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| Introduction.

An dectronic retind prosthesis is under
development to treat retinitis pigmentosa
and age-rdated macular degeneraion,
two presently incurable diseases of the
outer retina that afflict millions world-
wide. Previous studies have established
the feaghility of the retind progthess
Short-term tests in blind humans have
shown tha degeneraed retina  will
reppond to ligt in a way tha is
conggent with form vison [1]. Post-
mortem andyss of human eyes with RP
and AMD show a ggnificant surviva of
inner retind cdls despite near complete
degeneration of the photoreceptors in the
outer retina [2]. Long-teem implants
have demondrated that the retina can
tolerate the physicd presence of an
electrode array without degenerating due
to pressure or other mechanical affects

[3].

The focus now has turned
towards the development of a chronic
dimulaor [4]. Initid prototypes based
on current technology will have a smdl
number of pixds and will place the
dimulation dectronics outdde the eye
However, more advanced devices are in
the ealy devdopment dages A
completdly  implantable,  light-sengtive
retind prosghess must include capability
for both phototransduction and simulus
current generation, two power intensive
functions. These devices will be
implanted in the eye ceding a
ggnificant source of heat that must be
disspaed by the ocular tissue without

damaging the retina Therefore, it is
imperative to  obtan a  good
understanding of the power disspation
properties of the eye to guide the
devdopment of such a chip. Future
prosthess must dso have a high densty
electrode array with over 1000 contacts,
in order to be restore any useful vison to
blind individuals. An dectrode sructure
that can inteface a fla chip to the
cuved retina would have diginct
advantages over dlicon or  polyimide
arays, where materid drength and
routing of conducting lines may be
problematic. While other technologica
bari’s do exis to a completdy
implanted, light-sendtive retind
proshess, heat tolerance and high-
density eectrodes have been the focus of
recent activity.

Il1. Methods

Heat Experiments - A cusom,
intraocular  heater  appuratus  was
constructed to gpply 0, 10, 20, 50, 100,
200, or 500 mW via a 1.4x1.4x1 mm
resstor. The heater probe was
indrumented with 2 thermocouples. one
on the heater and a second on the probe
cable, 6 mm away. The heater probe was
insarted into the vitreous cavity and
power was applied. Two heater positions
were tesed: retind and mid-vitreous.
Dogs were used in these experiments
following an approved protocol. An
initid expeiment was followed for
weeks later by a second, identical
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experimet in the fdlow eye yidding
acute and chronic damage data from a
sngle animal. Electroretinography,
fundus photography, and histology were
used to determine the hedlth of the retina
after hesting.

High Density Electrode Array —
Nanoscae wires were formed in porous
ubstrates to serve as the bass for a
retind  dimulating aray. Channd glass
is an decricdly insulaing materids tha
forms pores with high aspect ratios.
Glass can be polished to maich the
curvature of the retina. Channd glass is
fabricated using glass drawing
procedures that involve bundled sacks
of composte glass fiberd5]. The
process begins by placing an acid-
etchable glass rod into an inert glass tube
and drawing this paring of dissmilar
glasses a devated temperature into a
fiber of smdler diameter. Severd
thousand of these fibers are then cut and
gacked in a hexagord-close-packed
arangement, vyidding a hexagond-
shaped bundle, This bundle is
subsequently dravn a  devated
temperaiure,  fusng the  individud
composite fibers together while reducing
the overdl bundle size. At this dage, the
fibers are hexagond dgped and contain
a fine dructure of severd thousand
micron-szed (typicdly 5 to 10 micron
diameter) acid etchable glass fibers in a
hexagona- close-packed pattern.
Standard microchannd  plate glass is
obtained a this point by bundling these
fibers together in a twelve-sded bundle
and fusng the bundle together at
elevated temperature. Alterndtively,
nanochanne glass may be obtaned by
dacking the hexagona shaped fibers
into a new bundle and then drawing the
bundle a devated temperature, thereby
fusng the individud fibers together and
reducing the ovedl sgze In this

manner, submicron channd diameters
and extremdy high channd dengties can
be achieved. After the last glass draw,
the boules are wafered, polished and
then etched to remove he acid etchable
glass In this way, a glass with
extremdy uniform, padld, hdlow
channelsis obtained.

Conductors are formed in the
porous substrates by sputtering one side
of the porous materid, attaching alead
wire to the sputter Sde, and then
exposing the other side of the porous
materid to plating solution. Wires of
nickel, copper, and platinum were
deposited.

An in depth sudy of platinum
microgructure as relaed to plating
potentidl was conducted. Platinum films
were dectrochemicaly deposted out of
solution onto gold subdrates  using
different depogtion potentias.
Electrochemica depaosition was
performed usng a three-electrode setup
congsing of a AuCr-S working
electrode (chromium sputtered on slicon
followed by a superlayer of gold —
chromium dleviates mechanica stresses
between Au & S =0 flaking does not
occur), a platinum counter eectrode and
a AgAgCl (glver-slver  chloride)
reference  eectrode. A teflon open
bottom chamber was clamped onto the
working eectrode and the cdl was filled
with 0.01667M ammonium
hexachloroplatinate (IV) solution. This
olution is diffeeent from Sandard
plainum plaiing solution which contains
lead acetate. The working eectrode was
inserted through the top of the cdl and
the reference eectrode was placed inside
the axillay Luggin capillay (smdl
channd bored into the teflon to alow
correct reference placement) built into
the teflon cdl. The sysem was



connected to a digitd potentiostat
controlled by PC.

Potentiostatic  (constant  potentid  vs.
time) depostions were performed at 300,
400, 500, 600, 700 and 800mV
potentids, each for two-hour intervas.
Current was recorded vs. time for each
2-hour  interval. Following each
depogtion, remaning solution  was
poured off, the cell was unclamped, and
the sample was rinsed with didilled
water. Compressed nitrogen was used to
dry the samples.

1. Results

Heat Experiments. When the heater was
postioned on the surface of the reting,
50mW or higher hesater settings caused a
immediate, visible damage to the retina.
However, higologicdly, this damage
was evident only if the eyes were
immediately sacrificed and fixed (i.e,
acutdy dudied). If the hisology was
peformed 4 weeks later (i.e, Studying
the chronic effect), damage was only
noted a 100mW or higher heater
settings.  When the heater was placed in
the midvitreous cavity, no
ophthdmologicd, ERG, or higologicd
differences were noted. When 500 mw
was gpplied, the thermocouple on heater
reached temperatures of 77 — 87 deg. C,
but obtained a deady date. A third
thermocouple probe, in a hypodermic
needle that could be postioned
independently of the heater, was used to
monitor the temperature of the retina,
which was increased only 23 deg. C by
500 mW power disspation. Likewise,
the temperature a the thermocouple on
the cable, 6 mm from the heater, was
elevated much less than the hester. Fig.
1 shows the temperature a dl three
locations recorded during a two hour
experiment.
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Figure 1 Heat in the eye during 90 minutes
heating with 500 mW measured at the heater
(square), the retina (triangle), and on the
cable 6 mm from the heater.

High-Density electrode array. 40
micron platinum wires were formed in 5
micron pores (Figure 2). These appear to
be high qudity wires with no
discontinuities. However, plainum
plating occurs very dowly, cresting
difficuties in mantaning the integrity
of the plaing sstup throughout the
process. The process may last severd
hundred hours to achieve a 400 micron
wire.

Figure 2—40 micron long platinum wires
formed in 5 micron channels.



A sudy of the microgtructure of plated
platinum vs potentid reveded tha a
plating potentid of —600 mV yielded a
dendritic porous structure, while other
potentias (-300, -400, -500, -700, and —
800 mV) yidded platinum with a finer
microdructure.  The highest  efficency
deposition was a —400 mV.

Pt- 400mV

Pt- B00mY

Figure 3— Top platinum deposited at —400
mV showing a dense, smooth structure.
Middle— platinum deposited at —-600 mV has
adendritic structure, Bottom — higher
magnification of dendritic platinum.

V. Conclusion

Sgnificant technologicd hurdles  remain
to devdoping a high-densty, light-
sendtive intraocular  retind  prosthesis.
The amount of heat that can be safey
disspated by the eye and surrounding
heed without haming the reting
depends dgnificantly on the posdtion of
the hester. Technology for a high-
densty eectrode array is advancing, but
high-qudity wires of biocompatible
materid in dimendons usdble for a
retina prosthess materia have yet to be

achieved.
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