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ACCOMMODATING INTRAOCULAR LENS
DEVICE

FIELD OF THE INVENTION

[0001] The invention relates generally to an accommodat-
ing intraocular lens device and, more particularly, to an
accommodating intraocular lens device configured for
implantation in a lens capsule of a subject’s eye.

BACKGROUND

[0002] A cataract is a clouding of the lens in the eye that
affects vision. While most cataracts are related to aging, cata-
racts may also develop as a result of traumatic eye injury,
glaucoma, diabetes, steroid use, and exposure to radiation, to
name a few. If left untreated, cataracts progress to eventual
vision loss and even complete blindness.

[0003] Cataracts are typically treated by surgically remov-
ing the clouded lens matrix and implanting a replacement
artificial intraocular lens (IOL) in the lens capsule that
remains. The first generation of implanted IOL devices com-
prised monofocal lenses, which provided vision correction at
only a single distance. Thus, while monofocal lenses pro-
vided distance vision, corrective lenses were still required for
reading.

[0004] Multifocal lenses for IOL devices were introduced
to provide vision correction at more than one distance with
the goal of obviating the need for additional corrective lenses
required with the monofocal lenses. Multifocal lenses typi-
cally have areas of varying refractive power to provide vision
at multiple distances (e.g., near, intermediate and far). One
significant disadvantage to multifocal lenses is the possibility
of visual distortions, particularly in the form of glare and
halos around light sources at night.

[0005] Accommodating IOL devices have recently been
introduced as yet another alternative IOL for use in cataract
surgery. Accommodating IOL devices typically feature a
monofocal lens that is configured to move forward and back-
ward within the eye in response to the eye’s natural mecha-
nism of accommodation, thereby allowing the eye to focus on
objects across a broad range of distances. Currently, Crystal-
ens® by Bausch and Lomb is the only FDA-approved accom-
modating IOL on the market in the United States. This device
comprises a relatively flat central lens and a pair hinged
haptics protruding from the central lens. The haptics respond
to the contraction and relaxation of the eye’s ciliary muscles
to move the central lens portion forward and backward within
the eye to provide varying dioptres of power. The Crystal-
ens® device relies solely on the eye’s ciliary muscle function
in order to provide accommodation. Moreover, because the
profile of the Crystalens® device is substantially smaller than
that of the natural lens capsule, implantation of this device is
followed by shrinkage of the natural lens capsule about the
device. As the natural lens capsule shrinks, the zonules are
further stretched away from the ciliary muscles, with the
attendant loss of the eye’s accommodative range.

[0006] Dual-lens IOL devices have been developed with
the goal of providing a broader range of accommodation that
is closer to the eye’s natural range. The dual-lens IOL devices
typically feature an anterior and a posterior lens in a spaced
relation and rely solely on the ciliary muscles to actuate the
anterior and posterior lens closer or farther together to alter
the distance between them. The varying distance between the
anterior and posterior lens provides the accommodation.
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Examples of dual-lens IOL devices include U.S. Pat. No.
5,275,623, issued to Sarfarazi on Jan. 4, 1994 and U.S. Pub.
No. 2006/0178741 to Zadno-Azizi et al., published on Aug.
10, 2006. Dual-lens IOL devices generally suftfer the disad-
vantage of being more complicated in design and requiring
larger incisions in the eye for implantation. While the dual-
lens IOL devices may hold the potential for providing a
greater range of accommodation, they represent a radical
departure from the natural lens structure of the eye.

[0007] While accommodating IOL devices hold the prom-
ise of more fully restoring the natural range of vision for
cataract patients, they still fail to substantially mimic the
eye’s natural mechanism of accommodation. This is prima-
rily because they rely solely on the eye’s ciliary muscles to
provide the accommodation and fail to respond to other forces
which influence the natural accommodative process.

BRIEF SUMMARY

[0008] Preferred embodiments of the accommodating
intraocular lens (IOL) devices disclosed herein substantially
mimic the eye’s natural mechanism of accommodation by
responding not only to the contraction/relaxation of the cili-
ary muscles but also to the influence of the viscous body,
which bulges forward and exerts a force anteriorly to change
the curvature of the lens capsule. Thus, by providing both
bilateral displacement and changes in curvature, the accom-
modating IOl devices disclosed herein provide a broader
range of accommodation that approximates that found in the
natural eye.

[0009] Inone embodiment, an accommodating IOL device
adapted for implantation in the lens capsule of a subject’s eye
is described. The accommodating IOL device comprises an
anterior portion having a refractive optical element, an elastic
posterior portion; and an enclosed cavity defined between the
anterior and posterior portions. The enclosed cavity is con-
figured to contain a volume of fluid to space apart the anterior
and posterior portions. The posterior portion is configured to
contact the posterior portion of the lens bag (prior to shrink-
age of the lens capsule following implantation) which in turn
contacts the vitreous body at least in the area at and surround-
ing the optical axis when the IOL device is implanted in the
eye and the cavity contains the fluid. The posterior portion
actuates in response to an anterior force exerted by the vitre-
ous body, causing the fluid to exert a deforming or displacing
force on the refractive optical element.

[0010] Inaccordance withafirstaspectofthis embodiment,
the refractive optical element increases its degree of curvature
in response to the anterior force and decreases its degree of
curvature in the absence of the anterior force.

[0011] Inaccordance with a second aspect of this embodi-
ment, the refractive optical element is resiliently biased to
having a degree of curvature that is substantially equal to the
degree of curvature of the anterior portion of the subject’s
natural lens capsule.

[0012] In accordance with a third aspect of this embodi-
ment, the IOL device is biased to a configuration having a
width that is substantially equal to the width of the unaccom-
mdated natural lens capsule along the optical axis.

[0013] In accordance with a fourth aspect of this embodi-
ment, the IOL device has an equatorial diameter that is sub-
stantially equal to the equatorial diameter of the subject’s
natural lens capsule in the unaccommodated state.
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[0014] In accordance with a fifth aspect of this embodi-
ment, the anterior portion is dimensioned to engage the
zonules when the IOL device is implanted in the subject’s
eye.

[0015] In accordance with a sixth aspect of this embodi-
ment, the IOL device further comprises a haptic system
coupled to the anterior portion. The haptic system may be
configured to substantially center the refractive optical ele-
ment in the path of the optical axis when implanted in the
subject’s eye. Alternatively or additionally, the haptic system
is configured to bilaterally displace the refractive optical ele-
ment along the optical axis in response to the contraction and
relaxation of the ciliary muscles when the IOL device is
implanted in the subject’s eye.

[0016] Inaccordance with a seventh aspect of this embodi-
ment, the volume of fluid contained in the cavity is sufficient
to space apart the anterior and posterior portions at a distance
d; along the optical axis that is substantially equal to the width
of the subject’s natural lens capsule along the optical axis d,
in the unaccommodated state.

[0017] In another embodiment, an accommodating 10OL
device adapted for implantation in the lens capsule of a sub-
ject’s eye is described. The accommodating IOL device com-
prises an anterior refractive optical element and a membrane
comprising a posterior surface. The membrane is coupled to
the anterior optical element and defines an enclosed cavity
configured to contain a volume of fluid. The posterior portion
is configured to contact the posterior portion of the lens cap-
sule which in turn contacts the vitreous body at least in an area
at and surrounding the optical axis when the IOL device is
implanted in the eye and the cavity contains the fluid. The
fluid deforms the anterior refractive optical element in
response to an anterior force exerted on the posterior surface
by the vitreous body.

[0018] Inaccordance with afirstaspect ofthis embodiment,
the anterior optical element further comprises a self-sealing
valve to permit the injection of the fluid.

[0019] Inaccordance with a second aspect of this embodi-
ment, the fluid is viscoelastic.

[0020] In accordance with a third aspect of this embodi-
ment, the fluid is an aqueous solution of saline or hyaluronic
acid.

[0021] In accordance with a fourth aspect of this embodi-
ment, the fluid has substantially the same viscosity as the
vitreous humor.

[0022] In accordance with a fifth aspect of this embodi-
ment, the fluid has substantially the same refractive index as
the aqueous humor or the vitreous humor.

[0023] In accordance with a sixth aspect of this embodi-
ment, the membrane is coupled to the anterior refractive
optical element about its periphery.

[0024] Inaccordance with a seventh aspect of this embodi-
ment, the anterior refractive optical element is contained
within the enclosed cavity of the membrane.

[0025] In accordance with a eighth aspect of this embodi-
ment, the posterior portion further comprises a reinforced
portion.

[0026] Inafurtherembodiment, a method forimplanting an
accommodating intraocular accommodating lens (IOL)
device in a subject’s eye is described. The method comprises
introducing an IOL device in the lens capsule of the subject’s
eye through an incision in the subject’s eye, wherein the IOL
device comprises a refractive optical element coupled to an
elastic membrane to define an internal cavity; positioning the
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IOL device within the lens capsule of the subject’s eye to
substantially center the refractive optical element along an
optical axis; and injecting a volume of fluid into the internal
cavity of the IOL device sufficient to cause the elastic mem-
brane to contact the posterior portion of the lens capsule
which in turn contacts the vitreous body in at least an area at
and surrounding the optical axis.

[0027] Other objects, features and advantages of the
described preferred embodiments will become apparent to
those skilled in the art from the following detailed descrip-
tion. It is to be understood, however, that the detailed descrip-
tion and specific examples, while indicating preferred
embodiments of the present invention, are given by way of
illustration and not limitation. Many changes and modifica-
tions within the scope of the present invention may be made
without departing from the spirit thereof; and the invention
includes all such modifications.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Preferred and non-limiting embodiments of the
invention may be more readily understood by referring to the
accompanying drawings in which:

[0029] FIGS. 1A and B are sectional views illustrating the
certain anatomical features of the human eye with the lens in
the unaccommodated and accommodated states, respectively.
[0030] FIGS. 2A, B and C are cut-away perspective, plan
and cross-sectional views, respectively, of an embodiment of
a refractive optical element coupled to a fluid-filled lens cap-
sule.

[0031] FIGS. 3A and B are plan and side views, respec-
tively, of an embodiment of a refractive optical element and
haptic system.

[0032] FIGS. 4A, B and C are cut-away perspective, plan
and cross-sectional views, respectively, of an embodiment of
a refractive optical element and haptic system of FIGS. 3A-B
coupled to a fluid filled lens capsule.

[0033] FIGS. 5A and B are plan and side views, respec-
tively, of another embodiment of a refractive optical element
and haptic system.

[0034] FIGS. 6A, B and C are cut-away perspective, plan
and cross-sectional views, respectively, of another embodi-
ment of a refractive optical element and haptic system of
FIGS. 5A-B coupled to a fluid-filled lens capsule.

[0035] FIG.7 depicts an embodiment of the intraocular lens
device implanted in the posterior chamber of a human eye.
[0036] Like numerals refer to like parts throughout the
several views of the drawings.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0037] Specific, non-limiting embodiments of the present
invention will now be described with reference to the draw-
ings. It should be understood that such embodiments are by
way of example only and merely illustrative of but a small
number of embodiments within the scope of the present
invention. Various changes and modifications obvious to one
skilled in the art to which the present invention pertains are
deemed to be within the spirit, scope and contemplation of the
present invention as further defined in the appended claims.
[0038] As shown in FIGS. 1A-B, the human eye 100 com-
prises three chambers of fluid: the anterior chamber 112, the
posterior chamber 120 and the vitreous chamber 160. The
anterior chamber 112 corresponds generally to the space
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between the cornea 110 and the iris 114 and the posterior
chamber 120 corresponds generally to the space bounded by
the iris 114, the lens 130 and zonule fibers 140 connected to
the periphery of the lens 130. The anterior chamber 112 and
the posterior chamber 120 contain a fluid known as the aque-
ous humor, which flows therebetween through an opening
that is defined by the iris 114, known as the pupil 116. Light
enters the eye 100 through the pupil 116 and travels along a
visual axis A-A, striking the retina 170 and thereby produce
vision. The iris 114 regulates the amount of light entering the
eye 100 by controlling the size of the pupil 116.

[0039] The vitreous chamber 160 is located between the
lens 130 and the retina 170 and contains another fluid, known
as the vitreous humor. The vitreous humor is much more
viscous than the aqueous humor and is a transparent, color-
less, gelatinous mass. Although much of the volume of the
vitreous humor is water, it also contains cells, salts, sugars,
vitrosin (a type of collagen), a network of collagen type 11
fibers with the glycosaminoglycan hyaluronic acid, and pro-
teins. The vitreous has a viscosity two to four times that of
pure water, giving it a gelatinous consistency. It also has a
refractive index of 1.336.

[0040] Unlike the aqueous humor contained in the anterior
and posterior chambers 112, 120 of the eye, which is continu-
ously replenished, the vitreous humor is stagnant. The vitre-
ous often becomes less viscous and may even collapse as part
of'the aging process. It is believed that the collagen fibers of
the vitreous humor are held apart by electrical charges. With
aging, these charges tend to reduce, and the fibers may clump
together. Similarly, the vitreous humor may liquefy, a condi-
tion known as syneresis, allowing cells and other organic
clusters to float freely within the vitreous humor. These allow
floaters which are perceived in the visual field as spots or
fibrous strands.

[0041] The lens 130 is a clear, crystalline protein mem-
brane-like structure that is quite elastic, a quality that keeps it
under constant tension via the attached zonules 140 and cili-
ary muscles 150. As a result, the lens 130 naturally tends
towards a rounder configuration, a shape it must assume for
the eye 100 to focus at anear distance as shown in FIG. 1B. By
changing shape, the lens functions to change the focus dis-
tance of the eye so that it can focus on objects at various
distances, thus allowing a real image of the object of interest
to be formed on the retina.

[0042] As shown in FIGS. 1A and 1B, the lens 130 may be
characterized as a capsule having two surfaces: an anterior
surface 132 and a posterior surface 134. The anterior surface
132 faces the posterior chamber 120 and the posterior surface
134 faces the vitreous body 160. The posterior surface 134
contacts the vitreous body 160 in such a manner that fluid
movements within the vitreous body 160 are communicated
to the posterior surface 134 and may cause the shape of the
lens 130 to change.

[0043] The eye’s natural mechanism of accommodation is
reflected by the changes in shape of the lens 130 and thus the
extent to which it refracts light.

[0044] FIG. 1A shows the eye 100 in a relatively unaccom-
modated state, as may be the case when the eye is focusing at
a distance. In an unaccommodated state, the ciliary muscles
150 relax, thereby increasing the diameter of its opening and
causing the zonules to be pulled away from the visual axis
A-A. This, in turn, causes the zonules 140 to radially pull on
the periphery of the lens 130 and cause the lens 130 to flatten.
As the shape of the lens 130 is flattened, its ability to bend or
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refract light entering the pupil is reduced. Thus, in an unac-
commodated state, the lens 130 has a flatter surface, its diam-
eter e, along the equatorial axis B-B is lengthened and its
thickness d, along the visual axis A-A is decreased, all rela-
tive to the accommodated state (compare e, and d, in FIG.
1A).

[0045] FIG. 1B shows the eye 100 in a relatively accom-
modated state, as may be the case when the eye is focusing on
a nearby object. In an accommodated state, the ciliary
muscles 150 contract, and the contraction of the ciliary
muscles 150 causes them to move in an anterior direction.
This, in turn, reduces the stress on the zonules 140, thereby
lessening the stress exerted by the zonules 140 on the lens
130. The lens 130 thereupon undergoes elastic recovery and
rebounds to a more relaxed and accommodated state, in
which the lens 130 has a more convex anterior surface, its
diameter e, along the equatorial axis B-B is decreased and its
thickness d, along the visual axis A-A is increased relative to
the unaccommodated state (compare e, and d; in FIG. 1A).
Although FIG. 1B depicts the anterior and posterior surfaces
132, 134 of the lens capsule 130 as having roughly the same
radius of curvature, it is believed that during accommodation,
the radius of curvature for the anterior surface 132 increases
and the radius of curvature of the posterior surface 134 is not
significantly changed from its unaccommodated state.
[0046] As demonstrated by FIGS. 1A and 1B, accommo-
dation results from the changes in shape of the lens 130,
including the changes in the thickness of the lens capsule 130
(d, vs.d,), changes in the diameter of the lens capsule 130 (e,
vs. e,) and the changes in the curvature of the anterior surface
132 of the lens capsule 130. While the ciliary muscles 150 are
known to play a significant role in exerting these changes, it is
believed that the vitreous body 160 also plays a significant
role, primarily due to the nature of the contact between the
posterior surface 134 of the lens 130 and the vitreous body
160, in which the posterior surface 134 responds to and trans-
mits anterior fluid movement in the vitreous body 160 to
effectuate changes in shape of the lens 130.

[0047] FIGS. 2A-C illustrate an embodiment of an accom-
modating IOL device 200 that may be implanted into the lens
capsule 130 of the eye following cataract removal. The IOL
device 200 is shown to comprise an optical element 210 and
a flexible membrane 230 coupled to the optical element 210.
The optical element 210 and the flexible membrane 230
together define an interior cavity 220 which may be filled with
fluid. The optical element 210 may further optionally com-
prise an injection port 212 to permit the injection of the fluid
to fill the cavity 220. In a preferred embodiment, the injection
port 212 comprises a one-way valve and is self-sealing. In
another preferred embodiment, a separate plug (not shown)
may be provided to seal off the injection port 212. While
FIGS. 2-7 depict the injection port 212 as being located
within the optical element 210, it is understood that the place-
ment of the injection port 212 is not critical, so long as its
placement does not impede vision.

[0048] The optical element 210 may be made of plastic,
silicone, acrylic, or a combination thereof. In accordance with
a preferred embodiment, the optical element 210 is made of
poly(methyl methacrylate) (PMMA), which is a transparent
thermoplastic, sometimes called acrylic glass. Because the
optical element 210 is responsible for providing most, if not
substantially all, of the refractive power of the IOC device, the
optical element 210 is preferably sufficiently flexible so as to
change its curvature in response to the contraction/relaxation
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of the anterior force that is exerted when the vitreous body
bulges in the anterior direction.

[0049] In accordance with one embodiment, the optical
element 210 is resiliently biased to a shape that approximates
the shape of a natural and unaccommodated lens (see FIG.
1A). The optical element 210 accordingly increases its degree
of curvature in response to the anterior force exerted by the
vitreous body and is resiliently biased to a flatter configura-
tion or a decreased degree of curvature, similar to the con-
figuration of the natural lens in the unaccommodated state, in
the absence of the anterior force.

[0050] Inaccordance with another embodiment, the optical
element 210 is resiliently biased to a shape that approximates
the shape of a natural and accommodated lens (see FIG. 1B).
The optical element 210 accordingly is resiliently biased to a
convex configuration similar to that of the natural lens in the
accommodated state and assumes a less convex configuration
as the ciliary muscles 150 relax and the tension of the zonules
140 on the lens capsule 130 increases.

[0051] Inthe embodiment shown in FIGS. 2A-C, the opti-
cal element 210 has a disk shape of sufficient diameter to
engage the zonules 140 of the eye. As this dimension may
differ from patient to patient, it is contemplated that the opti-
cal element 210 be provided in a range of sizes to fita patient’s
anatomy. In other embodiments, the optical element 210 may
further comprise a separate haptic system (FIGS. 3-6) to
engage the zonules 140 of the eye. In these embodiments, the
optical element 210 may have a diameter that is significantly
smaller than the embodiments in which the optical element
210 directly engages the zonules 140 of the eye.

[0052] Regardless, in engaging the zonules 140, the IOL
device responds to part of the accommodative mechanism of
the eye in which the ciliary muscles 150 and the zonules 140
cause a bilateral movement of the optical element 210 along
the optical axis to thereby provide part of the accommodating
response.

[0053] The accommodating IOL device 200 is additionally
configured to allow the optical clement 210 change its shape
in response to the forces exerted upon it by the vitreous body
160. This is achieved by providing a flexible optical element
210 and a fluid-filled flexible membrane 230 that is config-
ured to transmit the anterior force of the vitreous body 160
during accommodation to affect the changes in the shape of
the lens capsule 130. Preferably, in order to effectuate the
transfer of the anterior movements of the vitreous body 160
upon the lens capsule 130, the membrane 230 contacts a
substantial area of the posterior surface 134 of the lens cap-
sule 130 and the membrane is sufficiently flexible and sub-
stantially devoid of any rigid material that would prevent it
from responding to the anterior movements of the vitreous
body 160. Thus, the accommodating IOL device 200 is dis-
tinguishable from prior art dual lens IOL devices in maintain-
ing a flexible boundary between the lens capsule 130 and the
vitreous body 160. In a particularly preferred embodiment,
the membrane 230 is sufficiently thin and deformable so as
not to impede the natural flexible boundary between the lens
capsule 130 and the vitreous body 160.

[0054] Moreover, as explained above, there is a degree of
shrinkage experienced by the lens capsule 130 after cataract
surgery which depends on the profile and the dimension of the
IOL device that is implanted in the lens capsule 130. As many
of'the prior art devices have a profile and/or dimension that is
substantially different from the original lens capsule 130
(e.g., by having a smaller width d along the optical axis A-A
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or a smaller diameter along the equatorial axis B-B), a degree
of shrinkage is expected which, in turn, affects the extent to
which the lens capsule 130 is engaged to the vitreous body
160. In one preferred embodiment, the IOL device minimizes
the degree to which this shrinkage occurs by significantly
engaging the contours of the lens capsule 130, particularly the
posterior surface 134 of the lens capsule 130 via the fluid
filled cavity 220 defined by the optical element 210 and
membrane 230. The membrane 230 is preferably configured
to contact a substantial, if not substantially all, of the posterior
surface 134 of the lens capsule 130 at implantation and before
any significant shrinkage of the lens capsule 130 has
occurred.

[0055] As explained above with respect to FIGS. 1A-B,
during accommodation, the vitreous body 160 exerts a force
in the anterior direction along the optical axis A-A and pushes
the lens capsule 130 in the anterior direction. This, in turn,
causes the anterior surface 132 of the lens capsule 130 to
become more curved and thus to further refract the light.
[0056] Because the optical clement 210 is responsible for
providing most, if not substantially all, of the refractive power
of the IOC device, the optical element 210 is preferably
sufficiently flexible so as to change its curvature in response
to the contraction/relaxation of the anterior force that is
exerted when the vitreous body bulges in the anterior direc-
tion. In a preferred embodiment, the optical element 210 is
resiliently biased to a shape that approximates the shape of'a
natural and unaccommodated lens (see FIG. 1A). The optical
element 210 accordingly increases its degree of curvature in
response to the anterior force exerted by the vitreous body and
is resiliently biased to a flatter configuration or a decreased
degree of curvature, similar to the configuration of the natural
lens in the unaccommodated state, in the absence of the
anterior force.

[0057] The flexible membrane 230 may be constructed
from any biocompatible elastomeric material. In a preferred
embodiment, the flexible membrane 230 has an external sur-
face that approximates the posterior surface of the lens cap-
sule adjacent the vitreous body. The flexible membrane 230 is
preferably configured and shaped to contact a substantial, if
not the entire, area of the posterior surface of the lens capsule.
In a particularly preferred embodiment, this point of contact
is at and around the optical axis of the posterior surface.
[0058] The flexible membrane 230 is preferably configured
to maximize this transfer of force from the vitreous body to
the lens 122. As shown in FIGS. 1A and 1B, the anterior
portion 132 of the lens 130 of the unaccommodated eye 100
in FIG. 1A has a lesser degree of curvature (i.e., is flatter) than
that of the accommodated eye 100 of FIG. 1B. As the vitreous
body is believed to exert an anterior force along the optical
axis onthe lens 122 to effectuate a greater degree of curvature,
it is preferable to maximize transfer of force resulting from
anterior vitreous movement onto the lens 122.

[0059] In accordance with one preferred embodiment, the
flexible membrane 230 may have areas of greater and lesser
elasticity so as to maximize the translation of the anterior
movements of the vitreous body. For example, as shown in
FIG. 2C, the flexible membrane 230 may comprise a central
posterior portion 224 (corresponding to an area surrounding
the optical axis A-A when the IOL device 200 is implanted)
having greater elasticity than the adjacent circumferential
portion 222. Having areas of reduced elasticity in the adjacent
circumferential portion 222 may reduce radial expansion of
the membrane 230 and allow the anterior force exerted by the
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vitreous body 170 to be more effectively translated and
applied onto the optical element 210 by the fluid contained in
the cavity 220 to thereby increase the curvature of the optical
element 210.

[0060] In accordance with another preferred embodiment,
the IOL device 200 may be configured to resiliently assume a
shape having a width d, that is substantially equal to the width
the lens capsule 130 accommodated eye (see d, of FIG. 1B)
when it is implanted in the patient’s eye. This may be
achieved by constructing the IOL device 200 with resilient
materials having some degree of shape memory and also by
filling the cavity 220 with a volume of fluid sufficient to
expand the flexible membrane 230 to the desired width, d,.
[0061] Inaccordance with a further preferred embodiment,
the IOL device 200 comprises a single lens. The incorporation
of additional lenses in the IOL device would likely interfere
with the ability of the lens to deform (i.e., increase its curva-
ture and provide additional diopters of power) to anterior
vitreous movement.

[0062] The flexible membrane may preferably be made
from a polyvinylidene fluoride (PDVF) material. PDVF is
believed to allow for the transmission of lasers energy with-
out, itself, becoming degraded. Optionally, a reinforced por-
tion 234 of the flexible membrane 230 may optionally be
provided to resist degradation upon the application of lasers
of'various wavelengths. In a preferred embodiment, the rein-
forced section 234 is positioned at an area on the membrane
230 corresponding to the optical axis A-A when the IOL
device 200 is implanted in the subject’s eye. Normally, after
cataract surgery, a few of the residual epithelial cells in the
lens capsule may migrate to a posterior surface of the bag
resulting in various degrees of fibrosis which, in turn, may
lead to undesired posterior capsule opacification (PCO). PCO
is undesired, particularly at the optical path, and is typically
treated by the application of laser pulses (e.g., YAG laser
capsulotomy) to burn away the fibrotic membrane. Thus, a
reinforced portion 234 may be provided on the membrane 230
as a protective mechanism against the potentially degradative
effects of laser treatment on the membrane 230. In a preferred
embodiment, the reinforced portion 234 remains flexible and
is sized to correspond to the central area at and surrounding
the optical axis A-A.

[0063] Oncethe IOL deviceis implanted in the lens capsule
of' the patient, a volume of fluid is injected into the cavity 220
via an injection port 212. In a preferred embodiment, the fluid
is an aqueous solution of saline or hyaluronic acid and does
not provide a significant, or any, contribution to the refractive
power of the IOC device. Thus, the function of the fluid is
primarily as a vehicle to transfer force resulting from the
movement of the vitreous body 150 onto the optical element
210 to provide the accommodation. In a preferred embodi-
ment, the fluid has a viscosity that is substantially the same as
the vitreous humor. In another preferred embodiment, the
fluid has a refractive index that is substantially the same as the
aqueous humor or the vitreous humor.

[0064] The IOL device is distinguishable from prior art
teachings in which the lens capsule is with various types of
polymers, which are injected in liquid form and set with UV
or other methods of polymerization. These attempts have
been met with much difficulty as it is often difficult to control
the refractive power provided by the polymerized polymers.
Here, the refractive power is provided substantially, if not
entirely, by the optical element 210 and the fluid that is
contained within the cavity 220 does not contribute signifi-
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cantly, if at all, to providing the refractive power of the IOL
device. Moreover, unlike the prior art polymers used to fill the
lens capsule, the fluid is a relatively inert or biocompatible
material, such as saline, or it alternatively contains a high
molecular weight compound, such as hyaluronic acid, which
does not readily leak from the IOL device 200.

[0065] The precise volume of fluid injected into the cavity
220 may differ based on the subject’s anatomy, among other
factors. The volume of fluid injected into the cavity 220 is not
critical so long as it is sufficient to expand the membrane 230
such that the posterior portion of the membrane 230 substan-
tially contacts the posterior portion of the lens capsule and
engages the vitreous body of the subject’s eye. As explained
above, in one preferred embodiment, a volume of fluid is
injected into the cavity 220 so as to provide a width d; of the
IOL device along the optical axis A-A substantially approxi-
mating the lens width d, of the accommodated eye 100. In
another preferred embodiment, a volume of fluid is injected
into the cavity 220 so as to provide a width d; of the IOL
device along the optical axis AA substantially approximating
the width d, of the unaccommodated eye 100.

[0066] A haptic system may be incorporated with the IOL
device to position the optical element 210 at the optical axis
A-A when implanted in the subject’s eye. As itis preferable to
center the optical element 210 relative to the optical axis A-A,
the haptic system preferably comprises a plurality of haptic
members extending radially from the IOL device and engag-
ing the zonules 140 surrounding the lens capsule 130 of the
eye.

[0067] FIGS. 3A-B depict an optical element 210 compris-
ing a pair of spring haptics 350 coupled to opposing sides of
the optical element 210. As further shown in FIGS. 4A-C, a
flexible membrane 230 may be coupled to the optical element
210/haptic 350 assembly along the periphery of the optical
element 210. A seal is effectuated between the flexible mem-
brane 230 and the periphery of the optical element 210 by
laser welding and any other means known to those of skill in
the art.

[0068] In another embodiment, the optical element 210
may be contained within a flexible membrane 230 that fully
encloses the optical element 210. In accordance with this
element, flexible membrane 230 has a bag or balloon-like
configuration and the spring haptics 350 may be attached
either (1) to the optical element 210 itself and protrude from
a sealed opening in the flexible membrane 230 or (2) to the
flexible membrane 230. Although FIGS. 3-4 depict a pair of
spring haptics 350 extending radially from the optical ele-
ment 210, it is understood that any number of spring haptics
350 may be provided so long as optical element 210 is cen-
tered about the optical axis A-A when the IOL device is
implanted in the eye.

[0069] FIGS. 5A-B depict an optical element 210 compris-
ing a pair of plate haptics 450 coupled to opposing sides of the
optical element 210. The plate haptics 450 comprise a pair of
plate members each comprising a first end 452 attached to the
optical element 210 and a second end 456 configured to
engage the zonules 140 of the eye 100 when implanted in the
lens capsule 130. A hinge 464 is disposed between the first
and second ends 452, 456, to allow lateral movement of the
optical element 210 in the anterior and posterior directions as
the ciliary muscles 150 relax and contract, respectively. As
further shown in FIGS. 6 A-C, a flexible membrane 230 may
be coupled to the optical element 210/haptic 450 assembly
along the periphery of the optical element 210.
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[0070] In another embodiment, the optical element 210
may be contained within a flexible membrane 230 that fully
encloses the optical element 210. In accordance with this
element, the spring haptics 450 may be attached either (1) to
the optical element 210 itself and protrude from a sealed
opening in the flexible membrane 230 or (2) to the flexible
membrane 230. Although FIGS. 5-6 depict a pair of plate
haptics 450 extending radially from the optical element 210,
it is understood that any number of plate haptics 450 may be
provided so long as optical element 210 is centered about the
optical axis A-A when the IOL device is implanted in the eye.
[0071] FIG. 7 depicts an embodiment of the accommodat-
ing IOL device implanted in the lens capsule 130 of the eye in
anaccommodated state. Because both the optical element 210
and the membrane 230 of the IOL device 200 is sufficiently
flexible, it may be folded or rolled compactly prior to implan-
tation, thereby requiring only a small incision of a few milli-
meters for insertion into the eye. As shown in FIG. 7, after the
IOL device is implanted and the cavity 220 is filled with fluid,
the IOL device is divided roughly in two: the anterior lens
portion 210 facing the posterior capsule 120 and the posterior
membrane portion 230 facing the vitreous body 160. The
width d; of the IOL device is resiliently biased to having a
width that is roughly equal to the width of the natural lens
capsule when it is in an accommodated state (see d, of FIG.
1B). The posterior membrane portion 230 has an area of
contact that approximates the surface area of the posterior
portion 134 of the lens capsule 130 (See FIGS. 1A-B). Two or
more haptics 550 are shown to protrude from the IOL device
to substantially center the anterior lens portion 210 along the
optical axis A-A.

[0072] The accommodated IOL device shown in FIG. 7 is
implanted in the lens capsule of a subject’s eye by introducing
an IOL device in the lens capsule of the subject’s eye through
a small incision in the subject’s eye, wherein the IOL device
comprises a refractive optical element 210 coupled to an
elastic membrane 230 to define an internal cavity 220. The
IOL device is then positioned within the lens capsule 130 of
the subject’s eye to substantially center the refractive optical
element 210 along an optical axis A-A. A volume of fluid is
then injected into the internal cavity 220 of the IOL device
sufficient to cause the elastic membrane 230 to contact the
posterior portion of the lens capsule which, in turn, contacts
the vitreous body in at least an area at and surrounding the
optical axis A-A. In a preferred embodiment, the volume of
fluid injected into the internal cavity 220 is sufficient to pro-
duce a width d; of the IOL device along the optical axis A-A
that is substantially equal to the width of a natural lens capsule
in an accommodated state.

[0073] The invention described and claimed herein is not to
be limited in scope by the specific preferred embodiments
disclosed herein, as these embodiments are intended as illus-
trations of several aspects of the invention. Indeed, various
modifications of the invention in addition to those shown and
described herein will become apparent to those skilled in the
art from the foregoing description. Such modifications are
also intended to fall within the scope of the appended claims.

What is claimed is:

1. An accommodating intraocular lens (IOL) device
adapted for implantation in the lens capsule of a subject’s eye,
the IOL device comprising:

an anterior portion comprising a refractive optical element;
an elastic posterior portion; and
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an enclosed cavity defined between the anterior and poste-

rior portions;

wherein the cavity is configured to contain a volume of

fluid to space apart the anterior and posterior portions;

wherein the posterior portion is configured to contact a

posterior area of the lens capsule adjoining the vitreous
body at least in the area at and surrounding the optical
axis when the IOL device is implanted in the eye and the
cavity contains the fluid; and

wherein the posterior portion actuates in response to an

anterior force exerted by the vitreous body, causing the
fluid to exert a deforming or displacing force on the
refractive optical element.

2. The accommodating IOL device of claim 1, wherein the
refractive optical element increases its degree of curvature in
response to the anterior force and decreases its degree of
curvature in the absence of the anterior force.

3. The accommodating JUL device of claim 2, wherein the
refractive optical element is resiliently biased to having a
degree of curvature that is substantially equal to the degree of
curvature of the anterior portion of the subject’s natural lens
capsule.

4. The accommodating IOL device of claim 1, wherein the
IOL device is biased to a configuration having a width that is
substantially equal to the width of the unaccommdated natu-
ral lens capsule along the optical axis.

5. The accommodating IOL device of claim 1, wherein the
IOL device has an equatorial diameter that is substantially
equal to the equatorial diameter of the subject’s natural lens
capsule in the unaccommodated state.

6. The accommodating IOL device of claim 1, wherein the
anterior portion is dimensioned to engage the zonules when
the IOL device is implanted in the subject’s eye.

7. The accommodating IOl device of claim 1, further
comprising a haptic system coupled to the anterior portion.

8. The accommodating IOL device of claim 7, wherein the
haptic system is configured to substantially center the refrac-
tive optical element in the path of the optical axis when
implanted in the subject’s eye.

9. The accommodating IOL device of claim 8, wherein the
haptic system is configured to bilaterally displace the refrac-
tive optical element along the optical axis in response to the
contraction and relaxation of the ciliary muscles when the
IOL device is implanted in the subject’s eye.

10. The accommodating IOL device of claim 1, wherein
the volume of fluid contained in the cavity is sufficient to
space apart the anterior and posterior portions at a distance d,
along the optical axis that is substantially equal to the width d,
of the subject’s natural lens capsule along the optical axis in
the unaccommodated state.

11. An accommodating intraocular lens (IOL) device
adapted for implantation in the lens capsule of a subject’s eye,
the IOL device comprising:

an anterior refractive optical element; and

a membrane comprising a posterior surface, the membrane

coupled to the anterior optical element and defining an
enclosed cavity configured to contain a volume of fluid;

wherein the posterior portion is configured to contact a

posterior area of the lens capsule adjoining the vitreous
body at least in an area at and surrounding the optical
axis when the IOL device is implanted in the eye and the
cavity contains the fluid; and
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wherein the fluid deforms the anterior refractive optical
element in response to an anterior force exerted on the
posterior surface by the vitreous body.

12. The accommodating IOL of claim 11, wherein the
anterior optical element further comprises a self-sealing valve
to permit the injection of the fluid.

13. The accommodating IOL device of claim 11, wherein
the fluid is viscoelastic.

14. The accommodating IOL device of claim 11, wherein
the fluid is an aqueous solution of saline or hyaluronic acid.

15. The accommodating IOL device of claim 11, wherein
the fluid has substantially the same viscosity as the vitreous
humor.

16. The accommodating IOL device of claim 11, wherein
the fluid has substantially the same refractive index as the
aqueous humor or the vitreous humor.

17. The accommodating IOL device of claim 11, wherein
the membrane is coupled to the anterior refractive optical
element about its periphery.

18. The accommodating IOL device of claim 11, wherein
the anterior refractive optical element is contained within the
enclosed cavity of the membrane.
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19. The accommodating IOL device of claim 11, wherein
the posterior portion further comprises a reinforced portion.

20. A method for implanting an accommodating intraocu-
lar accommodating lens (IOUL) device in a subject’s eye
comprising:

introducing an IOL device in the lens capsule of the sub-

ject’s eye through an incision in the subject’s eye,
wherein the IOL device comprises a refractive optical
element coupled to an elastic membrane to define an
internal cavity;

positioning the IOL device within the lens capsule of the
subject’s eye to substantially center the refractive optical
element along an optical axis; and

injecting a volume of fluid into the internal cavity of the
IOL device sufficient to cause the elastic membrane to
contact a posterior area of the lens capsule adjoining the
vitreous body in at least an area at and surrounding the
optical axis.



