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Neural Prosthesis

A device that connects directly with the
nervous system to replace or supplement
sensory or motor function.

- A device that imloroves the quality of life
of a neurologically impaired individual so
much that he/she is willing to put up with
the surgery, gadgetry, etc.
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Successful Areas of
Neural Prosthesis

- Hearing: Cochlear Implant

- Parkinson’s Disease: DBS (Deep
Brain Stimulation)

- Vision (in research)




Functional anatomy of the Cochlear

Cochlea from a human fetus (1) the scala media which contains endolymph

(5 months of gestation) (2) the scala vestibuli (3) scala tympani.
http://www.iurc.montp.inserm.fr/cric/audition/engli (4)the spiral ganglion
sh/cochlea/fcochlea.htm (5)the auditory nerve fibres

The Basilar Membrane is a Mechanical Analyzer of Sound Frequency.
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Tonotopicity:Encoding Frequency

W ow - Place Theory

1950s Georg von Bekesy: different
frequencies cause maximum
vibration amplitude at different
points along the basilar membrane.
— tonotopic (high freq. At the base
& low freq. At the apex)
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FDA-Approved Candidacy Guidelines, 1998

- Children
- >18 months

- Bilateral profound deafness
Lack of progression of simple auditory skills
- With appropriate amplification and aural rehabilitation for over 3-6 months
- Aided response in open set score <20%

- Adults
- Profound deafness >90dB
- Do not benefit from appropriate hearing aids
+ Open set score <40% with hearing aids




Low pitch Frequency (Hz) High Pitch
125 250 500 1k 2k 4k 8k

Very Soft

Hearing Level (dB)




In Blocks

External Internal
Skin
Speech Receiver /
Processor Stimulator
Microphone Transm_lttlng Recen_nng Electrodes
Coil Coil

Functional anatomy of the Cochlear

Cochlea from a human fetus (1) the scala media which contains endolymph
(5 months of gestation) (2) the scala vestibuli (3) scala tympani.
http://www.iurc.montp.inserm.fr/cric/audition/engli (4)the spiral ganglion

sh/cochlea/fcochlea.htm (5)the auditory nerve fibres




The Basilar Membrane is a Mechanical Analyzer of Sound Frequency.
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frequencies cause maximum
vibration amplitude at different
points along the basilar membrane.
— tonotopic (high freq. At the base
& low freq. At the apex)

10759

12478

14469

16714

19158




OIZYULE WRZ S AIS

FDA-Approved Candidacy Guidelines, 1998

- Children
- >18 months
- Bilateral profound deafness
+ Lack of progression of simple auditory skills

- With appropriate amplification and aural rehabilitation for over 3-6 months
- Aided response in open set score <20%

- Adults
- Profound deafness >90dB
- Do not benefit from appropriate hearing aids
« Open set score <40% with hearing aids

Low pitch Frequency (Hz) High Pitch
125 250 500 1k 2k 4k 8k

Very Soft

Hearing Level (dB)
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In Blocks

External Internal
Skin
Speech Receiver /
Processor Stimulator
Microphone Transm_lttlng Recel\_/mg Electrodes
Caoil Coil

Internal Implant

System Specifications

(1) Data transmission
A. Forward telemetry
- Bit rate : 128kbps
- Demodulation : Pulse Counting
B. Backward telemetry
- Modulation : Time Coded Load Modulation
(2) Stimulation
- CIS strategy.
- 16ch mono/ 8ch bipolar biphasic stimulation
- Stimulation rate : 1,000pps/channel
- Duration : Ousec ~ 56usec ( 8usec step)
- Amplitude : OuA ~ 1810uA ( 7.1uA step )
(3) Electrode
- Straight, Pri-curved shape with ball type site
(4) Housing
- Ti alloy




Wearable Speech Processor

General Description

) DSP based WSP
) 8ch CIS Strategy
3) PC interface for mapping
) Forward telemetry for stimulation
5) Backward telemetry for
Impedance check and system check

Hardware Spec.

1) Size (L-W-H, mm) : 80 X 55 X 23 (including batteries)
@) PCB size (L-W-H, mm) : 70 X 45 X 8
(©)] Batteries : 1400mAh 3.3.V Ni-MH battery 2ea.
(estimated total power : about 3267mwh)
@ Power consumption : 200mwW
(5) Estimated operation time : min. 16 hours.

& =2: Intra-cochlear Electrode

0.6 mm 0.8 mm
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The basic premise was: There is no way to replace
even crudely the exquisite structure and function of
the cochlea
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Speech test scores for a CIS user and for 6 subjects
with normal hearing*

EEN HR4
6 normals

Percent Correct

CNC CUNY HINT AzBio Cons Vowels CUNY+10 Az+10 Az+5
Test
CIS parameters: 16 channels of

processing and stimulation; 1449 *Data from studies by Wilson and Dorman
pulses/s/channel; 11 ps/phase pulses
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Processed sounds

Processed Speech Original Speech

1-channel simulation (El: Original sentence E(E],
2-channel simulation le Original sentence (E'I—
4-channel simulation Ql; Original sentence 4 Z
8-channel simulation Qli Original sentence (} g

t SHQIA HE Al2d0ld

16 24 32 64
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What are the (remaining) problems associated
with unilateral implants?

Words at 2 years*

Wide range of outcomes
Speech reception in noise
Sound localization

Reception of signals more
complex than speech, e.g.,
symphonic music

High effort in listening for
the great majority of patients

Percent Correct
o @gxo o 8%0%%@@@@ D gwo @




Possibilities for the future

Further development and refinement of bilateral electrical
stimulation and of combined EAS

Closer mimicking of processing in the normal cochlea
Representation of “fine structure” or “fine frequency”
information with implants

A “cognitive neuroscience” or “top down” approach to
implant design

Availability of low cost — but still highly effective — implant
systems for widespread application in India, China and
other developing countries

Controlled delivery of neuro-protective or neurotrophic
drugs to the implanted cochlea

Lee et al., “Cross modal plasticity and cochlear implants,” Nature 409: 149, 2001.

duration sentence duration
of deafness score of fraining
(years) (% correct) (years)

17



Patient Test Results (RTI patient “SR-3")
Jan. 8% - 12th, 2007

Speech Perception Test Results (RTI Patient "SR-3")

I
[ T CIRTI contrel system

20 + I . OPresented system

ONurcblosys w/ Mic

Percent Correct (%)
5 2
=T

c [ t © t CuNY CuNy cuNy M°"&;‘:2'N° Phoneme

In Quiet S/N=10dB SMN=5dB In Quiet SMN=10dB SMN=5dB In Quiet In Quiet
ORTI control system 888 813 671 99.5 T Ha 60.0 34.0
CIPresented system 875 833 729 934 80.4 44.9 24.0 48.0
DO MNurobiosys w/ Mic. B7.5 79.2 .3 95.6 5841 176 20,0 51.3

Test Materials and Signal Conditions

Cochlear implants have a bright future

Combined EAS

Bilateral implants
Representation of fine
frequency information

Better mimicking of

normal processing
Fruits of a “top down” i
approach to implant
design

Advent of low cost but

still highly effective

devices

Delivery of drugs to

the implanted cochlea




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

Diseases causing vision disorder

- Corneal Diseases
- Cataracts/Glaucoma
- Retina Diseases
- retinitis pigmentosa (RP) 2 M A MT|HA F;
1/4000 in normal population
- age-related macular degeneration (AMD) &1
Zted ZBtH A 1/20 in over 65
- 30% of etiology of blindness in adult
- Optic Nerve
- Brain
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visual prosthesis
video

Courtesy of Dr. Claude Veraart, Université catholique de Louvain, 2004

Functional prototype of visual prosthesis
interfaced
with the optic nerve.

1. Artificial

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




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)

I +30°

Contact 0° :
Contact 90 :
Contact 180° :
Contact 270° :

EEN

(]

-
N

=

I_I
[]

o
-
=

|_

==
JTHLC

> H

(%]
-

2]
[

EFT
LI LL

w
w
=
=

- m T —

<
L

v

&

-

I I )

\\m

(&1

I_I

w

L]

[
]

:F

H
A X+ 2

[25]
3]

e

[
@

[
@

_|_

N
=

=

21



Retinal Implant :
Cochlear Implant like power and data transmission

SNU Artificial Retina

HAER A=J[(Deep Brain Stimulator)
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Neurological Movement Disorder

neuron)2| &AM Q15H0 A 8 41 AUl over-activities YA

= Movement Disorders OFJ|

Rostral

« Parkinson’s Disease

Tremore at rest state

lower shaking frequency

Ceases during purposeful movement
« Essential Tremor (2E14 XH)

Tremore during movement

Higher shaking frequency
* Dyskinesia (Ol 425 5)

Power Impairment of voluntary movement
« Dystonia (22! &0| & 5)

Disordered tonicity of muscles

Parietal Lobe
/

substantia nigra”
-~

—
Cingulate Gyrus -
Corpus Callg —
. Se“::: s Occipital
B Thalamus™. pineal. ’ . Lobe
‘ v3 Rl
uperior Collleulus.
- ¥ Thalamus Irﬁcmrcall}mul
Hypothalamus o ~ v
it ' . feehs Chrebelar Coffex
e Bay Corsbiliar Pédunicles

Ventral
(Inferior)

Treatments for Movement Disorders

Ablative Surgery

« Over activitiesE 20l= &L SRS MAHE 22
N 2SZ0HE SHAIS = L2 20A41D] =8t
SE AREN 2 I1F DAl g

« BINKC AHEE D A= XZHOILL ZA Al
S0 ool F=H Lo J|s9 =4S 0|
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Drug Medication
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Deep Brain Stimulation

- HE 220 22 AU BRA=2 EC2AM
SSHUE SN2 SHAI =LY

e TremorE E&s 2E 2SSO0 S A=
o2 UEN S5 R S0l US.

Subthalamic
Thalamus nucleus

\

%
Globus
pallidus

Three Stimulating Targets of DBS
« Thalamic nucleus (Al &8)
« Subthalamic nucleus (Al Ao}&H)

« Globus pallidus (Z+243H)
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PD pathway

Dyskinesia
Dystonia
Glutamate
GABA/
Globus pallidus Enkephalin B
external segment Dopamine
GABA Glutamate GABA/Substance P S ntiapigfa
> pa ta
v i _ i / \
Subthalamic Globus pallidus Substantia nigra
nucleus Glutamate | internal segment  pars reticulata
GABA
Supplementary Ref) T. Hayakawa, JPET
motor area 296: 1074~1084, 2001
A2 = 8I|X= (DBS; Deep Brain Stimulation)
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DBS system +4

Implantable
Components j Patient
Component
. Self—ptowml'cld / e ﬁ." ! Use magnet link to
neurostimulator ” turn neurostimulator
=
« Electrode w \ off or on
DBS™ Lead

« Connection leads = gamily

Itrel” || Neurostimulator
”, Physician
Programmer
Prograrmimer, printer, and programming
head. Communicate via telemetry to
adjust neurostimulatar parameters.

Neurological

Test Stimulator
Device tests the effectiveness of
stimulation intraoperatively or during a test
stirulation period.

DBS Video

Medtronic Inc. Activa® Tremor Control Therapy
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