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A METHOD OF POSITIONING AN INTRAOCULAR DEVICE

Field of the Invention

The present invention relates to a method of positioning

an intraocular device.

Background of the Invention

A range of.medical devices are frequently implanted into
the human body. Such devices include pacemakers; ear

implants, retinal prostheses and other types of devices.

Damage to the retina of the eye can be caused by
degenerative eye'conditions and retinal prostheses may be
used to electrically stimulate ganglion cells in the inner

layers of the retina.

Generally, such intraocular devices are secured in a
desired position using tacks and the mechanical pressure
provided by the vitreous humour. However, tacks cause
traﬁma during insertion, are difficult to handle and -
cannot be removed without causing significaﬁt damage to
the eye.. Furﬁher, tacks do not provide ‘any aid to align
the device into a certainAposition or orientation. Hence,
the alignment relies entirely on the manuél positioning by

the surgeon.
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Summary of the Invention

The present invention provides in a first aspect a method
of positioning an intraocular device at an intraocular
position, the method comprising the steps of: .

providing a first and a second element, the first and
the sécond element being selected such that a maénetic
force attracts the first element and the second element to
each other;

positioning the first element in a suprachoroidal
space of an eye; |

positioning the intraocular device in an intraocular
space at a portion of tissue of the eye; and

positioning the second element in the intraocular
space of the. eye; ;

wherein the first element, the second element and the
intraocular device are positioned such that the portion of
the tissue of the eye and at least a portion of the
intraocular device are positioned between the first and
second elements such that the magnetic force at least
contributes to securing the intraocular device at then

portion of the tissue of the eye.

The portion of the tissue of the eye may comprise a
portion of the retina. The intraocular device may'be a

retinal prosthesis.

The second element may be coupled to the intraocular

device and may be surrounded by, or embedded in, a portion

of the intraocular device. Alternatively, the method may

comprise coupling the intraocular device to the second

element.
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The method in accordance with the first aspect of the
invention has significant advantagés.'In particular, the
step of positioning the first element in the
suprachoroidal space of the eye, i.e. between the sclera
and the choroid of the eye is often less complicated than
positioning the first élement at another suitable
position. Furthermore, by positioning the first element in
the suprachoroidal space a moveability of the first
element is limited, which improves an anchoring function

of the first element for the intraocular device.

In some embodiments, the first element is coupled to or
embedded in a flexible material portion that is shaped to
facilitate insertion and/or positioning of the flexible

portion with the second element in the suprachoroidal

space of the eye. For example, the flexible portion may

comprise a tapered end-portion that facilitates insertion
of the flexible portion into the suprachoroidal space of

the eye.

The method méy also comprise coupling the first element to
the flexible portion such that the first element is
attached to/the flexible pbrtion or partially surrounded
by the flexible portion. Coupling the first element to a
flexible portion may also comprise embedding the first
element‘in the flexible portion and may further comprise

hermetically sealing the flexible portion.

The flexible portion typically comprises a biocompatible
polymeric material that is sufficiently flexible to
conform to a curvature of suprachoroidal space. In one

specific embodiment, the flexible portion comprises a
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suitable polymeric material, such as silicone that may be

reinforced using for example suitable fibres.

In a first embodiment the first and second elements are
selected and positioned such that the intraocular device
is secured at a desired position without the need for |
additional'fasteners. This émbodiment provides the
advantage that‘fasteners (such as tacks) énd related

trauma may be avoided.

In an alternative second embodiment the first and second
elements are arranged to position the ihtraopular device
in a desired position and the method comprises securing
the intraocular device subsequently in the desired .
position using suitable fasteners such as tacks. In the
second embodiment the first and second elements may be
selected such that the magnetic forces are weaker than in
the first embodiment, which provides the advantage that an
impact on tissue of the eye such as the retina and the
choroid by the positioned intraocular device (and caused

by the magnetic forces) is reduced.

In one embodiment the method comprises positioning the
intraocular device ih a predetermined angular orientation
relative to the reﬁina using the magnetic force. In this
case the first and second elements may comprise materials
that have magnetic properties that are afrangéd such that
the magnetic force is directed to position the first and
second elements in the predetermined angular orientation
relative to each other. The second element may be coupled
to a portion of the intraocular device and the first

element may be anchored in the suprachorodial space and
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the method may comprise positioning the second element
with the intraocular device in the predetermined angular
orientation relative to the retina using the magnetic

force.

In the above-mentioned embodiment both the first and
second elements may comprise permanent magnetic materials.
At least one of the first and second elements may also
comprise two or more magnetic materials that are
positibned within the respective first or second element
such ‘that the magnetic force is directed to position the

first and second elements relative to each other in the

‘predetermined angular orientation.

The method may comprise forming an incision through the
sclera of the eye such that the first element or a
flexible portion comprising the first element can be
inserted into thé suprachoroidal spéce. The method may
also comﬁrise moving the sclera and the choroid from each
other by inserting the flexible portion with the first

element into the suprachoroidal space.

The present invenfion provides in a second aspect an
intraocﬁlar‘system, comprisinq:

an intraocular device for positioning in an
intréocular'space'of an eye;

a flexible portion arranged for locating in the
suprachoroidal space of the eye; |

a first element coupled to, or éurrounded by, the
flexible portion:

a second element arranged for positioning in the

intraocular space of the eye;
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wherein the first element and the second element are
arrangéd such that a magnetic force attracts the first
element and the second element to each other,” and wherein
the first element, the second element and the intraocular
device are arranged such that, when the intraocular deviée
is positioned, a portibn of tissue of the eye and at least
a portion of the intraocular device are positioned between
the first and second elements such that the magnetic force
at least contributes to securipg the intraocular device at

the tissue of the eye.

The flexible portion typically comprises a biocompatible
polymeric material that is sufficiently flexible to
conform ﬁo a curvature of suprachoroidal space. In one
specific embodiment, the flexible portign comprises a
suitable polymeric material, such as silicone that may be
reinforced using for example suitable fibres. The flexible‘
poftion may also comprise a tapered end-portion that
facilitates insertion of the flexible portion into the.

suprachoroidal space of the eye.

In one embodiment the first element is embedded in the

flexible portion.

At least one of the first and the second elements may
comprise a permanent -magnetic material. At least one of
the first and second elements may also comprise one or
more magnetic materials that may be positioned within the
first and second elements such that the magnetic force
positions the first and second elements in the

predetermined angular orientation relative to each other.
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The intraocular device may be a retinal prosthesis.

The invention will be more fully understood from the
following description of specific embodiments of the
invention. The.description is provided with reference to

the accompanying drawings.

Brief Description of the Drawings

Figure 1 is a.flow,chart illustrating an embodiment of the

present invention;

Figure 2 is a schematic perspective representation of a
positioned intraocular device in accordance with an

embodiment of the present invention;

Figure 3 is a schematic cross-sectional representation of
a positioned intraocular device in accordance with an

embodiment of the present invention;

Figures 4(a) and 4(b) show a top and a side view of the
flexible portion of the intraocular device of Figure 3

including the first element; and
Figures 5 (a) to 5 (c) illustrate elements having magnetic
materials in accordance with embodiments of the present

invention.

Detailed Description of Specific Embodiments

Embodiments of the present invention relate to a method of

positioning an intraocular device within a human eye. In
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one embodiment the intraocular device is an epiretinal
device that is positioned on the inner surface of the

retina of the eye. However, a person skilled in the art

"will appreciate that other intraocular devices are

envisaged.
Referring initially to Figure 1, a method 100 of
positioning an intraocular device in accordance with an

embodiment of the present invention is described.

The method 100 comprises the initial step 102 of providing

the intraocular device and determining a position for the

intraocular device within the human eye. The intraocular
device is in this example a retinal prosthesis. The

position of the intraocular device may, for example, be a
location on the inner.sﬁrface of the retina of the eye or

on the outer surface of the retina of the eye.

Step 104 providés'first and second elements that comprise
permanent magnetic or magnetisable materiais. The
materials are configured to generate éttractinglmagnetic
forces between the first and the second element. In a
specific example the first and second elements are also
arranged such that the magnetic forces rotate the
materials relative fo each other in a_pfedetermined'
angular orientation. The permanent magnetic maﬁerials may
for example be.ferré—magnetic materials that comprise
iron, nickel, éobait, Alnico, iron oxides or rare earth-
based materials such that materials that comprise
neodymium and samarium-cobalt. The magnetisable materials.
may also comprise for éxample iron, nickel, cobalt and

rare earth materials such as neodymium and samarium-
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cobalt. The first.and/or the second elements may also be
formed from more than one permanent magnetic or

magnetisable material.

Step 106 comprises positioning the first element in a

predetermined position within the suprachoroidal space of

‘the human eye, i.e. between the sclera and the choroid of

' the human eye. For example, the first element may be

positioned with a predetermined angular orientation at a

position within the suprachoroidal space. The first

element may be secured using aﬁy suitable teéhnique and

may for example be secured using micro-tacks or glue.

In one embodiment, the first element is at -least partially
surrounded by a flexible portion. In this embodiment, the

method comprises a further step of providing a flexible

‘portion that is arranged for locating at a position within

the suprachoroidal space of the human eye. In this
example, the flexible portion comprises a silicone
material. and is sufficiently flexible to conform to the-
curvature of the éuprachoroidal space.'Additionally, the
method comprises a step of céupling the first element to
the flexible portion such that the flexible portion at
least partially surrounds the first element. In one
example, the first element is- embedded in the flexible
portion such as hermetically sealed within the flexible

portion.

Examples of the flexible portion will furfher be described

with reference to Figure 3.

By positioning fhe-first element in the supréchoroidal
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space, the first element may be secured at the
predetermined position without the need for additional

securing means such as micro-tacks or the like. The first

element may be embedded within a flexible portion and the

flexible portion may be sandwiched between the choroid and

.the sclera and .thereby sufficiently secured at that

position.

Furthermore, positioning the firet element in the
suprachoroidal space is often less complicated than
positioning at another suitable posifion. An incision is
made through the sclera so that the first element can be

inserted into the suprachoroidal space. A 'space between

the sclera and the choroid in form of a pocket is formed -

by a suitable device or by virtue of the shape of the
first element or the flexible portion comprising the first

element.

Step 108 comprises coupling the second element to a
portion of the intraocular device. For example, the second
element may be mechanically coupled to the medical device
or attached using a suitable biocompatible adhesive.
Alternatively/ the second element may be embedded in the
intraocular device. A person skilled in the art will
eppreciate that the intraocular device may be coupled to

the second element using a variety of techniques.

Step 110 comprises placing the assembly comprising the
intraocular device and the second element into the
intraocular space and in the proximity of the first
element that is positioned in the suprachoroidal space. In

this embodiment the assembly comprising the intraocular
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device and the second element is introduced into the human
eye and placed in proximity of the inner surface of the
retina in the proximity of the first element, such that a
portion of the intraocular device and‘é portion of the
tissue of the eye is positioned between the first and

second elements.

Step 112 comprises positioning the assembly comprising the

intraocular device and the second element in the

_predetermined position and in a predetermined angular

orientation relative to the first element using the

magnetic forces between the first and second elements.

In one embodiment of the present invention the materials
are selected such that the magnetic'forces'are sufficient
to hold the medical device in position without further
intervention. The flexible portion is shaped to conform to
the curvature of the suprachoroidal space and is secured
in the suprachoroidal space. In other words, the flexible
portion is sandwiched between the choroid and the sclera.
In this way, there is no.need for further securing means

or manipulations.

In an alternative embodiment, the flexible portion is
coupled to the first element and is secured to a portion
of the sclera .and/or the choroid by virtue of securing

means. Suitable securing means include micro-tacks,

sutures, and adhesive. Whilst the flexible portion is

secured by a suitable securing element, the second element
coupled to the intraocular device may be held at the
position at the inner surface of the retina only by the

magnetic forces between the first and: second elements.
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In a fﬁrther alternative embodiment, the first and second
elements are designed such that the magnetic forces are
weaker and the application of further securing means (such

as micro-tacks) or manipulations may be required.

Referring back to the method 100 of positioning the
intraocular device, the method- 100 may further comprise
surgical procedure steps in relation to implantiﬁg the
intraocular device in a human eye. Exemplary surgical
procedure steps may include‘forming an incision through
the sclera of the eye using a scalpel such that the
flexible portion with the first element can be inse;ted
into a space between the sclera and the choroid. The
incision typically is slightly wider than a width of the

flexible portion.

A space in form of a pocket within the suprachoroidal
space may be formed by using the shape of the flexible
portion or any other suitable device such that the
flexible portion with the first elemént can be positioned
in'the formed pocket. Once the flexible portion is fully
inserted and positioned within the suprachoroidal space,
the incision may for example be closed using suitable

sutures.

Figures 2 and 3 are schematic illustrations of a
positioned intraocular device 200 in accordance with an
empodiment of the present invention. In this specific

embodiment the intraocular device 200 is placed on an

~ inner surface of the retina of the eye and is held in

position by the second element 202 and the first element
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204 located within the suprachoroidal space of the eye
between the choroid and the scle£a4of the eye. In this
example, the first and second elements 202, 204 are
positioned such that a portion of the intraocular device
200, a portion of the'retiné.and a portion of the choroid
are located betwéen the first and second elements 202,
204. As a consequence of the‘attracting magnetic forces
between the first and second elements 202, 204, the
intraocular device can be positioned and secured at the
inner surfaée of the retina. The tissue on the outer
surface of the eye is less delicate than the tissue on the

inner surface of the eye, such as the retina of the éye.

In this.particﬁlar embodiment, the first element 204 that
is positioned in the suprachoroidal space is embedded in a
flexible portion 206 such as a silicone portion. However,
thé flexible portion may comprise any other Suitgble
biocompatible polymeric materials. The flexible portion
206 is arranged to locate (and secure) the first element
204 in the suprachoroidal space. Specifically, the
flexible portion 206 is sufficiently flexible to conform
to the curvature of the sclera and the choroid fhereby

securing its position in the suprachoroidal space.

In addition, by providing a portion that is sufficiently
flexible, an impact on the surrounding. tissue of the eye

can be reduced.

The flexible portion 206 with the first element 204 are
" shown in further detail in Figure 4. In particular, Figure

4 (a) shows a top view of the flexible portion 206 with the

first element 204 and Figure 4 (b) shows a side viéw of the
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flexible portion 206 with the first element 204.

In this particular example, the flexible portion 206 is
substantially flat and has a substantially rectangular
cross-sectional shape. The rectangular shape has curved
corners such that when the flexible portion 206 with the
first element is positioned within the eye of a patient,
surgical trauma of surrounding tissue can be minimised. A

person skilled in the art will appreciate that other

‘suitable shapes of the flexible portion 206 are envisaged.

In this example, a thickness of the flexible portion 206

tapers towards opposite ends of the flexible portion
resulting in a wedge shape. The wedge shape of at least,
one end of the flexible>portion is arranged for forming
the pocket between the sclera and the choroid of the eye
such that the flexible portion can be positioned in that
pocket. Specifically, the tapered end is arranged to
gradually open upva space between the sclera and the

choroid of the eye such that a pocket is formed.

In one embodiment, the first element is located in the

proximity of an edge of the flexible portion. However,

other positions within the flexible portion are envisaged.

The first and the second elements 202, 204 may have one or
mere magnetic materiels, which may have different shapes.
For example, the magnetic material may have a circular
cross-sectional shape, a rectangular cross—-sectional
shape, a ring-like cross-sectional shape, or any other
shape suitable shape. The type, number and shape of the

magnetic materials in the first and the second elements
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202, 204 influences the magnetic forces between the first
and second elements. The magnetic materials may have a
magnetisation that is oriented transversally or
longitudinaily relative to the positioned intraocular

device.

Figures 5 (a) - (c¢) illustrate the first and second
elements in accordance with embodiments of the present
invention in further detail. Figure 5 (a) illustraﬁes a
second element 400 having'two magnetic materials 402, 404.
A corresponding configuration of the materials is

implemenfed on a first element 406, which comprises

_magnetisable materials 408, 409. The second element 400 is

coupled to an intraocular device 410. In this example the
matérials 402 and 404 are permanent magnets and the
materials 408 and 409 are magnetisable materials. In a
variation of the described embodiment the materials 408

and 409 may also be permanent magnets.

Figure 5 (b) shoWs an example of first and second elements
414, 412 that each comprises one permanent magnetic
material 418, 416 that has a rectangular shape. The
permanent magnetic materials 416 ‘and 418 have én
orientation that is perpendicular td,that of the permanent

magnetic materials 402 and 404 shown in Figure 5 (a).

Figure 5 (c) shows an example of first and second elements
422, 420 that each comprise one a pair of permanent
magnetic material 432, 430 and 424, 426 each ha&ing a
magnetisationAthat is oriented along the device 410 to

which the second element 420 is coupled.
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Flgure 5 illustrates only a few possible configurations
and a person skilled in the art will appreciate that

various alternative configurations are possible.

~Although the invention has been described with reference
5 to partlcular examples, it will be appreciated by those
skilled in the art that the invention may be embodied in

many other forms.
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The Claims:

1. A method of positioning an intraocular device at an
intraocular position, the method comprising the Steps of:

providing a first and a second element, the first and
the second element being selected such that a magnetic
force attracts the first element and the second element to
each other; .

poéitioning the first,element in a suprachoroidal
space of an eye;

positioning the intraocular device in an intraocular
space at a porﬁion of tissue of the eye; and

positioning the secbnd element in the intraocular
space of the eye; |

wherein the first element, the second element and the
intraocular device are positioned‘such that the portion of
the tissue of the eye and at least a portion of the
intraocular device are positioned between the first and
second elements such that the ﬁagnetic force at least
contributes to securing the intraocular device at the.

portion of the tissue of the eye.

2. The method of claim 1 whérein the portion of the
tissue of the eye comprises a portion of the retina and

wherein the intraocular device is a retinal prosthesis.

3. The method of claim 1 or 2 wherein the second element
is coupled to the intraocular device and is surround by,

or embedded in, a portion of the intraocular device.

C 4, The method of claim 1 or 2 comprising coupling the

intraocular device and the second element to each other.
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5. The method of any one of the preceding claims wherein
the first element is coupled to or embedded in.a flexible
portion that ié shaped to facilitate insertion- and
positioning of the flexible portion with the second

element in the suprachoroidal spéce of the eye.

6. The method of any one of claims 1 to 4 comprising
coupling the first element to a flexible portion such that
the first element is attached to the flexible portion or
partially surrounded by the .flexible portion, the flexible
portion being shaped to facilitate insertion and
pdsitioning of the flexible portion with the second

element in the suprachoroidal'space of the eye.

7. The method of claim 6 comprising:embedding the first

element in the flexible portion.

8. The method of any one of claims 5 to 8 wherein the
flexible portion comprises a tapefed end-portion that
facilitates insertion of the flexible portion into the

suprachoroidal space of the eye.

9. The method of any one of claims 5 to 8 wherein the
flexible portion comprises a biocompatible polymeric
material that is sufficiently flexible to adapt conform to

a curvature of suprachoroidal space.

10. The method of any one of the preceding claims wherein
the first and second elements are selected and positioned

such that the intraocular device is secured at a desired

»position without the need for additional fasteners.
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11. The method of any one of claims 1 to 9 wherein the
first and second elements are arranged to position the

intraocular device in a desired position and the method

_comprises securing the intraocular device subsequently in

the desired position using suitable fasteners such as

tacks.

12. The method of any one of the preceding claims
comprising positioning the intraocular device in a
predetermined angular orientation relative to the retina

using the magnetic force.

13. The method of claimill wherein the firgt and second
elements comprise materiais that have magnetic properties
that are arranged such that the magnetic force is directed
to position the first and second elements in the

predetermined angular orientation relative to each other.

14. Thé method of any one of the preceding claims

comprising forming an incision through the sclera of the

eye such that the first element or a flexible portion

comprising the first element can be inserted into the

suprachoroidal space.

15. The method of any one of the preceding claims
comprising moving the sclera and the choroid from each
other by inserting the flexible portion with the first

element into the suprachoroidal space.

16. An intraocular system, comprising:
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an intraocular device for positioning in an

intraocular space of an eye;

a flgxible portion arranged for locating in the
suprachoroidal space 6f the eye;

a first element coupled to, or surrounded by, the
flexible portion;

a second element arranged for positioning in the
intraocular spaéé of the eye;
wherein thé first element and the second element are
arranged Suéh that a magnetic force attracts the first
element and the second element to each other, and wherein

the first element, the second element and the intraocular

‘device are arranged such that, when the intraocular device

is positioned, a portion of tissue of the eye and at least

a portion -0of the intraocular device are positioned between
the first. and second elements such that the magnetic force
at least contributes to securing the intraocular device at

the tissue of the eye.

17. The intraocular sYstem of claim 16 wherein the
flexible portion comprises a biocompatible polymeric

material that is sufficiently flexible to conform to a

curvature of suprachoroidal space.

18. The intraocular system of claim 17 wherein the
flexible portion comprises a tapered end-portion that
facilitates insertion of the flexible portion into the

suprachoroidal space of the eye.

- 19. The intraocular system of claim any one of claims 16

to 18 wherein the first element is embedded in the

flexible portion;



WO 2014/075130 PCT/AU2013/001304

-21-

20. The. intraocular system of any one of claims 16 to 19
wherein at least one of the first and the second elements

comprises a permanent magnetic material.

21. The intraocula; system of any one of claims 16 to 20
wherein at least one of the first and secend elements
‘comprises one or more magnetic materials that are.
positioned within the fi;st and second elements such that
10 the magnetic force»positions the first and second elements
in the predetermined angular orientation relative to each

other.

22. The intraocular system of any'one of claims 16 to 21

15 wherein the intraocular device is a retinal prosthesis.
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