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INTRACCULAR LENS ASSEMBLIES

BACKGROUND QOF THE INVENTION

This invention relates to intraocular lens assemblies for
implantation into the posterior chamber o0f a human eve and,
more particularly, to accommodating lens assemblies for
implantation during cataract eyve sufgery.

Heretofore. conventional cataract surgery has involved the
removal of the normal lens of a bhuman eye and replacement
thereof with an artificial intraocular lens assembly which
does not have the the ability to change shape for focusing at
different distances, as can the normal lens of the eve. The
normal lens has the capability of focusing objects in a range
of distances which varies from a near point of about 50
millimeters to a far point of infinity. Tkis focusing effect
is accomplished by a process known as accommodation. However,
the heretofore standard replacement lenses have been fixed
focus lenses designed for either distant or close-up vision
and have lacked the abilityv to achieve accommodation. Thus. a
patient, having one of these prior lenses implanted during
surgery, typically has been required to wear appropriate
conventional bifocal or reading glasses thereafter to
compensate for the non—accommodating nature of the implant.

U.S. Patent 4,294,509 discloses an intraccular lens
structure which is taught to provide properties of
accommodation. The lens structure therein includes an optical
lens portion which is incapable of changing its curvature

since it is formed from a rigid methyl methacrylate-type
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material such as polymethyl methacrylate ("PMMA"). This rigid,
fixed configuration lens portion is supported by haptics which
are integrally formed with coplanar oppositely directed feet.
The haptics are constructed from a soft, relatively fle’ible‘
material such as soft hydrogels of hydrophylic type including
Z2-hydroxyethyl methacrylate ("PHEMA"). These supporiing
haptics have an archlike éonfiguration, convex side facing the
cornea. so that the optic will not touch the iris but will be
slightly anterior to it when the structure is implanted in the

anterior chamber of the eye. Focusing power of thi

n

prior
assembly is said to change through anterior movement of the
optic resulting from central compressive force exerted on the
feet and translated through the soft haptics to the lens.upon
contraction of the ciliary muscle when the lens is implanted
in the anterior chamber of the eye. That is, the patent
teaches that central compression of the soft haptics cf the
lens implanted in the anterior chamber of the eye displaces
the lens forward and, thereby, increases the optical power of
the system by moving the focusing lens away from the retina.
However, it has been found that this system when implanted as
taught in the patent does not solve the problem of providing
an operationally effective accommodating lens assembly.

A disadvantage of the prior lens assembly is that it is
configured for implantation into the anterior chamber of the
eye wherein the feet of the haptic supporting the lens are in
the anterior chamber angle and, therefore, are effectively in
contact with the scleral spur or iris root. As described, the

feet of the lens thus positioned in the anterior chamber are
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pushed'centrally during accommodation by an amount sufficient
to result in a useful increase in accommodative power.

However, it has been found that contracticn of the ciliary
muscle does not move the scleral spur or iris root centrally
or antériarly. Accordingly, insufficient central movement
occurs at the periphery of the anterior chamber to achieve the
necessary accommodation with these lens assemblies.
Furthermore, to the extent that there is any central
displacement of these lens assemblies, less than a millimeter

of anterior movement can be achieved in the anteriocr chamber

k)

of the eye when clearance of the iris and cornea are
considered.. This amount of movement would provide less than
about 1 diopter of accommodation utilizing these lens
assemblies whereas at least about 3 diopters of accommodation
are required to allow focus to go from distance to normal
reading vision and about 5 diopters to achieve this degree of
accommodation without asthenopia (discomfort resuliing from
eye strain). Indeed, at least about & diopters is preferred to
develop an operationally effective accommodating lens system

in view of the difficulty in predicting a lens power which

would result in ideal distance wvision.

SUMMARY OF THE INVENTIOKN

It is an object of the present invention to provide
intraocular lens assemblies which avoid the disadvantages
inherent in the prior lens assemblies. Specifically. it is a

primary object of this invention to provide accommodating lens
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assemblies for implantation into the posterior chamber of the
human eve. Another primary cbject is to provide accommodating
lens assemblies wherein at least about a 3 diopter change in
the focusing power of the eye is achieved and, preferably, the
degree of accommodation achieved is at ieast about 5 diopters.
most preifierably at least about 8 diopters.

In accordance with the present invention, intragcular lens
assemblies are provided which utilize the ciliary muscle to
produce changes in lens curvature and geometry whereby
accommodation is achieved. Specifically, the assemblies of this
invention include ring structures which support deformabls
central lens structures. The ring structures comprise outer
ring members having web members extending therefrom. These web
members are connected at there distal ends to the central lens
structures or are formed integral with and as a unitary
extension o0f the central lens. The lens structures are
constructed from elastic materials which have the ability to
be extended or compressed when apprapriate radial pressure is
applied thereto and to essentially return to their original
shapes when such pressure is relaxed. These lens structures
act as the deformable focusing or optic portions of the
assenmblies,

The outer ring members of the ring structures are adapted
to engage with and to be compressed by contraction of the
ciliary muscle after implantation of the assembly into the eye
whereby tension on the optic is relaxed to enable adjustment
of the curvature and geometry of the central lens to achieve

accommodation. More specifically. as radial tension

v
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transmitted from the ring toc the central lens is relaxed, the
lens contracts its diameter from its original minimum focusing
or non-accommodative shape causing an increase in the central
thickness of the lens thereby increasing curvature of the lens
and the focusing power thereof. Subsequently, as outer ring
tension is increased on the lens via muscle relaxation, the
lens will expand its diameter as a function of the tension
exerted thereon so that the shape of the lens will revert to
the original nén—aocommodative form as the tension applied
thereto returns to the initial level.

Furthermore, in preferred embodiments of the present
invention, the assemblies are specially designed and
counstructed to allaow safe and efficient implantion or
insertion thereof into the posterior chamber of an eye through
a significantly smaller incision than has been possible
heretofore. In this regard, it is preferred to insert an
inflatable assembly while it is in a non-inflated or collapsed
state. However, it is within the purview of this invention %o
provide an assembly wherein either the lens or the outer ring
member or both the lens and the outer ring are either pre-
molded or are fully or partially inflated by injecting highly
deformable material therein prior to implantation and are,
thus, implanted in a fully or partially inflated state.

After the structure has been implanted into the posterior
chamber with the lens and ocuter ring structures fully expanded

ther prior to or after insertion, the ocuter ring member will

(e

e

be in operative contact with the ciliary muscle at the ciliary
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epithelium at or just posterior to the ciliary sulcus. In this
positidn, the ring is in generally circumferential contact or
near contact with the muscle so that a substantial fracticn of
the muséle diameter change resulting from contraction of the

muscle can be converted into essentially uniform

0

ircumferential change of the central deformable lens through
the connections between the ring structure and the iens
structure to accomplish essentially uniform deformation of the

lens and increased as well as adjustable focusing power as

previously described.

BRIEF DESCRIPTION OF THE DRAVINGS

therrobjects.features and advantages of the
accommodating, posterior chamber implant lens assemblies of
this invention will become apparent from the following
detailed description of preferred embodiments taken in
conjunction with the drawings wherein:

FIG. 1 is a top plan view of an intraoccular lens assembly
of this invention;

FIG. 2 is a cross-sectional view taken along line A-A of
FIG. 1 showing the lens assembly prior to implantation in a
collapsed state with cannulae attached to the fill ports for
inflating the lens and the ring structures;

FIG. 3 is a cross-sectional view taken along line A-A of
FIG. 1 showing the lens assembly after inflation with the

cannulae removed;
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FIG. 4 is a perspective view of the lemns assembly of FIG.
1 in an inflated state implanted into the posterior chamber of
a human eve;
FIG. 3 is a top plan view illustrating another embodiment
of an intraocular lens assembly of this invention; and
" FIG. 6 is a cross-sectional view taken along line B-B of
FIG. 5 showing the lens assemwbly in a fully expanded

condition.

DETAILED DESCRIPTION OF THE DRAVINGS

FIG. 1 illustrates an intraocular lens assembly 10 adapted
for implantation into the posterior chamber of the human eye.
The structure comprises a central optical lens structure 12
and a supporting multi-lobe ring structure 14.,The lens
structure 12 is formed by bonding or sealing the
circumferential edges of two juxtaposed, congruent circular
sheets or membranes 16 and 18 of soft, elastic material such
as a silicone rubber, polyurethane rubber or another polymeric
elastomer which is optically clear and biologically inert.
However, as best illustrated in FIG. 2, an edge section
between the membranes 16 and 18 is left unsealed to provide a
passage 20 into a chamber 22 formed intermediate the anterior
and the posterior membranes 16 and 18, respectively, to enable
inflation of the lens structure as will be described in
greater detail hereinafter.

The ring structure 14 includes two juxtaposed

flat,expansible members 24 and 26, each formed from a strong,
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thin material such as a polyimide or a polyester polymeric
sheet, The members 24 and 26 are shaped in congruent multi-
lobe configurations and are bonded or sealed together along
their peripheral edge 28 as well as along an intermediate
lobed boundary line 30 whereby an intermediate f£ill chamber 32
is formed between the sealed edge 28 and the boundary line 30.

Optiocnally, the membranes 16,18 of the lens structure 12
and the members 24,26 of the ring structure 14 may be formed
from any suitable diécrete elastic materials or they may all
be formed from a single elastic material. If all of the
elements 16,18,24 and 26 are constructed from a single
material. it may be preferable to vary the thickness of the
portion of the elastic material utilized to form the membranes
16,18 of the lens structure 12 as compared with the thickness
of the same material utilized to form the members 24,26 of the
ring structure 14 for certain applications. Thus, exemplary of
the options available for constructing the assembly 10 herein,
membranes 16,18 and members 24,26 may be formed from the same
elastic material; or membrane 16 and member 24 nay be formed
from one elastic material and membrane 18 and member 26 from
another: or elements 16,18,24 and 26 may all be formed fom
different elastic materials; or mémbranes 16,18 may be formed
from one elastic material and members 24,26 from another
elastic material, etc., at the discretion of the manufacturer.
Likewise, thickness of the component parts and sections
thereof may be selected at the option of the manufacturer.

It should be further noted that bonding ar sealing of the

various piece parts referenced herein mayv be accomplished by
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any'suitable means such as by gluing or welding. This gluing
or welding and. in addition, the cutting of the pattern for
the structure 14 may be performed with a focused laser or

electron beam.

Az illustrated in FIG. 1. the ring structure 14 includes a
centrai hole Sé.wﬁich iz either formed initially in the
members 24 and 26 or which may be cut out subsequent to
joinder thereof. The circular lens structure 12 is positioned
to cover the hole 34 and is affixed to the circumierential
edges of the ring structure 14 surrounding the hole 34 by any
appropriate means such as gluing with the passage 20 of the
lens 12 being aligned in a manner discussed hereinafter to
enable inflation of the lens. However, it should be recognized
that the lens structure 12 and the ring structure 14 may
optionally be fabricated from a single elastic material by
varying the thickness of the different functional regions of
the assembly 10. With such an integral construction, the lens
12 and the ring structure 14 are formed coextensively so that
an additional affixing step is not required.

After inflation, the thickness of the lens 12 will vary
depending on the amount of material injected therein to
inflate the structure. The diameter of the lens also will vary
depending on the particular tension applied to the central
lens l2 as previcuély discussed. However,in its original non-
accommodative shape, a lens diameter of about 5-& mm. is

preferred and, a diameter of about 6.5-7.5 mm. is most

preferred.
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The anterior member 24 of the ring structure 14 includes
two openings 36 and 38 which provide fill ports for injecting
materials such as viscous fluids or fluid compositions which
are gels or cure with a gel-like or elastomeric consistency
into the assembly 10 to inflate it. These openings 36,38 are
pcsitiéﬁé& in the muliti-lobe structure 14 to maintain the
spherical arrangement of the lens assembly 10. The openings 36
and 38 optionally can be covered with a fill tube interface or
septum (not shown) of varying design-affixed to the flat
surface to retain material therein after injection and to
prevent leakage.

As illustrated in FIG. 2, flexible tubes or cannulae 46
and 48, which are formed from either metal or flexible
polyimide or polyester tubing, are attached to the openings 36
and 38 to facilitate connection of the openings to a syringe
or other injection device for introducing injectible materials
into the assembly 10 for purposes of inflating the assembly.
Specifically, the opening 36 is positioned in anterior member
24 and communicates directly with a passage section 40 formed
by sealing or bonding members 24 and 26 together along a
boundary line 42. The passage section 40 is pasitiocned to
interconnect with passage 20 which opens into chamber 22 in
lens structure 12 so that material injected through cannula 46
into opening or fill port 36 will be transported solely
through passage section 40 and passage 20 into chamber 22 of
lens 12 whereby the lens structure 12 will be inflated. The
opening 38 in anterior member 24 communicates directly with

fill chamber 32 of ring structure 14 so that injection of

»
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material through cannula 48 and opening or £ill port 38 will
result in the inflation of the £fill chamber 32 whereby, as
best illustrated in Fig.3, an cuter ring 44 will be formed as
a result of the introduction of the injectible material
therein. Intermediate this inflated cuter ring 44 and inflated
lens structure 12, a web section 50 is defined by that section
of the multi-leobe ring structure 14 which is sealed off from
inflation through the openings 36 and 38. Thus, as
illuétrated, the web 50 is attached to and extends radially
inwardly of the outer ring 44 and is connected at its distal
end to the lens 1lZ.

In FIG. 4, the lens assembly 10 is shown implanted in an
eye 52. As illustrated, the assembly 10 has been inserted
through a small incision 54 made in the cornea 56 of the eye
52 into the posterior chamber 58 of the eye 52 posterior to
the iris 60. In the surgical procedure employed for implanting
the assembly 10, the natural lens is first removed from the
pupil 62 of the eye 52. Then, the assembly 10 is inserted
through incision 54 either in a collapsed state (i.e., with
the len structure 12 and the multi-lobe ring structure 14
uninflated) with cannulae 46 and 48 attached or in a fully or
partially inflated state. Assuming that the assembly 10 is
inserted with an initially collapsed outer ring 44 of the ring
structure 14 implanted posterior to the iris 60 and with an
uninflated lens 12. Then, after implantation, the assembly 10
is inflated by injecting appropriate injectible material into
the outer ring 44 and the lens 12 whereby the assembly 10 will

expand so that the outer ring 44 will seat in the ciliary
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sulcus region 70 adjacent ciliary muscle 68 and will be in
operative engagement with the muscle 68. The assembly 10 is
inflated sufficieﬁtly after implantation sc that the cuter
ring 44 will exert a stretching tension on the lens 12 with
this stretching temnsion being transmitted to the lens 12 via
the web 50.

In a preferred embadiment of this invention, the lens
assembly 10 is inflated after implantation by first injecting
the injectible material into the outer ring 44 as previously
detailed sc that a diameter of the ring 44 is achiesved
sufficiegtrto essentially match the circumference of the
sulcus region 70 adjacent to the ciliary muscle 68. Then, the
lens 12 is inflated as previously discussed by injecting a
viscous fluid or gel type polymer intoc the chamber 22 in lens
12. However, in alternative preferred embodiments of this
invention, the ocuter ring 44 and/or the lens 12 is either
fully or partially inflated prior to implantation by injecting
therein a material which is highly deformable and which will
compact sufficiently to enable the assembly to be inserted
through an extremely small incision into the posterior chamber
of the eye.

¥ith regard to the injectible material,the ring structure
44 and center lens structure 12 formed from elastic membranes
16 and 18 may be injected with a composition which is selected
independent of the injectible material selected for injection
into the ring structure 44, thereby, enabling flexibility in
construction and application. For example, the desired

focusing power of the lens 12 may be controlled simply by
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controlling the volume or the index of refraction of the
material injected into the lens 12 or the operability of the
ring 44 can be altered by controlling the volume or the cure
properties of the material injected intoc the ring 44. 4As
previously noted, selection of a suitable highly deformable
injection material for introduction into the assembly 10 is
instrumental in enabling provision of an implént which may be
inserted in an inflated state into the posterior chamber of
the eye.

The intraocular lens 10, functions to provide
accommodation by utilizing the contractions of the ciliary
muscle 68 in much the same manner as the human eye employs
these muscle actions on the natural lens. Specifically, after
the assenmbly 10 is implantéd, muscle pressure is applied to
the ring structure 44 which is positioned in operative
engagement with muscle 68 and which applies tension on elastic
center lens 12 via a web 50.

In operation, the muscle 68 compresses the ocuter ring
structure 44 which then allows the stretching tension
transmitted from the outer ring 44 to the lens 12 via the web
50 to relax. This relaxation of the tension thereon enables
the lens 12 to deform in an essentially uniform manner into a
reduced diameter with increased lens curvature providing
increased focusing power whereby accommodation is achieved.

Thus,in an exemplary embodiment of this inventiomn, the
dimension of the outer ring 44 implanted in the eye 52 matches
the maximum muscle diameter of the surrounding ciliary muscle

68 so that the lens 12 is stretched to its maximum diameter.
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This maximum lens diameter will provide minimum focusing
power. However, muscle contraction will allow the diameter of
the lens 12 to slightly reduce as a result of the relaxation
of the tension exerted by the web 50 on the lens 12 as
transmitted through the outer ring 44. Accordingly, the

inherent elasticity of the membranes forming the lens 12 will

-
-

cause the lens structure 12 to symmetrically deform by a
radial increment of at least about 0.1 mm.as a result of
displacemeﬁt 0f the viscous fluid or gel therein upon release
of this applied tension and the lens focusing power will
increase by an amount of at least about 3 diopters. In a most
preferred embodiment of this invention the lens deforms by a
radial increment of at least about 0.2 mm. resulting in a
change of focusing power of at least about 8 diopters.

FIGS. 5-6 illustrate another preferred embodiment of an
intraocular lens implant of this invention wherein like
reference numerals denote like elements of structure to those
illustrated in FIGS 1-4. As shown in FIGS. 5-6, a premolded
disk 70 is provided having a circular cavity or depression 72
formed centrally therein. This central cavity 72 is inset into
the surface of the disk 70 to a depth which is slightly less
than the total thickness of the disk 70 so that a thin,
optically clear membrane 74 is formed centrally in the
remaining surface of the disk 70 opposite the open side of the
cavity 7Z. A separate thin, optically clear circular sheet or *

membrane 76 is bonded, glued or otherwise affized in sealing

74

engagement over the open side of the cavity 72 by attaching a

circumferential edge 78 of the membrane 76 to a rim section 80
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circumferentially surrounding the cavity 72 in the premolded
disk 70.

Once the membrane 76 is attached to the disk 70 in sealing
engagement, the assembly 10 is completed with the central lens
12 being formed in the disk 70 by the cavity 72 enclosed by
the ﬁémgranes 74 and 76 and the ring structure 14 including
outer ring 44 and web member 50 which interconnects tﬁe lens
12 and the outer ring 44 being provided by the surrounding
portion of the disk 70 caoncentric éo the circular central
cavity 72. As best illustrated in FIG. 5, the ring structure
14 in this embodiment is in a multi-lobe configuration
although shape and arrangement of this structure is a matter
of choice.

The disk 70 with the membrane 74 formed integrally
therewith can be fébricated from any suitable elastomeric
material such as a silicone rubber and the method of formation
can be by casting or spin casting with a mold which can be
fashioned to create various thicknesses throughout the surface
cf the disk 72 or in order to achieve special shapes and/or
cut—-outs therein. For example, as best illustrated in FIG 5,
it can be seen that the ring structure 14 in disk 70 in the
depicted embodiment includes cut-outs &2 which are formed in
the section of the disk 70 corresponding to the web member 50
so that the cut-outs 82 are interspersed between strips of
webbing 84 which are employed to operatively interconnect the
outer ring 44 with the central lens 12. Optionally, the
initial molded disk 70 may not include these cut-outs &2 and,

if desired, they may be formed later in the disk 70 by
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employing an additional cutting step. The details of the
pattern of the cut-cuts 82, if any, utilized in the assemblies
10 depend on various factors such as the elasticity of the
material forming the disk 70 and the thickness of the various
functicnal regions of the assembly 10.

Thin circular membrane 76 which is bonded to the open side
of the central cavity 72 of disk 70 to form the enclosure for
central lens 12 may be formed by casting or spin casting a
fluid which can be cured éo produce an elastomeric material
such as silicone rubber. The enclosed central lens 12 may be
inflated into fully expanded condition by the injection of a
suitable material such as a viscous fluid or a fluid
composition which is a gel or cures with a gel-like or
elastomeric consistency into the cavity 72. Introduction of
the injectible material into the lens 12 may be accomplished
employing any suitable technique suck as by injecting the
material through canulae formed in the surface of either
membrane 74 or 76. Additionally, if desired, the injectible
material may be introduced into cavity 72 by injecting the
material with a hypodermic needle through the membrane 74 or

76.

T

The assembly 10 illustrated in FIGS. 5-6 operates in a
similar manner to the embodiment of this invention illustrated
‘in FIGS 1-4. That is, after implantation., the outer ring
member 44 of the ring structure 14 is positioned in operative
engagement with the ciliary muscle of the eye. The outer ring
44 transmits radial tension to the central lens 12 via the

strips 84 which comprise the web member 50 in order to stretch
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the lens 12 radially outwardly and, upon contraction of the
muscle, the outer ring 44 is compressed so that the radial
tension transmitted from the outer ring 44 to the lens 12 via
the web 50 is relaxed enabling the central lens 12 to
essentially uniformly deform about its circumference and to
alter its cdrvature:“

In a further preferred embodiment of this invention, the
lens 12 as well as the ring structure 14 is pre-molded rather
than being expanded or inflated by injection of iﬁjectible
material therein. For example,such an assembly can be produced
by molding a disk 70 with a central circular hole
concentrically positiconed within a ring structure 14. A lens
12 is molded as a separate circular member of soft,
elastomeric material with an outer circumference less than the
diameter of the hole in the disk 70. The integral lens 12 then
is positioned inside the hole in the disk 70 and the ring
structure 14 of the disk 70 is compressed to match the outer
circunference of the lens 12 and the outer circumference of
the lens 12 is affixed to the inner circumference of the ring
structure 14. After attachment is completed and the assembly
10 is allowed to assume its natural state, the ring structure
14 stretches the central lens 12 to a larger diameter having a
lens curvature different than the curvature of the lens 12 as
originally molded in view of the tension applied thereto by
the ring structure 14. Upon relaxation of this tension, the
assembly 10 operates to achieve an alternate lens curvature as

detailed above.
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Vhile specific embodiments of this invention have been
shown and described herein, it will be clear to those skilled
in The art thal changes and modifications may be made without
departing from the spirit and scope of the invention in its

broadest aspects and the following claims ars intended to

cover all such changes and modifications as fal

(]

within the

true spirit and scope of the invention.

]

~r

-
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What is claimed is:

1. An intraocular lens assembly for implantation into the
posterior chamber of a human eve in aperative engagement with
a circumferentially extending ciliary muscle of said eye

comprising a central lens guppcrted by a ring structure, sald

s

ring structure including an outer riang member lhaving a web
member extending radially inwardly of said ocuter ring member,
sald web member being connected at its distal end to said
central lens, said cuter ring member being adapted to apply a
circumferentially continuous force to said central lené via
said web member when said muscle i3 in a relaxed condition to
stretch said central lens radially outwardly after
implantation, said outer ring member being further adapted to
operatively and abuttingly engage said circumferentially
extending muscle after implantation so that said outer ring is
compressed by said muscle upon contracticn of the muscle
whereby said force applied by said outer ring member to said
central lens via said web member is relaxed enabling said
central lens tc essentially uniformly deform about its
circumference and alter its curvature.

)

.

The intraocular lens assembly of claim 1 wherein said
central lens deforms by a radial increment of at least about
0.1 mm, and at least about a 2 diopte; change in the focusing
power of said eye is achieved.

3. The intraoccular lens assembly of claim 2 wherein.said
radial increment is at least about 0.2 mm, and said change in

focusing power is at least about & diopters.
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- The intraocular lens assembly of claim 1 wherein the
central lens is inflated by injecting therein a viscous fluid
or a fluid composition which is a gel or cures with a gel-like
or an elastomeric consistency.

3. An intraccular lens assembly for implantation intoc the

. RN

posterior chamber of a human eye in operative engagement with
a circumferentially extending ciliary muscle of said eve
comprising a central lens supported by a ring structure, said
ring structure including an outer ring member having a web
member extending radially inwardly of said outer ring memnber,
said web member being connected at its distal end to said
central lens, said outer ring member transmitting tension to
said central lens via said web member to stretch said ceniral
lens radially outwardly after implantation, said cuter ring
being positioned to operatively engage said circumferentially
extending muscle after implantation so that said outer ring is
compressed by said muscle upon contraction of the muscle
whereby said tension transmitted from said ocuter ring member
to said central lems via said web member is relaxed enabling
said central lens to essentially uniformly deform about its
circumference and alter its curvature, and wherein the outer
ring iz inflated by injecting therein a viscous fluid or a
fluid composition which is a gel or cures with a gel-like or
an elastomeric consistency. -

$. The intraocular lens assembly of claim 1 wherein the

central lens is molded from an elastomeric material priocr to

implantation.
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7. The intraocular lens assembly of claim 1 wherein the
outer ring member is molded from an elastomeric material prior
to implantation.

8. The intraocular lens assembly of claim 1 wherein the
outer ring member and the web member of said ring siructure
are formed in a multi-lobe configuration. -

9. The intraocular lens assembly of claim 1 wherein said
central lens and said ring structure including said oquter ring
member and said web member are formed from a single elastic
material,

10. An accommcdating lens assembly for implantation into a
posterior chamber cof an eye in engagement with a
circumferentially extending ciliary muscle of said eye
comprising a ring structure supporting an inflatable central
lens structure, said ring structure including an inflatable
outer ring member having web members extending therefrom, said
web members being connected to said central lens structure at
their distal ends, said lens structure being formed of an
elastic material and acting as a deformable focusing portion
of said assembly, said outer ring member being adapted to
engage with and to be compressed by contractions of said
ciliary muscle after said assembly is implanted in said eye
whereby tension on said deformable lens structure is relaxed
enabling adjustment of the curvature and geometry of éaid lens
to achieve accommodation.

11. The accommodating lens assembly of claim 10 wherein
said central lens structure comprises two expansible,

congruent circular membranes sealed together along their
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circumferential edges except for an edge section which is left
unsealed to provide a passage for introduction of material
into a space between said membranes to inflate said lens
structure.

12. The accommodating lens assembly of claim 11 wherein
sald membranes are formed from an elastic ﬁaterial selected
from the group consisting of silicome rubber, polyurethane
rubber and mixtures thereof.

13. The accommodating lens assembly of claim 11 wherein
said material employed to inflate said lens structure is
selected from the group consisting of %iscous fluids, fluid
compositions which are gels,fluid compositions which cure with
a gel consistency and mixtures therof.

14. The accommodating lens assembly of claim 10 wherein
said ring structure is formed from two expansible members
shaped in congruent multi-lobe configurations, said two
‘members being sealed together %lcng peripheral edges and along
~an intermediate boundary line to form a fill chamber between
sald sealed edges and said boundary line which comprises the
inflatable outer ring member of said ring structure.

15. The accommodating lens assembly of claim 14 wherein
an opening is formed in a surface of one of the two expansible
members, said opening communicating with said fill chamber for
introduction of material into said chamber td inflate said
cuter ring member.

16. The accommodating lens assembly of claim 14 wherein
said expansible members are formed from polyimide and

polyester polymers.
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17. The accommodating lens assembly of claim 14 wherein
said material employed to inflate saild outer ring member Iis
selected from the group consisting of viscous fluids, fluid
compositions which are gels,fluid compositions which cure with
a gel consistency and mixfures therof.

18. An accommodating lens assembly comprising an
essentially circular central lens and an outer member
circumscribing said lens, =aid assembly being adapted for
implantation into an eye in a manner such that compressive
force is applied to said ocuter member when muscles of the eye
contract and such compressive force is absent when said
muscles are relaxed, said lens being operatively
interconnected to said outer member so that, after
impléntation, when said compressive force on said outer member
iz absent, said outer member exerts a radially outwardly
extending force on said lens whereby said lens is stretched
radially outwardly into a non-accommodative shape and, when
said compressive force is applied to said outer member.said
force exerted on said lens by said outer member is relaxed to
enable said lens to contract its diameter and thereby change
curvature in order to increase focusing power and to achieve
‘accommodation.

19. The accommodating lens assembly of claim 18 wherein
said said outer member comprises a ring structure.

20. An accommodating lens assembly comprising an
essentially circular central lens adapted for implantation
into an eye, said lens being operatively interconnected to

means for exerting a radially outwardly extending tension on
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said lens after implantation so that said lens is stretched
radially cutwardly intoc a non—accommodative shape and for
relaxing said tensicon exerted cn said lens to enable said lens
to contract its diameter and thereby change curvature in order
to increase focusing paower and fa achieve accommpdation,“sagd
means for exerting tension on said lens and for relaxing said
tension comprising a ring structure, said ring structure
including an inflatable outer ring member.

21. The accommodating lens assembly of claim 19 wherein
said ring structure includes an outer ring member molded frcm
an elastomeric material.

22. The accommodating lens assembly of claim 19 wherein
said ring structure includes an outer ring member and a web
menmber formed intermediate said central lens and said outer

ring.

i~



WO 89/06520 | /L PCT/US89/00092

i2

42

30
28

FIG.3

2\.
10

2
16+,

14

®)
o 2
S : o
| I ) @
& ) O,
~ @ Qr © Q L
M g M g s}

FIG.|

SUEBZTITUTFE QHFFT



WO 89/06520 %L PCT/US89/00092

BTN T T 5 § o



-

w

INTERNATIONAL SEARCH REPORT
International Application No PCT/US 89/00092

f. CLASSIFICATION OF SUBJECT MATTER (it several classification symbois apoly, indicate ail) ¢
According to internationai Patent Classification (IPC) or to botn National Classification and IPC

4
IPC : A6l F 2/16

il. FIELDS SEARCHED

Minimum Documentation Searched 7

Classification System | Classification Symbols

VIPC4 ABlF

Documentation Searched other than Minimum Documaentation
to the Extent that such Documents are Included in the Fields Searched ¢

11l. DOCUMENTS CONSIDERED TO BE RELEVANT?®
Citation of Document, 1! with Indication, where appropriate, of the relevant passages 12

! Relevant to Claim No. 13

Cateqory']

X WO, A, 84/04449 (LEVY) 1-3,6-9
22 November 1984 18,19
see abstract; claim 1; figures

Y 4

A _ 5,10,20

Y US, A, 4253199 (BANKO) 4
3 March 1981
see column 2, line 34 - column 4,
line 17; figures

A 10-13

A Us, A, 4585457 (KALB) 5,10-13,
29 April 1986 20,21
see the whole document

A US, A, 4693717 (MICHELSON) 10-13
15 September 1987
see abstract; figures

o/o

“T* later document published after the international filing date

¢ Spacial categories of cited documents: 10 \
? ger X or priority date and not in conflict with the application but

“A" document defining the genaral state of the art which is not cited to understand the principie or theory underlying the
considered to be of particular reievance invention
“E" eatlier document but published on or after the international ux" document of particular relevancs; the claimed invention
filing date cannot be considered novel or cannot be considered to
“L" document which may throw doubts on priority claim(s) or invoive an inventive step
which is cited to establish the publication date of another wy" document of particutar relevance; the claimed invention
citation or other special reason (as spacified) cannot be considered to invoive an inventive stap when the
“O" document refarring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means me‘n;:.l:‘uch combination being obvious to a person skilled

“p* document published prior to the international filing date but

later than the prionty date claimed 48" document member of the same patent family

IV. CERTIFICATION
Date of the Actual Completion of the internationai Search

27th April 1989 2. 4 MAY 1989

international Searching Authority Signature of Authorized Ore( ;
M, YAN MCL L = _C

EUROPEAN PATENT OFFICE

Date of Maliing of this Internationai Search Report

Form PCT/ISA/210 (second sheet) (January 1985)



International Application No. PCT/ UsS 89 / 0009 2 - 2-

lll. DOCUMENTS CONSIDERED TO BE RELEVANT  (CONTINUED FROM THE SECOND SHEET)

Category * i Citation of Document, with indication. whera appropriate, of the reievant passages Relevant to Claim No
| '
| ;
A EP, A, 0162573 (HECHT) |
i 27 November 1985
A X EP, A, 0064770 {(INPROHOLD)
% 17 November 1982
A ©  US, A, 4254509 (TENNANT)

10 March 1981
cited in the application

v — s ey

Form PCT ISA'210 (extra sheet) (January 1985) i -



ey

ANNEX TO THE INTERNATIONAL SEARCH REPORT
ON INTERNATIONAL PATENT APPLICATION NO. s 8900092

SA 26510

This annex lists the patent family members relating to the natent documents cited in the above-mentioned international search report.
The members are as contained in the European Patent Office EDP file on-17/05/89
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

cited insearch repor e member®’ e
WO-A- 8404449 22-11-84 EP-A- 0150174  07-08-85
" Us-A- 4253199 03-03-81 None o
©Us-A- 4585457 20-04-86  Neme
CUs-A- 4693717 15-09-87 None
©EpA- 062573 271185 JP-A- 60232150  18-11-85

Us-A- 4753655 28-06-88

EP-A- 0064770 17-11-82 DE-A- 3119002 02-12-82
UsS-A- 4424597 10-01-84

US-A- 4254509 10-03-81 None

EPO FORM Po479

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

