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Introduction

Bionic Vision Australia (BVA) is a consortium of internationally renowned research institutions in Melbourne, Sydney and Canberra. Our scientists and researchers come from the University of Melbourne, the University of New South Wales, the Centre for Eye Research Australia, the Bionic Ear Institute and the National Information and Communications Technology Centre of Excellence (NICTA). We come from a broad range of backgrounds, including ophthalmology, biomedical engineering, electrical engineering and materials science, neuroscience, vision science, psychophysics, wireless integrated-circuit design, and surgical, preclinical and clinical practice. Our aim is to produce Australia’s first Bionic Eye, and to do so our group was awarded a $42 million dollar grant from the federal government in December 2009.

The term “Bionic Eye” tends to bring images to mind of Lee Majors in the Six Million Dollar Man- but unfortunately his amazing implants were more science fiction than fact. While we have access to amazing technology and materials, including the use of diamond in some of our electrodes, we are not yet able to replicate the images recorded with a video camera in a Bionic Eye implant. The reason for this is that the eye has over one million separate nerve fibres that take visual information to the brain in rapid time frames, and our technology can not yet reproduce this fantastic feat of nature.

However, the Bionic Eye implant will be able to reproduce some visual cues, which will help people with independence of navigation and return some level of sight to the blind. This presentation aims to give a brief overview of the fascinating research being completed at BVA, and the potential uses of Bionic Eye implants in the future.

Who may be helped by the Bionic Eye?

Before discussing specific diseases that can cause blindness, it is worth mentioning that there are different types of Bionic Eyes being developed around the world. Some Bionic Eyes work by stimulating the brain directly, and these are called cortical prostheses. A cortical prosthesis can work for people who have lost vision from various causes of disease and trauma, but it is harder to produce high resolution images using this technique. The next form of Bionic Eye implant is one that electrically stimulates the optic nerve, which is the main connection between the eye and the brain. Optic nerve electrodes are being developed by groups in Belgium, China and Japan. 

The third form of Bionic Eye implants are called retinal implants, and involve inserting an electrode on top of or in between the tissue at the back of the eye (the retina). Retinal implants are the most widely researched currently, and are the form that our BVA implants will take. This is important, as not everyone can use a retinal implant. For one to work, the eye must be intact and the nerves from the eye to the brain must still work. There are two main diseases that we believe may be helped with a Bionic Eye implant, but we hope that the technology will be able to be expanded further in the future to help many more people.

However, at this stage, we will be testing the Bionic Eye on patients who have lost sight due to two conditions- retinitis pigmentosa and age-related macular degeneration. Retinitis pigmentosa (RP) is a condition that normally is diagnosed in young adults, but it can affect people of all ages. RP has been linked to many different genes, but there is no definitive diagnostic genetic test. Early symptoms of RP include things like trouble seeing at night and difficulty with peripheral vision, but can progress until people lose their central vision as well. In some cases, people with RP become completely blind at an early age.

On the other hand, age-related macular degeneration (AMD) tends to affect older people. This condition is much more common, and is in fact the leading cause of vision loss and blindness in Australia. AMD can exist in two forms- dry AMD causes slow and gradual vision loss, while wet AMD means people lose vision faster due to bleeding at the back of the eye. While medical research has led to the development of injections that can treat AMD in some situations, often there is nothing that can be done to halt the progression of the disease.

Retinitis pigmentosa and age-related macular degeneration both cause people to lose a layer of cells at the back of the eye called the photoreceptor layer. Photoreceptors are specialised cells that react to light, and then generate an electrical impulse that is carried back to the brain and perceived as an image. Unfortunately they are vulnerable to certain types of disease, and when lost cannot be replaced. The aim of a retinal Bionic Eye implant is to place an electrode next to the retina to stimulate the remaining cells in other layers of the retina. 

Patients with severe vision loss due to retinitis pigmentosa or age-related macular degeneration may benefit from the bionic eye development. The bionic eye technology relies on the patient having a healthy optic nerve and a developed visual cortex – patients need to have been able to see in the past for this device to be of benefit to them.

The first patients to receive a bionic eye implant will be those who are experiencing total blindness, however, with time, it is possible that the device will be suitable for patients with low vision.
The BVA Bionic Eye devices

Our Bionic Eye system consists of a camera, attached to a pair of glasses, which transmits high-frequency radio signals to a microchip implanted in the retina. Electrodes on the implanted chip convert these signals into electrical impulses to stimulate cells in the retina that connect to the optic nerve. These impulses are then passed down along the optic nerve to the vision processing centres of the brain, where they are interpreted as an image.
Our research group is working on two different types of Bionic Eye implant, which aim to help people in slightly different ways. The “wide-view” device will help people to navigate safely, restoring independence for orientation and mobility. We believe this device may be most helpful to those who have lost their vision from retinitis pigmentosa. Patient tests for the wide-view Bionic Eye are expected to begin in 2013.

The second device being developed by our researchers is called the “high-acuity” implant. The aim of this implant is to give better central resolution, with over one thousand individual electrodes in a tiny chip. We hope to start patient tests for the high-acuity Bionic Eye in 2014.

A person using a retinal implant to see won't experience vision in the same way that a person with a healthy eye does. It will be quite basic to start with and they will need some training to adapt to the implant. With time, training and patience, people will be able to use this visual information so they can be more independent and mobile. 

The retinal implant bionic eye works by stimulating the perception of light in a patient. A phosphene is a perceived spot of light in the visual field. What the bionic eye technology aims to do is stimulate many of these phosphenes across the visual field in a way that enables the patient to put together a picture of what they're looking at.

The more electrodes an implant contains, the more phosphenes are capable of being generated and the more detail a patient may be able to see. The first wide-view prototype device has 98 electrodes. The second, high-acuity device has 1000 electrodes.
What will the patients need to do?

As this is ground-breaking research, the initial patients will be given highly specialised and individual treatment. Implant surgery will be completed by world-class surgeons, and the implant itself is placed next to the retina at the back of the eye. After the surgery, follow-up care will be provided by a team of low vision experts, including ophthalmologists, optometrists, orthoptists, occupational therapists and orientation and mobility experts. 

What are our desired outcomes?

As evident from the numerous excellent presentations at this conference, there are a number of technologies out there to help people who have low vision or who are blind. The aim of BVA’s research is not to replace these technologies, but to supplement them and give options to people who would like some extra help. We would like to Bionic Eye implant to improve people’s independence, and help with navigation and recognition of print and objects around the house. 

Bionic eye trials overseas have allowed some participants to recognise large print and, since our implant will have almost 16 times as many electrodes, we believe that print recognition is an achievable goal. Information access is a vital element of today’s modern world, and we hope the Bionic Eye may provide another tool to help people achieve this requirement.

Current research studies
As mentioned previously, the patient tests of the implants will begin in 2013/2014. However, there is a huge range of research currently being undertaken by our team. Obviously, the implants themselves are undergoing strenuous tests and assessments, and have been shown to be extremely resilient and safe to use in humans. We also have developed some extraordinary computer software that allows us to predict what a person using a Bionic Eye implant may be able to see, to get an understanding of the way they may use that information to navigate safely or recognise objects. This work was recently shown on ABC’s Catalyst program, and is a perfect example of the way clinicians, engineers and software developers have worked together to provide an exciting solution to a gap in our pre-existing knowledge.

Other current work includes designing strategies to electrically stimulate the remaining cells in the retina so visual information can be passed along the visual pathway to the brain. We are working on establishing the safety and efficacy of both devices and also developing safe and reproducible surgical procedures for implanting these devices into patients.

My personal role and interest is in the clinical side of the BVA project. We are currently running studies into retinitis pigmentosa, using a great range of clinical equipment to measure the appearance and function of the retina at all different stages of the disease. This information is vital for the development of the best possible Bionic Eye implant.

Our other main goal is to establish the best tests to measure a person’s improvement in vision after they receive the implant. To achieve this aim, we are working with a multi-disciplinary team of low vision experts, both here in Australia and internationally.

Further information

For more information about the work of Bionic Vision Australia, you may visit our website at www.bionicvision.org.au, or our Facebook page http://www.facebook.com/bionicvisionaustralia.

Direct clinical enquiries can be forwarded to Dr. Lauren Ayton at lnayton@unimelb.edu.au, or she can also be contacted on (03) 9929 8066.

Any media or general enquiries should be directed to Ms. Veronika Gouskova via email at gouskova@unimelb.edu.au or telephone (03) 9035 8829.
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