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METHODS AND APPARATUSFOR TREATING GLAUCOMA

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C. 119 of U.S. Provisional Patent

Application No. 61/034,059, filed March 5, 2008, titled "METHODS AND APPARATUS FOR

TREATING GLAUCOMA." This application is herein incorporated by reference in its entirety.

INCORPORATION BY REFERENCE

[0002] All publications and patent applications mentioned in this specification are herein

incorporated by reference to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference.

FIELD OF THE INVENTION

[0003] The present invention relates generally to devices that are implanted within the eye.

More particularly, the present invention relates to devices that facilitate the transfer of fluid from

within one area of the eye to another area of the eye.

BACKGROUND OF THE INVENTION

[0004] According to a draft report by The National Eye Institute (NEI) at The United States

National Institutes of Health (NIH), glaucoma is now the leading cause of irreversible blindness

worldwide and the second leading cause of blindness, behind cataract, in the world. Thus, the

NEI draft report concludes, "it is critical that significant emphasis and resources continue to be

devoted to determining the pathophysiology and management of this disease." Glaucoma

researchers have found a strong correlation between high intraocular pressure and glaucoma. For

this reason, eye care professionals routinely screen patients for glaucoma by measuring

intraocular pressure using a device known as a tonometer. Many modern tonometers make this

measurement by blowing a sudden puff of air against the outer surface of the eye.

[0005] The eye can be conceptualized as a ball filled with fluid. There are two types of fluid

inside the eye. The cavity behind the lens is filled with a viscous fluid known as vitreous humor.

The cavities in front of the lens are filled with a fluid know as aqueous humor. Whenever a

person views an object, he or she is viewing that object through both the vitreous humor and the

aqueous humor.

[0006] Whenever a person views an object, he or she is also viewing that object through the

cornea and the lens of the eye. In order to be transparent, the cornea and the lens can include no



blood vessels. Accordingly, no blood flows through the cornea and the lens to provide nutrition

to these tissues and to remove wastes from these tissues. Instead, these functions are performed

by the aqueous humor. A continuous flow of aqueous humor through the eye provides nutrition

to portions of the eye (e.g., the cornea and the lens) that have no blood vessels. This flow of

aqueous humor also removes waste from these tissues.

[0007] Aqueous humor is produced by an organ known as the ciliary body. The ciliary body

includes epithelial cells that continuously secrete aqueous humor. In a healthy eye, a stream of

aqueous humor flows out of the anterior chamber of the eye through the trabecular meshwork

and into Schlemm's canal as new aqueous humor is secreted by the epithelial cells of the ciliary

body. This excess aqueous humor enters the venous blood stream from Schlemm's canal and is

carried along with the venous blood leaving the eye.

[0008] When the natural drainage mechanisms of the eye stop functioning properly, the

pressure inside the eye begins to rise. Researchers have theorized prolonged exposure to high

intraocular pressure causes damage to the optic nerve that transmits sensory information from the

eye to the brain. This damage to the optic nerve results in loss of peripheral vision. As

glaucoma progresses, more and more of the visual field is lost until the patient is completely

blind.

[0009] In addition to drug treatments, a variety of surgical treatments for glaucoma have

been performed. For example, shunts were implanted to direct aqueous humor from the anterior

chamber to the extraocular vein (Lee and Scheppens, "Aqueous-venous shunt and intraocular

pressure," Investigative Ophthalmology (Feb. 1966)). Other early glaucoma treatment implants

led from the anterior chamber to a sub-conjunctival bleb (e.g., US 4,968,296 and US 5,180,362).

Still others were shunts leading from the anterior chamber to a point just inside Schlemm's canal

(Spiegel et al., "Schlemm's canal implant: a new method to lower intraocular pressure in patients

with POAG?" Ophthalmic Surgery and Lasers (June 1999); US 6,450,984; US 6,450,984).

SUMMARY OF THE INVENTION

[00010] The present invention relates to devices implanted within the eye. In one

embodiment, an ocular implant defines a generally cylindrical volume and comprises a proximal

inlet portion at a proximal end of the implant, a distal inlet portion at a distal end of the implant,

the distal inlet portion being biased to bend at a first radius of curvature, an intermediate portion

positioned between the proximal inlet portion and the distal inlet portion, and a plurality of

openings in the implant to facilitate fluidic flow laterally across the elongate implant. The

implant can also define a lumen to facilitate fluidic flow longitudinally along the implant.



[00011] In some embodiments, an intermediate portion of the implant is biased to bend at a

second radius of curvature. In one embodiment, the first radius of curvature is smaller than the

second radius of curvature. In other embodiments, the second radius of curvature can

approximate the curvature of Schlemm's canal.

[00012] In one embodiment, the proximal portion of the implant is biased to bend at a third

radius of curvature. The third radius of curvature can be generally smaller than the second radius

of curvature. In another embodiment, the third radius of curvature can be generally equal to the

first radius of curvature.

[00013] In some embodiments, the plurality of openings in the implant extend over more than

about 50% of an outer surface area of the implant.

[00014] Yet another embodiment includes an ocular implant defining a generally cylindrical

volume, comprising a proximal inlet portion at a proximal end of the implant, the proximal inlet

portion adapted to be positioned in an anterior chamber of the eye, a distal inlet portion at a distal

end of the implant, the distal inlet portion adapted to be positioned in the anterior chamber of the

eye, an intermediate portion positioned between the proximal and distal inlet portions, the

intermediate portion adapted to be positioned in Schlemm's canal, and a plurality of openings in

the implant to facilitate fluidic flow laterally across the implant. The implant can also define a

lumen to facilitate fluidic flow longitudinally along the implant.

[00015] One embodiment includes an assembly, comprising an ocular implant defining an

implant lumen, a core disposed in the implant lumen, a guide wire disposed in a guide wire

lumen defined by the core, wherein the guide wire is biased to assume a predetermined at rest

shape, the guide wire having a distal radius of curvature and a proximal radius of curvature when

the guide wire is assuming the predetermined at rest shape, and wherein the proximal radius of

curvature is greater than the distal radius of curvature.

[00016] In one embodiment, the assembly further comprises a cannula disposed about the

ocular implant. In yet another embodiment, the assembly further comprises a luer fitting

disposed in fluid communication with a lumen defined by the cannula.

[00017] In some embodiments, the proximal radius of curvature approximates the curvature of

Schlemm's canal. In other embodiments, an intermediate portion of the ocular implant is biased

to bend at a second radius of curvature. In one embodiment, the proximal radius of curvature of

the guide wire can be generally equal to the second radius of curvature of the ocular implant.

[00018] In other embodiments, the ocular implant and the core urge the guide wire to assume

a stressed shape that is different from the predetermined at rest shape. The stressed shape is

generally straighter than the predetermined at rest shape.



[00019] In some embodiments, the implant comprises a first material and the core comprises a

second material different from the first material. The first material and the second material

typically comprise materials which provide a relatively low friction interface when placed in

sliding contact with one another. The first material and the second material also typically

comprise materials which are unlikely to gall when placed in sliding contact with one another.

In one embodiment, the first material comprises a metallic material and the second material

comprises a polymeric material.

[00020] In one embodiment, the guide wire comprises a first material and the core comprises

a second material different from the first material. In another embodiment, the first material and

the second material comprise materials which provide a relatively low friction interface when

placed in sliding contact with one another. The first material and the second material typically

comprise materials which are unlikely to gall when placed in sliding contact with one another. In

one embodiment, the first material comprises a metallic material and the second material

comprises a polymeric material.

[00021] In another embodiment, a device comprises an ocular implant comprising a body and

a hatch, the body defining a body lumen and a longitudinal axis, the hatch defining a hatch

lumen having a hatch axis, the hatch comprising an arm hingedly connecting the hatch to the

body, the hatch having a first position in which the hatch is generally coaxial with the body, the

hatch having a second position in which the hatch axis is skewed relative to the longitudinal axis

of the body, and wherein the hatch is biased to assume the second position.

[00022] In one embodiment, the hatch is disposed in the first position, and the device further

includes a core extending through the body lumen and the hatch lumen. In another embodiment,

at least a portion of the hatch extends around a portion of the core across a radial span of more

than 180 degrees. In one embodiment, the core causes the hatch to remain in the first position.

In another embodiment, the hatch assumes the first position when the core is withdrawn from the

hatch lumen.

[00023] Another embodiment of the invention includes an ocular implant comprising a

proximal locking portion at a proximal end of the implant, a distal locking portion at a distal end

of the implant, an intermediate portion extending between the proximal locking portion and the

distal locking portion, the intermediate portion having a longitudinal axis that follows an arcuate

path when the implant is assuming a relaxed shape, wherein the proximal locking portion is

biased to extend in a first radially inward direction relative to the arcuate path of the longitudinal

axis of the intermediate portion, and wherein the distal locking portion is biased to extend in a

second radially inward direction relative to the arcuate path of the longitudinal axis of the

intermediate portion.



[00024] In one embodiment, the first radially inward direction and the second radially inward

direction intersect one another. In another embodiment, the first radially inward direction and

the second radially both lead out of Schlemm's canal of an eye when the intermediate portion of

the implant is disposed in Schlemm's canal of the eye.

[00025] In some embodiments, the implant is dimensioned so that the proximal locking

portion and the distal locking portion will both extend through a wall of Schlemm's canal of an

eye when the intermediate portion of the implant is disposed in Schlemm's canal of the eye.

[00026] The implant described can reduce the likelihood that the intermediate portion of the

implant will migrate within Schlemm's canal of an eye when the proximal locking portion and

the distal locking portion both extend through a wall of Schlemm's canal.

[00027] In some embodiments, the first radially inward direction and the second radially both

lead out of Schlemm's canal of an eye when the longitudinal axis of the intermediate portion is

coaxial with a longitudinal axis of Schlemm's canal. In another embodiment, a radius of

curvature of the longitudinal axis of the intermediate portion approximates the curvature of

Schlemm's canal when the implant is assuming the relaxed shape.

[00028] In yet another embodiment, a wall of the implant defines a plurality of openings in

the implant to facilitate fluidic flow laterally across the implant. The implant can also define a

lumen to facilitate fluidic flow longitudinally along the implant.

[00029] In one embodiment of the invention, an ocular implant defining a generally

cylindrical volume comprises a proximal inlet portion at a proximal end of the implant, the

proximal inlet portion adapted to be positioned in an anterior chamber of the eye, a distal inlet

portion at a distal end of the implant, the distal inlet portion adapted to be positioned in a

suprachoroidal space of the eye, an intermediate portion positioned between the proximal and

distal inlet portions, and a plurality of openings in the implant to facilitate fluidic flow laterally

across the implant. The plurality of openings in the implant can also facilitate fluidic flow

longitudinally along the implant.

[00030] The present invention also relates to a method of treating glaucoma in an eye of a

patient, comprising positioning a proximal inlet portion of an implant in an anterior chamber of

the eye, positioning an intermediate portion of the implant in Schlemm's canal, positioning a

distal inlet portion of the implant in the anterior chamber of the eye, allowing aqueous humor to

flow from the anterior chamber through the implant into Schlemm's canal.

[00031] The allowing step can further comprise allowing aqueous humor to flow from the

anterior chamber into the proximal and distal inlet portions, through the intermediate portion,

and into Schlemm's canal.



[00032] In one embodiment, aqueous humor flows into Schlemm's canal through a plurality

of openings in the implant.

[00033] In another embodiment, the proximal inlet portion of the implant can be spaced

approximately 60 to 180 degrees from the distal inlet portion.

[00034] In yet another embodiment, aqueous humor can flow longitudinally along the

implant. Aqueous humor can also flow laterally across the implant.

[00035] Yet another method of the present invention relates to a method of implanting a dual

inlet ocular implant into an eye of a patient, comprising, inserting a cannula into an anterior

chamber of the eye so that a distal tip of the cannula is in communication with Schlemm's canal,

inserting a distal inlet portion of the implant through the cannula into Schlemm's canal,

advancing the implant distally along Schlemm's canal until only a proximal inlet portion of the

implant remains in the cannula, introducing the distal inlet portion of the implant into the

anterior chamber of the eye from Schlemm's canal.

[00036] In one embodiment, the method further comprises removing the cannula from the

anterior chamber of the eye leaving the proximal inlet portion of the implant in the anterior

chamber of the eye.

[00037] In another embodiment, the introducing step comprises, advancing a tissue

penetrating guide wire distally from the implant to penetrate into the anterior chamber of the eye

from Schlemm's canal, advancing the implant over the guide wire to introduce the distal inlet

portion of the implant into the anterior chamber of the eye from Schlernm' s canal.

[00038] In an alternative embodiment, the introducing step comprises, making an incision

from the anterior chamber of the eye into Schlemm's canal at a position near the distal inlet

portion of the implant, allowing the distal inlet portion of the implant to assume a predetermined

at rest shape which results in the distal inlet portion bending through the incision into the anterior

chamber of the eye from Schlemm's canal.

[00039] In another embodiment, the proximal inlet portion is spaced approximately 60 to 180

degrees from the distal inlet portion.

[00040] In one embodiment, the method comprises inserting a core into a lumen defined by

the implant, and inserting a guide wire into a guide wire lumen defined by the core. Sometimes

the core is disposed in the lumen defined by the implant while the implant is advanced distally

along Schlemm's canal. Other times the guide wire is disposed in the guide wire lumen defined

by the core while the implant is advanced distally along Schlemm's canal.

[00041] In one embodiment, the introducing step comprises advancing a distal portion of the

guide wire distally from the core to penetrate into the anterior chamber of the eye from



Schlemm's canal, and advancing the implant off of the core and over the guide wire to introduce

the distal inlet portion of the implant into the anterior chamber of the eye from Schlemm's canal.

[00042] In some embodiments, the distal portion of the guide wire is urged to assume a

stressed shape when the distal portion of the guide wire is disposed in the guidewire lumen and

the distal portion of the guide wire is free to assume a predetermined at rest shape when the

distal portion of the guide wire is advanced distally from the core.

[00043] In other embodiments, the distal portion of the guide wire has a distal radius of

curvature when the distal portion of the guide wire is free to assume a predetermined at rest

shape.

[00044] In yet other embodiments, a proximal portion of the guide wire has a proximal radius

of curvature and the proximal radius of curvature is generally greater than the distal radius of

curvature. In some embodiments the proximal radius of curvature approximates the curvature of

Schlemm's canal.

[00045] In some embodiments, the cannula can be flushed with a fluid. The flushing can be

performed prior inserting a distal end of the cannula into the anterior chamber for preventing the

introduction of air bubbles into the anterior chamber of the eye.

[00046] In other embodiments, a bolus of viscoelastic material can be injected proximate a

target location in the anterior chamber of the eye. The method can further comprise piercing a

wall of Schlemm's canal or a trabecular mesh with a distal end of the cannula at the target

location. Alternatively, the bolus of viscoelastic material can be injected prior to piercing the

wall of Schlemm's canal for precluding the formation of a pool of blood near the target location.

[00047] In one embodiment, the introducing step comprises advancing a self-piercing distal

inlet in a distal direction to cause the distal inlet to cut through Schlemm's canal into the anterior

chamber. The self-piercing distal inlet can be advanced while the distal inlet portion is biased

inwards.

BRIEF DESCRIPTION OF THE DRAWINGS

[00048] The foregoing aspects and many of the attendant advantages of this invention will

become more readily appreciated as the same become better understood by reference to the

following detailed description, when taken in conjunction with the accompanying drawings,

wherein:

[00049] Fig. 1 is a schematic drawing of an ocular implant.

[00050] Fig. 2 is another drawing of the implant having a predetermined at rest shape.

[00051] Fig. 3A is a drawing showing a delivery system for the ocular implant.

[00052] Fig. 3B is an enlarged view of a distal end of the implant mounted on a core.



[00053] Fig. 3C is an enlarged view of the distal end of the implant mounted on a core further

illustrating a tissue piercing guide wire.

[00054] Fig. 4 is a simplified view showing a human face including a pair of eyes.

[00055] Fig. 5 is an additional view of the eye shown in the Fig. 4 further illustrating a

cannula inserted into the eye.

[00056] Fig. 6 is an enlarged view of the eye shown in Fig. 5 further showing the cannula

piercing the trabecular mesh and Schlemm's canal.

[00057] Fig. 7 is a further enlarged view of an eye further illustrating an implant partially

inserted into Schlemm's canal.

[00058] Fig. 8A is an additional view of the eye shown in Fig. 7 further illustrating a guide

wire penetrating the tissues of the eye into the anterior chamber.

[00059] Fig. 8B is a view of the eye shown in Fig. 7 further illustrating a proximal inlet of an

implant in the anterior chamber and a distal inlet of the implant in Schlemm's canal.

[00060] Fig. 8C is a view of the eye shown in Fig. 8B further illustrating making an incision

near the distal inlet of the implant.

[00061] Figs. 8D-8K are some embodiments of implants comprising a self-piercing distal

inlet.

[00062] Fig. 9 is a view of an eye with an implant having two inlets positioned in the anterior

chamber and the remaining portion of the implant positioned in Schlemm's canal.

[00063] Fig. 10 is a view of an ocular implant with a distal end positioned in the

suprachoroidal space of the eye.

[00064] Fig. 11 is another view of the ocular implant with a distal end positioned in the

suprachoroidal space of the eye.

DETAILED DESCRIPTION OF THE INVENTION

[00065] The following detailed description should be read with reference to the drawings, in

which like elements in different drawings are numbered identically. The drawings, which are not

necessarily to scale, depict exemplary embodiments and are not intended to limit the scope of the

invention. Examples of constructions, materials, dimensions, and manufacturing processes are

provided for selected elements. All other elements employ that which is known to those of skill

in the field of the invention. Those skilled in the art will recognize that many of the examples

provided have suitable alternatives that can be utilized.

[00066] Fig. 1 is a schematic view of an implant 100 that may be used, for example, to

facilitate the flow of aqueous humor within the eye of a patient. Implant 100 comprises spines

102 and 104 and a frame 106 disposed between the spines. In Fig. 1, frame 106 comprises a first



strut 120 and a second strut 122. The struts extend between the spines. First strut 120 comprises

a first edge 124A and a second edge 126A. Second strut 122 has a shape that is a mirror image

of the shape of the first strut. Thus, the second strut comprises a first edge 124B and a second

edge 126B. In Fig. 1, a first opening 128 is defined by the space between first edge 124A of first

strut 120 and first edge 124B of second strut 122. Similarly, a second opening 130 is defined by

the space between second edge 126A of first strut 120 and second edge 126B of second strut

122. The second opening generally divides the frame 106 into a first strut and a second strut.

The openings defined by implant 100, such as first opening 128 and second opening 130, allow

aqueous humor to flow laterally across and/or laterally through the implant.

[00067] Implant 100 typically comprises a plurality of spines and a plurality of frames. These

spines and frames are arranged in an "ABAB" pattern. As shown in Fig. 1, implant 100 includes

four spines and three frames, wherein each frame is positioned between adjacent spines. In other

embodiments, the implant can have more or fewer spines and frames depending on the desired

length and/or size of the implant. Implant 100 can be shaped to have an outer surface 138

defining a generally cylindrical volume. An inner surface 140 of the implant defines an elongate

channel 142 or lumen to facilitate fluidic flow longitudinally along the implant. The plurality of

spines and plurality of frames can be defined as an intermediate portion of the implant.

[00068] Implant 100 of Fig. 1 further comprises a proximal inlet portion 101A and a distal

inlet portion 101B. Each inlet portion includes a plurality of apertures 105, to allow for fluid to

flow into each inlet portion. The elongate channel 142 of implant 100 can fluidly communicate

with the first and second inlet portions as well as first opening 128 and second opening 130 of

the implant. As shown in Fig. 1, the intermediate portion of the implant can be positioned

between the proximal and distal inlet portions.

[00069] Implant 100 may be inserted into Schlemm's canal of a human eye, for example, to

facilitate the flow of aqueous humor out of the anterior chamber of the eye. Aqueous humor may

flow, for example, into the proximal and distal inlet portions, through the intermediate portion of

the implant, and into Schlemm's canal. Aqueous humor may exit Schlemm's canal via natural

outlets communicating with the canal. The flow of aqueous humor may include axial flow along

Schlemm's canal, flow from the anterior chamber into Schlemm's canal, flow leaving Schlemm's

canal via natural outlets communicating with the canal, and flow through openings in the

implant. When in place within the eye, the implant can support trabecular mesh tissue and

Schlemm's canal tissue and can provide for improved communication between the anterior

chamber and Schlemm's canal (via the trabecular meshwork) and between pockets or

compartments along Schlemm's canal. The implant can facilitate flow of aqueous humor

longitudinally along the implant, as well as laterally across the implant.



[00070] The outer diameter of the implant is selected to support the tissue of Schlemm's canal

without undue stretching and is typically in the range of 0.005 inches to 0.04 inches, and

preferably in the range of 0.005 inches to 0.02 inches. The arrangement of frames, spines, and

openings along implant 100 support the tissue of Schlemm's canal with a minimum amount of

material. In the embodiment shown in Fig. 1, for example, the openings (such as openings 128

and 130) extend over more than 50% of a tubular surface covering the volume of the portion of

the implant lying within Schlemm's canal. This combination of features helps aqueous humor

flow between any pockets or compartments formed within Schlemm's canal and, therefore,

between the anterior chamber of the eye and the outlets from Schlemm's canal to the venous

system.

[00071] The implant 100 may be biased to assume a predetermined at rest shape. This

predetermined shape may include one or more bends or curves along the length of the implant.

The predetermined shape can generally model the anatomy of the human eye, and in particular,

the anatomy of Schlemm's canal into which it is to be implanted. Fig. 2 is a view of implant 100

assuming a predetermined at rest shape. As shown, the implant has an at rest shape that is

generally curved. This at rest shape can be established, for example, using a heat-setting

process. The shape of the implant in Fig. 2 can include a distal radius of curvature RA

corresponding to each of the proximal and distal inlets 101 A and 101 B, and an intermediate or

proximal radius of curvature RB corresponding to the intermediate portion of the implant

between the inlets. The radius of curvature RB can approximate the curvature of Schlemm's

canal, for example. In the embodiment of Fig. 2, the distal radii of curvature RA are smaller than

the intermediate radius of curvature RB. For example, the distal radii of curvature RA can be

approximately 0.105 inches and the intermediate radius of curvature RB can be approximately

0.215 inches. In the exemplary embodiment of Fig. 2, the distal radius of curvature RA

corresponding to distal inlet 101 A is approximately the same as the distal radius of curvature RA

corresponding to inlet 101 B. In some embodiments, however, the radius of curvature

corresponding to distal inlet 101A can be different from the radius of curvature corresponding to

inlet 101B.

[00072] As shown in Fig. 2, each of the proximal and distal inlets of the implant follow a

radius of curvature RA along an arc extending across an angle AA. Similarly, an intermediate

portion of the implant (i.e., the portion of the implant disposed between the distal and proximal

inlets) follows a radius of curvature RB along an arc extending across an angle AB. In one

embodiment, angle AA can be approximately 0-45 degrees and angle AB can be between

approximately 60-180 degrees.



[00073] Various fabrication techniques may be used to fabricate the implant. For example,

implant 100 can be fabricated by providing a generally flat sheet of material and laser cutting the

material. The material may then be formed into a generally tubular shape as shown in Fig. 1.

Any adjoining edges (such as edges 103) may be attached, such as by welding or other

techniques known in the art. In another embodiment, the implant may be fabricated by providing

a tube and laser cutting openings in the tube to form the shape shown in Fig. 1.

[00074] Implant 100 can be fabricated from various biocompatible materials possessing the

necessary structural and mechanical attributes. Both metallic and non-metallic materials may be

suitable. Examples of metallic materials include stainless steel, tantalum, gold, titanium, and

nickel-titanium alloys known in the art as Nitinol. Nitinol is commercially available from

Memry Technologies (Brookfield, Conn.), TiNi Alloy Company (San Leandro, Calif.), and

Shape Memory Applications (Sunnyvale, Calif).

[00075] The implant may include one or more therapeutic agents. One or more therapeutic

agents may, for example, be incorporated into a polymeric coating that is deposited onto the

outer surfaces of the struts and spines of the ocular implant. The therapeutic agent may

comprise, for example, an anti-glaucoma drug. Examples of anti-glaucoma drugs include

prostaglandin analogs. Examples of prostaglandin analogs include latanprost.

[00076] Fig. 3A is a partial view of a delivery system 300 used to deliver an implant 100 into

the eye of a patient. The delivery system can comprise core 302, a push tube 304, cannula 306,

handle 308, and guide wire 314. In some embodiments, the delivery system may optionally

include a fluid source or syringe 310 in fluid communication with handle 308. In some

exemplary methods, a syringe or other fluid source is used for flushing implant 100 with fluid to

remove air bubbles and prevent the introduction of air bubbles into the anterior chamber of the

eye. In some additional exemplary methods, a syringe or other fluid source may be used for

injecting a viscoelastic into the eye for precluding the formation of a pool of blood near a target

location.

[00077] Cannula 306 can be coupled to a distal end of handle 308. The cannula can be

relatively straight, or as shown in Fig. 3A, can have a curved distal tip to aid in implanting

implant 100 into an eye of a patient. In the embodiment of Fig. 3A, the distal end of cannula 306

is curved so as to pierce the trabecular mesh of a patient to gain access to Schlemm's canal. It

should be noted that in Fig. 3A, illustration of the distal end of cannula 306 has been enlarged for

ease of visualization and description.

[00078] Delivery system 300 may also include a mechanism (not shown in Fig. 3A), such as a

thumb wheel, lever, or button on or near the handle 308 adapted to advance and retract core 302,

push tube 304, and/or guide wire 314. This mechanism may also be used to retract core 302



relative to push tube 304 and/or guide wire 314. The implant may be moved in distal and

proximal directions by moving core 302 and push tube 304 with the mechanism.

[00079] As shown in Fig. 3B, implant 100 can be mounted on core 302. Core 302 can extend

through a lumen defined by a push tube to extend through implant 100. In a preferred

embodiment, core 302 extends beyond the distal end of the implant with a tapered finish. In

another embodiment, the core extends only to the distal end of the implant. In a preferred

embodiment, core 302 comprises polymeric tubing. In other embodiments, core 302 can be

fabricated from similar materials to that of the implant, as described above. In general, the

implant and core will comprise materials which provide a relatively low friction interface when

placed in sliding contact with one another. Additionally, the materials are unlike to gall when

placed in sliding contact with one another.

[00080] Among other features, one particular function of core 302 is to block the openings

formed in implant 100 so as to minimize interference between the implant and tissue within

Schlemm's canal as the implant is advanced during implantation. With reference to Figs. 3A-3B,

it can be seen that core 302 substantially fills implant 100. Together, core 302 and implant 100

form an assembly that presents a relatively smooth outer surface.

{00081] Another function of core 302 is to aid in the insertion of implant 100 into the eye of a

patient. Fig. 3B shows a close up view of the distal tip of core 302 with implant 100 mounted on

the core. As shown in Fig. 3B, the distal tip of core 302 is tapered and includes a guide wire

lumen 312 which runs along the length of the core. The core can also be biased to assume a

predetermined at rest shape corresponding to the predetermined shape of the implant 100 or any

other desired predetermined shape. For example, an intermediate portion of core 302 can be

biased to curve at a radius of curvature RB, which corresponds to radius of curvature RB of the

intermediate portion of the implant in Fig. 2 as described above. Similarly, a distal or proximal

portion of the core can be biased to curve at a radius of curvature RA, which corresponds to

radius of curvature RA of the distal and proximal inlet portions of the implant. Despite the

biased at rest shape of core 302, the core can be flexible enough to assume a generally

straightened configuration when inserted into a delivery system or cannula for implantation into

a patient, for example. If the core is biased to assume a predetermined at rest shape, then a

portion of the core may be urged to assume a stressed shape when it is disposed in the implant.

[00082] Fig. 3C shows a close-up view of implant 100 mounted on core 302 and further

including tissue piercing guide wire 314 adapted to advance and retract through the guide wire

lumen of the core and extend out beyond the core. The guide wire can also include a tissue

penetrating tip to allow the guide wire to cut through and penetrate tissue when desired. The

guide wire can be a metallic wire, such as stainless steel, nitinol, MP-35N alloy or other



appropriate materials. In one embodiment, the guide wire can have an approximate diameter of

0.004 inches. In general, the guide wire and core will comprise materials which provide a

relatively low friction interface when placed in sliding contact with one another. Additionally,

the materials are unlike to gall when placed in sliding contact with one another.

[00083] The distal end of guide wire 314 can also be biased to assume a predetermined at rest

shape or curvature corresponding to the at rest shape of implant 100 or another desired at rest

shape. For example, the distal tip of guide wire 314 can be biased to curve at a radius of

curvature RA, which corresponds to radius of curvature RA of the distal and proximal inlet

portions of the implant as shown in Fig. 2, and an intermediate portion of the guide wire can be

biased to curve at a radius of curvature RB, which corresponds to radius of curvature RB of the

intermediate portion of the implant, as described above. The radius of curvature RA can be

smaller than the radius of curvature RB. In another embodiment, only the distal end of the guide

wire can be biased to assume a predetermined at rest shape or curvature. Despite the biased at

rest shape of guide wire 314, the guide wire is relatively flexible and can assume a generally

straightened or slightly curved configuration when inserted into guide wire lumen 312 of core

302, for example. This could cause a portion of the guide wire to be urged to assume a stressed

shape when it is disposed in the core, such as when a distal portion of the guide wire is disposed

in an intermediate portion of the core, and cause the portion of the guide wire to assume the

predetermined at rest shape when it is advanced distally from the core, such as when the distal

portion is advanced distally from the core, for example. The stressed shape is generally

straighter than the predetermined at rest shape. It should be noted that the guide wire can be

correctly oriented relative to the anterior chamber because the predetermined shape of the guide

wire can self align to Schlemm's canal creating an automatic alignment of the distal radius of

curvature of the guide wire.

[00084] In some useful embodiments, the relaxed shape of the guide wire is selected so that so

that a distal portion of the guide wire extends into the anterior chamber when a longitudinal axis

of the proximal portion of the guide wire is generally coaxial with a longitudinal axis of

Schlemm's canal and the distal radius of curvature of the guide wire is free to assume its relaxed

shape. The guide wire tends to orient itself within the core so that a plane defined by a

longitudinal axis of the guide wire is coplanar with a plane defined by the longitudinal axis of

Schlemm's canal.

[00085] A method of implanting implant 100 into a patient will now be described with

reference to Figs. 4-9. The implant described herein is adapted to be implanted into a patient's

eye so that both the distal and proximal inlets are positioned in the anterior chamber of the eye

while the remaining portion of the implant is positioned in Schlemm's canal. This facilitates the



flow of aqueous humor out of the anterior chamber of the eye through both inlets into

Schlemm's canal, and then out of Schlemm's canal via natural outlets communicating with the

canal. An implant as described herein advantageously provides for multiple fluid inlets,

allowing the implant to facilitate flow of aqueous humor into Schlemm's canal even if one of the

inlets fails to function or becomes clogged.

[00086] Fig. 4 is a simplified drawing showing a human face including an eye 40. In Fig. 4, a

surgeon can use a scalpel or knife 402 to make an incision 404 through the cornea of the eye.

Fig. 5 is an additional view of the eye shown in the previous figure. In Fig. 5, the distal tip of

cannula 306 can be inserted through the incision in the cornea.

[00087] Fig. 6 is a further enlarged view of eye 40. In Fig. 6, the distal tip of cannula 306 has

pierced through trabecular mesh 50 and through the wall of Schlemm's canal 60. When the

distal tip of cannula 306 pierces through these tissues, it places Schlemm's canal in fluid

communication with the anterior chamber 70 of eye 40. As shown, the distal tip of cannula 306

can be curved to achieve tangential entry into Schlemm's canal. However, in other embodiments

the cannula can be relatively straight.

[00088] When the distal tip of the cannula pierces the tissues separating Schlemm's canal

from the anterior chamber, a small amount of blood may flow from the venous system into

Schlemm's canal. This blood will typically cause Schlemm's canal to turn a red/pink color

which can enhance the visibility of Schlemm's canal for a short time (i.e., until the blood in

Schlemm's canal dissipates). It may be desirable to advance an implant into Schlemm's canal

while the presence of blood in the canal is enhancing the visibility of the canal.

[00089] In some cases, however, blood will leak out of the puncture made by the distal end of

the cannula. When this is the case, the blood may pool around the opening of the puncture and

interfere with the physician's ability to see the opening. Methods described herein may be used

to displace any blood that is pooled around the opening of the puncture. Methods described

herein may also be used to preclude blood from pooling around the opening of a puncture.

[00090] Blood can be precluded from pooling near an anticipated puncture by injecting a

bolus of viscoelastic near the place where the puncture will be made. Blood that has entered the

anterior chamber may be displaced, for example, by injecting a bolus of viscoelastic near the

place where the cannula has punctured the trabecular mesh. Various fluids may be used in

conjunction with the methods described in this document. Examples of fluids that may be

suitable in some applications include water, saline, hyaluronic acid and/or viscoelastic. The term

"viscoelastic" is sometimes used to describe various viscoelastic materials that are injected into

the eye as part of a surgical procedure. Viscoelastics for use in ophthalmic surgery are

commercially available from Bausch and Lomb Incorporated (Rochester, New York, U.S.A.) and



Alcon, Incorporated (Hύnenberg, Switzerland). Viscoelastics may comprise, for example,

hyaluronic acid. Hyaluronic acid is a material that is naturally found in the vitreous humor that

fills the posterior chamber of the eye. Accordingly, this material is well suited for use in

ophthalmic surgery. Hyaluronic acid is also known as hyaluronan and hyaluronate.

[00091] Fig. 7 is a further enlarged view of the eye shown in Fig 6 with an implant partially

inserted into the eye. During delivery, implant 100 can be mounted on core 302 which is

movable with implant 100, as described above. Among other features, one particular function of

core 302 is to block the openings in implant 100 so as to minimize interference between the

implant and tissue within Schlemm's canal as the implant is advanced. As described above,

distal inlet portion 101 B is situated at the distal end of implant 100, and core 302 extends beyond

the distal inlet a small distance to a tapered finish, hi a preferred embodiment, the entire length

of the tapered end of core 302 extends distally beyond implant 100. The tapered finish of the

core can be provided to facilitate dilation of tissue in Schlemm's canal while minimizing the

compressive forces necessary to advance the implant in the canal.

[00092] A push tube can be engaged with a proximal end of implant 100. The push tube may

be used to apply distally directed force to the proximal end of the implant 100 to advance the

implant into Schlemm's canal. Core 302 can extend proximally into the push tube during

implantation. A handheld actuator or mechanism (not shown) may be used to provide relative

motion to the push tube, the core, and or the guide wire. When the implant is being inserted into

Schlemm's canal, the tissue piercing guide wire can be positioned within the guide wire lumen,

but should not extend out beyond the core to avoid cutting or penetrating tissue.

[00093] As shown in Fig. 7, the implant can be inserted into Schlemm's canal with the push

tube until the distal inlet portion 101B of implant 100 is in a desired position with respect to the

proximal inlet or proximal portion of the implant. In Fig. 7, the distal inlet is positioned

approximately 180 degrees from the proximal inlet of the implant, which at this point in the

procedure is still positioned within cannula 306. In other embodiments, the distal inlet may be

positioned at different positions with respect to the proximal inlet depending on the length of the

implant, typically anywhere from 60 to 180 or more degrees apart.

[00094] At this point in the implantation procedure the distal inlet 101 B can be re-inserted

into the anterior chamber of the eye using one of several methods. A first method is illustrated in

Fig. 8A. As shown in Fig. 8A, tissue piercing guide wire 314 can be extended distally from core

302. hi some useful embodiments, the relaxed shape of the guide wire is selected so that so that

a distal portion of the guide wire extends into the anterior chamber when a longitudinal axis of

the proximal portion of the guide wire is generally coaxial with a longitudinal axis of Schlemm's

canal and the distal radius of curvature of the guide wire is free to assume its relaxed shape. The



guide wire tends to orient itself within the core so that a plane defined by a longitudinal axis of

the guide wire is coplanar with a plane defined by the longitudinal axis of Schlemm's canal.

[00095] As described above, the distal end of the guide wire 314 can have a pre-biased radius

of curvature RA, which can be smaller than the radius of curvature RB of the portion of implant

100 within Schlemm's canal. Thus, when the guide wire is extended beyond the core, the guide

wire will be biased to curve inwards back into the anterior chamber of the eye. The tissue

piercing distal tip of the guide wire can allow the guide wire to penetrate the tissues of

Schlemm's canal and the trabecular meshwork to gain access to the anterior chamber. Once

access to the anterior chamber has been achieved with the guide wire, the implant and core can

be advanced together over the guide wire to position distal inlet 101 B properly within the

anterior chamber. The taper of the core will facilitate placement of the implant by dilating an

opening through the meshwork. The implant can then be advanced into the anterior chamber and

location can be achieved which allows both inlets to extend equally and uniformly from the

canal. Next, the guide wire 314 can be removed from the core 302, the core can be removed

from implant 100, and cannula 306 can be removed from over the implant and out of the eye,

leaving proximal inlet 101 A and distal inlet 101 B in the anterior chamber, and the remaining

portion of implant 100 in Schlemm's canal, as shown in Fig. 9.

[00096] When the proximal and distal inlets are positioned in the anterior chamber, they

effectively serve as anchors or locks to reduce the likelihood that the intermediate portion of the

implant will migrate or move within Schlemm's canal or that the inlets will become dislodged or

removed from the anterior chamber. This is because the proximal and distal inlets extend at a

radially inward direction relative to the arcuate path of the longitudinal axis of the intermediate

portion, which can be shaped to fit the contours of Schlemm's canal.

[00097] Other methods of inserting distal inlet 101 B into the anterior chamber are illustrated

in reference to Figs. 8B and 8C. It should be noted that this method may be performed with or

without the use of guide wire 314. If guide wire 314 is used, it can be removed from the core

302, the core can be removed from implant 100, and cannula 306 can be removed from over the

implant and out of the eye, leaving proximal inlet portion 101 A in the anterior chamber, and

distal inlet 101B and the remaining portion of implant 100 in Schlemm's canal. Removing the

core from the implant can cause the distal inlet to bias inwards to the predetermined at rest shape,

as described above. In some applications, the distal inlet may push through the tissues of

Schlemm's canal and the trebecular meshwork to enter the anterior chamber when the implant

assumes its at rest shape, hi some cases, it may be desirable to make an incision in the tissues

proximate the distal inlet. When this is the case, the incision may be made, for example, with a

scalpel. In some embodiments, the implant may include a cutter that is capable of making the



incision. In one embodiment, the distal inlet 101B can have a self-piercing distal tip. Advancing

the self-piercing distal tip in a distal direction when the distal inlet is biased inwards can cause

the distal inlet to cut through the tissues of Schlemm's canal and the trabecular meshwork to gain

entry into the anterior chamber.

[00098] In another embodiment, as shown in Fig. 8C, instead of having a self-piercing distal

tip, a surgeon can make an incision near the distal inlet portion with scalpel 402. As described

above, the portion of implant 100 near distal inlet 101 B is biased to assume a predetermined at

rest shape or curvature with a radius of curvature RA, as shown in Fig. 2. Thus, when the

incision is made near the distal inlet, the distal portion of the implant comprising the distal inlet

will bend inwards to assume the predetermined at rest shape, which results in the distal inlet

101 B positioning itself within the anterior chamber of the eye. As a result, the distal and

proximal inlets will be positioned in the anterior chamber of the eye, and the remaining portion

of the implant will be positioned in Schlemm's canal, as shown in Fig. 9 . In yet another

embodiment, a surgeon can reach through the trabecular meshwork to grab the implant with a

surgical device, such as forceps, to pull the implant from Schlemm's canal back into the anterior

chamber.

[00099] Other embodiments of a self-piercing distal inlet are illustrated in Figs. 8D-8K. Fig.

8D illustrates a distal inlet 101 B with a cutter 802 extending radially from the distal inlet. The

cutter can be configured to swing or "spring" outwards from hole 804, such as with a heat-set or

shape-set design. For example, the cutter can be shape set with a predetermined body transition

temperature which would cause the cutter to spring outwards from the hole when the implant is

heated to the predetermined body transition temperature. However, it should be understood that

the cutter can be designed to swing outwards without requiring the implant to be heated.

[000100] Fig. 8E is a top down view of distal inlet 101B further showing another view of cutter

802 and hole 804. In one embodiment, as shown in Fig. 8F, the cutter 802 can be tucked inside

and held in place within the distal inlet when core 302 is inserted into the implant. Upon

removal of the core, the cutter can swing outwards into the position shown in Fig. 8D.

[000101] As shown in Fig. 8E, cutter 802 can be a triangular shape. Other variations on the

design can also be used, such as a serrated edge cutter 806, as shown in Fig. 8G, a rectangular

cutter, a semicircular shaped cutter 808, as shown in Fig. 8H, or any other appropriately shaped

cutter as long as the cutter is sharp enough to penetrate through tissue. In the embodiment of a

serrated cutter, the trabecular meshwork and Schlemm's canal can be cut by moving the implant

back and forth to slice through tissue and introduce the implant into the anterior chamber, for

example.



[000102] Figs. 8I-8K show an alternative embodiment of a self-piercing distal inlet having a

hatch 810 that engages the core 302. The hatch comprises an arm that hingedly connects the

hatch to the implant, hi Fig. 81, when core 302 is disposed within the implant, it engages hatch

810 to cause the hatch to be flush with the body of the implant, so that the hatch is generally

coaxial with the implant. Fig. 8J illustrates a cross section of hatch 810 being flush with the

implant while core 302 is disposed in the implant. It can be seen that at least a portion of the

hatch extends around a portion of the core across a radial span of more than 180 degrees. When

the core is removed from the implant, the hatch can be heat set or shape set to assume a

predetermined shape, as shown in Fig. 8K.

[000103] In Fig. 8K, hatch 810 is shown in a fully extended or "swung out" position due to

removal of the core from the implant. This extended position causes the hatch to be skewed

relative to the longitudinal axis of the implant. The hatch can be biased to assume this extended

position, for example. The hatch can have a sharp tip or edge to slice through tissue, such as

Schlemm's canal and/or the trabecular meshwork, to gain access to the anterior chamber of the

eye.

[000104] In Figure 10, a cannula 306 is shown extending through an incision 404 in the cornea

of an eye. In the embodiment of Figure 10, an implant 100 has been advanced into the eye so

that a distal end of the implant is disposed in the suprachoroidal space 1002 of the eye. Fig. 10

also includes a view of sclera 90, ciliary body 92, and choroid 94 of the eye. The distal end of

the implant can be distal inlet 101 B, as described above. In another embodiment, the distal end

of the implant does not have to be distal inlet 101 B, but rather can share the same structural

design as an intermediate portion of the implant, as described above. A method associated with

inserting implant 100 into the suprachoroidal space 1002 of the eye can include the various

delivery system components described herein, including core 302, cannula 306, and guide wire

314, for example.

[000105] Figure 11 is an additional partial cross-sectional view of the eye shown in the

previous figure. In the embodiment of Figure 11, the cannula has been withdraw from anterior

chamber 70 and incision 404 in the cornea has closed. Implant 100 is positioned so that its distal

end is disposed in suprachoroidal space 1002 of the eye and the proximal end of implant 100 is

disposed in the anterior chamber. When this is the case, aqueous humor can flow along the

surface of implant 100. In this way, implant 100 allows aqueous humor to leave anterior

chamber 70 and enter suprachoroidal space 1002. Numerous veins and arteries are located in

suprachoroidal space. Accordingly, aqueous humor entering the suprachoroidal space can be

absorbed into the bloodstream by passing through the walls of small blood vessels. This excess

aqueous humor can then be carried away be venous blood leaving the eye.



[000106] In the methods described above, the predetermined shape of the implant, core, and/or

guide wire will typically self align the implant in Schlemm's canal. However, the implant may

additionally be rotated within Schlemm's canal to attain the appropriate orientation.

[000107] While exemplary embodiments of the present invention have been shown and

described, modifications may be made, and it is therefore intended in the appended claims to

cover all such changes and modifications which fall within the true spirit and scope of the

invention.



CLAIMS

WHAT IS CLAIMED IS:

1. A method of treating glaucoma in an eye of a patient, comprising:

positioning a proximal inlet portion of an implant in an anterior chamber of the eye;

positioning an intermediate portion of the implant in Schlemm's canal;

positioning a distal inlet portion of the implant in the anterior chamber of the eye;

allowing aqueous humor to flow from the anterior chamber through the implant into

Schlemm's canal.

2 . The method of claim 1 wherein the allowing step further comprises allowing aqueous

humor to flow from the anterior chamber into the proximal and distal inlet portions, through the

intermediate portion, and into Schlemm's canal.

3. The method of claim 1 wherein aqueous humor flows into Schlemm's canal through a

plurality of openings in the implant.

4. The method of claim 1 wherein the proximal inlet portion is spaced approximately 60 to

180 degrees from the distal inlet portion.

5. The method of claim 1 wherein aqueous humor flows longitudinally along the implant.

6. The method of claim 5 wherein aqueous humor flows laterally across the implant.

7. A method of implanting a dual inlet ocular implant into an eye of a patient, comprising:

inserting a cannula into an anterior chamber of the eye so that a distal tip of the cannula is

in communication with Schlemm's canal;

inserting a distal inlet portion of the implant through the cannula into Schlemm's canal;

advancing the implant distally along Schlemm's canal until only a proximal inlet portion

of the implant remains in the cannula;

introducing the distal inlet portion of the implant into the anterior chamber of the eye

from Schlemm's canal.



8. The method of claim 7 further comprising removing the cannula from the anterior

chamber of the eye leaving the proximal inlet portion of the implant in the anterior chamber of

the eye.

9. The method of claim 7 wherein the introducing step comprises:

advancing a tissue penetrating guide wire distally from the implant to penetrate into the

anterior chamber of the eye from Schlemm's canal;

advancing the implant over the guide wire to introduce the distal inlet portion of the

implant into the anterior chamber of the eye from Schlemm's canal.

10. The method of claim 7 wherein the introducing step comprises:

advancing a tissue penetrating guide wire distally from the implant to penetrate into the

anterior chamber of the eye from Schlemm's canal;

advancing the implant over the guide wire to introduce the distal inlet portion of the

implant into the anterior chamber of the eye from Schlemm's canal.

11. The method of claim 7 wherein the introducing step comprises:

making an incision from the anterior chamber of the eye into Schlemm's canal at a

position near the distal inlet portion of the implant;

allowing the distal inlet portion of the implant to assume a predetermined at rest shape

which results in the distal inlet portion bending through the incision into the anterior chamber of

the eye from Schlemm's canal.

12. The method of claim 7 wherein the introducing step comprises:

making an incision from the anterior chamber into Schlemm's canal at a position near the

distal inlet portion of the implant;

allowing the distal inlet portion of the implant to assume a predetermined at rest shape

which results in the distal inlet portion bending through the incision into the anterior chamber of

the eye from Schlemm's canal.

13. The method of claim 7 wherein the proximal inlet portion is spaced approximately 60 to

180 degrees from the distal inlet portion.

14. The method of claim 7 further comprising:

inserting a core into a lumen defined by the implant; and



inserting a guide wire into a guide wire lumen defined by the core.

15. The method of claim 14 wherein the core is disposed in the lumen defined by the implant

while the implant is advanced distally along Schlemm's canal.

16. The method of claim 14 wherein the guide wire is disposed in the guide wire lumen

defined by the core while the implant is advanced distally along Schlemm's canal.

17. The method of claim 14 wherein the introducing step comprises:

advancing a distal portion of the guide wire distally from the core to penetrate into the

anterior chamber of the eye from Schlemm's canal; and

advancing the implant off of the core and over the guide wire to introduce the distal inlet

portion of the implant into the anterior chamber of the eye from Schlemm's canal.

18. The method of claim 17 wherein:

the distal portion of the guide wire is urged to assume a stressed shape when the distal

portion of the guide wire is disposed in the guidewire lumen; and

the distal portion of the guide wire is free to assume a predetermined at rest shape when

the distal portion of the guide wire is advanced distally from the core.

19. The method of claim 18 wherein the distal portion of the guide wire has a distal radius of

curvature when the distal portion of the guide wire is free to assume the predetermined at rest

shape.

20. The method of claim 19 wherein:

a proximal portion of the guide wire has a proximal radius of curvature; and

the proximal radius of curvature is generally greater than the distal radius of curvature.

21. The method of claim 19 wherein:

a proximal portion of the guide wire has a proximal radius of curvature different from the

distal radius of curvature; and

the proximal radius of curvature approximates the curvature of Schlemm's canal.

22. The method of claim 14, wherein the implant comprises a first material and the core

comprises a second material different from the first material.



23. The method of claim 22, wherein the first material and the second material comprise

materials which provide a relatively low friction interface when placed in sliding contact with

one another.

24. The method of claim 23, wherein:

an interface between two samples of the first material has a first coefficient of friction;

an interface between a sample of the first material and a sample of the second material

has a second coefficient of friction; and

the first coefficient of friction is greater than the second coefficient of friction.

25. The method of claim 22, wherein the first material and the second material comprise

materials which are unlikely to gall when placed in sliding contact with one another.

26. The method of claim 22, wherein the first material comprises a metallic material and the

second material comprises a polymeric material.

27. The method of claim 14, wherein the guide wire comprises a first material and the core

comprises a second material different from the first material.

28. The method of claim 27, wherein the first material and the second material comprise

materials which provide a relatively low friction interface when placed in sliding contact with

one another.

29. The method of claim 28, wherein:

an interface between two samples of the first material has a first coefficient of friction;

an interface between a sample of the first material and a sample of the second material

has a second coefficient of friction; and

the first coefficient of friction is greater than the second coefficient of friction.

30. The method of claim 27, wherein the first material and the second material comprise

materials which are unlikely to gall when placed in sliding contact with one another.

31. The method of claim 27, wherein the first material comprises a metallic material and the

second material comprises a polymeric material.



32. The method of claim 7, further comprising flushing the cannula with a fluid.

33. The method of claim 32, wherein the flushing is performed prior inserting a distal end of

the cannula into the anterior chamber for preventing the introduction of air bubbles into the

anterior chamber of the eye.

34. The method of claim 7, further comprising injecting a bolus of viscoelastic material

proximate a target location in the anterior chamber of the eye.

35. The method of claim 34, further comprising piercing a wall of Schlemm's canal with a

distal end of the cannula at the target location.

36. The method of claim 35, wherein the bolus of viscoelastic material is injected prior to

piercing the wall of Schlemm's canal for precluding the formation of a pool of blood near the

target location.

37. The method of claim 34, further comprising piercing a trebecular mesh of the eye with a

distal end of the cannula at the target location.

38. The method of claim 7 wherein the introducing step comprises:

advancing a self-piercing distal inlet in a distal direction to cause the distal inlet to cut

through Schlemm's canal into the anterior chamber.

39. The method of claim 38 wherein the self-piercing distal inlet is advanced while the distal

inlet portion is biased inwards.

40. An ocular implant defining a generally cylindrical volume, comprising:

a proximal inlet portion at a proximal end of the implant;

a distal inlet portion at a distal end of the implant, the distal inlet portion being biased to

bend at a first radius of curvature;

an intermediate portion positioned between the proximal inlet portion and the distal inlet

portion; and

a plurality of openings in the implant to facilitate fluidic flow laterally across the elongate

implant.



4 1. The implant of claim 40 wherein the implant defines a lumen to facilitate fluidic flow

longitudinally along the implant.

42. The implant of claim 40 wherein the intermediate portion is biased to bend at a second

radius of curvature.

43. The implant of claim 42 wherein the first radius of curvature is smaller than the second

jadius of curvature.

44. The implant of claim 42 wherein the second radius of curvature approximates the

curvature of Schlemm's canal.

45. The implant of claim 42 wherein the proximal portion is biased to bend at a third radius

of curvature.

46. The implant of claim 45 wherein the third radius of curvature is generally smaller than

the second radius of curvature.

47. The implant of claim 45 wherein the third radius of curvature is generally equal to the

first radius of curvature.

48. The implant of claim 40 wherein the plurality of openings extend over more than about

50% of an outer surface area of the implant.

49. An ocular implant defining a generally cylindrical volume, comprising:

a proximal inlet portion at a proximal end of the implant, the proximal inlet portion

adapted to be positioned in an anterior chamber of the eye;

a distal inlet portion at a distal end of the implant, the distal inlet portion adapted to be

positioned in the anterior chamber of the eye;

an intermediate portion positioned between the proximal and distal inlet portions, the

intermediate portion adapted to be positioned in Schlemm's canal; and

a plurality of openings in the implant to facilitate fluidic flow laterally across the implant.



50. The implant of claim 49 wherein the implant defines a lumen to facilitate fluidic flow

longitudinally along the implant.

51. An assembly, comprising:

an ocular implant defining an implant lumen;

a core disposed in the implant lumen;

a guide wire disposed in a guide wire lumen defined by the core;

wherein the guide wire is biased to assume a predetermined at rest shape;

the guide wire having a distal radius of curvature and a proximal radius of curvature

when the guide wire is assuming the predetermined at rest shape; and

wherein the proximal radius of curvature is greater than the distal radius of curvature.

52. The assembly of claim 51 wherein the proximal radius of curvature approximates the

curvature of Schlemm's canal.

53. The assembly of claim 51 wherein an intermediate portion of the ocular implant is biased

to bend at a second radius of curvature.

54. The assembly of claim 53 wherein the proximal radius of curvature of the guide wire is

generally equal to the second radius of curvature of the ocular implant.

55. The assembly of claim 51 wherein the ocular implant and the core urge the guide wire to

assume a stressed shape that is different from the predetermined at rest shape.

56. The assembly of claim 55 wherein the stressed shape is generally straighter than the

predetermined at rest shape.

57. The assembly of claim 51, wherein the implant comprises a first material and the core

comprises a second material different from the first material.

58. The assembly of claim 57, wherein the first material and the second material comprise

materials which provide a relatively low friction interface when placed in sliding contact with

one another.

59. The assembly of claim 58, wherein:



an interface between two samples of the first material has a first coefficient of friction;

an interface between a sample of the first material and a sample of the second material

has a second coefficient of friction; and

the first coefficient of friction is greater than the second coefficient of friction.

60. The assembly of claim 57, wherein the first material and the second material comprise

materials which are unlikely to gall when placed in sliding contact with one another.

6 1. The assembly of claim 57, wherein the first material comprises a metallic material and

the second material comprises a polymeric material.

62. The assembly of claim 51, wherein the guide wire comprises a first material and the core

comprises a second material different from the first material.

63. The assembly of claim 62, wherein the first material and the second material comprise

materials which provide a relatively low friction interface when placed in sliding contact with

one another.

64. The assembly of claim 63 , wherein:

an interface between two samples of the first material has a first coefficient of friction;

an interface between a sample of the first material and a sample of the second material

has a second coefficient of friction; and

the first coefficient of friction is greater than the second coefficient of friction.

65. The assembly of claim 62, wherein the first material and the second material comprise

materials which are unlikely to gall when placed in sliding contact with one another.

66. The assembly of claim 62, wherein the first material comprises a metallic material and

the second material comprises a polymeric material.

67. The assembly of claim 5 1 further comprising a cannula disposed about the ocular

implant.

68. The assembly of claim 67 further comprising a luer fitting disposed in fluid

communication with a lumen defined by the cannula.



69. A device, comprising:

an ocular implant comprising a body and a hatch;

the body defining a body lumen and a longitudinal axis;

the hatch defining a hatch lumen having a hatch axis;

the hatch comprising an arm hingedly connecting the hatch to the body;

the hatch having a first position in which the hatch is generally coaxial with the body;

the hatch having a second position in which the hatch axis is skewed relative to the

longitudinal axis of the body; and

wherein the hatch is biased to assume the second position.

70. The device of claim 69 wherein:

the hatch is disposed in the first position; and

the device further includes a core extending through the body lumen and the hatch lumen.

7 1. The device of claim 70 wherein at least a portion of the hatch extends around a portion of

the core across a radial span of more than 180 degrees.

72. The device of claim 70 wherein the core causes the hatch to remain in the first position.

73 . The device of claim 67 wherein the hatch assumes the second position when the core is

withdrawn from the hatch lumen.

74. An ocular implant, comprising:

a proximal locking portion at a proximal end of the implant;

a distal locking portion at a distal end of the implant;

an intermediate portion extending between the proximal locking portion and the distal

locking portion;

the intermediate portion having a longitudinal axis that follows an arcuate path when the

implant is assuming a relaxed shape;

wherein the proximal locking portion is biased to extend in a first radially inward

direction relative to the arcuate path of the longitudinal axis of the intermediate portion; and

wherein the distal locking portion is biased to extend in a second radially inward

direction relative to the arcuate path of the longitudinal axis of the intermediate portion.



75. The implant of claim 74 wherein the first radially inward direction and the second

radially inward direction intersect one another.

76. The implant of claim 74 wherein the first radially inward direction and the second

radially both lead out of Schlemm's canal of an eye when the intermediate portion of the implant

is disposed in Schlemm's canal of the eye.

77. The implant of claim 74 wherein the implant is dimensioned so that the proximal locking

portion and the distal locking portion will both extend through a wall of Schlemm's canal of an

eye when the intermediate portion of the implant is disposed in Schlemm's canal of the eye.

78. The implant of claim 74 wherein the likelihood that the intermediate portion of the

implant will migrate within Schlemm's canal of an eye is reduced when the proximal locking

portion and the distal locking portion both extend through a wall of Schlemm's canal.

79. The implant of claim 74 wherein the first radially inward direction and the second

radially both lead out of Schlemm's canal of an eye when the longitudinal axis of the

intermediate portion is coaxial with a longitudinal axis of Schlemm's canal.

80. The implant of claim 74 wherein a radius of curvature of the longitudinal axis of the

intermediate portion approximates the curvature of Schlemm's canal when the implant is

assuming the relaxed shape.

81. The implant of claim 70 wherein a wall of the implant defines a plurality of openings in

the implant to facilitate fluidic flow laterally across the implant.

82. The implant of claim 70 wherein the implant defines a lumen to facilitate fluidic flow

longitudinally along the implant.

83. An ocular implant defining a generally cylindrical volume, comprising:

a proximal inlet portion at a proximal end of the implant, the proximal inlet portion

adapted to be positioned in an anterior chamber of the eye;

a distal inlet portion at a distal end of the implant, the distal inlet portion adapted to be

positioned in a suprachoroidal space of the eye;

an intermediate portion positioned between the proximal and distal inlet portions; and



a plurality of openings in the implant to facilitate fluidic flow laterally across the implant.

84. A method of treating glaucoma in an eye of a patient, comprising:

providing an ocular implant comprising a wall defining a lumen;

inserting a core into the lumen of the ocular implant;

advancing a distal end of a cannula through a cornea of the eye so that a distal portion of

the cannula is disposed in an anterior chamber of the eye;

advancing the core and the ocular implant through a cannula lumen defined by the

cannula; and

advancing a distal end the core and a distal end of the ocular implant between a choriod

and a sclera of the eye.

85. The method of claim 84 further comprising piercing one or more ocular tissues with the

distal end of the cannula.

86. The method of claim 85 wherein the one or more ocular tissues comprise ciliary body

tissue.

87. The method of claim 85 wherein the one or more ocular tissues comprise trebecular

meshwork tissue.

88. The method of claim 85 wherein the one or more ocular tissues comprise corneal tissue.

89. The method of claim 84 wherein the wall of the ocular implant defines a plurality of

openings fiuidly communicating with the lumen of the ocular implant.

90. The method of claim 89 wherein inserting the core into the lumen of the ocular implant

substantially blocks the openings defined by the wall of the ocular implant.

9 1. The method of claim 89 wherein inserting the core into the lumen of the ocular implant

substantially fills the lumen of the ocular implant.



92. The method of claim 84 further comprising inserting a guide wire into a guide wire

lumen defined by the core.
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