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CAPSULAR IMPLANT FOR MAINTAINING
THE SHAPE AND/OR POSITION OF AN
OPENING FORMED BY CAPSULORHEXIS

[0001] The present invention relates to a device and method
for maintaining the shape and/or position of an opening
formed by a capsulorhexis in the anterior or posterior capsule
of the eye.

BACKGROUND

[0002] A cataract is a condition where the lens of the eye
becomes opaque ultimately leading to impaired vision. Cata-
racts are the main cause of blindness worldwide. Treatment
consists of a surgical procedure wherein the cataract is
extracted and replaced with an intraocular lens.

[0003] A central circular capsulorhexis of appropriate size
and edge integrity is the key to successful cataract surgery.
This is where a continuous circular incision is made in the
anterior capsule that then allows for safe phacoemusification
surgery and determines centration and stability of the capsu-
lar-fixated intraocular lens.

[0004] Although cataract extraction aims to remove the
content of the capsular bag (the outer layer of the crystalline
lens), invariably some lens epithelial cells are left behind, on
the inner aspect of the lens capsule. Human capsular bags
contain a large population of viable cells for many years after
cataract surgery. In this environment an “after-cataract” may
be formed, caused by the proliferation of lenticular epithelial
cells, fibroblasts, macrophages and even iris-derived pigment
cells on the lens capsule.

[0005] In order to counteract this problem, technologies
have been developed for removing the lens epithelial cells,
however these techniques cannot remove other cell types that
can invade the capsule from the ocular aqueous humour cir-
culation or iris.

[0006] As a result, these various cell populations partici-
pate in a fibrotic process whereby the anterior capsule open-
ing after capsulorhexis gradually constricts to some extent.
This contraction (or phimosis) of the anterior capsule opening
can occur excessively in children, young adults and in certain
pathological states—including diabetes, retinitis pigmentosa,
pseuodexfoliation of the lens capsule, myotonic dystrophy,
glaucoma and uveitis.

[0007] At present, in routine surgery, the aim is to create a
capsulorhexis of appropriate size, typically 5.5 mm for an
intraocular lens with an optic diameter of 6 mm. It is thought
that this symmetrical overlap of anterior capsule over the
periphery of the intraocular lens “shrink-wraps” the intraocu-
lar lens.

[0008] As phimosis occurs, the encroaching anterior cap-
sule can be incised using a Yag laser or by open operation.
This can relieve the capsule contraction but can also result in
complications such as retinal detachment, macular oedema,
lens dislocation and presentation of vitreous into the anterior
eye. If the capsulorhexis is made larger than this (to “over-
compensate” for future phimosis), the anterior and posterior
leaves of the capsule can fuse in an asymmetric fashion,
resulting in “peapoding”, where the intraocular lens is dis-
placed away from the visual axis, resulting in reduced vision.
[0009] Removal of anterior subcapsular epithelial cells by
aspiration helps maintain the size of the capsulorhexis open-
ing (6 month follow up) but it is uncertain as to whether this
prevents capsule contraction syndrome in the longer term.
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[0010] In certain cases, the fibrosis is so extensive that the
anterior lens surface is covered over, resulting in marked
reduction in vision. As the lens capsule is attached to the inner
wall of the eye (over the ciliary body) by delicate zonular
fibres, the fibrotic process can result in the zonular support
being pulled off the ciliary body and the whole of the capsular
bag containing the intraocular lens can dislocate into the
vitreous body.

[0011] The capsular tension ring (CTR) was originally
introduced to reinforce the zonule in eyes with zonular dehis-
cence and to prevent capsular phimosis in eyes at risk for
postoperative capsular shrinkage. Yet despite insertion of
CTR’s capsule phimosis can still occur.

[0012] Accordingly, the present invention seeks to provide
adevice and method for maintaining the structural integrity of
anterior capsule opening formed as a result of a capsulorhexis
and reduce the risk of phimosis occurring after cataract sur-

gery.
SUMMARY OF THE INVENTION

[0013] According to one aspect the present invention pro-
vides a device for maintaining the shape and/or position of an
opening formed by a capsulorhexis in the anterior or posterior
capsule, the device having a main body including a peripheral
portion and an opening therethrough, wherein the peripheral
portion engages with the inside peripheral edge of the open-
ing in the anterior or posterior capsule.

[0014] Preferably, the peripheral portion of the device is
substantially circular in shape whereby the device is in the
form of a ring.

[0015] Preferably, the peripheral portion of the device
includes a groove whereby in use the inside peripheral edge of
the opening in the anterior or posterior capsule is positioned
inside the groove. Preferably, the groove is around the entirety
of the peripheral portion of the device.

[0016] According to one embodiment, the device may be
formed from a flexible material that allows the device to be
deformed sufficiently to be inserted into and engaged within
the inside peripheral edge of the opening in the anterior or
posterior capsule, whilst still providing sufficient rigidity to
maintain the shape and/or position of the opening. The flex-
ible material may be chosen from any suitable biocompatible
material, such as for example surgical grade rubber or plastic.
Preferably, the device is formed from a material that reduces
or minimizes glare that may be caused by the device, such as
for example frosted and/or pigmented material.

[0017] According to another embodiment, the peripheral
portion of the device moves between a collapsed state and an
assembled state, whereby the device is inserted into the open-
ing in the anterior or posterior capsule in the collapsed state.
The device may then be assembled within the opening such
that the peripheral portion engages with the inside peripheral
edge of the opening in the anterior or posterior capsule. Pref-
erably the device moves between a folded and an unfolded
state by means of a hinge. Optionally in the collapsed state,
the peripheral portion may detach at one or more points along
its length to form an open state wherein the peripheral portion
can then reattach and form a closed state when the device is in
the assembled state.

[0018] According to one embodiment, the device is adapted
to hold an intraocular lens (IOL). Preferably, the peripheral
portion includes an inside surface adapted to hold the IOL.
The inside surface may include a groove or channel whereby
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in use the periphery of'the IOL is positioned inside the groove
or channel thereby holding the IOL within the opening of the
device.

[0019] In another embodiment, the peripheral portion
includes one or more apertures through which correspond-
ingly spaced protruding members on the periphery of an IOL
engage for holding the IOL within the opening of the device.
Preferably, the IOL is held within the opening of the device by
three or more protruding members engaging with their cor-
responding apertures. For a toric IOL, the apertures of the
peripheral portion allow for orientation of the IOL for correct
axis alignment.

[0020] According to another aspect the present invention
provides a method of maintaining the structure of an opening
in the anterior or posterior capsule formed by a capsulorhexis
whereby a device is inserted into opening in the anterior or
posterior capsule, the device having a main body including a
peripheral portion and an opening therethrough, wherein the
peripheral portion engages with the inside peripheral edge of
the opening in the anterior or posterior capsule.

[0021] Preferably, the device is inserted into the opening in
the anterior or posterior capsule after an intraocular lens has
been inserted into the capsular bag during cataract corrective
surgery. Preferably, the device remains engaged with the
opening in the anterior or posterior capsule for an indefinite
period of time after cataract corrective surgery, to prevent or
minimise phimosis of the opening in the anterior or posterior
capsule. More preferably, the device remains engaged with
the opening in the anterior or posterior capsule permanently
after cataract corrective surgery.

[0022] Preferably, the device is inserted into the opening in
the anterior or posterior capsule with the assistance of an
applicator means, such as for example an applicator tool that
allows a surgeon to handle and correctly position the device in
the opening in the anterior or posterior capsule.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The present invention will become better under-
stood from the following detailed description of a preferred
but non-limiting embodiment thereof, described in connec-
tion with the accompanying drawings, wherein:

[0024] FIG.1isanisometric view of adevice in accordance
with one embodiment of the present invention from above and
one side;

[0025] FIG. 2 is a schematic view of a device in accordance
with one embodiment of the present invention together with a
diagrammatical representation of an eye including a capsu-
lorhexis; and

[0026] FIG.3isanisometric view of adevice in accordance
with one embodiment of the present invention together with
an isometric view of suitably configured IOL for insertion
into the opening of the device, from above and one side.

DETAILED DESCRIPTION OF THE INVENTION

[0027] The device of the present invention is preferably
designed to be inserted into an anterior capsule opening
formed by a capsulorhexis, in order to maintain the shape
and/or position of the opening over time. The device is pref-
erably composed of a biocompatible material and has the
appearance of an inverted tyre wherein the device has a
groove in its outer diameter into which the peripheral edge of
the opening of the anterior capsule sits.
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[0028] A preferable diameter of the device would be 4-8
mm—the “functional” diameter i.e. at the depths of the
groove would be 5-5.5 mm to accommodate an “ideal” 5.5
mm opening of the anterior capsule formed from a capsu-
lorhexis. A number of sizes would be available, as an opening
of “ideal” size is not always possible. As the opening can be
stretched as much as 62%, procedures involving the device of
the present invention could aim for a slightly smaller opening
size of 4.5-5 mm wherein the device would be “squeezed”
into the opening, so that the fit is snug if a 5.5 mm diameter
device is used.

[0029] Preferably, the device is designed that there be 1-3
mm of overlap, so that the device engages securely with the
peripheral edge of the opening of the anterior capsule and is
held securely in place preventing the possibility of the device
being expelled from the opening due to phimosis.

[0030] It is preferable that the device of the present inven-
tion is flexible to a certain degree, and thus could be inserted
in the form of a complete ring though a standard 3 mm
cataract surgery wound. Alternatively, it could be injected
into the eye as an incomplete ring and once in position, the
ring is closed by a hinged segment (see Graether U.S. Pat.
Nos. 5,267,553 & 5,634,884. Preferably, the hinged segment
allows for some adjustment to the overall diameter of the
device by means of a number of attachment points.

[0031] Once in place within the opening of the anterior
capsule, the device of the present invention would ensure that
capsule phimosis cannot occur. The fibrotic forces would be
redistributed in the lens capsule, but as the anterior capsule
opening can now no longer contract, it would prevent forces
on the zonular apparatus and therefore prevent dislocation of
the intraocular lens. As an asymmetric opening in the anterior
capsule from capsulorhexis can be associated with asymme-
try of contraction forces (and can contribute to “pea-pod-
ing”), the device of the present invention will make the open-
ing more symmetrical and facilitate long term intraocular lens
centration. The device according to the present invention may
also include a coupling means to which a drug for delivery
may be attached. Actives that may desirably be delivered
intraocularly in this manner include anti-inflammatory agents
such as steroids or non-steroidal agents, antimicrobial agents
such as antibiotics, antiviral or anti-fungal agents antiglau-
coma agents, agents to inhibit lens cell proliferation such as
S5-fluorouracil or mitomycin ¢, neuroprotectants or inhibitors
of neovascularization.

[0032] The device according to the invention can be used to
maintain the shape and/or position of an opening formed by a
capsulorhexis during cataract corrective surgery in humans,
and in animals such as cats, dogs, horses or any other animal
requiring cataract corrective surgery and in which a capsu-
lorhexis is performed.

[0033] A consequence of placement of the capsulorhexis
ring is that it can be utilized to hold an intraocular lens in a
setting where the posterior capsule has been inadvertently
ruptured. Posterior capsule rupture is a recognized complica-
tion of cataract surgery and may be associated with poor
outcomes, some of which may be due to unsatisfactory loca-
tion of the intraocular lens. In these circumstances, the
intraocular lens can be placed in the anterior chamber or
commonly, behind the iris, with the intraocular lens haptics
located in the ciliary sulcus. This location may be unstable
and the intraocular lens can migrate away from the visual
axis. A technique described by Dr Howard V. Gimbel of
Canada, utilizes sulcus fixation with the intraocular lens optic
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being pushed posteriorly through the intact capsulorhexis,
thus providing “lens optic capture”. This technique relies in
part on the capsulorhexis being the correct size. By creating a
flexible intraocular lens of appropriate diameter having pro-
truding members spaced on the periphery of the intraocular
lens optic and providing corresponding apertures in the
peripheral portion of the device of the present invention, an
intraocular lens can be accurately and reliably held within the
opening of the device.

[0034] During standard cataract corrective surgery, a
wound is created in the wall of the eye. Capsulorhexis is
performed resulting in an opening in the anterior capsule. The
crystalline lens substance is then removed through the open-
ing by phacoemulsification afterwhich an intraocular lens is
inserted into the capsular bag. Facilitating viscoelastic fluids
are then removed, steroid and antibiotic injections are typi-
cally given and the eye is bandaged. The insertion of the
device of the present invention would be an additional step
during the aforementioned surgical procedure, with insertion
occurring after the intraocular lens has been inserted into the
capsular bag.

[0035] Particularly in paediatric cataract (as well as some
of'the pathological conditions mentioned above), there can be
excessive fibrosis of the posterior capsule. Some surgeons
perform a primary posterior capsulorhexis, typically smaller
in diameter than the anterior capsulorhexis. This too can
phimose. Accordingly, the device of the present invention can
be used both for maintaining the shape and/or position of an
opening in the anterior and posterior capsule.

[0036] Itis believed the device of the present invention may
reduce an unwanted type of glare known as dysphotopsia. In
this phenomenon, peripheral sidelight is focused by the ante-
rior eye on the peripheral optics of the intraocular lens, result-
ing in a series of foci on the peripheral nasal retina. This
results in annoying images in the patient’s temporal field of
vision. In fact, eccentric capsulorhexis has been reported to be
associated with postoperative dysphotopsia. The device of the
present invention would potentially reduce the amount of
sidelight striking the periphery of the intraocular lens. In
particular, the anterior aspect of the device could be extended
to protrude anteriorly for 1-2 mm to minimize any gap that
may exist between the anterior capsule and posterior iris as
this gap may allow a pathway of peripheral light that contrib-
utes to dysphotopsia.

[0037] Referring to FIG. 1, there is shown a device 10 in
accordance with an embodiment of the present invention. The
device 10 consists of a main body portion in the form of a ring
with a hole or opening 20 passing through the main body
portion. The main body portion includes a peripheral portion
15 that further includes a groove 25 passing right around the
entirety of the peripheral portion 15. Due to the structure of
the groove around the peripheral portion of the device two
retaining flanges 16, 17 above and below the groove are
provided.

[0038] The device 10 would be typically composed of a
flexible bio-compatible material that maintains a degree of
rigidity when inserted into the opening 30 formed by a cap-
sulorhexis in the anterior or posterior capsule. But which at
the same time would allow the device to be squeezed into and
fitted within the opening of the anterior capsule.

[0039] Referring now to FIG. 2, there is shown the device
10 about to be inserted into an opening 30 formed by a
capsulorhexis of an anterior capsule 35. The opening 30
would normally be in a range of 5.0-5.5 mm in diameter.
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[0040] During cataract corrective surgery, a capsulorhexis
is performed on an anterior capsule providing an opening 30
through which the cataract affected lens can be removed by a
phacoemusification. After the cataract affected lens is
removed, an intra-ocular lens is inserted within the capsule
bag 35. At this point, the device 10 may be inserted into the
opening 30 in the anterior capsule whereby the peripheral
edge of the opening 30 is fitted within the groove 25 of the
device 10 and retained in place by retaining flanges 16,17. In
this manner, the device 10 is securely engaged within the
opening 30 of the anterior capsule.

[0041] The device 10 is left in place within the opening 30
of'the anterior capsule maintaining the position and/or shape
of'the opening in the anterior capsule preventing or minimis-
ing phimosis and allowing a passage for light to pass through
the intraocular lens located in the capsule bag 35.

[0042] Referring now to FIG. 3, there is shown a device 10
in accordance with an embodiment of the present invention
having a plurality of evenly spaced apertures 18 in the periph-
eral portion 15 of the device. In the illustrated embodiment,
the evenly spaced apertures 18 are circular. Also shown is an
IOL 50 having a plurality of evenly spaced protruding cylin-
drical members 51 corresponding in number and positioning
to the apertures 18 of the device 10. In use, the protruding
members 51 of the IOL 50 are aligned and engaged with
corresponding apertures 18 of the device 10, thereby securing
the IOL within the opening 20 of the device.

[0043] Finally, it can be understood that the inventive con-
ceptin any of its aspects can be incorporated in many different
constructions and/or methods so that the generality of the
preceding description is not to be superseded by the particu-
larity of the attached figures. Various alterations, modifica-
tions and/or additions may be incorporated into the various
constructions and arrangements of parts without departing
from the spirit or ambit of the invention.

1. A device for maintaining the shape and/or position of an
opening formed by a capsulorhexis in the anterior or posterior
capsule, the device having a main body including a peripheral
portion and an opening therethrough, wherein the peripheral
portion engages with the inside peripheral edge of the open-
ing in the anterior or posterior capsule wherein the peripheral
portion of the device is substantially circular in shape
whereby the device is in the form of a ring.

2. The device according to claim 1 wherein the opening
through the peripheral portion has a diameter of 4.5 to 5.5 mm

3. The device according to claim 1, wherein the peripheral
portion includes a groove whereby in use the inside peripheral
edge of the opening in the anterior or posterior capsule is
positioned inside the groove.

4. The device according to claim 3, wherein the groove is
around the entirety of the peripheral portion of the device.

5. The device according to claim 1 formed from a flexible
material.

6. The device according to claim 5, wherein the flexible
material is biocompatible.

7. The device according to claim 6, wherein the flexible
material is surgical grade rubber or plastic.

8. The device according to claim 5, wherein the flexible
material reduces or minimises glare.

9. The device according to claim 1, wherein the device
moves between a collapsed state and an assembled state.

10. The device according to claim 9, wherein the device
moves between a folded and an unfolded stated by means of
a hinge.
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11. The device according to claim 10, wherein in the col-
lapsed state the peripheral portion may detach at one or more
points along its length to form an open state wherein the
peripheral portion can then reattach and form a closed state
when the device is in the assembled state.

12. A method of maintaining the structure of an opening in
the anterior or posterior capsule formed by a capsulorhexis
whereby a device is inserted into opening in the anterior or
posterior capsule, the device having a main body including a
peripheral portion and an opening therethrough, wherein the
peripheral portion engages with the inside peripheral edge of
the opening in the anterior or posterior capsule.

13. The method according to claim 12, wherein the device
is inserted into the opening in the anterior or posterior capsule
after an intraocular lens has been inserted into the capsular
bag of an eye during cataract corrective surgery.

14. The method according to claim 13, wherein the device
remains engaged with the 20 opening in the anterior or pos-
terior capsule for an indefinite period of time after cataract
corrective surgery.
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15. The method according to claim 13, wherein the device
remains engaged with the opening in the anterior or posterior
capsule permanently after cataract corrective surgery.

16. The method according to claim 12, wherein the device
is inserted into the opening in the anterior or posterior capsule
with the assistance of an applicator means.

17. The method according to 12 performed in a human or
other animal requiring cataract corrective surgery.

18. A method of preventing phimosis of an opening in the
anterior or posterior capsule formed by a capsulorhexis
whereby a device is inserted into the opening in the anterior or
posterior capsule, the device having a main body including
peripheral portion and an opening therethrough, wherein the
peripheral portion engages with the inside peripheral edge of
the opening in the anterior or posterior capsule.
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