies
Develop new techniques for the 
detection and monitoring of early to late 
changes in diabetic and other retinal 
blood vessel disorders, and treatments 
to prevent vision loss in patients with  
these conditions.

Indigenous and Community  
Eye Research
More effectively detect and treat common 
non-reversible diseases such as diabetic 
retinopathy and glaucoma in remote, rural 
and Indigenous communities in Australia 
and developing countries, through better 
screening, access to care and rapid 
implementation of new treatments.

Genetic Eye Disease, Gene Therapies 
and Macular Degeneration
Reduce blindness due to genetic 
eye diseases, through a greater 
understanding of genetic causes of  
eye disease, leading to treatments and 
therapies with novel gene enhancement 
and replacement therapies.

Cornea, Ocular Surface and Ocular 
Immunology
Improve the understanding and develop 
treatments for conditions affecting 
the normally clear surface of the 
eye, including viral infections using 
treatments that modify the body’s 
immune system reactions.

THE PATIENT JOURNEY:  
MAXIMISING THE BENEFITS OF TECHNOLOGY

Our research and techniques will continue 
to change people’s lives for the better, no 
matter where they live. 

For example, glaucoma patients in Indonesia 
or remote Western Australia will be diagnosed 
using artificial intelligence analysis of low 
cost images and pressure measurement 
systems developed at the LEI. Information will 
be quickly validated using our trial pipelines 
that will be expanded for the assessment of 
surgical devices, proteomic and gene therapy 
drugs in glaucoma, diabetes, retinal disorders 
and viral corneal infections. 

Patients with genetic and other common 
blinding disorders will have gene testing or 
stem cells cultured and tested to optimise 
the choice and delivery of treatments tailored 
to their disease type. For example, cells from 
patients with macular degeneration, diabetes 
and glaucoma may be cultured within special 
environments to test and enhance existing and 
novel therapies.

Our diagnostic imaging and pressure 
sensing systems will provide vital, currently 
unobtainable information, helping to inform 
other physicians about their patients’ kidney, 
brain vascular and fluid pressure problems 
by using retinal vascular properties of the eye 
which can be imaged and analysed unlike any 
other part of the body. 

We will expand 
our work with 
the Australian 
Space Agency 
and NASA to 
measure and 
treat body fluid 
shift problems in 
space.

All of these technologies will be developed  
to maximise the benefits to Australians  
and create a growing and sustainable 
research base.

Through close collaboration between scientists 
and clinicians, we are able to convert 
laboratory-generated ideas into world-
class techniques, tools and therapies for 
use in every day clinical practice, giving our 
patients access to some of the most advanced 
treatments available anywhere.

Clinical Trials annually manages more than 
50 trials and studies involving up to 1,500 
patients and volunteers, investigating 

conditions such as inflammatory and 
infectious eye diseases, diabetic macular 
oedema, macular telangiectasia, wet and dry 
age related macular degeneration, glaucoma, 
retinal vein occlusion and genetic eye disease. 

Going forward, we will increase the number of 
clinical trials we operate, embed enhanced 
scheduling and collaboration processes, and 
develop cheaper clinical trials pipelines for 
new drugs and devices.

CLINICAL TRIALS

Our Clinical Trials unit plays a crucial role 
in developing and delivering new drugs 
and therapies that can dramatically 
improve patients’ health and wellbeing.

EYE DISEASE IN AUSTRALIA

Our work will result in the development of 
new treatment advances for eye diseases 
that are blinding Australians and reducing 
quality of life for many.

These includes glaucoma, diabetes, genetic 
and macular disorder. It will also alleviate 
suffering due to dry eyes and corneal disease. 

Eye disease is the most chronic condition in 
Australia. More than 12 million Australians 
are reported to have long-term eye conditions, 
although more than 90 per cent of all vision 
impairment is preventable or treatable. 

More than seven million people have hyperopia 
(long sightedness), 6.3 million have myopia 
(short sightedness) and 1.4 million have 
astigmatism (blurred vision). Almost three per 
cent of Australians have cataract or macular 
degeneration. (ABS, 2017-18 National Health 
Survey.)

More than 450,000 Australians live with vision 
impairment or blindness, and the rate of 
blindness among Aboriginal and Torres Strait 
Islander people is three times higher than 
non-Indigenous Australians.

Along with refractive error and cataract, major 
causes of vision impairment are age-related 
macular degeneration, diabetic retinopathy and 
glaucoma (National Eye Health Survey, 2016).

This research plan will help build on our excellent 
record for translational research and investigation 
of novel treatments for eye disease. It sets the 
stage for ongoing sustainable research at LEI.

We improve health care outcomes through:

OUR WORK IN AN EVER-CHANGING WORLD

Medical research is the core purpose of the Lions Eye Institute, 
and we are continually working to build on our unique model 
of a research-clinic institute and our strengths in basic, 
translational and clinical research.

•  Building collaborative programs 
that leverage clinicians’ expertise 
and researchers’ innovation;

•  Training world-class scientists 
and fostering their ambitions in 
internationally-competitive research;

•  Developing the hard and soft 
infrastructure to sustain research 
and careers, including diversified 
income sources, world-class 
laboratories and equipment and 
other research support activities.

Our Plan aligns with the federal Medical Research Future Fund (MRFF), 
WA Future Health Research and Innovation Fund and other funding 
mechanisms, incorporating:

Our Research Plan will be supported 
through diversification and expansion of 
our income sources, including private and 
philanthropic funding.
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The Ian Constable Chair in Discovery and Translational Ophthalmic 
Science at UWA, which aims to create in Western Australia an exceptional 
vision neuroscience group that will contribute to the state’s reputation as a 
premier medical research hub. A key aim is to develop techniques for earlier 
diagnosis and novel therapeutic interventions for retinal vascular diseases 
and glaucoma.

The Chair in Optometry Translational Research with UWA aims to build 
outstanding optometric research capacity at LEI and UWA. The research 
will focus on new or improved methods of detecting and managing ocular 
disease earlier, evolving to new eye care pathways. The primary goal is to 
reduce preventable blindness within the community by making eye care 
services accessible to all.

With Curtin University, a senior research group in eye care using big data 
will include big data, artificial intelligence, image analysis, Indigenous, 
rural and remote eye health, and dataset linkages to improve health 
outcomes across communities. This group will help to refine and translate 
our laboratory discoveries into clinically useful techniques, through image 
analysis and other algorithm refinements.

Clinical Trials and Research 
Committee (CT&RC). The CT&RC 
ensures clinical trials and research 
is high quality, of scientific merit and 
ethical, and that trials are undertaken 
fairly and sustainably in line with  
LEI strategic objectives.

Research Implementation Group 
(RIG). The RIG represents the LEI 
research groups and aims to build 
research capability, allocate small 
grants to LEI researchers, and build 
research culture and alliances for 
clinical trials.

2 Verdun Street, Nedlands WA 6009
(08) 9381 0777  www.lei.org.au

The founding of the Lions Eye Institute in 1983 marked 
the start of an exciting journey in ocular research and 
health care, and was a seminal moment for Australia’s 
medical research sector. 

A MESSAGE FROM OUR PATRON

Professor Ian Constable AO 
Patron and Founding 

Managing Director

Perhaps even more 
importantly, it demonstrated  
a commitment to eye health 
that would underpin sight-
saving work all over the world.

In building the Institute, 
we sought to walk two 
complementary paths –  
to gain knowledge through 
leading edge research 
programs, and to apply that 
knowledge in a clinical setting 
to find treatments and cures 
for patients suffering the  
life-sapping challenges of 
vision loss.

We are now running, rather 
than walking as we set out 
a roadmap for our future 
approach to translational 
research and push the 
boundaries of scientific 
endeavour.

Our core focus areas and 
research programmes will 
target glaucoma, diabetic 
and vascular retinopathies, 
Indigenous and community 
eye research, genetic eye 

disease, gene therapies and 
macular degeneration, and 
cornea, ocular surface and 
ocular immunology. We have 
an enduring commitment to 
finding solutions to serious 
blinding eye diseases, 
whether in our own cities, 
in rural and Indigenous 
communities and in 
developing countries. 

The Plan builds on the 
strengths we have long 
demonstrated through 
harnessing the expertise of 
our talented scientists and 
clinicians, and challenges  
them to reach further.

The Lions Eye Institute has 
an exciting future, and I am 
confident our Research Plan  
will be an excellent guide for  
us as we continue to attract 
high-calibre researchers, 
inspiring collaborators and 
sought-after research funds.

RESEARCH PLAN  
2020-2023

 

At the Lions Eye Institute, we have renewed our 
commitment to world-leading scientific endeavour with 
the development of our Research Plan (2020-2023).

OUR COMMITMENT TO  
EXEMPLARY RESEARCH

Professor Bill Morgan 
Managing Director

This Plan has been crafted 
in collaboration with our 
Scientific Advisory Panel, 
senior researchers and 
clinicians, and reflects  
the LEI’s Strategic Plan 
(2020-23), Purpose, Vision 
and Values.

Since our establishment in 
1983, our greatest impact 
on health has been achieved 
by taking the knowledge and 
techniques developed in the 
laboratory to the clinic and 
patients, in the form of new 
breakthrough treatments  
and diagnostic techniques. 

We are renowned for this  
‘can do’ translational ability.

Medical breakthroughs are 
in our DNA and through our 
Research Plan we aim to 
harness almost four decades 
of experience to drive the 
delivery of a new set of  
health advances to save 
people’s sight.

Investing in world-class medical research 
and its translation into clinical practice



Glaucoma is a degenerative disease of the optic nerve cause by raised eye pressure, leading to optic nerve fibres being gradually crushed.  
The loss of sight can be gradual, and once vision is lost it cannot be restored. Research into glaucoma and treatments is critical. Once diagnosed, 
it is a chronic life-long disease and relies on medical therapy, and has cost and compliance issues.

OUR WORK IN THIS FIELD

The LEI has an internationally renowned 
track record in glaucoma pathophysiology 
and treatment, being the first researchers to 
measure pressure distributions across the 
optic nerve and having extensively explored 
vascular and nerve tissue changes induced  
by pressure alterations. 

Our collaborative work with NASA and the 
Australian Space Agency in developing small, 
non-invasive ways of measuring intracranial 
pressure for use on earth and in space 
continues apace.

We aim to further our work in this field by 
studying how individual nerve fibres respond to 
pressure alterations, with the aim of developing 
more targeted and individualised therapies. 
This is a significant step up in laboratory 
techniques and will utilise a neuroscience 
imaging team along with advanced imaging 
systems to track living cell activity under stress.

Our extensive experience in the development 
of novel diagnostic imaging techniques 
for optic nerve and conjunctival lymphatic 
assessment as well as functional (visual field) 
analytical techniques in glaucoma will be 
expanded. We plan to build a unit to acquire 
large volumes of visual field and optic nerve 
imaging data (Big Data) from various sources, 
and introduce more flexible, individualised 
visual field and nerve assessment for 
screening and selecting at-risk patients.

>300,000 people 
in Australia  

have glaucoma

2 in 100 Australians 
will develop glaucoma  

in their lifetime

9% of people 
with glaucoma  

go blind

People with a direct relative  
with glaucoma are  

6x more likely to have it

RESEARCH GOAL NO 1 

GLAUCOMA1

Identify the underlying physiology of glaucoma and work towards better understanding of the 
eye and the development of novel therapies to save sight.

IMPORTANCE OF THIS RESEARCH

Glaucoma is the third most common cause of blindness globally and affects 1.7% of the Australian population over the age of 40. 
Glaucoma causes 14% of blindness, and is responsible for much disability because of the way it affects a person’s visual field prior 
to reaching the ‘blind threshold’. 

The development of a novel laser 
glaucoma treatment system, and a new 
form of imaging lymphatic vessels – 
techniques that are critical for glaucoma 
surgical success – will be a significant 
milestone for the LEI. 

Further, we are collaborating on the 
investigation of the effects of a peptide 
drug to protect against elevated intraocular 
pressure induced damage to the axons of 
the retinal ganglion cells.

The Xen® Gel Stent was invented by the Lions 
Eye Institute’s Professor Dao-Yi Yu and his 
team. The Xen® is a biocompatible microfistula 
implant that reduces intraocular pressure 
in the eye. A tiny tube of gel the size of an 
eyelash, the Xen® has been implanted in more 
than 10,000 patients around the world.

  The Ian Constable Chair in 
Discovery and Translational 
Ophthalmic Science aims to 
create in Western Australia a 
world-leading vision neuroscience 
group that will contribute to WA’s 
reputation as a premier medical 
research hub. 

  A key aim of the new research 
team is to develop techniques 
for earlier diagnosis and novel 
therapeutic interventions 
for glaucoma and retinal 
vascular diseases, based upon 
fundamental physiological 
insights derived from this work.

60+

•  People aged over 60 years 
account for the majority of 
ophthalmic patients. 

•  By 2031, Western Australia’s 
population will reach 3.2 million, 
with 24% of citizens, or 768,000 
people, over the age of 60. 

•  Approximately two per cent 
of these, or 15,360 Western 
Australians, will develop glaucoma.



PLANNED OUTCOMES

•  Build on novel insights from neuroscience imaging of pressure effects upon 
nerve, vascular and support structures to better understand key vulnerabilities 
and likely targets for novel treatments. The future might involve stem cell 
collection from patients, differentiation into nerve tissue and exploration of their 
own individual vulnerabilities to truly refine and individualise therapy. 

•  Complete the development of non-invasive eye and intracranial pressure 
monitoring systems. 

•  Develop new devices for glaucoma surgery.

•  Collect and monitor surgical and outcomes data from all patients having 
glaucoma pressure surgery, particularly those having gelatin stent surgery.

•  Develop a system for routinely imaging conjunctival lymphatic connections to the 
surgical site before and after glaucoma filtration surgery. 

•  Develop a laser fibre-optic surgical system to cut through trabecular meshwork 
and improve fluid flux from the eye, reducing intraocular pressure. It would also 
be adapted for retinal vascular surgery.

•  Search for new drugs to improve aqueous humour outflow by modulation of 
endothelial function.

•  Link digital medical records with visual field and other glaucoma outcome data 
to develop better analytical (AI) techniques for diagnosis and monitoring.

 DELIVERABLES

 1   Establishment of a neuro-science 
group to investigate living, metabolic 
and microscopic functional changes in 
ganglion cell tissue affected by pressure 
gradients. 

2    Development of uniform digital medical 
records systems that can track disease 
and other patient factors, surgical 
techniques and outcomes in terms of  
eye pressure and visual function. 

3    Incorporation of OCT scanning of the 
conjunctival lymphatics and measurement 
of the lymphatic connections to gelatin 
stent sites, along with the effects of drugs 
and other agents likely to beneficially 
influence those connections.

4    Development of a portable photo-
plethysmographic and tonometric system 
to non-invasively but accurately estimate 
intracranial pressure and intraocular 
pressure.

5   Continuation of our work in teaching 
and assessing glaucoma drainage device 
impacts in Indonesia and extension of our 
collaboration to develop a rapid clinical 
trial pipeline.

6    Development of the fibre-optic laser 
delivery system through animal 
assessment, to human trial preparation.

7   Establishment of a clinician research 
fellow position to help run the clinical 
translation aspect of these projects. 

The Lions Eye Institute’s Managing Director, Professor Bill Morgan, co-invented the  
Virna Glaucoma Drainage Device in collaboration with Indonesian ophthalmologist,  
Dr Virna Oktariana. The Virna GDD is a tube implanted in the eye that drains away fluid 
and relieves intraocular pressure – a frequent cause of glaucoma and the result of a 
blockage in the eye’s drainage system. The Virna GDD is a cost-effective device that 
responds to the significant glaucoma challenge in Indonesia, where approximately six 
million people are affected with an estimated 300,000 people being blind. Glaucoma 
is the second most common cause of blindness in Indonesia. The LEI is accelerating 
its work with Indonesia, building capacity among eye health professionals, undertaking 
training and development, and assisting Indonesia in becoming an eye health hub for 
the greater south east Asian region. 



The prevalence of diabetes has doubled from 3.5% to 7.4% in Australia over the past 20 years, with 15% of those affected having diabetic 
retinopathy, a condition caused by damage to the blood vessels in the light-sensitive tissue at the back of the eye. This results in local damage to 
nerve cells and supporting glial/Meuller cells. The prevalence among Indigenous people is at least double that, with not only much greater rates 
of diabetic retinopathy, but much higher rates of blindness. The average age of blindness for those with severe diabetes is in the mid-60s, which 
compares to mid-70s for glaucoma and mid-80s for those with age-related macular degeneration. 

RESEARCH GOAL NO 2 

DIABETIC AND VASCULAR RETINOPATHIES2

Vascular diseases of the retina are a major and growing contributor to blindness all over the world. 

Develop new techniques for the detection and monitoring of early to late changes in diabetes and other 
retinal vascular disorders, and treatments to improve quality of life for patients with these conditions.

Type One Diabetes

~ 40 million  
people globally

Australia has one of the  
highest rates in the world*

An average of  
7 new cases per day 

in Australia

Incidence in Australia projected to 
rise at average rate of 2.8%pa

Diabetic Retinopathy (DR)

DR is the key cause  
of vision loss due to 

diabetes1

30% of patients  
with diabetes have diabetic  

eye disease

Diabetic eye  
disease causes  

11% of blindness2

14x rate of vision impairment  
from diabetes among ATSI3 population

1 Almost 100% of people with Type 1 diabetes will develop DR. 2 8,600 Australians (0.03% of population) are blind from diabetes. 3 7% of Aboriginal & Torres 
Strait Islander people with diabetes are blind because of it. 

Another common retinal vascular disorder is retinal vein occlusion, which has 1.6% prevalence in Australians over the age of 50 and is the fifth 
most common cause of blindness. Additionally, retinopathy of prematurity (ROP), a blinding disorder, commonly affects premature newborn 
infants and causes abnormal retinal vessel development.

OUR WORK IN THIS FIELD

Our neuroscience imaging group will be well positioned to 
investigate the living changes in diabetic tissue and tissue subject to 
environmental change mimicking aspects of diabetes, so that we are 
able to characterise the earliest diabetic retinal changes and develop 
new treatments for diabetes.

We have an extensive track record in studying retinal vascular 
disorders and have built several experimental models for measuring 
vital parameters in animals with induced vascular disorders. 

This work has enabled us to be at the forefront of techniques 
for imaging the earliest retinal vascular changes, using optical 
coherence tomography and other techniques.

We have extensively studied retinal metabolism, particularly 
intraretinal oxygen distribution and consumption in eight species 
and more than 10 disease models, and this work is important 
for understanding the pathogenesis of retinal vascular diseases, 
including diabetic retinopathy and other retinal ischemic diseases.

Our development of microperfusion and labelling techniques for 
human donor eyes has obtained valuable information from normal 

and varying diseased eyes. This data has greatly helped us in linking 
our experimental and clinical studies.

A special technique to assess the retinal vein pulsation from 
experimental studies to clinical application is not only valuable for 
retinal vascular disease and glaucoma, but also for brain studies. 
We have developed an effective treatment for managing retinal vein 
occlusion, using laser induced retinal to choroidal vein anastomosis, 
and this has been successfully translated from laboratory studies to 
routine clinical application.



 DELIVERABLES

 1  Establishment of a neuro-science 
operation involving animal 
models of diabetes, to deliver 
initial confocal microscopic 
images of changes induced in 
retinal tissue.

2  Refinement of image analysis 
through OCT Angiography.

3  Maturation of reproducible 
dynamic measurements of 
arteriolar and capillary variations. 

4  Expansion of proteomics work. 

5  Testing of novel drugs, particularly 
along the angiotensin line. 

6  Establishment of a new 
paediatric diabetic retinopathy 
clinic, with close links to the  
Perth Children’s Hospital.

7  Establishment of a clinician 
research fellow position to  
help run the clinical translation 
aspects of projects.

8  Modification of OCT angiographic 
and algorithm systems. 

9  Establishment of linkages 
between OCT angiographic 
properties and systemic vascular 
disorders. 

10  Development of novel drugs  
and therapeutics, to be tested 
using the proteomics and  
neuro-science model. 

PLANNED OUTCOMES

•  We will take our work in understanding 
retinal vascular disorders further and apply 
it to animals with diabetes, translating 
discoveries into new modes for measuring 
and detecting vascular changes in patients 
and linking these observed changes to 
changes in other parts of the body such  
as the kidney, brain and heart. 

•  OCT Angiography will enable refined image 
analysis.

•  We will have a neuro-science system  
whereby living tissue from animals with 
induced diabetes can be examined for 
microscopic, metabolic changes and tissue 
response to diabetes. These models will 
enhance our understanding of the disease 
and support our collaboration development 
of new drugs with proteomic and genomics 
groups locally in Perth.

•  We will develop a childhood diabetic clinic 
to specifically assess childhood diabetic 
retinopathy and study the linkages with 
kidney and vascular disease.

•  We will push collaborative work in proteomics 
looking for new treatments for early stage 
vascular diseases that may prevent sufferers 
developing the later blinding stages. 

•  We will look for changes in Angiotensin 
related proteins, serine and other compound 
levels.

•  We will develop strong links with Lions 
Outback Vision and community work in 
Indonesia and other communities where 
diabetic retinopathy is very common in  
order to trial and optimise our techniques.

•  This work will allow our doctors and 
optometrists to detect early diabetic 
and vascular occlusive changes along 
with features alerting the medical staff 
to other system disorders such as renal 
failure, heart disease or impending 
stroke.

•  We will have portable OCT angiography 
techniques that are child-friendly for 
use in at-risk children as well as adults. 

•  Current work with proteomics will be 
expanded to include the use of tissue 
taken from patients with diabetes 
and other retinal tissues exposed to 
changes in the environment. We will 
also develop larger environmental 
change incubators for animal studies of 
retinopathy of prematurity, a blinding 
disease very common in premature 
babies. The above-mentioned 
techniques will be applied to animals 
with this condition and translated to 
babies using portable OCT techniques.

•  The laser surgical system, mentioned 
in the glaucoma section of this 
strategy, will be expanded and delivery 
techniques optimised for use during 
retinal surgery. This will begin in animal 
studies and will involve laser surgical 
cutting of fibrous bands connecting 
retinal arterioles and veins to relieve 
branch retinal vein occlusion. 

•  Central retinal venous occlusion 
will be more accurately assessed 
and monitored using the portable 
photo-plethysmographic device being 
developed by the glaucoma unit. 

ABOVE: Professor Dao-Yi Yu AM 
heads the LEI’s Physiology and 
Pharmacology group. 

LEFT: Diabetic retinopathy 
is a key health challenge in 
Aboriginal communities.



RESEARCH GOAL NO 3

INDIGENOUS AND COMMUNITY EYE RESEARCH3

Vision challenges among Australia’s Indigenous population, in remote and rural communities, and neighbouring developing 
countries are significant.

More effectively detect and treat particularly insidious and non-reversible diseases such as 
diabetic retinopathy and glaucoma in remote, rural and Indigenous communities in Australia 
and developing countries.

OUR WORK IN THIS FIELD

There is a critical need to translate best practice 
for delivery of quality treatment at scale and across 
distance, particularly using modern imaging and 
analytical capacity. How can we leverage the 
experience and capacity that we have built up in 
remote areas and also with our near neighbours, 
such as Indonesia, to benefit all of our community? 
How can we leverage our great experience with 
diabetic retinopathy, pathophysiology and insights 
to directly benefit Aboriginal and non-Aboriginal 
people alike and reduce the gap in eye health 
outcomes in Australia?

Lions Outback Vision (LOV) was established in 
2012 and has been an unparalleled success 
across Australia. 

LOV represents a new paradigm for delivering 
quality care at distance and at scale involving 
optometry and ophthalmology with tele-
ophthalmology to break down some of the  
remote barriers. 

It has improved the delivery of glasses and 
refractive correction along with cataract surgery 
provision, and improved standard of care for 
diabetic retinopathy. In Australia’s north west, LOV  
is developing a North West Eye Health Hub, which 
will help to close the gap in Indigenous eye health.

In Indonesia, there are similar challenges 
in ensuring quality health delivery at scale, 
over distance, and we have a strong track 
record of teaching and assisting the 
development of novel treatments.

An emerging epidemic is childhood myopia, 
related to environmental exposure. The WA 
Kidskin Study and the Raine cohort study 

N O R T H  W E S T  AU S T R A L I A

A First World Country with Third World Eye Health Problems

97,000
Population  
of NW WA

27%
Identify as  

Aboriginal and/or  
Torres Strait Islander

35%
ATSI adults have  

never had an  
eye exam

14x
Rate of vision 

impairment from 
diabetes among  
ATSI population

11%
More than 1 in 10  

of the NW ATSI 
population are vision 

impaired or blind

95%
Preventable vision  
impairment and 

blindness in  
Indigenous people

In our Indigenous communities, vision  
loss is three times more common than in  
non-Indigenous communities. 

Diabetic retinopathy is the most common  
cause of vision loss among Indigenous people, 
with diabetic-induced vision loss being  
14 times more common than in non-Indigenous 
people. Diabetes itself is three to five times  
more common across all age bands in the 
Indigenous population, with some 40% having 
the condition in the over-55 year-old group.  
One in 10 Aboriginal people with diabetes  
has vision-threatening diabetic retinopathy. 

In addition to eye complications among 
the Indigenous population, there is a 
high prevalence of renal failure, stroke 
and heart disease, which are linked to 
the changes seen in the eyes. Another 
common cause of vision loss among 
Indigenous people is refractive error.

In countries such as Indonesia, access to 
affordable and effective eye health care 
can be challenging. Glaucoma affects 
1.8% of the Indonesian population over 
the age of 40 and is the second most 
common cause of blindness in the 
country, after cataract.

provide unprecedented opportunities to 
investigate the causes and progression of 
myopia in Australian children. An LEI-led 
coordinated program aims to improve 
myopia by detecting the genes responsible 
for myopia, understanding how they cause 
myopia and interact with the environment 
and certain drugs like atropine.

Continued over page



 DELIVERABLES

1  Innovation of care delivery and monitoring of rates of vision 
loss and blindness through the systematic collection of patient 
data from Lions Outback Vision and Midland services, leading 
to the delivery of quality screening and treatment to large 
numbers of patients.

2  Development of a Reconciliation Action Plan.

3  Establishment of partnerships to improve eye health service 
research and delivery to remote Indigenous communities 
and disadvantaged metropolitan Indigenous communities, 
particularly along the eastern Perth corridor. 

4  The creation of a low vision aids clinic on the QE2 campus, 
exploring optimal aids and service provision for patients with 
blinding eye disorders.

5  The translation of imaging and other insights derived from the 
diabetic research platform undertaken through our community 
work. 

6  Through the proteomics diabetic platform, development of 
trials for novel diabetic drug treatments with applicability 
among Indigenous populations. 

7  Engagement of colleagues in Indonesia in the roll out and 
testing of novel imaging techniques for diabetic retinopathy, 
potentially using artificial intelligence and other assisted 
diagnostic techniques. 

8  Implementation of data collection and reporting methods 
to measure the rates of visual impairment and blindness, 
particularly amongst the Indigenous populations.

9  Trial of novel OCT angiography techniques with small vessel 
calibre dynamic measurements and other novel parameter 
outputs, firstly in adult and paediatric populations near LEI 
Nedlands but later in remote regions.

10  Exchange of skills and knowledge between Australian and  
Indonesian doctors.

11  Development of mentorship opportunities for Indigenous 
people, with training and research interaction.

12  Provision of research projects for UWA optometry students 
and other students in cohort studies.

PLANNED OUTCOMES

We aim to more effectively detect and treat particularly insidious 
and non-reversible diseases such as diabetic retinopathy and 
glaucoma in remote, rural and Indigenous communities in  
Australia and developing countries. We can do this through:

•  Overcoming one of the major impediments to quality  
service delivery – distance – through strategic use of  
tele-ophthalmology, artificial intelligence and optometric  
co-management and referral.

•  Engaging communities and engendering trust to support  
interactions between remote communities and more 
centralised treatment hubs. This also involves political and 
other stakeholder engagement.

•  Using key scientific input to record, monitor and inform 
improvements to service modelling and develop appropriate 
screening and high volume techniques for diagnosis and 
treatment using assisted diagnostic (AI) techniques. This  
also requires a biostatistical population health approach.

•  Leading educational campaigns to reduce childhood 
blindness from eye injuries and reduce prevalence of  
myopia through clinical trials and implementation of 
preventative activities into health practices.

•  Improving glaucoma outcomes in Indonesia through  
surgery with the Virna GDD and teaching others.

OUR WORK IN THIS FIELD (CONT.)

Glaucoma is a complex disease with genetic predispositions, and 
the LEI currently leads national studies into glaucoma genetic risk 
assessment and screening of high-risk family members in remote 
Australian communities as part of the NHMRC/WA Health funded 
TARRGET study. We are investigating the association of glaucoma 
with obstructive sleep apnoea in the WAVES study building on our 
previous work with the Busselton and Raine studies. 

In those with advanced vision loss, the LEI is investigating the 
use of adaptive technology to change the lives of people with 
blindness.



RESEARCH GOAL NO 4 

GENETIC EYE DISEASE, GENE THERAPIES  
AND MACULAR DEGENERATION4

The most common single gene types are those that affect the retina and optic nerves, and they are termed ‘inherited retinal diseases’ or IRDs, 
and ‘hereditary optic neuropathies’ or HONs. These are caused by genetic mutations that run in the family, and usually lead to blindness.  
Although rare, collectively they are the most common cause of blindness in the working-age population, affecting 1:2000 people. The most 
common diseases are Retinitis Pigmentosa, affecting 1:4000, Stargardt disease and Leber congenital amaurosis. Myopia and macular 
degeneration are due to the interaction of multiple environmental and genetic factors.

Inherited Retinal Diseases

1 in 2,000  
people globally

45 years old
mean age of blindness*

Number of people blinded  
from IRD is increasing every year

850 new cases of blindness  
from IRDs predicted in 2020

*IRDs are the primary cause of youth blindness in Australia.

Most chronic diseases are strongly influenced by many gene variations, leading to a ‘polygenetic’ influence upon disease likelihood. 
Single gene causes of disease are less common, but occur more frequently in the eye and can devastate vision in childhood, 
leading to a significant impact on families. Gene constructs can be designed to produce therapeutic substances within the body.

OUR WORK IN THIS FIELD

The most common purely genetic eye diseases  
are those that affect the retina and optic nerves.  
The key to understanding who, when and how IRDs, 
HONs and AMD should be treated is detailed  
clinical information about the natural history of  
these conditions. 

The LEI is the only centre in Australia that has an 
active natural history study in IRDs, HONs and AMD.

We have one of the most comprehensive clinical 
image banks of these conditions. We host the 
Australian IRDs and HONs DNA Bio-Bank, a genetic 
library containing material from over 7,000 patients 
and their family members across Australia.

We have been at the forefront of the development 
and validation of animal and patient-derived 
cell models of IRDs, HONs and myopia, to better 
understand the disease mechanism and test novel 
drugs and gene therapies to prevent blindness.  
These new drugs have led to patents and the 
formation of spin-off companies (e.g. Vision Pharma: 
PYC), providing a platform for pre-clinical testing and 
clinical trials of other genetic targets of drug therapy.

IRDs and HONs can be very debilitating and traumatic 
for individuals and their families, and it is critical that 
we develop a greater understanding of these diseases 
and novel therapies to treat them. This ultimate aim 
can be achieved through a four-pronged approach: 

Within the growing ocular gene therapy field, the 
LEI has led research into the development of a 
gene therapy-based treatment to allow the eye to 
continuously produce the necessary drug to treat 
the wet form of Age-Related Macular Degeneration 
(AMD). The phase 1 trial for this gene therapy 
was conducted at the LEI. Myopia is an exemplar 
polygenetic eye disease with environmental 
interactions. We have an enviable record in 
identifying genes strongly linked with myopia.

1   A comprehensive natural history study 
identifying important genes; 

2   Discovery of important gene effects and 
treatments through animal and cell models; 

The LEI’s Clinical Trials Unit

The Clinical Trials Unit is one of the world’s largest ocular trials centres.  
In 2019, the Unit managed:

22 sponsored  
trials

8 investigator- 
initiated studies

More than  
20 external studies

Almost 1,400 patients and volunteers participated in the trials and studies, 
with more than 2,000 visits to the LEI Clinic. The sponsored trials included 
phase 2, 3 and 4 studies that are investigating new treatments for conditions 
such as genetic eye disease, inflammatory and infectious eye diseases, 
diabetic macular oedema, macular telangiectasia, wet and dry age related 
macular degeneration and retinal vein occlusion.

3   A tissue and DNA bio-bank for 
biomarker and DNA analysis; and

4   Bench to patient translation 
through clinical trials.

Reduce blindness due to conditions of singular genetic eye diseases, through development  
of a greater understanding of genetic causes of eye disease, and the creation of novel gene 
related therapies.



 1   Discovery of novel imaging 
features and development of 
computer software to provide  
risk assessment of a patient 
presenting with early stage IRDs, 
HONs and AMD in terms of  
disease progression and 
progression rate.

 2   Identification and molecular 
characterisation of mutations 
causing IRDs, HONs, AMD, myopia, 
environmental interactions and 
mechanisms that lead to altered 
structure and cellular physiology.

3   Development of animal and 
patient-specific and cellular 
disease model platforms for 
understanding IRDs, HONs and 
AMD and testing gene- and 
pharmaco- therapies.

4   Completion of phases 1, 2 and 3 
clinical trials of novel treatments 
for IRDs, HONs and AMD, which 
lead to new drug registration, 
changes in ophthalmic practice, 
treatment paradigms and in 
health policy.

5   Clarifying practices in visual 
environment and drug treatments 
for children with myopia based 
upon their genetic profile. 

 DELIVERABLES
PLANNED OUTCOMES

Through our research we aim to reduce blindness due to IRDs, HONs and AMD.

•  We will become a world leader in the 
development of tissue models for testing 
and the development of more conventional 
drugs and highly novel genetic treatments. 

 •  New pre-clinical studies testing novel gene 
and drug therapies will be conducted to 
provide the necessary validation data  
prior to starting clinical trials.

 •  In parallel with human tissue models, 
animal models of diseases will be 
developed to enable the testing of new 
genetic and other treatments, leading to 
human trials. 

 •  Through clinical trials, new drugs and gene 
therapies for IRDs, HONs and AMD will be 
offered to patients at the LEI.

 •  We will set the standard for conducting 
a natural history study in IRDs, HONs 
and AMD. It will provide key clinical 
data linked to identified gene defects 
to tailor novel treatments and clinical 
trials.

 •  We will utilise genetic data collected 
in healthy individuals to study genetic 
variation between healthy eyes. We will 
examine environmental factors that may 
result in significant disease outcomes 
through our large cohort studies and 
through novel animal model work.

 •  We will host the IRDs and HONs 
Bio-Bank and lead the identification 
of existing and novel genes causing 
blinding eye diseases. 



There are many blinding eye diseases that 
are well recognised as having an immune 
or inflammatory basis – such as uveitis and 
keratitis – whose pathogenesis is largely 
unknown. There is also increasing awareness 
that some of the most common blinding 
diseases in developed countries, such as 
age-related macular degeneration and diabetic 
retinopathy, have a previously unrecognised and 
poorly understood inflammatory component. 

RESEARCH GOAL NO 5 

CORNEA, OCULAR SURFACE AND OCULAR IMMUNOLOGY5

The immune system is critical to life. Immunological processes are key to fighting pathogens and malignancies, but are also essential 
to maintaining tissue health and allowing accurate functioning of tissues and organs, including the eye. 

Improve the understanding and treatments for common immune disorders of the eye and 
ocular surface disorders that greatly affect people’s quality of life. 

OUR WORK IN THIS FIELD

The LEI is committed to understanding how 
immune responses are regulated in the eye  
and the impact of inflammation as a cause of 
eye diseases. 

Our vision is to develop effective therapies 
for these diseases by harnessing beneficial 
and blocking deleterious effects of immune 
responses.

Our Immunology research group has built an 
enviable track record in these areas, and we 
aim to expand our research base to include 
more studies in corneal and ocular surface 
disorders, as well as retinal diseases.

Diseases such as Sjogren’s Syndrome/
Keratoconjunctivitis, Ocular Graft-versus-
Host Disease (GVHD) and Herpes simplex 
virus (HSV) keratitis are characterised by 
symptomatic dry eye and/or corneal damage. 
Sjogren’s Syndrome, in a primary and 
secondary presentation – the latter being a 
frequent complication of rheumatoid arthritis, 
lupus and scleroderma – is the second most 
common autoimmune disease, affecting up to 
3% of the population in developed countries. 

Ophthalmic involvement is caused by a 
person’s own immune system attacking the 
glands that produce tears. Patients suffer 
severe eye discomfort and the disease can 
lead to corneal damage. 

Ocular GVHD is the most common 
cause (60 to 80%) of long-term disease 
in patients who receive an allogeneic 
bone marrow transplant, a procedure 
that represents a curative treatment for 
haematological malignancies including 
leukaemia and lymphoma. Ocular GVHD is 
a poorly understood disease with severe 
symptomatology including vision loss. 

Dry eye disease is a common ophthalmic 
complaint affecting up to 37% of the 
population globally. This may not be blinding 
in most cases, but the therapeutic market 
is enormous. Immune suppression may be 
used since specific and targeted therapies 
are lacking. There is an urgent need for 
better immunological biomarkers and 
logical therapeutic strategies to improve 
diagnosis and treatment of the condition.

Herpetic eye disease is the most common 
infectious cause of corneal blindness in 
developed countries and affects ~10 million 
people worldwide. 

In addition, dry eye, a disease with a 
prevalence of between 7% and 37% 
worldwide, is a multifactorial inflammatory 
condition. If left untreated dry eye disease can 
lead to permanent damage to the surface of 
the eye, resulting in severe visual impairment. 
Damage to the corneal surface can also be 
caused by infections. In particular, infections 
with Herpes viruses can cause serious corneal 
scarring that can lead to vision loss.

Inflammation can profoundly affect 
vision by leading to retinal degeneration. 
Furthermore, since the retina, the 
neural compartment of the eye, can 
serve as a window into the brain, much 
can be learned about the impact of 
inflammation on the functioning of the 
brain. Investigating the eye can lead to 
a better understanding of the impact of 
inflammation on cognitive function. 

Dry eye disease  
affects between  
7% and 37%  

of the population 
worldwide

Herpetic eye disease 
causes corneal 

blindness in up to  
10 million people 

around the world

Uveitis causes up 
to 10% of visual 
impairment in the 

western world

Sjogren’s Syndrome  
is an autoimmune  

disease, affecting up to  
3% of the population,  

that causes corneal damage

Herpes viruses  
can result in  

scarring of the eye,  
leading to vision loss
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Approximately 40,000 new cases of  
blindness or severe visual impairment due  
to HSV disease are diagnosed each year. 

Novel therapeutics that prevent damage to 
the cornea are urgently required. Antiviral 
drugs are available, but there are no 
therapies to reduce corneal scarring and 
minimise tissue loss. Pre-clinical models of 
HSV-induced keratitis will be used to explore 
the use of novel agents (perforin inhibitors) 
to block the immune-mediated tissue 
destruction and subsequent scarring.

Corneal transplants are the most commonly 
performed organ transplants. However, 17% 
fail due to immune induced graft rejection. 
We will apply our skills to optimise corneal 
tissue health in our eye bank.

Accumulating evidence indicates that 
dysregulated immune responses and 
inflammation play a crucial role in the 
development and progression of retinal 
pathologies including diabetic retinopathy.  

 DELIVERABLES

 1  Establish models of 
inflammatory anterior 
segment diseases, including 
corneal and dry eye diseases 
(mouse models) to inform 
discovery of therapeutic 
strategies.

2  Assess the impact of novel 
treatments.

3  Develop a dynamic database 
with graft and host quality 
immune measurements to 
track and optimise graft 
survival.

4  The Immunology research 
team has generated novel 
models of Sjogren’s Syndrome 
and ocular GVHD that will be 
further interrogated to define 
mechanisms of disease and 
assess potential therapies. 

5  As part of the strategy 
developed to improve the 
treatment of these conditions, 
the LEI intends to establish  
a ‘Dry Eye Disease Clinic’.

6  Investigate the impact of 
common viral infections  
(e.g. cytomegalovirus, herpes 
simplex virus) on ocular 
inflammation and ocular  
tissue damage to define 
relevant pathways that may  
be targeted therapeutically.

PLANNED OUTCOMES

•  Use ocular immunology principles in the identification of ocular immunology in the 
identification and development of new treatments for dry eye diseases caused by auto 
immune and ageing factors.

•  Investigate major questions as to how inflammation, including inflammation caused by 
viral infections, affects the development and/or progression of diseases that lead to neural 
degeneration and/or microvasculopathy, including diabetic retinopathy. This will involve new 
microscopic imaging techniques applied to patients’ tissue.

•  Develop a program to assess key corneal tissue immune and other grafting markers along 
with host factors to improve graft survival rates.

•  Reduce herpes virus induced scarring of the cornea using new therapies.

OUR WORK IN THIS FIELD (CONT.)

In particular, chronic inflammation, which 
may be caused by common viral infections, is 
emerging as a crucial contributor to pathologies 
that affect the nervous system. Understanding 
the impact of viral infection on neurological 
tissues, including the retina and the brain, 
will allow us to determine whether infection 
contributes to ongoing inflammation and 
neurodegeneration thus providing insight into 
much needed therapeutic strategies. 

Uveitis (intraocular inflammation) is a threat 
to vision. It can be classified as anterior, 
intermediate, posterior and panuveitis. While the 
maximum prevalence is only up to 0.7%, uveitis 
carries a significant socioeconomic burden as 
it affects people of working age and causes 
up to 10% of visual handicap in the western 
world. Although the exact mechanisms leading 
to uveitis remain largely unclear, infection 
is a common initiator of disease, including 
posterior and panuveitis. Indeed, inappropriate 
(exaggerated or dysregulated) immune 
responses to an infection may lead to chronic 
inflammation and ocular tissue damage. 


