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Diseases causing vision disorder

- Corneal Diseases
- Cataracts/Glaucoma
- Retina Diseases
- retinitis pigmentosa (RP)
- age-related macular degeneration (AMD)
- Brain

Intro BME



Losing sights

Most cases of Blindness caused by

- Age-related Macular Degeneration, AMD L0 2t&d & BtH A
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- Diabetic Retinopathy & & 2t8tH

Most serious cause of blindness
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- Retinitis Pigmentosa(2} & A At
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Loss of Vision

Visual ImpairmentAl & & 0H:

- 24%(single eye), 100%(both eyes)
30% of all adult blindeness

- RP; 1/4000 of normal polulation

- AMD; 1/20 among 65 years and older
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Retina

- Recognize the image
-+ Pass visual info to brain
.+ Acts like film
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Structure of retina

(photoreceptors):
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Recovery of vision

Drugs
Stem cells theraphy (differentiation problem)
Implantation of photoreceptors

Imitation by electrical stimulation
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Why artificial retina?

Development for past 20 years

- It was found that the inner layers of retina are well preserved in
RP Patients

- Inspired by success in Cochlear implant

- IT technologies for miniaturization

Research from late 1980’s
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History

Foerster (1929): A& =S & D] A}
XS DpEb
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Artificial Vision
Ol Al NE & X
Basic Concept:
Replacing the function of photoreceptors by electronics

Hypothesis:

Vision can be evoked by electrical stimulation.
Goal:

Implantable Microchips
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Number of electrodes
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Required number of pixels

8x8 32 X 32 320 x 320
100 pixel image (10 x 10)
625 pixel image (25 x 25) : enable mobility

1024 pixel image (32 x 32) : partially useful vision
10,000 electrodes (100 x 100) : ambitious goal
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Visual Pathway

- Photoreceptor —»
bipolar cell (BC) —
ganglion cell (GC)

— optic nerve (ON) —»
lateral geniculate
nucleus (LGN)

— primary visual
cortex (VC)

- in brief, BC - GC —»
ON —» LGN — VC

Lateral
geniculate
nucleus

Primary visual cortex

From Front of the Eye to Back of the Brain

Lateral Geniculyte
- Nucleus {LGN)

fxons Bipalar
Cel
Ganglion
Cell

Primary
Wisual
Cartex W1}



Kinds of Artificial Vision (electrical)

Subretina implant
Epiretina implant
Superchroidal Implant
Optic nerve stimulation
Visual cortex stimulation
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Subretinal vs. Epiretinal

Inner retina

Outer retina

Anonz
tobrain

Implant in

Eplratinal
i piant

the subretinal space

Oplic nerva
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- Inner Neural Layers

- Bipolar cells are stimulated
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Optobionics
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Epi Retina Stimulation
2rorer A=

- Ganglia Cells are
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Doheny / Second Sight
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visual prosthesis
video
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Courtesy of Dr. Claude Veraart, Université catholigue de Louvain, 2004



Stimulating Optic Nerve
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UCL (Universite Catholique de Louvain), Belgium
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Functional prototype of visual prosthesis
Interfaced
with the optic nerve.

1. Artificial
Lve

5. Spiral cull
clectrode

- - -~
2. External —_—
Processor

http://www.dice.ucl.ac.be/Mivip/
Claude Veaart, Universite Catholique de Louvain, Belgium Intro BME




Optic nerve
selective
stimulation

Phosphene
position depends
on the cathodic
contact selected
to deliver the
stimulation

(Veraart et al, Brain Research, 1998,813:181-186)
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Stimulating Visual Cortex
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Visual Cortex Stimulation
ulad A=)

Dobelle (1976):

- 64 Pt electrode, 8 x 8 array on 3 mm
centers in Teflon ribbon cable matrix
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Problems to solve
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Seoul Artificial Retina
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Seoul Artificial Retina
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Polyimide—based Retinal Prosthesis

Acute stimulation

Experiment ( rabbit)

Electrode spec.

Whole structure size : 3mm x 17.8mm x
16um
Size of each site : 50um x 50um
Number of sites : 25
Site spacing : 300 um
Insulation layer : Polyimide (P12525)
Shape of head : Rectangular, Triangular
Head size: 3mm x 3mm
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Micromachined
Silicon Tacks

Fabrication
- material: silicon, oxide on silicon, parylene on silicon
- full scale dimensions: length 3 mm, width 300 um, height 300 ym
- half scale dimensions; length 1.5 mm, width 150 um, height 150 um

pot Magn . WD



polyimide electrode array
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retina of a rabbit eye P
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# -silicon retinal tack
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Epi-retina implant using
Polyimide electrode and Micromachined Tacks
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Experimental Detail
SAXI/ANAEZE O|Zet A= Ad HE

OpenEX ‘
Recording Processor Recording/Stimulation Signal Generator
Control
Trigger
Sinchronization
Trigger Trigger
NP $
Preamplifier Low Impedance VEP/EEP
Head Stage -

Electrical Stimulation

Intro BME



Post- implant Electrophysiology
LAA=)| A = &) SE D=

Visual evoked Cortical
potential (VECP)
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Increase in Glucose Consumption after electric stimulation
AU Al AL SO E2 (PET &)

Light or elecw stimulation
18 can start

30 min 10 min
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Rectifier/Amplifier

Data Decoder (125Kbps)

Voltage Regulator (5V)

Internal Clock Generator(125KHz)

Current Source (7 channel)
Biphasic Wave Form Generator
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Seoul Retina Implant
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