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(57) Abréegée/Abstract:
An Intraocular lens (10) includes a deformable outer shell (14) having a distal end and a proximal end (40), a fluid optic (30) having
at least one elastic membrane surface (24) positioned to traverse an optical axis of a patient's eye and at least partially defining an
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(57) Abrege(suite)/Abstract(continued):

Internal chamber (12) to hold an optical fluid, and an inner shell (16) associated with the fluid optic having a distal end and a
proximal end (44). Each end Is joined to a corresponding end of the outer shell to define a reservoir (20) between the inner and
outer shells, the reservoir at least partially disposed about a circumference of the fluid optic and In fluid communication with the
Internal chamber. The deformable outer shell is configured to deform upon axial compression of the capsular bag in a manner that
Increases the volume of the reservoir and draws fluid from the chamber into the reservoir, modifying a curvature of the elastic
membrane.



WO 2016/133558 A1 [ 1! HATL OO0 0 O S OA

CA 02971591 2017-06-19

(19) World Intellectual Property
Organization

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

[nternational Bureau e . o
?:_f/)) (10) International Publication Number
(43) International Publication Date =" WO 2016/133558 A1
25 August 2016 (25.08.2016) WIPO | PCT
(51) International Patent Classification: (74) Agents: FINCH, Jason ct al.; Alcon Research, Ltd., IP
A61F 2/16 (2006.01) Legal, 6201 South Freeway, Fort Worth, TX 76134 (US).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/US2015/055665 kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, AL AV, AZ, BA, BB, BG, B, BN, BR, BW, BY,
s Lrate. BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
15 October 2015 (13.10.2015) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
. KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(26) Publication Language: English MK, MN, MW. MX, MY, MZ, NA. NG. NI, NO, NZ, OM.
(30) Pl’iOl‘ity Data: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
62/116,758 16 February 2015 (16.02.2015) US SD, SE, 3G, 5K, SL, SM, ST, 5V, 5¥, TH, TJ, TM, 1N,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, Z W .
(71) Applicant (for all designated States except US). NO- . o
VARTIS AG [CH/CH]J; Lichtstrasse 35, CH-4056 Basel (84) Designated States (unless otherwise indicated, for every
(CH). kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(72) Inventors; and TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(71) Applicants (for US ornly): BORJA, David [US/US]; c/o TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

Alcon Research, Ltd., IP Legal, 6201 South Freeway, Fort
Worth, TX 76134 (US). GERARDI, Lauren [US/US];
1327 Brown St., Unit 302, Des Plaines, IL 60016 (US).
LEWELLEN, Kevin M. [US/US]; c¢/o Alcon Research,
Ld., IP Legal, 6201 South Freeway, Fort Worth, TX 76134

DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

(US). MCENERY, Madison [US/US]; 1921 Enchanted !uPlished:

Lane, Mansfield, TX 76063 (US). WILLIAMS, Ben-
andria [US/US]; c/o Alcon Research, Ltd., IP Legal, 6201
South Freeway, Fort Worth, TX 76134 (US).

with international search report (Art. 21(3))

(54) Title: CURVATURE-CHANGING, ACCOMMODATIVE INTRAOCULAR LENSES WITH EXPANDABLE PERIPHERAL
RESERVOIRS

mternal chamber. The deformable outer shell 1s configured to detos

FIG. 1

(57) Abstract: An intraocular lens (10) includes a deformable outer shell (14) having a distal end and a proximal end (40), a fluid
optic (30) having at least one elastic membrane surface (24) positioned to traverse an optical axis of a patient's eye and at least par -
tially defining an internal chamber (12) to hold an optical fluid, and an mner shell (16) associated with the fluid optic having a distal
end and a proximal end (44). Each end 1s joined to a corresponding end of the outer shell to define a reservoir (20) between the inner
and outer shells, the reservoir at least partially disposed about a circumterence ot the fluid optic and m tluid communication with the

'm upon axial compression of the capsular bag in a manner that

increases the volume of the reservoir and draws fluid from the chamber into the reservoir, modifying a curvature of the elastic mem-
brane.



CA 02971591 2017-06-19

WO 2016/133558 PCT/US2015/0556635

CURVATURE-CHANGING, ACCOMMODATIVE INTRAOCULAR LENSES
WITH EXPANDABLE PERIPHERAL RESERVOIRS

FIELD
[0001]  This present disclosure relates generally to the field of intraocular

lenses (IOLs) and, more particularly, to accommodative |OLs.
BACKGROUND

[0002] The human eye In its simplest terms functions to provide vision by
receiving light through a clear outer portion called the cornea, and focusing
the image by way of a crystalline lens onto a retina. The quality of the
focused iImage depends on many factors including the size and shape of the

eye, and the transparency and focal power of the cornea and the lens.

[0003] When age or disease causes the lens to become less transparent,
vision deteriorates because of the diminished amount of light that Is
transmitted to the retina. This deficiency in the lens of the eye is medically
known as a cataract. An accepted treatment for this condition is surgical
removal of the lens and replacement of the lens function by an artificial

intraocular lens (IOL).

[0004] In the United States, the majority of cataractous lenses are
removed by a surgical technique called phacoemulsification. During this
procedure, an opening is made in the anterior capsule and a thin
phacoemulsification cutting tip is inserted into the diseased lens and vibrated
ultrasonically. The vibrating cutting tip liquefies or emulsifies the lens so that
the lens may be aspirated out of the eye. The diseased lens, once removed,

IS replaced by an artificial lens.

[0005] In the natural lens, bifocality of distance and near vision Is provided
by a mechanism known as accommodation. The natural lens, early in life, Is
soft and contained within the capsular bag. The bag is suspended from the
ciliary muscle by zonules. Relaxation of the ciliary muscle applies an axial
force that tightens the zonules, and stretches the capsular bag. As a result,
the natural lens tends to flatten. Tightening of the ciliary muscle relaxes the

tension on the zonules, allowing the capsular bag and the natural lens to
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assume a more rounded shape. In this way, the natural lens can focus on

both near and far objects.

[0006] As the lens ages, it becomes harder and is less able to change
shape In response to movements of the ciliary muscle. This makes it harder
for the lens to focus on near objects, a medical condition known as

presbyopia. Presbyopia affects nearly all adults by the age of 45 or 30.

[0007] When a cataract or other disease requires the removal of the
natural lens and replacement with an artificial 1OL, the IOL typically is a
monofocal lens that provides a suitable focal power for distance vision but
requires the use a pair of spectacles or contact lenses for near vision.
Multifocal 10Ls, e.g., relying on diffractive patterns to general multiple foci,

have been proposed but to date have not been widely accepted.

[0008] Therefore, a need exists for a safe and stable accommodative
iIntraocular lens that provides accommodation over a broad and useful range

and an adjustable base power.

SUMMARY

[0009] The present disclosure relates generally to curvature-changing,
accommodative intraocular lens (IOL). In certain embodiments, the |OL
described herein Is designed such that, upon implantation into the capsular
bag of a patient's eye, axial compression of the capsular bag creates a
negative pressure in an expandable peripheral reservoir of the IOL. This
negative pressure may allow a fluid to be drawn into the expandable periphery
from a fluid optic fluidly coupled thereto. This may cause a change In the
curvature of an optical membrane of the IOL (i.e., a membrane traversing the

optical axis), resulting in a change the refractive power of the |OL.

[0010] In certain embodiments, an intraocular lens configured to be
implanted within a capsular bag of a patient’s eye includes a deformable outer
shell having a distal end and a proximal end, a fluid optic having at least one
elastic membrane surface positioned so as to traverse an optical axis of the
patient's eye and at least partially defining an internal chamber to hold an
optical fluid, and an inner shell associated with the fluid optic having a distal

end and a proximal end. Each end Is joined to a corresponding end of the
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outer shell to define a reservoir between the inner and outer shells, the
reservoir at least partially disposed about a circumference of the fluid optic
and In fluid communication with the internal chamber. The deformable outer
shell Is configured to deform upon axial compression of the capsular bag In a
manner that increases the volume of the reservoir and draws fluid from the

chamber into the reservoir, modifying a curvature of the elastic membrane.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] For a more complete understanding of the present disclosure and
the advantages thereof, reference is now made to the following description
taken in conjunction with the accompanying drawings in which like reference

numerals indicate like features and wherein:

[0012] FIG. 1 I1s a cross-sectional, side view of an exemplary curvature-
changing, accommodative intraocular lens, according to certain embodiments

of the present disclosure;

[0013] FIG. 2 i1s another cross-sectional, side view of the intraocular lens of

FIG. 1, showing the lens in its disaccommodated (far vision) state; and

[0014] FIG. 3 is an exploded perspective view of the intraocular lens of
FIG. 1.

DETAILED DESCRIPTION

[0015] FIG. 1 I1s a cross-sectional, side view of an exemplary curvature-
changing, accommodative intraocular lens (IOL) 10, according to certain
embodiments of the present disclosure. In certain embodiment, IOL 10
Includes an outer shell element 14 and an inner shell element 16 nested
within the outer shell 14. Outer shell 14 and inner shell 16 may define a
variable volume reservoir 20, which may be in fluid communication with a
chamber 12 of a fluid optic 30 via one or more outlets 22 in a sidewall 21. As
a result, fluid contained in chamber 12 can pass to the reservoir 20 and vice
versa. In the illustrated embodiment, the sidewall 21 is part of the inner shell
16 and the distal ends of the inner and outer shells are joined together by the
lower rim 32 of the optic 30 that Is seated upon an internal surface 48 of the

distal end of the outer shell 14 In a fluid tight sealing engagement therewith.

3
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However, the present disclosure contemplates that sidewall 21 may

alternatively be a separate element joined to the inner shell 16.

[0016] The proximal end 44 of the inner shell 16 may also joined to the
corresponding proximal end 40 of the outer shell 14. In certain embodiments,
a membrane 18 can span the proximal surface of |IOL 10 to provide additional
structural integrity or rigidity to the IOL 10. Additionally, membrane 18, inner
shell 16, and elastic membrane 24 (discussed below) may form a fluid filled
anterior chamber 26, which may affect the refractive power of the intraocular
IOL 10. Further, the membrane 18 may also be an optic, €.g., a solid optic, to
provide some of the overall refractive power of the intraocular 10OL 10.
Additionally or alternatively, refractive power can be provided by the shape
and composition of the base 42 of the outer shell, which also spans the optical

axis and, therefore, can also act upon light passing through the lens 10.

[0017] In certain embodiments, IOL 10 may achieve accommodation via a
curvature changing elastic membrane 24 of the fluid optic 30. As shown In
FIG. 1, elastic membrane 24 may be formed so as to be naturally disposed In
a convex shape. When implanted in the capsular bag of a patient’s eye, axial
compression of the capsular bag may deform the variable volume reservoir 20
In @ manner that increases Its volume. This volume increase may cause a
negative pressure within variable volume reservoir 20, drawing fluid from
chamber 12 into variable volume reservoir 20 via one or more outlets 22 in a
sidewall 21. Comparing FIGS. 1 and 2, it can be seen that, as fluid In the
chamber 12 flows to the reservoir 20, the elastic membrane 24 may go from
its natural convex shape (as shown in FIG. 1) to a flatter shape (as shown In
FIG. 2), thereby decreasing the refractive power of the fluid optic 30 and
likewise decreasing the overall refractive power of IOL 10 (the illustrated
changes In curvature depicted in FIGS. 1 and 2 are exaggerated for

llustrative purposes).

[0018] In certain embodiments, outer shell 14 and inner shell 16 may each
be constructed of the same material. As just one example, outer shell 14 and
iInner shell 16 may each be constructed from a resilient polymer, silicone, or
acrylic, such as silicone or 2-phenyl ethyl acrylate and 2-pheylethyil

methacrylate known wunder the name AcrySof®. In certain other
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embodiments, various components of IOL 10 may be constructed of different
materials. As just one example, outer shell 14 and elastic membrane 24 of
iInner shell 16 may each be constructed from a resilient polymer, silicone, or
acrylic, such as silicone or 2-phenyl ethyl acrylate and 2-pheylethyil
methacrylate known under the name AcrySof®. In such embodiments, the
remaining components of IOL 10 may be constructed of similar material but

having a higher modulus of elasticity.

[0019] In certain embodiments, elastic membrane 24 may be constructed
from a transparent amorphous polymer having a low glass transition
temperature (Ig). For example, elastic membrane 24 may be constructed
from a transparent amorphous polymer having a glass transition temperature
below the standard body temperature of 37 degrees Celcius (which may allow

for elastic membrane 24 to be a soft, elastic optical area).

[0020] Exemplary suitable fluids for use in the fluid optic 30 include fluids
with an index of refraction higher than water, for example, an index of
refraction greater than 1.3. In certain embodiments, the fluid may exhibit an
iIndex of refraction greater than 1.36 or greater than 1.38. In other
embodiments, the index of refraction may be in the range of about 1.3 to
about 1.8, In the range of about 1.36 to about 1.70, or in the range of about
1.38 to about 1.60. In embodiments including an anterior fluid filled chamber
20 (discussed above), the fluid contained therein may be an expandable
(compressible) fluid having an index of refraction lower than that of fluid

contained In reservoir 12 and variable volume reservoir 20.

[0021] FIG. 3 Is an exploded perspective view of IOL 10 and illustrates the
nesting relationship of inner shell 16 and outer shell 14. The inner shell 16
and fluid optic 30 can be Integrally formed or they can manufactured
separately and then joined together. In certain embodiments, it can be
desirable to have a filling port 50 in the outer shell 14 such the inner and outer
shells can be sealed together and then the variable volume reservoir 20 and
chamber 12 can be filled with sufficient fluid to induce the desired initial

(accommodated) shape to the membrane 24.

10022] It will be appreciated that various of the above-disclosed and other

features and functions, or alternatives thereof, may be desirably combined
5
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iInto many other different systems or applications. It will also be appreciated
that various presently unforeseen or unanticipated alternatives, modifications,
variations or improvements therein may be subsequently made by those
skilled In the art which alternatives, variations and improvements are also

iIntended to be encompassed by the following claims.
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CLAIMS

1. An intraocular lens configured to be implanted within a capsular bag of
a patient’'s eye, comprising

a deformable outer shell having a distal end and a proximal end;

a fluid optic having at least one elastic membrane surface positioned
so as to traverse an optical axis of the patient's eye and at least partially
defining an internal chamber to hold an optical fluid; and

an inner shell associated with the fluid optic having a distal end and a
proximal end, each end joined to a corresponding distal end and proximal end
of the outer shell to define a reservoir between the inner and outer shells, the
reservoir at least partially disposed about a circumference of the fluid optic
and Iin fluild communication with the internal chamber of the optic;

wherein the deformable outer shell is configured to deform upon axial
compression of the capsular bag in a manner that increases the volume of the
reservoir and draws fluid from the chamber into the reservoir, modifying a

curvature of the elastic membrane.
2. The intraocular lens of claim 1, wherein the inner shell is flexible.

3. The Intraocular lens of clam 1, further comprising a transparent

element that spans the proximal end of the inner shell.

4. The Intraocular lens of claim 1, wherein the Iinner shell and the

deformable membrane of the fluid optic are integrally formed.

5. The intraocular lens of claim 1, wherein the inner shell further
comprises a substantially cylindrical sidewall that provides an axial depth to

the fluid optic.

0. The intraocular lens of claim 5, wherein the cylindrical sidewall of the
inner shell further comprises at least one hole providing the fluid

communication between the reservoir and the internal chamber of the optic.

7. The Intraocular lens of claim 5 wherein the sidewall forms the distal

end of the inner shell and is sealed to the outer shell.
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3. The Intraocular lens of claim 1, wherein the fluid optic comprises a
separate element having at least a sidewall defining part of the reservoir and
having at least one hole providing the fluld communication between the

reservoir and the internal chamber of the optic.

9. The intraocular lens of claim 1, wherein the inner shell is joined to the

fluid opitic.

10.  The intraocular lens of claim 1, wherein the sidewall of the fluid optic is

sealed to the outer shell.

11. A method of treating a vision disorder, comprising:
Inserting an intraocular lens within the capsular bag of a patient’'s eye,
the Iintraocular lens comprising:
a deformable outer shell having a distal end and a proximal end,;
a fluid optic having at least one elastic membrane surface at
least partially defining an internal chamber to hold an optical fluid;
an inner shell associated with the fluid optic having a distal end
and a proximal end, each end joined to a corresponding distal end and
proximal end of the outer shell to define a reservoir between the inner and
outer shells, the reservoir at least partially disposed about a circumference of
the fluid optic and In fluid communication with the internal chamber of the
optic
disposing the fluid optic within the capsular bag such that the elastic
membrane Is disposed across an optical axis of the eye; and
disposing the intraocular lens within the capsular bag such that axial
compression of the capsular bag causes deformation of the deformable outer
shell In a manner that increases the volume of the reservoir and draws fluid
from the chamber into the reservoir, modifying a curvature of the elastic

membrane.
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12.  An intraocular lens, comprising:

a fluid optic body defining a first cavity for containing an optical fluid
and a peripheral cavity disposed at least partially around the first cavity and In
fluid communication therewith, said first cavity at least partially defined by a
deformable optical membrane configured to extend across an optical axis of
the patient’s eye;

wherein axial compression of the capsular bag Is configured to
iIncrease a volume of the peripheral cavity such that fluid flows from the first

cavity to the peripheral cavity to change a curvature of the membrane.
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