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cortical implants in 1991

Refer to Annual Reports on MVG
website

Refer to Annual Reports on MVG
website

Several

Y, Philanthropic
donations,
University funding

Y, Philanthropic
donations,
University funding

Up/Down

Jeffrey Rosenfeld:
jeffrey.rosenfeld@monash.
edu, Arthur Lowery:
Arthur.Lowery@monash.ed
u,
jeanette.pritchard@monash
Jeffrey Rosenfeld:
jeffrey.rosenfeld@monash.
edu, Arthur Lowery:
Arthur.Lowery@monash.ed
u,
jeanette.pritchard@monash

M. Sawan

http://www.bionicsinstitu
te.org/research/bionic-
vision/Pages/bionic-
vision.aspx

http://www.cera.org.au/r
esearch/macular-
research/

https://www.data61.csiro.
au/

http://www.nvri.org.au/

http://www.eyeandear.or
g.au/

http://www.unimelb.edu.
au/

https://www.engineering.
unsw.edu.au/research/res
earch-highlights/bionic-
eye
http://www.westernsydne
y.edu.au/
www.monash.edu/bionice
ye

www.monash.edu/bionice
ye

http://www.asc.tuwien.ac
.at/old/index.php?id=62&
L=&persid=21

http://www.polystim.org/

http:
bremen.de/content/inauk
a

www.isee.uni-

17.09.2016,
Rathbun
06.09.2016,
Abbott

06.09.2016,
Abbott

06.09.2016,
Abbott

06.09.2016,
Abbott
06.09.2016,
Abbott

06.09.2016,
Abbott

06.09.2016,
Abbott

06.09.2016,
Abbott
14.09.2016,
Pritchard

14.09.2016,
Pritchard

08.09.2016,
Fernandez
17.09.2016,
Rathbun
10.08.2016,
Rathbun

07.12.2015,
Rathbun

12.08.2016,
Meijer
17.09.2016,
Rathbun

13.08.2016,
Sawan
13.08.2016,
Sawan

17.09.2016,
Rathbun
17.09.2016,
Rathbun
01.08.2016,
Rathbun
17.09.2016,
Rathbun
17.09.2016,
Rathbun
08.09.2016,
Fernandez
08.09.2016,
Fernandez
17.09.2016,
Rathbun
17.09.2016,
Rathbun
17.09.2016,
Rathbun
17.09.2016,
Rathbun
17.09.2016,
Rathbun
17.09.2016,
Rathbun
10.08.2016,
Rathbun
23.08.2016,
Rotermund

10.08.2016,
Rathbun

http://www.polystim.polymtl.ca/

Electrical, Cortical



Fraunhofer Institut fiir Duisburg
Mikroelektronische Schaltungen und

Systeme

Institut fir Neuroanatomie und C. und O. Disseldorf
Vogt Institut fur Hirnforschung,

University of Diisseldorf

Institut fur Neuroinformatik der Bonn
Universitat Bonn

RWTH Aachen, Institut fuir Pathologie Aachen

Universitats-Augenklinik Essen Essen
Universitats-Augenklinik Leipzig Leipzig
Universitats-Augenklinik Marburg Marburg
Universitats-Augenklinik Muenster Muenster
Universitat Bochum, Institut fir Bochum

Neurophysiologie
Universitat Marburg, AG Neurophysik Marburg

RWTH Aachen University, formerly Aachen
Universitats-Augenklinik, University of

KoIn

Universitat Duisburg, Zentrum fir Duisburg
Halbleitertechnik und Optoelektronik,

University Eye Hospital, Regensburg Regensburg
University of Stuttgart, Institute for Stuttgart
Physical Electronics

Augenklinik, Krankenhaus Dresden Dresden
Friedrichstadt

Institut fur Mikroelektronik Stuttgart Stuttgart
Multi Channel Systems Reutlingen
NMI Natural and Medical Sciences Reutlingen
Institute

NMI Natural and Medical Sciences Reutlingen
Institute

NMI Natural and Medical Sciences Reutlingen
Institute

NMI Natural and Medical Sciences Reutlingen
Institute

Retina Implant GmbH Reutlingen
Ulm University Ulm
University of Dortmund Dortmund
University of Tuebingen, Experimental Tuebingen

Retinal Prosthetics Group

University of Tuebingen, Pathophysiology Tuebingen
of Vision Lab

K.N. Toosi Univ. of Technology, Research Tehran
Laboratory for Integrated Circuits and

Systems (ICAS), EE Department

Bar llan University -

Tel Aviv University Tel Aviv

Dept Neurology, Meir Medical Center Kfar Saba

The Hebrew University Jerusalem

Hebrew University of Jerusalem, Institute Jerusalem
of Chemistry, Center for Nanoscience and
Nanotechnology

Tel Aviv University, Micro and nano Tel Aviv
systems Laboratory
Hebrew University of Jerusalem Jerusalem

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Germany

Iran

Israel

Israel

Israel

Israel

Israel

Israel

Israel

B. Hosticka, W.
Mokwa

R. Eckmiller

R. Eckmiller

C. Mittermayer,
Richter

N. Bornfeld, Laube
P. Wiedermann

L. Hesse

H. Gerding

U. Eysel

R. Eckhorn

P. Walter

D. Jaeger, R. Buss

V. P. Gabel

M. Schubert

H.G. Sachs

B. Hoefflinger, later
Werner, J. N.
Burghartz

K.-H. Boven, A.

Moeller

G. Zeck

W. Nisch

A. Stett

H. Haemmerle

W. Wrobel, E.

Zrenner

A. Rothermel

K. Schumacher, A.

Dollberg

D. Rathbun

E. Zrenner, K. Stingl

A. M. Sodagar

Y. Mandel

o

. Weinberger

C. R. Gordon

A. Amedi

U. Banin

Y. Hanein

A. Amedi

EPI-RET

EPI-RET

EPI-RET
EPI-RET
EPI-RET
EPI-RET
EPI-RET
EPI-RET

German Retina Implant
Consortium

German Retina Implant
Consortium
OPTOEPIRET

OPTOEPIRET, EPI-RET

SUB-RET

SUB-RET

Tubingen Retinal Implant,
previously SUB-RET,
previously German retina
implant consortium
Tubingen Retinal Implant,
previously SUB-RET,
previously German retina
implant consortium
Tubingen Retinal Implant,
previously SUB-RET,
previously German retina
implant consortium
Tubingen Retinal Implant,
previously SUB-RET,
previously German retina
implant consortium
Tubingen Retinal Implant,
previously SUB-RET,
previously German retina
implant consortium
Tubingen Retinal Implant,
previously SUB-RET,
previously German retina
implant consortium
Tubingen Retinal Implant,
previously SUB-RET,
previously German retina
implant consortium
Tubingen Retinal Implant,
previously SUB-RET,
previously German retina
implant consortium
Tubingen Retinal Implant,
previously SUB-RET,
previously German retina
implant consortium
Tubingen Retinal Implant,
previously SUB-RET,
previously German retina
implant consortium
Tubingen Retinal Implant,
previously SUB-RET,
previously German retina
implant consortium
Tubingen Retinal Implant,
previously SUB-RET,
previously German retina
implant consortium

NanoRetina

NanoRetina?

Pixium
QuantumRetina
QuantumRetina,

NanoRetina (consultant)
The vOICe

clinical

cat cortex optical recordings

animal biocompatibility, surgical
technique, implantation,
angiography

chip development

chip manufacturing, chip
development

electrode development

electrode development

electrode development

electrode development
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later moved to Switzerland and worked on fixation

tacks and intraretinal trodes.

Brought in midway through the project for later

designs.

Electrical, Epiretinal, occassionally collaborates with

M. Sawan on general topics

Clinical Trial: NCT01282489: Evaluation of Methods to
Asses Visual Prosthesis Systems Using Sighted

Volunteers and Visual Reality Simulator
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Preclinical studies

Began in 2001

Mazza M Renaud P Bertrand DC
lonescu AM CMOS pixels for
subretinal implantable prosthesis

IEEE Sensors 2005

Gerding H A new approach towards
a minimal invasive retina implant J

Neural Eng 2007.pdf

European project:
QLK6-CT-2001-
00279
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Magnetic, Transcranial

Biohybrid

3D stacked, Electrical, Epiretinal, Penetrating

Biohybrid + Regenerated Neurons, Intrascleral

See Humayun book, subretinal PFM photosensor?, 16 x
16 array, Pt trodes

Suprachoroidal (In collab with Suaning Lovell)

The first effort to form a retina prosthesis team in
South Korea was done by Prof. Sung June Kim and by
Prof. Hum Chung. This was recognized by the Korean
Science and Engineering Foundation in 2000 and they,
together with 20 faculty members with diverse
backgrounds, were given a 9-yr grant, 1 million USD/yr,
to establish an Engineering Research Center (ERC) on
NanoBioSystems at SNU. More recently, another 6-yr
grant, 0.6 million USD/yr, for the development of an
artificial retina was given by the ministry of Wealth
and Welfare of Korea in 2005.

Electrical + Biohybrids

Electrical, Subretinal

Optogenetic, Cortical

First human implant 1967, 2nd 1972,

Focused on neural encoding strategies. Optogenetic,
Ocular. Phase 1/2 2016-2017
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P. H. Schiller, E. J.
Tehovnik, W. M.
Slocum

E. Chichilnisky

M. Marmor, M.
Blumenkranz

N. Pouratian
G. Silva
M. Ghovanloo, K.

Najafi

M. Humayun, J.
Weiland, E. de Juan

G. Dagnelie

M. T. Pardue

A. Chow, V. Chow

A. Ignatiev, Wu N.J.

A. Nau
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J. Rizzo

J. Raffel D. Edell

J. Mann, T. Soares, T.

Herndon

J. Wyatt (deceased)
R. Jensen

S. Cogan

S. Fried

Dobelle (deceased

2004)
F. Lane

Dobelle (deceased
2004), Mladejovsky
T. S. Roberts
Dobelle (deceased

2004), Mladejovsky
P. Troyk

D. McCreery

ARP

ARP
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ARP, IRPG, ICVP, ASR

ASR

ASR

Bionic Eye

BrainPort

BRIP

BRIP

BRIP

BRIP

BRIP

BRIP

BRIP

BRIP, ICVP

BRIP? Independent?

Dobelle

ICVP, Dobelle

Dobelle

Dobelle

Dobelle

ICVP, NPP

ICvP

Surgery

packaging, hermetic seal
imaging?

image processing
microfabrication

imaging and modeling of retinal
function

elctromagnetic and thermal
modeling

electrical signal measurements
microelectromechanical systems
(MEMS), application-specific
integrated circuits (ASICs),
packaging

telemetry

clinical

Patient psychophysics

in vitro testing

Clinical Testing

mechanical design

Founder, surgical

hardware
prototype stimulator circuit

Founder

Quality of life measures. Follow-up
research with legacy Dobelle
implant patients.

Second Sight

(through 1999?)

Second Sight
LLC
Second Sight
LLC
Second Sight
LLC
Second Sight
LLC
Second Sight
LLC
Second Sight
LLC
Second Sight
LLC
Second Sight
LLC

Second Sight
LLC
Second Sight
LLC

Optobionics

Wicab Inc., USA

NanoRetina?

The Dobelle
Institute, Inc.

The Dobelle
Institute, Inc.

The Dobelle
Institute, Inc.
The Dobelle
Institute, Inc.
MicroProbes,
Alfred E. Mann
Foundation,
Sigenics

Microfluidic
Neurotransmitter

Neuropace RNS

PRIMA, ASR

ASR

Bionic Eye

BrainPort V100,
BrainPort V200

Boston Retinal
Prosthesis
Boston Retinal
Prosthesis

Boston Retinal
Prosthesis
Boston Retinal
Prosthesis
Boston Retinal
Prosthesis

Boston Retinal

Prosthesis

Boston Retinal
Prosthesis

ICVP

ICvP

Clinical trial of 5 patients started in 2016

Founded in 1989, separated from other
groups? 2002

Closed, but follow-up with patients by
Frank Lane, Further development was to
be pursued by Stony Brook and Avery
Biomedical Devices. 1974 first implant?

Active

Moved from Wilmer to

Doheny in 2001.

Dagnelie joined IRPG after de
Juan moved to Wilmer in
1991. Center Principal
Investigator for clinical trials
of the Optobionics Artificial
Silicon Retina (2004-2007)
and the Second Sight Argus™
2 retinal implant (2007-

BRIP collaborator since about

2000.

formerly NIH

No. NIH-70-2278

gislin@lions.med.jhu.edu

mpardue@emory.edu.

Joseph_Rizzo@meei.harvar
d.edu

lane@iit.edu

troyk@iit.edu

http://grantome.com/gra
nt/NIH/R21-EY018709-01

http://ophthalmology.sta

nford.edu/research/basic_

retinal_prosthesis.html

http://www.hopkinsmedic
ine.org/profiles/results/di
rectory/profile/4045108/g
islin-dagnelie

http://www.svec.uh.edu/
BIONIC.html

http://www.wicab.com/

http://www.artificialvisio
n.com/etumble.htm
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Project ran in 2008. microfluidic neurotransmitter
32x32 trode array

Electrical, Cortical, Penetrating

Electrical, Epiretinal?

Chemical, Retina

Use of an epilepsy implant as a visual cortex
stimulator.
Nanophotonic, Ocular. early work in rabbit

3D Stacked Intracortical Probe

Began in 1980s according to Dowling 2005, patent
awarded 1991, By June 2000, Optobionics received
approval from the US Food and Drug Administration
(FDA) to commence safety and feasibility trials in six
patients [53].
https://www.google.com/patents/US7400021
http://www.google.ch/patents/US5873901
http://lubbockonline.com/stories/042701/upd_075-
1727.shtml#.Vénbuph96Cg

Dowling 2005 says they had 37 patients implanted in
1974

Decendant of the NIH project. Electrical, Cortical,
Penetrating
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P. Nash

R.J. Greenberg
E. de Juan, M.
Humayun, R.
Greenberg

N. T. liff

D. Scribner

W. Liu

M. Humayun, J.
Weiland

J. Weiland
D. H. Phillips

J. Pezaris, R. C. Reid,
E. N. Eskandar

T. Hambrecht
E.M. Schmidt

K. D. Wise

E. J. Chichilnisky

D. Palanker

A. Sher

E. de Juan

E. Javel

W. Lu

H. Phillips, R. Cavin
R. Propst, M.
Humayun

R. H. Propst

W. Grill

B. Greger

R. Normann

A. V. Latanov, V. B.
Polyanskii, G. L.
Ruderman, D. N.
Rushton, B. S. Everitt

ICVP

IRPG

IRPG

IRPG

IRPG

IRPG

IRPG

IRPG

IRPG

MGH Thalamic Visual
Prosthesis, BRIP

NPP

NPP

NPP

Pixium

Pixium

PRIMA

RTNC, IRPG

RTNC, IRPG

RTNC, IRPG

RTNC, IRPG

RTNC, IRPG

RTNC, IRPG

Second Sight?

UIEA

UIEA

implant manufacturing

electrode materials, neural
stimulation

image processing

microengineering, microelectronics

MEA recordings

Foundational

consultant from cochlear implant
research

consultant

Foundational

Foundational

Second Sight
LLC

Second Sight
LLC
Second Sight
LLC

Bionic Eye
Technologies,
Inc.

Pixium Vision

ICVP

IRP - Intraocular Retinal

Prosthesis

Argus |, Argus I,
MARC1, MARC2,
MARC3 multiunit

artificial retina chipset,

IRP intraocular retinal
prosthesis, Model 1
Retinal Stimulator

NPP "hat-pin"

NPP "hat-pin"

NPP "hat-pin"

PRIMA

PRIMA

Utah Cortical
Prosthesis, Utah

Intracortical Electrode

Array (UIEA)

Started in late 1990s

CE and FDA approval, 2011 approved in
UK and Switzerland according to
Maghami et al. 2014, Retina Prosthesis
Project disbanded in 2002 when
Humayun moved to CA and formed the
Intraocular Retinal Prosthesis Group.
2002 FDA approval for human testing.
First implant Feb. 2002. 14.02.2013 FDA
approved ARGUS II.

Active

Discontinued 2001 according to Dowling
2005, Troyk continues the research

Moved to Doheny in 2001. de
Juan moved from Duke to
Wilmer in 1991. Between
1992 and 1994 hosted early
human tests of IRPG.

Began in 1987.

Began in 1987.

Began in 1987.

Latanov AV Polyanskii VB Response
of rabbit visual cortex neurons to
direct stimulation by current of
different intensities Neurophysiol
1989.pdf, Polyanskii VB Latanov AV
Ruderman GL Responses of rabbit
visual cortical neurons to
intracortical electrical stimulation
Neurophysiol 1983.pdf

NIH / DoD /
private

John

Pezaris, john@pezaris.com

Daniel Palanker

<palanker@stanford.edu>

Richard Normann:
normann@utah.edu

http://vample.com/medic
al-health/background-
visual-prosthetics-distal-

visual-pathway-
pathologies/

http://www.nrl.navy.mil/n
anoscience/programs/nan

oelectronics/neural-
electronic-interfaces

http://sight2blind.org/

http://neuroscience.med.
utah.edu/Faculty/Norman

n.html

http://www.microsystems

.utah.edu/inip
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microwire glass array, 80 x 40 array. Scribner et al
Microelectronic array for stimulation of retinal tissue
NRL Review 2005.pdf

First patient implanted 2002. Argus Il has implanted 5
dry AMD patients as of ARVO 2016.

Electrical, Thalamic

Contiuation of the Brindley tradition. Formal
connections?

Electrical, Cortical, Penetrating. at least 1 patient
according to Dowling 2005

Evolved from Optobionics' ASR device.



