
Artificial Retinal Prosthesis In Low Visual Aids
Essay

 Submitted for the Partial Fulfillment of the Master Degree

in  Ophthalmology

By:

Eslam Mahmoud Ahmed

M. B., B.Ch

Under Supervision 

Prof. Dr. El-Said Mostafa Eliwa

Professor of Ophthalmology 
 Faculty of Medicine,  Al Azhar University

  Prof. Dr. Abd Elmongy Elsaid Ali

Professor of Ophthalmology

Faculty of Medicine, Al Azhar University

Dr . Mostafa  Mahmoud  Mostafa

Lecturer of ophthalmology

Faculty of Medicine, Al Azhar University

Faculty of Medicine

Al Azhar University

2013
[image: image34.wmf] 

[image: image35.jpg]


[image: image36.jpg]




         Acknowledgment
First of all, all gratitude is due to God almighty for blessing this work, until it has reached its end, as a part of his generous help, throughout my life.

Really I can hardly find the words to express my gratitude to Prof. Dr. El-Said Mostafa Eliwa Professor of Ophthalmology, Faculty of Medicine, Al-Azhar University for his supervision, continuous help, encouragement throughout this work and tremendous effort he has done. It is a great honor to work under his guidance and supervision.   
Sincere appreciation to Prof. Dr. Abd Elmongy Elsaid Ali, Professor of Ophthalmology, Faculty of Medicine, Al Azhar University for his  valuable help and advice. his guidance, and valuable advices were a great encouragement throughout the work.  

I would like also to express my sincere appreciation and gratitude to  Dr . Mostafa  Mahmoud  Mostafa, Lecturer of ophthalmology, Faculty of Medicine, Al Azhar University, for his continuous directions and support throughout the whole work.
Eslam Mahmoud ahmed

Cairo 2013
Contents
List of Abbreviations 

i
List of Figures 

iii
Introduction and Aim of the Work

1
Anatomical and Physiological Background

4
About Low Vision

12
Traditional Low Visual Aids

30
History and Idea of the Chips

41
How it Works

44
Types and Surgical Implantation

52
Challenges, Selection of Patients, Clinical Trials 
and Results

61
Psychological factors in visual impairment

69
Summary

76
References

79
Arabic Summary

--
List of Abbreviations

AMD 
: 
Age related Macular Degeneration

AND gate
:  
Is a basic digital gate used in implements.

BWC
: 
Biphasic Width Controller.

CCTV
:
Closed circuit television 


CNS
: 
Central nervous system.

CLK
: 
Data Clock.

CNG 
: 
Cyclic nucleotide gated.

CS
: 
Current stimulator.

DFF 
: 
Decoder.

DOE
: 
Department Of Energy.

DRR 
: 
Data Receiving Register.

FIFO
: 
First-in first-out.

GDP
: 
Guanosine Di-Phosphate .

GMP
: 
Gluacose monophosphate .

 Gt 
: 
G-protein transducin.

GTP
: 
Guanosine Tri-phosphate.

ICF
: International Classification of Functioning, Disability and Health.

ICIDH
: International classification of Impairments, Disabilities and Handicaps.

LCH
: 
latch register.

MI
: 
metarhodopsin I.

-i-

List of Abbreviations (Cont.)
MII
: 
Metarhodopsin II  .

MIII
: 
Metarhodopsin III.

NIC
: 
Neural Implant Chip  .

NICC
: 
Neural implant chip controller.

NS
: 
Neural stimulator.

PCK 
: 
Clock for the Decoder.

RP
: 
Retinitis Pigmentosa.

RPE 
: 
Retinal pigmented epithelium.

TFF
: 
Toggle Flip-Flops.

WHO
: 
World Health Organization.

-ii-

List of Figures  

	Fig.
	Title 
	Page

	1 
	shows anatomy of the retina
	8

	2 
	shows OD: Multiple large drusen, geographic atrophy and OS shows In addition to what is seen in the right eye there is a larger area of atrophy and a subretinal hemorrhage indicating the presence of CNV.
	20

	3 
	shows retinitis pigmentosa fundus 
	23

	4 
	Spectacle Magnifying lenses 
	32

	5 
	Hand and stand magnifiers used for near vision
	33

	6 
	Tele-microscopes can be used for intermediate vision 
	34

	7 
	Head Borne telescope used for distance vision 
	35

	8 
	Hand held telescope 
	36

	9 
	Stenoepic slit
	38

	10 
	Large print book 
	38

	11 
	Closed circuit television
	40

	12 
	Diagram shows how the artificial retina works
	45

	13 
	Complete artificial vision restoration system
	46

	14 
	shows 5x5 array neural stimulator (NS)
	49

	15 
	Microscopic view of the NIC array module
	51


-iii-

List of Figures  

	Fig.
	Title 
	Page

	16 
	Shows An object (in this case a face) is projected by the cornea and lens onto the retina in an upside-down manner and is transformed into an electrical image by the photoreceptor cells of the outer retina. With a subretinal implant, the rods and cones are replaced by a silicon plate carrying thousands of light-sensitive microphotodiodes, each equipped with a stimulation electrode. Light from the image directly modulates the microphotodiodes, and the electrodes inject tiny currents into the remaining neural cells (horizontal cells, bipolar cells, amacrine cells, and ganglion cells) of the retinal inner layer. In contrast, the epiretinal implant has no light-sensitive areas but receives electrical signals from a distant camera and processing unit outside of the body
	53

	17 
	OCT shows sub retinal chip
	56

	18 
	shows sub-Retinal chip
	56

	19 
	shows  Epi Retinal chip ,Artificial Retina Project
	57

	20 
	Shows countries which start clincal trials over humans
	64

	21 
	Shows the increasing resolution according to increase the number of the electrodes in the implanted array
	67


-iv-

Introduction and Aim of the work
Low vision is a term that denotes a level of vision that is 20/70 or worse and can not be fully corrected with conventional glasses.  It is also defined as permanent visual impairment with significant loss of contrast sensitivity, often in combination with visual field loss that is not correctable by spectacles, contact lenses or surgical intervention (University of Michigan Kellogg Eye Centre, 2012).  
The WHO estimates that there are about 285 million people whom are visually impaired, 39 million blind and 246 with low vision, worldwide. Retinal diseases are common among all age groups. Currently, there are 25 million people world wide who will become blind or have severe visual impairment from retinal diseases with 6 million in the USA. This number is projected to double by the year 2020. (WHO, 2012).
Low vision and blindness may be caused by a number of diseases.  According to data analyzed the leading causes  of visual impairment are diseases that are common in elderly persons, including  age related macular degeneration (AMD), glaucoma, retinal detachment, cataract, and optic nerve atrophy. Although there have been important strides over the past few decades in the treatment and prevention of eye diseases that cause visual impairment, there are still many causes of visual loss for which there is no cure. Even with the best medical treatment, many people live with impaired vision (National Eye Institute, 2009).
The development of artificial retinal prosthesis or retinal chips replacing photoreceptors and passing visual signal to the next level has given scientists great hope in ameliorating what was perceived as irreversible damage. The goal is to design a device with hundreds to more than a thousand microelectrodes, which would help restore limited vision that enables reading, unaided mobility, and facial recognition.  Such devices would by- pass the diseased light sensing cells (photoreceptors) (Artificial Retina Project, 2009).
There are two types of prosthesis being developed.  Epiretinal prostheses which pass signals to the ganglion cells. The second device is a subretinal prosthesis relays signals to the bipolar cells. Multiple trials were done to determine which type will provide sufficient intensity to transmit signals to the optic nerve and then to the brain (Auner et al., 2008).
As this is a relatively new device, scientists are still in the process of overcoming several challenges. These include determining the needed intensity of the impulses to stimulate the ganglion cells.  Another challenge is protecting the electrode from damage or separation from the retina.  Lastly, researchers are attempting to overcome unwanted interactions with axons within the retina producing “false visual images”  (Fine et al., 2007).
Aim of the Work

Artificial retinal prosthesis have attracted the attention of many, giving hope for millions of blind individuals. This essay will thoroughly analyze the aim, technological aspects, challenges and efficiency of these revolutionary promising devices.
Anatomical and Physiological Background

The term retina derives from the latin word rete, meaning “net.” This name was originally used by ancient Greeks, who observed that the retina had the appearance of a fishing net. The retina is the light-sensitive tissue that lines the inside of the eye. It is derived embryologically from the optic vesicle; an outpouching of the embryonic forebrain so the retina is considered part of the central nervous system (C.N.S) and it’s the only part of the CNS that can be visualized non-invasively.
The nervous coat, or retina, is a thin, transparent membrane having a purplish-red colour in living subjects. Its thickness varies from 0.56 mm near the optic disc to 0.1mm at the ora serrata. The outer surface of the retina is in contact with Bruch`s membrane of the choroid, the inner surface is in contact with the vitreous body (Snell and Lemp 1998).

With the exception of the fovea, ora serrata, and optic disc, the neural retina is a layered structure with several layers of neurones interconnected by synapses organized in layers, dictated by the direction of the müllerian glia, its organizational backbone. 
Essentially, there is the photoreceptor layer plus the bipolar and ganglion cell layer, which represent the outer first neuron and inner second neuron of the visual pathway. The müllerian glia elaborate the internal limiting membrane as its basement membrane and extend to the external limiting membrane, where it communicates with the apices of the RPE.

The inner nuclear layer is home to the nuclei of the müllerian glia, the bipolar cells, and the horizontal and amacrine cells. The amacrine cells lie on the inside of the inner nuclear layer, and the horizontal cells lie on the outside. The inner nuclear layer has plexiform length of Henle’s fibers, the junctional system (the middle limiting “membrane”) is found in the inner third of the outer plexiform layer. The bipolar cells and amacrine cells of the inner nuclear layer synapse with the dendrites of the ganglion cells in the inner plexiform layer. (Schubert, 2009). 
The fovea represents an excavation in the retinal center and consists of a margin, a declivity, and a bottom. The bottom corresponds to the foveola, the centre of which is called the umbo. The umbo represents the precise centre of the macula, the area of retina that results in the highest visual acuity. The predominant photoreceptor of the foveola and umbo is the cone .The greatest concentration of cones is found in the umbo, an area of 150-200μm diameter, referred to as the central bouquet of cones with density of cones may be as high as 385 000 cones/mm2. The bouquet of central cones is surrounded by the foveal bottom, or foveola, which measures 350μm in diameter and 150μm in thickness.
The parafovea is a belt that measures 0.5 mm in width and surrounds the foveal margin which includes 4-6 layers of   ganglion cells and 7-11 layers of  bipolar cells while, The perifovea surrounds the parafovea as a belt that measures 1.5 mm wide, region characterized by several layers of ganglion cells and six layers of bipolar cells. The umbo, foveola, fovea, parafovea, and perifovea together constitute the macula, or central area (Schubert, 2009). 
The retina has two functions. The first, performed by the rod and cone photoreceptors, is to transduce information from an optical image into electrical signals the operation which is so called phototransduction. The second, performed by the neural circuits of the retina, is to process certain features of the visual world from the photoreceptor signals and relay this information to the brain via the optic nerve (Milam  et al., 2006). 
The light rays cannot directly stimulate the nerve fibers, however the capture of a photon of light and its conversion into an electrical signals which are able to stimulate the visual pathway is called phototransduction, and it is accomplished within the outer segments of the photoreceptors - the rods and cones. The photopigment molecules that are the biochemical basis for phototransduction reside in the membranes of the photoreceptors’ outer segment discs. In the rods, rhodopsin is the primary photopigment, and it best absorbs photons with a wavelength of 500 nm (blue-green). Cone pigments are referred to collectively as iodopsin; there are three types, with absorption peaks in the blue, green, and yellow parts of the spectrum. Each cone normally contains only one of the three varieties of pigment molecules and various stimulatory combinations of these three types of pigments are responsible for colour vision perception. All the photoreceptor cells respond to the capture of light energy with a hyperpolarization (Schubert, 2009).
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Fig.(1): shows anatomy of the retina. Through this link: http://householdoffaith.com.au/Pages/article.aspx?ID=6

The phototransduction process includes an activation phase and a recovery phase. The biochemical cascade of  phototransduction is restricted to the outer segment.

In the dark, rods have a resting membrane potential of about - 40 mV.  The negative value means that there is more positive charge on the outside of the plasma membrane than on the inside.  In most other resting neurons, the potential is closer to -70 mV, so rods are considered to be relatively depolarized as compared to other cells or, as we shall see, as compared to fully light-activated rods. The source of membrane potential is the inequality of ion concentrations on either side of the plasma membrane generated by the Na+/K+-ATPase. This protein uses the energy released upon ATP hydrolysis to pump sodium ions out of the cell and potassium ions into the cell. (Gross , 2011).
The less negative resting potential, or partially depolarized state, of rods is due to the cyclic-GMP-gated cation channel, also known as CNG channel (for cyclic nucleotide-gated) or light-sensitive channel or phototransduction channel. This multisubunit channel only passes cations, but does not discriminate strictly among different cations, allowing Na+, K+, and Ca++ to pass.  Among physiologically important cations it has the highest permeability to Ca++, but Na+ is the primary carrier of the current through the CNG channel in the dark because of Na+ much higher concentration outside the cell (over 140mM, as compared to ~1.5mM for Ca++). Because it tends to dissipate the gradient of charge, by allowing positive charge to enter the cell, the open CNG channel causes the cells to be partially depolarized (Gross , 2011).
Phototransduction begins with the absorption of a photon of light that causes the breaking of a double bond in 11-cis-retinal forming the isomer all-trans-retinal. A sequence of conformational changes in rhodopsin results and several intermediaries are formed. Activated metarhodopsin II stimulates transducin, the G-protein of visual transduction, and is then transformed into inactive metarhodopsin III; finally alltrans- retinal dissociates from the photopigment. The visual pigment is now said to be bleached. The phototransduction cascade causes the decrease of cGMP, leading to hyperpolarization of the photoreceptor  (Remington, 2012).
As a result of these changes, slowing of neurotransmitter release occurs, as communication of rods with downstream bipolar cells is by the release of the neurotransmitter, glutamate. High levels of glutamate release by rods signal total darkness to bipolar cells, and reductions in the levels of glutamate release signal absorption of light. This change results from the hyperpolarization of the cell membrane, which is passively propagated along the plasma membrane from outer segment to synaptic terminal (Remington, 2012).
The receptor potential generated in the photoreceptors (as discussed above) is transmitted by electronic conduction which is direct flow of electric current (not action potential) to other cells of the retina via horizontal cells, bipolar cells, amacrine cells and ganglion cells. However the ganglion cells transmit the visual signals by means of action potential (Khurana et al., 2008).

This cascade of biochemical reactions triggers the genesis of the visual impulse results in stimulation of the optic nerve fibers which are the axons of retinal ganglion cells which carry the total output of the retina stimulating the rest of the visual pathway.
About Low Vision

Low vision is a term that denotes a level of vision that is 20/70 or worse and cannot be fully corrected with conventional glasses. It is also defined as permanent visual impairment with significant loss of contrast sensitivity, often in combination with visual field loss that is not correctable by spectacles, contact lenses or surgical intervention (University of Michigan Kellogg Eye Centre, 2012).
Low vision consensus group defined low vision as a person with low vision who has an impairment of visual function for whom full remediation is not possible by conventional spectacles, contact lenses or medical intervention and which causes restriction in that person`s everyday life (Low Vision Consensus Group, 1999).

Other Definitions

It’s important to classify and define other expressions and definitions that is commonly used to describe limited vision and a lot cannot clearly notify a difference among it, that’s make us asking why do we have these definitions? 
Both practitioners and patients need to use common and appropriate definitions so that we can all talk the same language. Correct terminology may act to segregate but it’s also in the patients favor to have their problem defined and recognized. Being appropriately `certified` assists in ensuring protection and allows for a greater access to advice and information. Secondly, a patients entitlements and rights will change when they have been put into the correct `box` whether we agree with or not (Macnaughton, 2005).
In 1980, the World Health Organization (WHO) published the International Classification of Impairments, Disabilities and Handicaps (ICIDH). The classification itself developed for trial purpose and it has given rise to extensive research and other activities world-wide, resulting in more than a thousand publications and it has been translated into numerous languages (Shunterman, 1996).

The study was eventually finalized in 2000 as the international Classification of Functioning (ICF), Disability and Health. The ICF is based on the value of inclusion, and on a universal model of disability. It rejects the view that disability is a defining feature of a separate minority group of people. Health is the ability to live life to its full potential. For many people with disabilities, the realization of that ability is dependent on factors in society. When a person in a wheelchair finds it difficult to enter into his office building because it does not provide ramps or elevators, the ICF identifies the focus of an intervention; it is the building that should be modified and not the person who should be forced to find a different place of work. (Brundtland, 2002).
Below are the definitions of the Impairment, Disability, Handicap as outlined in the original document, the ICIDH.
Impairment

Any loss or abnormality of a psychological, physical or anatomical structure or function. The term impairment refers to the functional consequence of a disease or disorder. In visual terms it refers to the visual loss experienced by the patient. The most common would be a reduction on the visual acuity, but other impairments include, for example a loss of visual field vision or contrast sensitivity.

Disability

Any restriction or inability (resulting from an impairment) to perform an activity in the manner or within the range considered normal for a human being.
When the impairment impacts on the ability to perform certain tasks, then the patient may be described as having a disability. 
A reduction in near acuity is one of the most significant visual impairments by which a patient can be disabled. However, not all impairments will lead to a disability. A congenital color vision defect will have no impact on the ability to read small print, and a presbyope, who requires spectacles to read, may have a visual impairment but is no longer disabled by it when they put their spectacles on.

Handicap

Any disadvantage for a given individual, resulting from an impairment or a disability, that limits or prevents the fulfillments of a role that is normal (depending upon age, sex and social and cultural factors) for that individual.

         An individual who is unable to read his printed bank statements may be handicapped by the loss of privacy. Similarly, the presbyopic tailor in an underdeveloped country who has no access to spectacles may no longer be able to feed his family.
The definition of handicap is the most controversial. In the UK, many health care professionals no longer use the term handicap. A patient may instead be described as being `disabled by` aspects of the environment. Not all the disabilities lead to handicaps. To some, the inability to read small print may be a nuisance, but to others it can be a major source of handicap. Thus, a person will not be handicapped if the impairment or disability does not stop them from doing what they want to do: it either has not affected the way in which they live, or that they have overcome the consequences of the disability (Macnaughton , 2005).
UK definitions for the purpose of certification

Many different definitions of visual impairment are used for the purpose of legislation throughout the world. In the Uk, patients are either certified as severely sight impaired or sight impaired, before being included on a local authority or primary care trust register.

Certification and the BD8 (1990)

The BD8 (1990) was the record of examination to certify a person as blind or partially sighted. It did not take into consideration other physical or mental conditions. This document was used in England and Wales, and similar documents are used in Scotland (BP1) and Northern Ireland (A655) (Bunce, 1998).
Purpose and process of certification and registration

 
The general purpose in maintaining a register of severely sight impaired so that local authorities can plan the provision to those visually impaired people within the local community. Several studies have shown that people who have been registered with the local authority are more aware of benefits and serviced compared to those who are not registered.

World statistics

The WHO estimates that there are about 285 million people whom are visually impaired, 39 million blind and 246 with low vision, worldwide. Retinal diseases are common among all age groups. Currently, there are 25 million people worldwide who will become blind or have severe visual impairment from Retinal diseases with 6 million in the USA. This number is projected to double by the year 2020. (WHO, 2012).
Common causes of low vision and blindness

 
Low vision and blindness may be caused by a number of diseases.  According to data analyzed the leading causes of visual impairment are diseases that are common in elderly persons, including age related macular degeneration (AMD), glaucoma, retinal detachment, cataract, and optic nerve atrophy. Although there have been important strides over the past few decades in the treatment and prevention of eye diseases that cause visual impairment, there are still many causes of visual loss for which there is no cure. Even with the best medical treatment, many people live with impaired vision (National Eye Institute, 2009).
Common causes according to age groups

Most common causes in children

· Optic atrophy.
· Congenital idiopathic nystagmus.

· Congenital abnormalities of the brain and nervous system.

Early adult life

· Stargardt`s disease.

· Retinitis pigmentosa.

The working years ( 18-65)

· Diabetic retinopathy : most common cause.
· Corneal dystrophies.

· Degenerative conditions such as: Macular diseases are significantly present.

In retirement

· Age related macular degeneration : greatest cause of irreversible visual impairment.

· Glaucoma.
Many causes of  low vision which have been mentioned above are still for which there is no cure such like;

Age Related Macular Degeneration ( AMD )
Since 1874, when it was first described in the medical literature as “symmetrical central choroido-retinal disease occurring in senile persons”. Age-related macular degeneration has also been referred to as senile, or disc form, macular degeneration, among many other terms. About 25 years ago, the term “age-related maculopathy” was coined and its end stage was acknowledged as age-related macular degeneration. 
Late age-related macular degeneration is now the most common cause of untreatable blindness in the Western world, with a prevalence that is 0.05% before the age of 50 years and that rises to 11.8% after 80 years of age. Unless effective methods of prevention and treatment are found, the prevalence of age-related macular degeneration is expected to double in the coming decades because of the projected increase in aging populations (De Jong, 2006).
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Fig. (2): shows OD: Multiple large drusen, geographic atrophy and OS shows In addition to what is seen in the right eye there is a larger area of atrophy and a subretinal hemorrhage indicating the presence of CNV.  Age-related Macular Degeneration, site of university of lowa health care opthalmology and visual scinces, through this link : http://webeye. ophth. uiowa. edu/eyeforum/cases/118-AMD-progression.htm [accessed october 25, 2012]
It’s  defined as chronic, progressive degenerative  disorder of the macula that affects older individuals and features central visual loss as a result of drusen deposition, geographical atrophy, serous detachment of the retinal pigment epithelium, and neovascularisation.

       Age-related macular degeneration can be classified into early and late stages. The early stage is associated with minimal visual impairment and  is characterized by large drusen and pigmentary abnormalities in the macula.  (Bressler et al., 2008).
There are two forms of late age-related macular degeneration: the atrophic form and the neovascular (exudative) form. The atrophic form typically involves the choriocapillaris, retinal pigment epithelium, and photoreceptor elements (rods and cones) and does not involve leakage of blood or serum; hence, it is called dry age-related macular degeneration. The neovascular (exudative) form includes serous or hemorrhagic detachment of retinal pigment epithelium and choroidal revascularization, which lead to leakage and fibrovascular scarring; hence, it is called wet age-related macular degeneration. (Bressler et al., 2008).
Loss of vision can occur in either the atrophic or the neovascular form of the disorder. Patients with the atrophic form may have good central vision (20/40 or better) but substantial functional limitations, including fluctuating vision, difficulty reading because of their limited area of good central vision, and limited vision at night or under conditions of reduced illumination. The histopathological findings of atrophic age-related macular degeneration reflect the loss of the photoreceptor layer, the retinal pigment epithelium (Fine, et al., 2000).
Pathogenesis: 
Early in the disease process, lipids are deposited in Bruch’s membrane, possibly from failure of the RPE to process cellular debris associated with outer segment turnover. These deposits are known as basal linear and basal laminar deposits. Only later in the disease process are drusen visible. The appearance of drusen is the earliest visible clinical sign of AMD. Drusen appear as round yellow deposits located between the retinal pigment epithelium and Bruch’s membrane and vary in their size, shape, and location. Small drusen (<63μm) are extremely common, with approximately 80% of the general population older than 30 years manifesting at least one. However, the hallmark of AMD is the appearance of “soft” or “indistinct” (≥63μm) drusen. The number and confluence of drusen increase with age. After the age of 70 years, 26% of individuals have large or soft drusen, and 17% have confluent drusen. Analysis of drusen reveals that they contain lipofuscin, amyloid, complement factors, and additional cellular components. In addition to drusen, in AMD there is also concomitant thickening of the collagenous layers within Bruch’s membrane, degeneration of elastin and collagen (Rosenfeld, 2009).
Changes like calcification of Bruch’s membrane, increased levels of advanced glycation end products, and accumulation of lipids as well as exogenous protein  may serve as a hydrophobic barrier to impede the passage of fluid and nutrients between the choroid and outer retina resulting in relative ischemia. Subsequent ingrowth of neovascularisation from the choriocapillaris may then occur through fractures in Bruch’s membrane. (Rosenfeld, 2009). 
Retinitis Pigmentosa ( RP )
The name retinitis pigmentosa was first applied by doctor Donders in 1857. It is the phenotypic description of several related, yet distinct, hereditary.
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Fig.(3): shows retinitis pigmentosa fundus, Through this link: http://geneticpeople.com/?p=1189.
Progressive dystrophies of the photoreceptors of the retina and of the pigment epithelium (which lies just underneath the photoreceptors). 

Patients present with ring scotoma and night vision problems, which progress to a slow loss of all peripheral vision; central vision is spared the longest. It is the leading cause of inherited retinal degeneration-associated blindness. (Willacy et al., 2010).
Pathology

RP is characterized by changes in pigment and arteriolar attenuation, often with some degree of optic nerve atrophy. Post-mortem examination has shown that the pigmentation is caused by cells from the pigment epithelium budding off and settling within the layers of the neural retina. In the late stages of RP a thinning of the retinal blood vessels is seen, probably resulting from the loss of many retinal cells reducing the need for blood (Willacy et al., 2010).
The common end-point is a gradual deterioration of the light-sensitive cells of the retina. Both rod and cone photoreceptors can be affected, the predominance of one over the other being determined by the particular genetic defect in that patient. Rod photoreceptor malfunction is the most commonly encountered problem in RP, in other conditions cone dystrophies are distinct and present with a different set of problems (Berson, 2008).
There are various inheritance patterns. To date, more than 50 different genetic defects have been identified, including the following: X-linked (5-15%), autosomal dominant (30-40%) and the remainder assumed autosomal recessive (50-60%).  The autosomal dominant forms tend to have a milder course with a late, slow progression and preserved vision until the fifth or sixth decade. The X-linked form is the most severe; central vision is usually lost by the third decade. Isolated cases, with no family history, also commonly occur (Berson, 2008).
Epidemiology : 
Prevalence in all ages is approximately 1 in 4000 ,There are no geographical or sex predilections. However, because of X-linked varieties, men may be affected slightly more than women.

Presentation ( Symptoms and signs): 
Symptoms

Symptoms often start in childhood with impaired  night vision (nyctalopia) or dark adaptation. Progressive loss of peripheral vision is common (resulting in a tendency to trip over things), although there may be loss of central vision which tends to occur later. This eventually leads to blindness at a variable rate.  The symptoms usually become apparent between the ages of 10 and 30, although some changes may become apparent in childhood. In one type of RP, Leber's amaurosis, children may become blind, or almost so, within the first six months of life. Other types of RP may only show symptoms late in life. In some cases RP is first diagnosed following a road accident  (Caruso and Sieving, 2009)
Signs:
Dispersion and aggregation of retinal pigment produces changes ranging from granules or mottling to distinctive focal aggregates with the appearance of bone spicules. The retina shows black or dark brown, star-shaped concentrations of pigmentation. There may be various patterns of change, including pigmentation limited to one quadrant of the retina, abnormalities which appear to be radiating out from the disc and changes associated with a severe vasculopathy. (Willacy et al., 2010).
Associated ocular problems may include:

Myopia (frequently), subcapsular cataract, open-angle glaucoma (3% patients), keratoconus and vitreous changes (most commonly a posterior vitreous detachment).
Systemic findings :

Retinitis pigmentosa is usually confined to the eye but 20-30% of cases have non-ocular problems as well. At least 30 different associated syndromes have been identified: Patients with Usher's syndrome have hearing loss, which may be profound or partial with a congenital or late onset. This accounts for about half of all cases of combined deaf-blindness.
RP and hearing loss also are associated with Waardenburg's syndrome (which also include  iris pigmentary abnormality and hair hypopigmentation), Alström's syndrome (which also include cardiomyopathy, obesity, kidney and liver problems), Alport's syndrome (which also include progressive hereditary nephritis and deafness), Refsum's syndrome (which also include neurologic damage, cerebellar degeneration, and peripheral neuropathy), and other systemic conditions, all of which have their own systemic manifestations.
Short stature, renal dysfunction, and polydactyly are some signs of Bardet-Biedl syndrome or Laurence-Moon syndrome when associated with pigmentary retinopathy.
The mucopolysaccharidoses may be associated with RP (eg Hurler's syndrome, Scheie's syndrome, Sanfilippo's syndrome), as well as the mitochondrial disorder, Kearns-Sayre syndrome, which manifests as ptosis, external ophthalmoplegia, and heart block  (Caruso and Sieving, 2009).
Differential Diagnosis: 
Secondary pigmentary retinal degeneration occurs in a number of metabolic and neurodegenerative diseases, various syndromes and other eye diseases. In addition to those mentioned above, these include:
· Friedreich`s ataxia.

· Mucopolysaccharidosis.

· Muscular dystrophy (myotonic dystrophy).

· Usher's syndrome.

· Batten's syndrome.

· Bassen-Kornzweig syndrome.

· Homocystinuria.

· Oxalosis.

· Glaucoma with retinal pigment epithelial changes.

· End-stage chloroquine retinopathy.

· End-stage thioridazine retinopathy.

· End-stage syphilitic neuroretinitis.

· Cancer-related retinopathy.               
(Berson, 2008).     
Management
There is currently no definite treatment for this condition although a number of drugs have been proposed for the management. The evidence supporting their effectiveness is variable and generally limited and referral to a low vision specialist is very helpful. (Caruso and Sieving, 2009).
Traditional Low Visual Aids
Robert, et al., in 1994, defined low vision aids as optical devices providing magnification in order to compensate for reduced visual acuity, while contrast is maximized with local task lighting.
Low vision devices are optical lenses that enhance visual performance by magnification  (Fay, 1996).
The Magnification :

Low vision patients can not obtain satisfactory visual acuity inspite of the correction of any existing refractive error. Any method of improving visual acuity requires enlargement of the retinal image, so that the image of a fixed object stimulates a large number of photoreceptors. Thus, some for of magnification must be provided (Troy, 1987).

Methods of providing magnification as described by troy in 1987:

[1] Relative distance magnification:

It is the magnification that results from decreasing the distance of the object from the eye.
[2] Relative size magnification:

It is the magnification obtained by increasing the size of the object at its original position. Large print books and newspapers are examples of this form of magnification.
[3] Projection magnification:
It is the magnification that results from the formation of an enlarged image of an object on screen. The projection system may be optical or electronic, an example for the latter is a closed circuit television system.
[4] Angular Magnification:

It is specified by the ratio of the angle subtended by image of an object to the angle subtended by the object when viewed directly, and both angles are subtended at the centre of the pupil of the eye. 
Different types of magnification can be used in combination with each other, and the total magnification created is the product of the tow individual values. (Troy, 1987).

Low vision Aids are classified into Optical and Non Optical aids:

(I) Optical aids:
It is a device that raises the level of visual performance of the low vision patient by it's optical properties. It may be convex lens, mirror, prism, or electronic device (Dikinson, 1998).
​It may be for near, intermediate or far vision.
A- Optical aids for near vision:

[1] Spectacle Magnifying lenses:

Spectacles are the low vision aids that are the most often prescribed, and the aid of choice in most situations. They are simply convex reading glasses with higher powers than normal. This powers provide a shorter focal distance, resulting in relative distance magnification (Barbara, 1997).
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Fig. (4): Spectacle Magnifying lenses, through this link: [http://expedientmeans.files.wordpress.com/2011/07/magnifying-glass.jpg]. 

[2]Hand and stand magnifiers:
Hand magnifiers are convex magnifying  lenses mounted in such a fashion that they may be held (Rosenbloom, 1980).
Stand magnifiers are similar to hand magnifiers, they consist of a convex lens surrounded by a plastic, or metal carrier instead of a handle. These enable the magnifier to stand freely on a paper of print (Sloan, 1968).
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Fig. (5): Hand and stand magnifiers used for near vision, through this link:[http://expedientmeans.files.wordpress.com/2011/07/magnifying-glass.jpg].
[3] Telescopic lenses for near vision:

Magnification for near range can be achieved by putting a reading cap power over a distance telescope, or putting an extra power into objective lens (Theodere, 1996).
B- Optical aids for Intermeditae vision:

Telemicroscopes can be used for intermediate vision. These are galilien systems in which the objective lenses have more plus power for focusing at some intermediate distance. They are indicated to provide magnification at a distance that permits manual manipulation without obstructing illumination e.g., typing, operating machines or computers (Holm, 1970).
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Fig. (6): Tele-microscopes can be used for intermediate vision Through this link:  [ http://www.eyeassociates.com/Keeler%20Telemicro.jpg ]

C- Optical aids for far vision:

Distance vision aids are prescribed less frequently than near magnifiers as they are indicated for activities that can not be achieved by approaching the target. Telescopic aids are the best optical systems that provide magnification for distance (Fonda, 1976).
They are either Galiliean telescope which has a positively powered objective lens and negatively powered eyepiece lens or Keplerian telescope (Astronomical) which has both objective and eyepiece lenses of positive power (Troy, 1987).

Different forms of telescopes:

(1) Head borne telescopes:
With few exceptions, head borne aids for distance vision are Galilean telescopes. These are available as full diameter telescopes which extends over the entire aperture of spectacle lens and bioptic telescopes whereas the telescope is smaller in diameter confined to upper portion of a carrier lens (Theodare, 1996).
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Fig. (7): Head Borne telescope used for distance vision, Through this link: [http://www.calcuttayellowpages.com/cimage28/110276pic05.jpg ].

(2) Hand held telescopes:

Hand held telescopes are the mode of choice for most short term or intermittent tasks, Small hand held telescopes may easily carried in pocket and brought out as required.
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  Fig. (8): Hand held telescope, Through this link: [http://www.stanleylondon.com/tele16-1.jpg].

(3) Contact lens telescopes:

It is formed of highly concave contact lens as an eye piece and a highly convex spectacle  lens as an objective resulting in a telescopic system. This classic application of contact lenses eliminates the effects of corneal irregularities (Astigmatism & Keratoconus) and of great advantage in high myopia and aphakia (Bier, 1960).
The use of pinhole in contact lens design provides another valuable application for contact lenses specially with an-iridia and coloboma cases (Rosenbloon, 1969).
(II)Non-optical aids:
Non- optical  low vision aids are devices other than the magnifying lenses. They complement, supplement, or substitute the optical aids, and help patients in their daily life (Barbara, 1997). 
They enhance visual function by improving environmental condition without using optical lenses e.g., books with large print letters, reading lamps, coated lenses to reduce glare and reading slits (Mc. Glillivary, 1994).
A-Lighting:

Significant increase in visual acuity and reading ability was reported to be achieved  with high illumination in low vision patients with macular diseases (Feiock et al., 1973).
B-Pinholes and stenopaeic slits:

The optical purpose of pinholes is to reduce aberrations and light scattering and increase depth of focus. Pinholes may be single or multiple and available as spectacles, clip-on or incorporated in contact lenses. Stenoepic slits function as elongated pinholes (Rosenbloom, 1969).
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Fig. (9): Stenoepic slit, through this link: [http://img.tfd.com/ElMill/thumb/F0D-07-S2958.jpg ].

C-Reading and writing Aids:

``Large print`` is a term that applies to any size print larger than the standard in most of books and about 18 or 24, which is 2x magnification, or twice the size of regular print (Barbara, 1997).
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Fig. (10): Large print book, through this link: [http://largeprintexperts.com/images/horiz_285z.jpg].

D- Absorptive filter lenses:

Absorptive filter lenses are recommended for patients with albinism, retinitis pigmentosa, macular degeneration and glaucoma in which these lenses decrease glare in presence of high light (Rice, 2000).
Applying Video magnifier technology:

The use of video technology for vision start as an idea at 1959 which also known as closed circuit television (CCTV), but was of limited use until a decade later, when the first prototypes were introduced (Potts et al., 1959).
Early studied of this new technology quickly confirmed its effectiveness in imporving the reading abilities of individuals with all the levels of visual impairment (Apple et al., 1976).
They consist of a video monitor with small video camera attached beneath it. Written material can be placed under the camera where its filmed and transimited to the monitor in large print enlarged from 2x to so large enables patients to read materials that are not available in large prints (Fay, 1976).
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Fig. (11): Closed circuit television (CCTV), through this link: [http://0.tqn.com/d/assistivetechnology/1/0/D/0/-/-/840_Freedom_Machine_CCTV_large.jpg]

History and Idea of the Chips

History: 

The first attempt to build a visual prosthesis dates back to the 1970s. In the late 1980s, 2 research groups, one based at the Massachusetts Eye and Ear Infirmary at Harvard Medical School and Massachusetts Institute of Technology, and the other at the North Carolina State University and the Duke University, simultaneously began to investigate the development of a retinal prosthesis. The latter consortium moved to the Johns Hopkins Medical School and then to the University of Southern California and now forms a nucleus of activity that is tied to the Second Sight Medical Corporation. The field of retinal prosthetics now includes more than 15 research groups in 6 countries (Rizzo,  2011).

In the early 1990s, scientists led by Mark Humayun at Johns Hopkins Univer​sity (now at Doheny) made an important discovery that led to an opportunity for intervention. They found that the remain​ing neural wiring in the retinas of RP and AMD patients could still receive and transmit light signals. The team began working on an implantable microelectrode array that could communicate with the remaining functional cells and stimulate visual perceptions. 
In a breakthrough operation performed in 2002, Humayun successfully implanted the first device of its kind, a primary array into the eye of a patient who had been blind for more than 50 years. Since then, more than 30 additional volunteers around the world have had first- or second-generation devices implanted (Artificial Retina Project, 2009).
Idea of Retinal Chips:
Even if you wear eyeglasses, your vision is probably good enough that you can recognize the small letters on this page. Text on most computer screens is about 3 millimeters tall and 2 mm wide (12 x .08 inches). 
As you read this one sentence, you are probably oblivious to the thousands of pieces of visual information that your eyes are gathering each second. Just in the retina alone, there are millions of cells that work right now acting as photoreceptors reacting to light, similar to how a camera works to capture images on film.

Until now, those who lost their vision to retinal disease would have had little hope of regaining it and technological breakthroughs could soon give back the gift of sight. Several groups of scientists have already developed silicon microchips that can create artificial vision.

The idea is noticed in number of retinal diseases that attack the outer light sensitive retina, rendering the rods and cones inoperative causing either loss of peripheral vision or total blindness. However, it's been found that neither of these retinal diseases affects the ganglion cells or the optic nerve. This means that if scientists can develop artificial cones and rods, information could still be sent to the brain for interpretation.
The development of artificial retinal prosthesis or retinal chips replacing photoreceptors and passing visual signals to the next level behind the damage stimulating the intact healthy optic nerve fibers is the main idea (Bosner, 2011).
How it Works

Normal vision begins when light enters and moves through the eye to strike specialized photoreceptor (light-receiving) cells in the retina called rods and cones. These cells convert light signals to electric impulses that are sent to the optic nerve and the brain. Retinal diseases like age-related macular degeneration and retinitis pigmentosa destroy vision by annihilating these cells.
With the artificial retina device, a miniature camera mounted in eyeglasses captures images and wirelessly sends the information to a microprocessor (worn on a belt) that converts the data to an electronic signal and transmits it to a receiver on the eye. The receiver sends the signals through a tiny, thin cable to the microelectrode array, stimulating it to emit pulses.


Fig. (12): Diagram shows how the artificial retina works. Through this link:http://www.dailymail.co.uk/health/article-1231172/Blind-man-fitted-bionic-eye-sees-time-30-years.html.
 
The artificial retina device thus bypasses defunct photoreceptor cells and transmits electrical signals directly to the retina’s remaining viable cells. The pulses travel to the optic nerve and, ultimately, to the brain, which perceives patterns of light and dark spots corresponding to the electrodes stimulated. Patients learn to interpret these visual patterns. (Artificial Retina Project, 2009).
System Overview
The overall system of a retinal prosthesis in more details and its block diagram are shown in Fig. (13). It is basically two units systems one is extraocular and another intraocular unit-magnetically coupled together. 
      [image: image13.emf]
Fig.(13): Complete artificial vision restoration system.                                Auner G., Siy P. and Talukder M.(2008). High Resolution Implantable Microsystem and Probe Design for Retinal Prosthesis. The Open Ophthalmology Journal, volume 2, Pages 77-90. 

The intraocular unit is implanted inside the eye, while the extraocular unit is mounted on the eyeglasses. Extraocular unit has a camera, an image processor, an encoder, and a transmitter built on the eyeglass. High-resolution image from  a camera is reduced to lower resolution matching the array of electrodes by image processor, which is then encoded and transmitted wirelessly. The intraocular unit is implemented in two chips-one is wireless receiver and another Neural Implant Chip (NIC) as shown in Fig.(15)

Wireless receiver recovers each pixel and clock, and generates necessary power for the chip from its 13.56MHz carrier frequency. NIC is implanted in the retina to stimulate the healthy cells. It converts each pixel into biphasic current stimulus, and applies it to a 5x5 array arranged to reproduce vision (Auner et al., 2008).
Design of Prosthesis:
Four main functional blocks of the chip are data receiving register (DRR), biphasic width controller (BWC), current stimulator (CS), and neural stimulator (NS). These blocks are controlled by the neural implant chip controller (NICC). In the following sections, the detailed design and function of each block are presented.
1. Data Receiving Register (DRR)

DRR is designed to handle 40 bits of data which is suitable capacity for neural stimulator (NS) 5x5 array with  5 rows and 5 columns.  DRR is a double buffering first-in first-out (FIFO) serial to parallel converter. The 40-bit data is serially inputted to the 40-bit  shift register (DFF), then latch to the 40-bit latch register (LCH).
2. Biphasic Width Controller (BWC)

The main function of the BWC is to control the amplitude and frequency of the current. It is designed with three similar units for controlling anodic width (P), interface delay, and cathodic width (N). Each unit has a memory register (LCH0-LCH5) and a synchronous binary counter composed of 6 toggle flip-flops (TFF0-TFF5). When input L of TFF is low, bit P is loaded in DFF, else it toggles with CLK when T is high.
3. Current Stimulator (CS)


 It is an 8-bit current converter and converts binary weighted data (b0…b7) into equivalent analog current . It is designed using regulated current cascode, which uses negative feedback to stabilize the output current, and to increase the output impedance. 
4. Neural Stimulator (NS)

Probe Design: 

It has two flat electrodes embedded in the silicon substrate with the top surface exposed to the tissue. So these electrodes conduct current through the top surface only. The surface areas of both the electrodes are made equal to let them have equal current carrying capacity.

Circuit Design: 
The design of 5x5 array NS is shown in Fig.(14) . It has an array of probes (P11-P55), and a decoder (DFF1-DFF5). Each probe has four switches, which are controlled by two AND gates, which are controlled by the decoder and the BWC. 
The central and donut electrodes are fabricated on top metal-3 layer. Beneath the electrodes, the switches and gates are grown. There are five current stimulating buses (I1 to I5); each of them carries the time-multiplexed stimulus for all the probes of a column. PCK is the clock for the decoder, which is 40 times slower than the data clock CLK.  
[image: image14.emf]
Fig. (14): shows  5x5 array neural stimulator (NS).  Auner G., Siy P. and Talukder M.(2008). High Resolution Implantable Microsystem and Probe Design for Retinal Prosthesis. The Open Ophthalmology Journal, volume 2, Pages 77-90. 

In the next PCK cycle [which occurs after 40 CLK cycles, during which data of first row are loaded and  latched in DRR, and converted into analog currents (I 1–I 5) by CS ], decoder points to the first row (output of DFF1 is high) and five different stimulus currents are applied to the five probes of the first row, the duration of which are controlled by P and N . Before the rising edge of next PCK cycle, DRR is again loaded with new data for the next row selected by the decoder (DFF2), which are then converted into analog currents (I1–I5) by CS, and are applied to the probes of new row.
This pattern goes on till the end of 5th row, and then it starts all over again. So this way, parallel stimulation is being applied to all the probes of a row, and multiplexing among the rows.
5. Neural Implant Chip Controller (NICC)

NICC is the main controller of the chip. It controls BWC, DRR, CS, and NS and coordinate their functions.

A microscopic view of the Neural Implant Chip is shown in Fig (15).  (Auner et al., 2008).
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Fig. (15):  Microscopic view of the NIC array module. Auner G., Siy P. and Talukder M. (2008). High Resolution Implantable Microsystem and Probe Design for Retinal Prosthesis. The Open Ophthalmology Journal, volume 2, Pages 77-90. 
Types and Surgical Implantation
Types 
Two basic approaches have been used to achieve these aims. The first approach is based on the implantation of a photodiode array that can convert the energy of light from the visual scene into electrical pulses that stimulate the retina. The second approach is based on the placement of the means for imaging the visual scene away from the retina, which requires the use of hard-wired connections to deliver the electrical pulses to stimulating electrodes that are implanted on the epiretinal or subretinal surface. The former approach is perhaps more elegant and reminiscent of how the eye actually works, but it requires implantation into the eye of more sophisticated electronics, which would increase the risk of failure of components that could not easily be fixed or replaced, since then, most of researches depend on the 2nd approach (Rizzo,  2011).
There are two kinds of retinal implant under development: subretinal and epiretinal (Fig. 16). The subretinal device is implanted between the pigment epithelial layer and the outer layer of the retina, which contains the photoreceptor cells. In the subretinal device, thousands of light-sensitive microphotodiodes equipped with microelectrodes are assembled on a very thin plate and are placed in the subretinal space. Light falling on the retina generates currents in the photodiodes that then activate the microelectrodes, resulting in stimulation of retinal sensory neurons. In contrast, the epiretinal device is implanted onto the innermost layer of the retina that contains the ganglion cells. The epiretinal implant is essentially a readout chip that receives electrical signals containing image information from a distant camera and processing unit, and is coupled to the ganglion cells and their axons. In response to stimulation by the external image receiver system, the epiretinal implant generates electrical impulses that travel via the ganglion cell axons of the optic nerve to the brain  (Zrenner ,2002).
[image: image16.emf]
Fig. (16). An object (in this case a face) is projected by the cornea and lens onto the retina in an upside-down manner and is transformed into an electrical image by the photoreceptor cells of the outer retina. With a subretinal implant, the rods and cones are replaced by a silicon plate carrying thousands of light-sensitive microphotodiodes, each equipped with a stimulation electrode. Light from the image directly modulates the microphotodiodes, and the electrodes inject tiny currents into the remaining neural cells (horizontal cells, bipolar cells, amacrine cells, and ganglion cells) of the retinal inner layer. In contrast, the epiretinal implant has no light-sensitive areas but receives electrical signals from a distant camera and processing unit outside of the body. Electrodes in the epiretinal implant (small black knobs) then directly stimulate the axons of the inner-layer ganglion cells that form the optic nerve. (Zrenner E.(2002), Science journal, Will Retinal Implants Restore Vision? Vol. 295 no. 5557,  pp. 1022,  Feb 8, 2002, through this link http://www.stat.ucla.edu/~yuille/courses/fiat_stat19/handout4b.pdf   accessed [Oct 31, 2012]  )
Sub-Retinal Implants

A thin plate (Fig. 17 and 18),  (50 to 100 mm thick and 2 to 3 mm in diameter) carries hundreds to thousands of light-sensitive microphotodiodes equipped with microelectrodes of gold or titanium nitride arranged in arrays. Light emanating from visible objects is converted by the microphotodiodes into tiny currents at each of hundreds of microelectrodes. These currents are then “injected” into whichever neurons remain of the retinal network, the middle and inner retina thus taking over the information-processing part of vision. Subretinal prosthesis have a number of advantages, for example, microphotodiodes directly replace the damaged photoreceptor cells; the retina’s remaining intact neural network is still capable of processing electrical signals, positioning  and  fixing of the microphotodiodes in the subretinal space is relatively easy, no external camera or external image processing is required and eye movements can still be used to locate objects. (Zrenner, 2002).
Epi-Retinal Implants:

The epiretinal implant has no light-sensitive elements (Fig. 16). A very tiny field sensor, like a camera, is positioned either outside the eye or within an intraocular plastic lens that replaces the natural lens of the eye and is introduced using techniques developed for cataract surgery. Foil-bound wire                                                                connect the field sensor at the anterior of the eye with an electrode array implanted on top of  the inner retina. This array is attached to the inner retinal membrane  that  separates the neural layer from the vitreous body of the eye’s posterior chamber. Epiretinal implants are being investigated by Eckmiller and his colleagues, Humayun and his team, Rizzo and co-workers, and more recently by Abrams’s group from Detroit and a Japanese consortium lead by Tano from Osaka. Unlike the subretinal implant, the epiretinal implant does not use the remaining network of the retina for information processing. Thus, the epiretinal sensor has to encode visual information as trains of electrical impulses that are then conveyed by the electrode array directly into the axons of ganglion cells, which unite to form the optic nerve. 
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Fig (17): OCT shows sub retinal chip The Retinal Implant Project, Chapter 19, pp 1-11, through this link 
[http://www.rle.mit.edu/rleonline/ProgressReports/2853_19.pdf ]
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Fig.(18): shows sub-Retinal chip,  Bosner K. ( 2011) , How artifical vision will work, Feb 03,2011, through this link : http://science.howstuffworks.com/innovation/ everyday-innovations/ artificial- vision1.htm [ accessed  Oct. 29, 2012 ]  
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Fig. (19) shows  Epi Retinal chip ,Artificial Retina Project, over view of the Artificial Retina Project,  September 02,2009,  through this link : http://artificialretina.energy.gov/about.shtml [Accessed Oct. 31,2012]
The subretinal and epiretinal approaches both have their advantages and disadvantages. Whereas the subretinal implant uses the remaining neural network of the retina, the epiretinal implant does not and thus must provide additional processing to prepare the visual information. On the other hand, the information-transfer characteristics of the epiretinal implant are more amenable to external control. Fixing the subretinal implant in the subretinal space is relatively easy because the pigment epithelial cells of the retina “pump out” this space such that the implant is sequestered like “a peanut in a vacuum package.” In contrast, fixing the epiretinal implant is very difficult and carries the additional risk of stimulating cellular proliferation. The two-dimensional signal pattern of retinal photoreceptor cells is a mirror image of the outer world so that correct retino-optic stimulation by the subretinal implant, which replaces the photoreceptor cells, can be achieved. The epiretinal implant stimulates both the axons of ganglion cells, which may be far away, and their cell bodies, which are nearby, resulting in a more disordered stimulation pattern that has to be corrected electronically. However, the subretinal implant needs intact optics, whereas the epiretinal implant does not (Zrenner ,2002).
Surgical Implantation

The surgery to implant an electrode array on the epiretinal surface is easier (in technique) than that used to implant an array in the subretinal space.
Implantation of  sub-Retinal chip

The typical implantation procedure takes about two hours and proceeds in three stages. 
Pars plana Vitrectomy stage, in which, surgeons cut three incisions into the sclera, and drain the vitreous from the inside of the eye, replacing it with a saline solution.
During the second stage of the procedure, retinotomy is done, in which a small incision is made in the inner retina and fluid is injected into the subretinal space, creating a pocket or localized retinal detachment.
       The final stage involves the implantation of the microchip,  in which Surgeons “slide the implant into the subretinal space, just as one might slip a tiny coin into a pocket”. Once in place, it typically retains a tight apposition to the under-surface of the retina without the need for tacks or adhesives because of the fact that pigment epithelial cells of the retina “pump out” this space such that the implant is sequestered like “a peanut in a vacuum package”.  Surgeons apply a stream of air to close the pocket, and over the next several months the air pocket is taken up by the fluid of the eye.  (University of Brown,2006)
Implantation of epi-retinal chip

The epiretinal approach creates a greater challenge to achieve a close and conformal alignment of the electrode array to the retinal surface. The most common method to affix an epiretinal implant uses a ‘‘tack’’, which is prone to displacement and which tends to induce gliosis that potentially interposes a high resistive barrier to electrical stimulation. The risk of gliosis limits the number of tacks that can be used (typically only 1 or perhaps 2). Although a tack can  effectively secure the electrode array near the retina at the site of insertion, the remainder of the array tends to vault away from the retina. Even minor elevation of the electrode array will cause a significant elevation in the stimulation thresholds which increases the risk of damage to the retina and to the electrodes themselves. The epiretinal approach also becomes increasingly more challenging with attempts to use electrode arrays with larger areas (to provide more stimulating electrodes). These concerns contributed long ago to the decision to use a subretinal approach. (Rizzo,  2011). 
Challenges, Selection of Patients, Clinical Trials and Results
Challenges:
As this is a relatively new device, scientists are still in the process of overcoming several challenges. One of the first issues to be tackled was how to determine the strength of the impulse that would be needed to stimulate ganglion cells and send signals down the optic nerve to the brain. Dr Humayun performed extensive research to determine a level at which stimulation would be maximized but no burning or scarring was caused.
Another potential problem was that the eye is constantly moving and the electrode array would be prone to damage or separation from the retina. So far, the single retinal tack has proved effective. 
The electrode array also must be protected from the fluids inside the eye. The original design utilized a titanium and ceramic casing to enclose the device, and while effective, it was a bit bulky and would hinder future miniaturization. To improve upon this, Second Sight group has developed a diamond coating for the device. This thin film provides an extremely tough, electrically insulating, hermetic seal for the device.
 
Also unwanted interactions of the electrodes with non-local ganglion axons passing nearby also caused Dr Humayun to worry. These interactions were thought to produce light in the wrong places, however clinical trials have proved this effect to be minimal. (University of Brown,2006).
Selection of patients

The patient group best suited for implantation of retinal prosthesis may be patients with hereditary retinal degenerative diseases who are stricken with blindness, yet still have intact middle and inner retinal layers.  In addition, a second group of patients with certain forms of macular degeneration, including the age-related type, could benefit from retinal prostheses even at advanced stages of disease. Retinitis pigmentosa (R.P) and Age Related Macular Degeneration (ARMD) with their affected Photoreceptors layer and intact inner retinal layers

are the most suitable and commonly selected groups in all clinical trials (Zrenner,2002).
Clinical Trials and Results

The Model 1 or the 1st generation Argus I device has been implanted in six patients, whose ages ranged from 56 to 77 at time of implant and all of whom have retinitis pigmentosa. The device consists of a 16-electrodes array in a one-inch package that allows the implanted electronics to communicate with a camera mounted on a pair of glasses. It is powered by a battery pack worn on a belt. This implant now enables patients to detect when lights are on or off, describe an object’s motion, count individual items, and locate objects in their environment. To evaluate the long-term effects of the retinal implants, five devices have been approved for home use (Casey, 2009).
The U.S. Food and Drug Administration has granted approval to expand  2nd generation Argus II Retinal Implant feasibility study. As of mid-July 2009, 30 RP patients worldwide have been implanted with the device. In the largest visual prosthesis study to date, the Argus II continues to have a good safety profile. Implanted patients are using the artificial retina to successfully identify the position and approximate size of objects and detect movement of nearby objects and people. These implants also are providing subjects with sufficient vision to allow demonstrated improvement in orientation and mobility.
The Argus II is designed to have 60-electrodes grid that is surgically implanted and attached to the retina. This device has several advantages over the Argus I, a 16-electrode prosthesis that showed proof of concept with chronic stimulation demonstrated in 6 patients for more than 5 years. 
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Fig. (20): Shows countries which start clincal trials over humans. So far, 12 clinical centers in 5 countries have implanted patients with the Argus™ II retinal prosthesis which is intended to partially restore their sight and increase orientation and mobility, thereby improving patients’ quality of life. As of mid-July, 14 patients in the United States and 16 patients at sites in Europe and Mexico have been implanted with the device. These numbers continue to rise as more participants are enrolled in the trials. All clinical centers currently are recruiting more volunteers with retinitis pigmentosa.                Artificial Retina Project, over view of the Artificial Retina Project, September 02,2009.Through this link [http://artificialretina.energy. gov/graphics/ clinicaltrials.jpg ] Accessed [ Nov.10, 2012]

Argus II advantages include more stimulating electrodes and advanced image processing, and its smaller package requires less surgical time for the implant procedure. The Argus II underwent extensive in vivo and in vitro testing prior to clinical trials. While it is designed to last a lifetime, it can be safely removed if necessary. Further developments planned for the coming years are expected to enable reading and facial recognition.

Preliminary Results
All of the patients implanted so far with the Argus II system had bare light perception or worse vision before the surgery. Averaging 56.8 years, their ages range from 28 to 77 years. The median surgery time for the implant procedure in the United States is 3 hours.
Ongoing 3-year feasibility studies are testing the safety and efficacy of the device. For the 17 patients implanted with the device in the first 6 months, there have been no device failures and few serious adverse events, all of which were resolved with treatment. Such events included conjunctival erosion, hypotony, and endophthalmitis.
All 17 patients have seen phosphenes-patterns of light produced by electrical stimulation-and many are showing statistically significant improvements in orientation and mobility, spatial localization, and motion detection. They all are using the device outside the clinical setting.

Trials Enable Device Improvements
Feedback from the feasibility studies has led to several design improvements that are expected to increase the Argus II system’s clinical benefits. These data also have driven improvements to surgical techniques by advancing the development of an easier to handle device, which is making the implantation procedure more replicable. 
Preclinical testing of a 3rd generation retinal prosthesis with more than 200 electrodes is under way and has the potential to significantly improve the visual acuity of people with RP and AMD. Additional research and development efforts are expected to produce artificial retinas with more than 1000 electrodes.
Hopeful First Steps Toward Meaningful Sight:
The higher resolution that more advanced, 1000+ electrode prostheses potentially can provide the key  to the goal of enabling reading of large print, unaided mobility, and facial recognition. Higher-resolution implants are expected to enhance usage by allowing better vision not only for mobility, but also for object detection. With the 1000+ electrode device, patients are expected to be able to read and recognize faces, see Fig,21 to notice the expected improvement in the resolution with increasing the number of the microelectrodes.
[image: image21.png]Increasing Resolution

16 electrodes 200+ electrodes 1000+ electrodes.

These images approximate what patients with retinal devices ideally could see. Itis
hoped that increasing the number of electrodes will resultin more visual perceptions
and higher-resolution vision.

[Credit:Calfomia nstitute of Technology]




Fig. (21): Shows the increasing resolution according to increase the number of the electrodes in the implanted array.       Artificial Retina Project, over view of the Artificial Retina Project, September 02, 2009. Through this link [http://artificialretina.energy.gov/graphics/increasingresolution.gif ] accessed at [ Nov. 12, 2012]
Currently, “We’re replacing millions of photoreceptor cells with just 60 electrodes, so the corresponding vision that these patients are able to achieve is not as good as that of a normal-sighted person,” explains Dr Elias Greenbaum, a physicist at Oak Ridge National Laboratory and a member of DOE’s artificial retina team. Consequently, continued clinical testing is crucial for further design improvements that would allow more implants to realize the goal of near-normal sight. (Artificial Retina Project, 2009).
Psychological factors in visual impairment
The impact of low vision on a person’s quality of life can be devastating. But people should not accept the statement that nothing could be done about their low vision. People with low vision can improve their quality of life through vision rehabilitation services to teach them how to use their remaining vision more effectively. Using a variety of visual and adaptive aids may bring them back or help them keep their independence (Windsor et al., 2001).
Low Vision Rehabilitation

Low vision rehabilitation begins with a careful evaluation by an optometrist or ophthalmologist skilled in low vision rehabilitation. An understanding of the underlying disease or injury is crucial. Each disease or injury has unique functional characteristics. For example, rod/cone dystrophies, such as retinitis pigmentosa, may result in loss of peripheral vision, night blindness, loss of contrast sensitivity and “white-out glare” in bright light. 
In contrast, patients with central retinal disorders like Age Related Macular Degeneration, histoplasmosis maculopathy and Stargardt’s may present with a loss of central vision and photophobia, but retain their peripheral vision. The patient’s mobility may be adequate while being unable to read or recognize faces. The low vision examination by an optometrist or ophthalmologist skilled in low vision rehabilitation defines this physical and functional limit.  (Windsor et al., 2001).
The longer the one works in visual impairment, the more one realizes that much of the benefit for the patient is gained from having a knowledgeable person listen and discuss their visual state with them.
Nature of vision loss:
Nature of vision loss and its time beside other factors play important role in the psychological factors for the person. In general, the age of the onset of the impairment has a major role in influencing the disability. Patients with congenital eye disorders have to adapt to their surroundings from the start of life and will develop a variety of strategies, some often most imaginative, in coping with everyday tasks. It’s most heartening to examine a patient with a significant visual impairment who is finishing a degree or has just completed a major sporting or physical challenge. 
Acquired sight loss is often less well adapted to and a brief glance at the epidemiology of the sight loss immediately highlights that the majority of visually impaired are elderly and most have loss sight through eye disease in mid-life (diabetes) or especially in later life (macular degeneration). This presents a challenge to the patient in adapting to a new visual circumstances and it is essential for the practitioner to be able to understand this point.
A 70-year old man may have happily read newspapers on his lap for many years and driven himself about. A sudden loss of acuity may result in both these tasks becoming either impossible or very difficult and a great deal of time and effort may be required for him to attempt to relearn tasks.
Factors other than age play a role, include the people around the patient, environmental issues, and the presence of other impairment, both physical and mental. (Macnaughton, 2005).
Coping with loss:
It is generally recognized that there are various stages in dealing with loss which most people to varying degrees pass through. The initial stages are often shock and denial of the impairment. Many a patient may refuse to accept that they are losing sight and will react in such manner either to hide the impact or simply not believe there is any change in circumstance. This eventually is not possible to maintain and the next stage is often anger at the fact that sight loss has occurred and a fact that patient can’t deny. The next stage is often depression, when the patient has finally accepted that impairment is there and feels disillusioned as to why it had happen to them. An experienced practitioner may be of some help at this stage in explaining the condition and outlining how, with degree of effort and degree of determination, there may be ways of coping with the impairment and preventing it from completely disrupting the lifestyle the patient had once taken for granted. Eventually, and over a variable timescale between each individual, a patient comes to accept their lost and with this acceptance usually comes some degree of motivation to not be beaten by the impairment. It is at this stage that intervention and management is likely to be more effective (Macnaughton, 2005).
Giving information 

One of the commonest grievances described by the visually impaired relates to a lack understanding of the actual nature of their disease. The fact that many patients learn most about their eye disease from the internet is a sad reflection of the fact that no eye care professional has taken the time to explain the condition or spent time answering any questions. Most patients are able to cope better with their impairment if they understand it. Sadly, too many people are still told that `they have gone blind and there is nothing to be done` or, commonly with macular degeneration, that `you will never go blind ` despite the fact that the patient is no longer able to read or write.
An optometrist is ideally to give this sort of information and a few minutes spent in the consulting room explaining an eye disease to a patient is invaluable and genuinely appreciated. Much of this time is often spent dispelling various myths about the disease (Macnaughton, 2005).
Managing expectations 
From the outset, a patient should be offered a realistic expectation of what might be achieved by the low vision assessment. Too many patients arrive in low vision services having been told that ‘there is no treatment but go and see the optician for some strong glasses and this will improve things’. This is a disastrous start for the optometrist as often any attempt to use magnification will result in disappointment. Words such as ‘improve’ and ‘make better’ are best avoided. However this does not mean that a negative attitude needs to be adopted. This mean we have to follow the way that accentuates the positive attitude without setting up unrealistic expectation (Macnaughton, 2005).
Important special communication tips:
Some key points when communicating with a low vision patient:

-
The practitioner needs to be sensitive to the patient's emotional response to their to their impairment, especially so in the case of an acquired impairment. Bearing in mind that the commonest cause of registrable blindness in UK is age related macular degeneration, it’s not uncommon for a patient to have 70 years of good functional vision which is lost over just a few months or years.
-
A patient is more than a pair of eyes. Any advice you offer needs to address this obvious fact and merely dishing out low visual aids without understanding how someone might incorporate them into their daily life will result in disappointment for patient and practitioner alike. 
-
The absence of external signs of the problem, combined with the general perception that blindness means total lack of visual function, often means that relatives and carers of the patient are less supportive than might be expected. The practitioner may play a useful role here.                                                                                                                                                              (Macnaughton, 2005).
Summary and Conclusion
    
This study demonstrated that artificial retinal micro-electrode implants despite all remaining biological and technical challenges, results offer hope and can restore visual precepts in patients blind from hereditary retinal degenerations which affect the outer light sensitive retina with intact ganglion cells and optic nerve  to such an extent that localization and recognition of objects can provide useful vision, up to reading letters.                                                                                            
There are two types of prosthesis being developed, epiretinal and subretinal, each of which has his own advantages and disadvantages and trials are ongoing to determine which type will prove to be more useful.
The advantage of this approach is that :

1- All parts of the device can be implanted invisibly in the body.
2- The present study provides proof of concept that artificial retinal devices have the potential to  improve visual function from a state of complete blindness to one of low vision that allows localization and recognition of objects up to reading capability. 
Our recommendation is that these chips need more time and more clinical trials, as many points still need to be more clear such as :

1-
The long-term stability of these implants.
2-
Whether retinal neurons tolerate long-term electrical  stimulation without themselves being altered morphologically or functionally.
3-
More details about type of image that can be perceived by blind patients through an epi-retinal implant or the light-sensitive micro photodiodes of a sub-retinal implant. 
4-
Ensure strength of the impulse needed to stimulate ganglion cells, unwanted interactions and stimulations of the electrodes with non-local ganglion axons passing nearby.
5-
More time is needed to give chance for more technological improvements which markedly benefit the results in the last years specially increasing the number of the implanted photo electrodes.

In 1993, there were only two papers on retinal implants among the thousands presented at the annual meeting of the Association for Research in Vision and Ophthalmology (ARVO). Encouragingly, 1999 saw the number of presentations rise to 33, and the numbers continue to increase which reflect the marked attention which increases more day by day about these artificial chips.

Generally, the results of long-term testing of retinal implants in blind humans look promising, but more time is needed to demonstrate the complications in more accurate way, and to give chance for higher number of clinical trials with more improvements of the resolution of the elicited  image which accompany the general direction of most of the working groups in increasing the number of the implanted photo-electordes.

References
Apple L.E., Forst A., Goodrich G.L. (1976): Preliminary report on experience closed circuit television users, American Journal of Optometry and physiological Optics, No 53, pp 7.
Artificial Retina Project (2009): over view of the Artificial Retina Project, September 02,2009.  Through this link: http://artificialretina.energy.gov/about.shtml [accessed November 11, 2012]

Artificial Retina Project (2012): How the Artificial Retina Works, September 02,2009. Through this link: http://artificialretina.energy.gov/howartificialretinaworks.shtml  [accessed October  29, 2012].

Auner G., Siy P. and Talukder M.(2008): High Resolution Implantable Microsystem and Probe Design for Retinal Prosthesis. The Open Ophthalmology Journal, vol 2, Pages 77-90
Barbra B. (1997): The low vision handbook, Optical low vision aids, 1st Ed, pp 9, Slack Incorporated, ISBN: 155-642-329-2.   
Berson E.L. (2008):  Albert & Jakobiec`s Principles & Practice of Ophthalmology, 3rd Ed., Retinitis Pigmentosa and Allied Diseases, chapter 177., PP 2225-22252,   Elsevier Inc , ISBN: 978-1-4160-0016-7                   

Bosner K. (2011): How artificial vision will work, Feb 03, 2011, through this link :  http://science.howstuffworks.com/innovation/everyday-innovations/artificial-vision1.htm  [accessed  Oct. 20, 2012 ]

Bressler N.M., Bressler S.B., and Do D.V.(2008): Albert & Jakobiec`s Principles & Practice of Ophthalmology, 3rd Ed., Age-Related Macular Degeneration: Drusen and Geographic Atrophy , chapter 144, pp 1901-1917,   Elsevier Inc , ISBN: 978-1-4160-0016-7                   
Bunce, C.  Evans,J.  Fraser, S.  Wormald, R. (1998):  BD8 certification of visually impaired people, Britsh Journal of Ophthalmol, Vol 82 , Issue 1, pp 72- 76

Caruso R.C., and Sieving P.A.,(2009): Yanoff Ophthalmology, 3rd Ed., Retinitis Pigmentosa and Related Disorders, Chapter 6, Section 4, pp 550-559, ISBN : 978-0-04332-8.

Casey D.K. (2006): Designing an artificial retina challenges and progress, Artificial Retina News journal, Vol.3, Issue 3, pp.1-8, 2006, through this link http://artificialretina.energy.gov/pubs/ARN_fall_06.pdf     [accessed November 11, 2012]

De Jong, P.T .(2006): Age related macular degeneration, The New England Journal of Medicine, Vol 355, No 14, pp 1474-1485 , October 5, 2006. Through this link: http://www.nejm.org/doi/full/10.1056/NEJMra062326#t=article [accessed September 15, 2012]

Dikinson C. (1998): Low Vision Principles & Practice, Incidence & Causes, 4th Ed, , pp 17-29, Boston, Butter worth-Heinemann, ISBN: 075-0622-628.

Dikinson C. (1998): Low Vision Principles & Practice, Magnification, 4th Ed, pp 69-72, Boston: Butter worth-Heinemann, ISBN: 075-0622-628.

Fay E.E. (1976): Clinical Low Vision, Medical management of low vision problems., 1st Ed, pp 282-283, Boston, Little Brown and company publisher.

Fay E.E. (1996): Duane`s Clinical Ophthalmology , Low vision, pp 325-390, Philadelphia, Lippincott- ravan publishers. 

Fay E.E.(1985): Duane`s Clinical Ophthalmology, Low vision, 1st Ed, pp 1, Harper and Row.

Feiock K.,  Hable A. and Solan L.L. (1973): High illumination as an auxiliary reading aid in diseases of the macula, American Journal of Ophthalmology, No 76, pp 745.
Fine I., Greenberg R., Humayun S.,  Mahadevappa M., Weiland J. and Yanai D. (2007): Visual Performance  Using a Retinal Prosthesis in Three Subjects with Retinitis Pigmentosa . American Journal of Ophthalmology, volume 143, Issue 5 , Pages 820-827.e2
Fine, S.L.  Berger, J.W.  Maguire, M.G and Allen C.H. (2000): New England Journal of Medicine, Vol 342, No. 7, pp 483-492, February 17, 2000. Through this link: http://www.nejm.org/doi/full/10.1056/NEJM200002173420707 [accessed September 16, 2012]

Fonda G. (1976): Arch Ophthalmol., Visolett magnifier, No 94, pp 1614.

Gross A.K. and Wensel T.G., (2011):  Adler’s physiology of the eye, 11th  Ed., Chapter 18, section 6,  pp 394-410,  ISBN: 978-0-323-05714-1

Holm O.C. (1970): Arch Ophthalmol., A simple method for widening restricted visual fields, No 84, pp 611. 

Khurana A.K. and  Khurana I. (2008): Anatomy and Physiology of Eye, 2nd Ed.,  Chapter 6 -Retina, Visual pathway and Physiology of Vision, pp 177,  New Delhi, Satish Kumar Jain, ISBN 81-239-1267-6
Low Vision Consensus Group(1999): Recommendations for future service delivery in the United Kingdom , Through this link: http://www.lowvision.org.uk/Publications/LowVisionServicesRecommendations.doc  [accessed August 20, 2012]

Macnaughton J. (2005): Eye Essentials: Low Vision Assessment, Oxford-Uk, Elsevier Health Sciences, ISBN-100750688548.
Mc Gillivary R. (1994): Aids appliances review, Evaluation of low vision patients, No 14, pp 40-43.
Milam A.H., Smith J.E. and John. S.K. (2006): Duane`s Clinical Ophthalmology, Anatomy and Cell Biology of the Human Retina, Vol.3, Chapter 1, Philadelphia: Lippincott Williams & Wilkins Through this Link: http://www.oculist. net/downaton 502/prof /ebook/ duanes/pages/ v3/v3c001.html  [accessed June 20, 2012 ]

National Eye Institute, National Institutes of Health (2009): National Plan for Eye and Vision Research, Through This Link : http://www.nei. nih.gov/ strategicplanning/np_low.asp [accessed April 17, 2012].

Potts A.A., Volk D. and West S.S. (1959): A television reader as a subnormal vision aid, American  Journal Of Ophthalmology,  No 47, pp 580.

Remington L.A(2012): Clinical Anatomy And Physiology Of The Visual  System, PP 79-83, 3rd Ed., Elsevier Inc., ISBN: 978-1-4377-1926-0
Rice T.A. (2000): Ophthalmol, Non optical aids, No 93, pp 220-230.

Rizzo J.F(2011): Update on Retinal Prosthetic Research: The Boston retinal implant project, Journal of nuero-ophthalmology, Volume 31, No 2, pp 160-168,  june 2011, Through this link : http://www.bostonretinalimplant.org/assets/Uploads/JNO-Overview.pdf  [ accessed Oct 31, 2012 ]

Rosenbloom A.A. (1969):  The controlled pupil contact lens in low vision problem, American Journal of the Optometry association, No 40, pp 836.

Rosenbloom A.A. (1980):  Principles and practice of Ophthalmol., Low vision , pp 241, Chicago, W.B Saunders company.

Rosenfeld,P.J.,  Martidis A.,  and Tennant M.T.S. (2009): Yanoff & Duker Ophthalmology, 3rd Ed. Age-Related Macular Degeneration , part 6, section 6, pp 658-673, Oxford-Uk, Elsevier Health Sciences , ISBN : 978-0-04332-8

Schubert H.D.,(2009): Yanoff Ophthalmology , 3rd Ed., Structure and Function of the Neural Retina Chapter 6, section 1, pp.511-521, Elsevier Inc , ISBN : 978-0-04332-8

Shuntermann, M.F. (1996): The international classification of impairments, disabilities and handicaps (ICIDH) results and problems. International Journal of Rehabilitation Research, Vol 19 - Issue 1 – March 1996, pp 1-12

Sloan L.L. (1968):  Arch Ophthalmol., Reading Aids for the partially sighted, Factors which determine success or failure, No 80, pp 35.

Snell R. S. and Lemp M.A., (1998): Clinical Anatomy Of The Eye, 2nd Ed, Anatomy of The Eyeball-Nervous Layer-the Retina, chapter 6, pp 175-192, Oxford, Uk, Blackwell since, ISBN-13:978-0-632-04344-6.

Gro Harlem brundtland (2002): Health and disability conference of World health organization, Speech of the Director- General, April 2002, Through this site:  http://www.who.int/directorgeneral/speeches/2002/english/20020418_disabilitytrieste.html   [accessed at 1st of May, 2012]
Theodere J.B. (1996):  Anomalies of refraction and Binocular vision, Primary care optometry, 3rd Ed, Optical aids for low vision, pp 513.

Troy I. M. (1987):  Low vision principles and management , Optical principle of lenses for low vision , in low vision principles and Rehabilitation, pp 357-360, Boston, Butter worth- Heinmann.

University of Brown.(2006): Site of Brown University, Artificial retina project, Organ transplantation ,BI 108 project, Through this Link:  http://biomed.brown.edu/Courses/BI108/2006108websites/group03retinalimplants/optobionics_frameset.htm      [accessed November 6, 2012 ]

University of Michigan Kellogg Eye Centre.(2012): Site of Michigan University, Patient Care, Conditions, Low Vision, through this Link: http://www. kellogg. umich. edu/patientcare/ conditions/ lowvision.html [accessed April 17, 2012 ]
Who.(2012): Site of Word Health Organization, Through this Link: http://www.who.int/mediacentre/ factsheets/ fs282/en/  [accessed March 20, 2012 ] 
Willacy H. and Scott O. (2010):  Site of Ptient.co.uk, Home, Professional Reference, Retinitis Pigmentosa. Through this Link : http://www. patient.co. uk/doctor/Retinitis-Pigmentosa.htm#ref-6 [accessed September 16, 2012]
Windsor R.L. and Windsor L.K. (2001): Introduction to Low Vision Rehabilitation, Rehabilitation Professional Journal, spring 2001, Through this link: http://www.eyeassociates.com/images/an_introduction_to_low_vision_re.htm  [accessed  November 23, 2012]

Zrenner E.(2002): Will Retinal Implants Restore Vision,  Science journal, Vol. 295 No. 5557,                      pp. 1022-1025,  Feb 8, 2002, Through this link : http://www.stat.ucla.edu/~yuille/courses/fiat_stat19/handout4b.pdf   [accessed Oct 31, 2012] 
الملخص العربي

ان ضعف البصر هو مصطلح دال علي مستوي معين من الرؤية هو 20/70 أو أقل بالرغم من ااستخدام العدسات التقليدية، و يعرف أيضا كنقص دائم في حده الإبصار أو فقدان لجزء من مجال الإبصار علي الرغم من ااستخدام النظارات الطبية، أو العدسات اللاصقة أو التدخل الجراحي.
و يقدر عدد محدودي البصر علي مستوي العالم بنحو 285 مليون شخص طبقا لمنظمة الصحة العالمية حيث يشكل المكفوفين منهم 39 مليون و ضعاف البصر 246 مليون شخص.
 و تعتبر أمراض شبكية العين شائعة علي جميع المستويات العمرية، فهناك حوالي 25 مليون شخص حول العالم منهم 6 ملايين بالولايات المتحدة الأمريكية  سيصبحون مكفوفين او من محدودي البصر نتيجة للأمراض المدمرة للشبكية، و يعتبر هذا الرقم معرض للتضاعف بحلول عام  2020.
إن ضعف حده الإبصار أو العمي يمكن أن يحدث نتيجة لأمراض عديدة، و بناء علي تحليل البيانات, تعتبر الأسباب الرئيسية لضعف حده الابصار هي الأمراض التي تصيب كبار السن و تشمل ضمور المقولة الشيخوخي، و ام الغلوق (ارتفاع ضغط العين)، و الانفصال الشبكي، والساد، و ضمور العصب البصري،  وعلي الرغم من وجود خطوات هامة في العقود الأخيرة للعلاج و الوقاية من أمراض العين التي تسبب ضعف حده الإبصار،  إلا إنه لا تزال هناك اسباب عديدة لفقدان البصر دون علاج .
إن عملية تطوير تعويضات الشبكية الإصطناعية أو الرقائق الإصطناعية للشبكية لكي تحل محل الخلايا الضوئية و لتمرير الإشارات الضوئية لمستوي ما بعد هذه الخلايا، قد أعطي للعلماء امل قوي في المحاولة لتغير ما كان يعتبر تلف دائم في الشبكية.
 إن الهدف هو تصميم جهاز يحتوي علي المئات أو الألاف من الأقطاب الكهربائية الدقيقة التي قد تساعد في استعادة جزء من البصر يمكن من القراءة و الحركة دون مساعدة و التعرف علي الاشخاص، وإن مثل هذه الوسائل قد تمكَن من الإستعاضة عن وظيفة الخلايا الضوئية في حالة تلفها.
هناك نوعان من الرقائق الإصطناعية : فهناك رقائق ما فوق الشبكية و تقوم بتمرير الإشارات الضوئية لخلايا العقد العصبية بالشبكية، وهناك رقائق ما تحت الشبكية و تقوم بتمرير الإشارات الضوئية الي خلايا الشبكية ثنائية القطب فالعديد من التجارب تمت لتحديد أي النوعين يقدم كفاءة أفضل في نقل الاشارات الضوئية للعصب البصري و من ثم الي المخ.
ولأن هذه الرقائق مازالت حديثه نوعا ما، فإن العلماء مازالوا في مرحلة المحاولة للتغلب علي تحديات عدة و منها : تحديد القوة اللازمة للإشارات الضوئية من اجل تحفيز خلايا العقد العصبية بالشبكية، و هناك تحديٍ اخر يتمثل في حماية القطب الكهربائي من التلف او الإنفصال من الشبكية.
وأخيرا فالعديد من الأبحاث الأخري تجري للحد من مشاكل التحفيز الغير مرغوب فيه لحزم عصبية أخري بالشبكية مما يؤدي الي صور بصرية غير مضطربه.
وحيث ان تعويضات الشبكية الإصطناعية قد قامت بجذب انتباه الكثيرين, و إعطاء الأمل لملايين الأشخاص المكفوفين فمن خلال هذه الرسالة سوف نقوم بتحليل الأهداف و الجوانب التكنولوجية  و مدي كفاءة هذه الرقائق الواعدة و كذلك التحديات التي تواجها .

تعويضات الشبكية الإصطناعية في مساعدات ضعف الإبصار
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