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OCULAR IMPLANTS DEPLOYED IN
SCHLEMM'S CANAL OF THE EYE

CROSS REFERENCE TO RELATED APPLICATIONS

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

Application No. 61/357,900, filed June 23, 2010, titled "Ocular Implants Deployed via

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

INCORPORATION BY REFERENCE

[0002] All publications, including patents and patent applications, mentioned in this

specification are herein incorporated by reference in their entirety to the same extent as if each

individual publication 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 systems, devices and methods for deploying

ocular implants in 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 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. If the flow of aqueous humor leaving the

eye becomes constricted, pressure begins to build inside the eye.

[0007] Aqueous humor is produced by organs known as the ciliary bodies. Each 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 out of the eye by 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 DISCLOSURE

[00010] In one embodiment, an ocular implant is provided, comprising an implant body sized

and configured to be inserted into Schlemm's canal of an eye, the implant body comprising a

plurality of filars, each filar having a proximal end, a distal end and an intermediate portion

extending between the proximal end and the distal end, the distal ends of the filars being fixed to

each other and the proximal ends of the filars being fixed to each other, the ocular implant being



configured to move between a radially collapsed state and a radially expanded state, wherein the

ocular implant is configured to assume the radially expanded state when no external forces are

acting thereon, and the ocular implant is configured to assume the radially collapsed state when

constraining forces are applied to the ocular implant.

[00011] In one embodiment, the constraining forces are applied to the intermediate portions of

the filars when elongating forces are applied to the proximal and distal portions of the filars. In

another embodiment, the constraining forces are applied to the intermediate portions of the filars

when the proximal and distal portions of the filars are moved away from each other. In

additional embodiments, the constraining forces are applied to the intermediate portions of the

filars by a sacrificial material that adheres the individual filars together in a matrix which

restricts motion between the individual filars so that expansion of the ocular implant is

prohibited.

[00012] In some embodiments, the ocular implant has a first pushability when the ocular

implant is in the radially expanded state, the ocular implant has a second pushability when the

ocular implant is in the radially collapsed state, and the second pushability is greater than the

first pushability so as to facilitate advancement of the ocular implant into Schlemm's canal.

[00013] In one embodiment, the ocular implant has a first lateral dimension when the ocular

implant is in the radially expanded state, the ocular implant has a second lateral dimension when

the ocular implant is in the radially collapsed state, and the second lateral dimension is smaller

than the first lateral dimension so as to facilitate advancement of the ocular implant into

Schlemm's canal.

[00014] In some embodiments, a volume defined by the ocular implant has a circular cross-

section. In other embodiments, a volume defined by the ocular implant has a non-circular cross-

section. In yet another embodiment, a volume defined by the ocular implant has a generally

ovoid or elliptical cross-section.

[00015] In some embodiments, the intermediate portions of the filars converge toward each

other when oppositely directed axial pulling forces are applied to distal and proximal ends of the

ocular implant.

[00016] In one embodiment, the proximal ends of the filars are fixed to a proximal hub and

the distal ends of the filars are fixed to a distal hub.

[00017] In additional embodiments each hub comprises a weld bead formed of material from

the filars.

[00018] In some embodiments, each filar follows a path that curves through three dimensional

space as the filar extends distally between the proximal hub and the distal hub.



[00019] In one embodiment, constraining forces are applied to the intermediate portions of the

filars when elongating forces are applied to the proximal and distal hubs. In another

embodiment, constraining forces are applied to the intermediate portions of the filars when the

proximal and distal hubs are moved away from each other.

[00020] In some embodiments, the path followed by each filar substantially conforms to the

shape of a helix.

[00021] In one embodiment, the ocular implant further comprises a sacrificial material fixing

at least a portion of a body of the ocular implant in the radially collapsed state.

[00022] In some embodiments, a proximal portion of the ocular implant is not fixed in the

radially collapsed state so as to be free to expand into contact with Schlemm's canal to prevent

migration of the ocular implant while the sacrificial material is dissolving.

[00023] A method of facilitating fluid flow through the Schlemm's canal of an eye is

provided, comprising urging an ocular implant to assume a collapsed state, fixing the ocular

implant in the collapsed state, advancing the ocular implant into Schlemm's canal while the

ocular implant is fixed in the collapsed state, and allowing the ocular implant to assume an

expanded state while at least a portion of the ocular implant is disposed inside Schlemm's canal.

[00024] In some embodiments, the step of fixing the ocular implant in the collapsed state

comprises applying a sacrificial material to the ocular implant.

[00025] In other embodiments, the step of allowing the ocular implant to assume the

expanded state comprises allowing the sacrificial material to dissolve inside Schlemm's canal.

[00026] In some embodiments, the step of fixing the ocular implant in the collapsed state

comprises inserting the ocular implant into a lumen.

[00027] An ocular implant is provided, comprising an implant body sized and configured to

be inserted into Schlemm's canal of a patient, the implant body comprising a plurality of filars

that are interlinked to define a lumen and facilitate the flow of aqueous humor, a sacrificial

material disposed on the filars and configured to fix the implant body in a collapsed state, the

filars being configured to assume an expanded state when the sacrificial material is removed.

[00028] In some embodiments, the sacrificial material comprises a bioabsorbable material

configured to dissolve after implantation into Schlemm's canal.

[00029] In another embodiment, the filars are pre-biased to expand outwardly.

BRIEF DESCRIPTION OF THE DRAWINGS

[00030] Figure 1 is a stylized representation of a medical procedure in accordance with this

detailed description.



[00031] Figure 2 is an enlarged perspective view further illustrating the delivery system hand

piece and the eye shown in the previous figure.

[00032] Figure 3 is a stylized perspective view illustrating a portion of the eye shown in the

previous figure.

[00033] Figure 4 is an anterior plan view of the eye shown in the previous figure.

[00034] Figure 5 is a stylized diagram illustrating the flow of aqueous humor out of the

anterior chamber of the eye and into the vascular system of the body.

[00035] Figure 6 is a stylized diagram showing Schlemm's canal, a collector channel and

trabecular meshwork of an eye with an active implant in its expanded state.

[00036] Figure 7 is an additional stylized diagram showing Schlemm's canal SC and an ocular

implant in its compressed state.

[00037] Figure 8 is a perspective view showing an illustrative filar.

[00038] Figure 9 is a plan view of an ocular implant in accordance with the present detailed

description.

[00039] Figure 10A and Figure 10B are stylized plan views illustrating an ocular implant in

accordance with this detailed description.

[00040] Figure 10C is a plan view further illustrating the structure of the ocular implant

shown in the previous figure. In the embodiment of Figure IOC, a short section of the ocular

implant is shown as though it has been cut along a cutting line parallel to its longitudinal axis

and laid out flat. Figure 10D is an exploded view of the ocular implant section shown in Figure

IOC.

[00041] Figures 11A - 11H are a sequence of stylized plan views illustrating a method in

accordance with the present detailed description.

[00042] Figures 12A - 12E are a sequence of stylized plan views illustrating a welding

process in accordance with the present detailed description.

[00043] Figures 13A - 13C are a sequence of stylized plan views illustrating a method in

accordance with the present detailed description.

[00044] Figures 14A - 14E are a sequence of plan views illustrating a method in accordance

with the present detailed description.

[00045] Figures 15A - 15M are a sequence of stylized plan views illustrating a method in

accordance with the present detailed description. The method illustrated in Figure 15 may be

used, for example, for assembling a catheter and for placing an ocular implant into Schlemm's

canal of an eye using a catheter.



DETAILED DESCRIPTION

[00046] The following detailed description should be read with reference to the drawings in

which similar elements in different drawings are numbered the same. The drawings, which are

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

of the invention.

[00047] Figure 1 is stylized representation of a medical procedure in accordance with this

detailed description. In the procedure of Figure 1, a physician is treating an eye 20 of a patient 6.

In the procedure of Figure 1, a physician is holding a hand piece of a delivery system 50 in his or

her right hand RH. The physician's left hand (not shown) may be used to hold the handle H of a

gonio lens 52. It will be appreciated that some physician's may prefer holding the delivery

system handle in the left hand and the gonio lens handle H in the right hand RH.

[00048] During the procedure illustrated in Figure 1, the physician may view the interior of

the anterior chamber using a microscope 54 and gonio lens 52. Detail A of Figure 1 is a stylized

simulation of the image viewed by the physician. A distal portion of a cannula 56 is visible in

Detail A. A shadow-like line indicates the location of Schlemm's canal SC which is lying under

various tissue (e.g., the trabecular meshwork) that surround the anterior chamber. A distal

opening 58 of cannula 56 is positioned near Schlemm's canal SC of eye 20.

[00049] Methods in accordance with this detailed description may include the step of

advancing the distal end of a cannula (e.g., cannula 56 of Figure 1) through the cornea of eye 20

so that a distal portion of the cannula is disposed in the anterior chamber of the eye. Cannula 56

may then be used to access Schlemm's canal of the eye, for example, by piercing the wall of

Schlemm's canal with the distal end of cannula 56. Distal opening 58 of cannula 56 may be

placed in fluid communication with a lumen defined by Schlemm's canal. The ocular implant

may be advanced out of distal opening 58 and into Schlemm's canal. Insertion of the ocular

implant into Schlemm's canal may facilitate the flow of aqueous humor out of the anterior

chamber of the eye.

[00050] Figure 2 is an enlarged perspective view further illustrating delivery system 50 and

eye 20 shown in the previous figure. In Figure 2, cannula 56 of delivery system 50 is shown

extending through a cornea 26 of eye 20. A distal portion of cannula 56 is disposed inside the

anterior chamber defined by cornea 26 of eye 20. In the embodiment of Figure 2, cannula 56 is

configured so that a distal opening 58 of cannula 56 can be placed in fluid communication with

Schlemm's canal.

[00051] In the embodiment of Figure 2, an ocular implant is disposed in a passageway defined

by cannula 56. Delivery system 50 includes a mechanism that is capable of advancing and

retracting the ocular implant along the length of cannula 56. The ocular implant may be placed



in Schlemm's canal of eye 20 by advancing the ocular implant through the distal opening of

cannula 56 while the distal opening is in fluid communication with Schlemm's canal.

[00052] Figure 3 is a stylized perspective view illustrating a portion of eye 20 shown in the

previous figure. Eye 20 can be conceptualized as a fluid filled ball having two chambers. Sclera

22 of eye 20 surrounds a posterior chamber 24 filled with a viscous fluid known as vitreous

humor. Cornea 26 of eye 20 encloses an anterior chamber AC that is filled with a fluid known as

aqueous humor. The cornea 26 meets the sclera 22 at a limbus 28 of eye 20. A lens 32 of eye 20

is located between anterior chamber AC and posterior chamber 24. Lens 32 is held in place by a

number of ciliary zonules 34.

[00053] Whenever a person views an object, he or she is viewing that object through the

cornea, the aqueous humor, 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.

[00054] 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 eye as new aqueous humor is secreted by the epithelial cells of

the ciliary body. This excess aqueous humor enters the blood stream and is carried away by

venous blood leaving the eye.

[00055] In a healthy eye, aqueous humor flows out of the anterior chamber AC through the

trabecular meshwork T and into Schlemm's canal SC, located at the outer edge of the iris 42.

Aqueous humor exits Schlemm's canal SC and flows into a number of collector channels 40.

After leaving Schlemm's canal SC, aqueous humor is absorbed into the venous blood stream.

[00056] Figure 4 is an anterior plan view of eye 20 shown in the previous figure. In Figure 4,

Schlemm's canal SC can be seen encircling iris 42. Aqueous humor exits anterior chamber AC

and enters Schlemm's canal SC by flowing through the trabecular meshwork T . Aqueous

humor exits Schlemm's canal SC by flowing through a number of collector channels CC. After

leaving Schlemm's canal SC, aqueous humor travels through veins 62 and is absorbed into the

blood stream. Schlemm's canal typically has a non-circular cross-sectional shape whose diameter

can vary along the canal's length and according to the angle at which the diameter is measured.

In addition, there may be multiple partial pockets or partial compartments (not shown in these

figures) formed along the length of Schlemm's canal. The shape and diameter of portions of

Schlemm's canal and the existence and relative location of partial pockets or compartments may



limit or prevent fluid flow from one point of Schlemm's canal to another. Hence, each collector

channel CC from Schlemm's canal may drain only a portion of Schlemm's canal. For purposes

of illustration, a portion of eye 20 is surrounded by a frame F in Figure 4 . This portion of eye 20

is enlarged for purposes of illustration in Figure 4.

[00057] Figure 5 is a stylized diagram illustrating the flow of aqueous humor out of the

anterior chamber AC and into the vascular system 60. Aqueous humor enters Schlemm's canal

SC by flowing out of the anterior chamber AC, through trabecular meshwork TM, and through

the wall of Schlemm's canal SC. Aqueous humor exits Schlemm's canal SC and flows into a

number of collector channels CC. One collector channel CC is shown in Figure 5. After leaving

Schlemm's canal SC, aqueous humor is absorbed into venous blood in the vascular system 60.

[00058] Figure 6 is a stylized diagram showing Schlemm's canal SC, collector channel CC,

and trabecular meshwork TM. In Figure 6, an ocular implant 100 is disposed in Schlemm's

canal SC. In the embodiment of Figure 6, ocular implant 100 comprises a plurality of filars 102

forming a body 104. Body 104 of ocular implant 100 defines a lumen 106 and plurality of

interstitial spaces 108 fluidly communicating with lumen 106.

[00059] Ocular implant 100 may be inserted into Schlemm's canal of a human eye to facilitate

the flow of aqueous humor out of the anterior chamber. This flow may include axial flow along

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

Schlemm's canal via a plurality of collector channels CC. When in place within the eye, ocular

implant 100 will support trabecular mesh tissue and Schlemm's canal tissue and will 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.

[00060] Filars 102 of ocular implant 100 may be interlinked with one another to form body

104. When this is the case, various processes may be used to interlink the filars with one

another. Examples of processes that may be suitable in some applications including braiding,

weaving, and knitting.

[00061] In Figure 6, ocular implant 100 is shown assuming an expanded state. In some useful

methods, ocular implant 100 is allowed to assume the expanded state while the ocular implant is

residing in Schlemm's canal. The presence of the expanded state ocular implant in Schlemm's

canal may facilitate the flow of aqueous humor out of the anterior chamber. Ocular implant 100

is also capable of assuming a radially collapsed state. The ocular implant may have a relatively

low profile shape when it is in the radially contracted shape. This low profile shape may

minimize any trauma incurred by eye tissues during the delivery procedure. The low profile

shape may also enable the delivery of ocular implants having greater length than would

otherwise be possible. Some methods in accordance with this detailed description may include



the step of urging an ocular implant to assume the collapsed state prior to advancing the ocular

implant into Schlemm's canal. A sacrificial material may be added to the ocular implant so that

the ocular implant is fixed in the collapsed state. In some useful methods, ocular implant 100 is

advanced into Schlemm's canal SC while ocular implant 100 is fixed in the collapsed state.

Ocular implant 100 may be allowed to assume the expanded state while at least a portion of

ocular implant 100 is disposed inside Schlemm's canal.

[00062] In some useful embodiments, the sacrificial material comprises a bioabsorbable

material (e.g., a biodegradable polymer). A biodegradable polymer may be used to capture and

retain the filars of the ocular implant in its radially collapsed/longitudinally stretched

configuration. The ocular implant may be delivered into Schlemm's canal while the ocular

implant is assuming its radially collapsed/longitudinally stretched configuration. Over time, the

biodegradable polymer dissolves and the retaining force previously holding the implant in the

low profile state is eliminated. This allows the ocular implant to assume a higher profile state.

The biodegradable material could be a polymer used strictly as a fixation means or alternatively

a therapeutic agent and/or a lubricant could be added to the base material. The biodegradable

material can be applied to the material by a variety of methods including spraying, dipping,

extrusion and reflow extrusion. The biodegradable material can be applied to the entire length of

the implant or can be placed at predefined locations as needed.

[00063] Figure 7 is an additional stylized diagram showing Schlemm's canal SC and ocular

implant 100. In Figure 7, ocular implant 100 is shown assuming a collapsed state. Ocular

implant 100 is also capable of assuming the expanded state shown in the previous figure. In the

embodiment of Figure 7, ocular implant 100 is fixed in the collapsed state by a sacrificial

material 120 that adheres the individual filars 102 together in a matrix which restricts motion

between the individual filars which in turn restricts expansion.

[00064] With reference to Figure 7, it will be appreciated that ocular implant 100 has been

advanced into Schlemm's canal SC while ocular implant 100 is fixed in the collapsed state.

Ocular implant 100 may be allowed to assume the expanded state while at least a portion of

ocular implant 100 is disposed inside Schlemm's canal. In the embodiment of Figure 7,

sacrificial material 120 is adapted to erode over time. As sacrificial material 120 erodes, the

retaining force holding the implant in the collapsed state is eliminated. This allows the ocular

implant to assume an expanded state.

[00065] With reference to Figure 7, it will be appreciated that ocular implant 100 comprises a

plurality of filars forming a body 104. Body 104 defines a lumen and a plurality of interstitial

spaces that fluidly communicate with the lumen. In the embodiment of Figure 7, body 104 is

biased to assume an expanded state when filars 102 are in the least stressed condition (i.e. the



filars may still be stress in the expanded state but they are at the lowest stress that the structure

can achieve). A sacrificial material 120 overlays and surrounds the filar matrix. Sacrificial

material 120 is fixing body 104 in the collapsed state in the embodiment of Figure 7. In the

embodiment of Figure 7, filars 102 are in intimate contact with each other such that the lumen

and interstitial spaces defined by the filars 102 are very small and/or completely closed. By

comparing Figure 7 and Figure 6, it will be appreciated that ocular implant 100 has a relatively

low profile when the lumen and interstitial spaces defined by the filars 102 are very small and/or

completely closed. The low profile of the ocular implant may facilitate delivery of the ocular

implant into Schlemm's canal. The low profile of the ocular implant may also minimize any

trauma incurred by eye tissues during the delivery procedure. The low profile of the ocular

implant may also enable the delivery of ocular implants having greater length than would

otherwise be possible.

[00066] In one embodiment, an ocular implant may include a plurality of filars; each filar

following a path that curves in three dimensions. The filars may be interlinked to form a body

defining a lumen. Figure 8 is a perspective view showing an illustrative filar 102. With

reference to Figure 8, it will be appreciated that filar 102 extends through three mutually

orthogonal planes: a first plane xy, a second plane xz, and a third plane yz. First plane xy is

defined by an X-axis and a Y-axis. Second plane xz is defined by the X-axis and a Z-axis. Third

plane yz is defined by the Y-axis and the Z-axis.

[00067] Filar 102 includes a number of turns 110 that wrap loosely about the Z-axis shown in

Figure 8. With reference to Figure 8, it will be appreciated that filar 102 does not lie completely

on any one of the three planes shown in Figure 8 (i.e., first plane xy, second plane xz, and third

plane yz). Filar 102 has a proximal end P, a distal end D, and an intermediate portion that

extends between the proximal end and the distal end. With reference to Figure 8, it will be

appreciated that filar 102 spirals in a clockwise direction CW as it extends distally from proximal

end P to distal end D. However, in other embodiments, the filar can spiral in the

counterclockwise direction CCW as it extends distally from proximal end P to distal end D.

[00068] In the embodiment of Figure 8, filar 102 has a pitch T. Pitch T may be defined as the

distance between the centers of adjacent turns 110 of filar 102. In the embodiment of Figure 8,

pitch T is constant along the length of filar 102. Also in the embodiment of Figure 8, filar 102

has a radius R that is substantially constant throughout the rotation of filar 102. In the

embodiment of Figure 8, it will be appreciated that filar 102 forms a helix. It will also be

appreciated, however, that some three dimensionally shaped curves do not form helices.

Additionally, it will be appreciated that three dimensionally shaped curves are possible which

have a radius that varies through the rotation of the three dimensionally shaped curve unlike filar



102 shown in Figure 8. In the embodiment of Figure 8, filar 102 completes three complete

revolutions. Each of these revolutions has an angular span of three hundred and sixty degrees.

[00069] Figure 9 is a plan view of an ocular implant in accordance with the present detailed

description. In the embodiment of Figure 9, ocular implant 100 comprises a plurality of filars

102 forming a body 104. In the embodiment of Figure 9, ocular implant 100 comprises eight

filars that are interlinked with one another to form body 104. In other embodiments, any number

of filars can be used in the ocular implant. In some useful embodiments, the ocular implant has

an even number of filars. Fabricating the ocular implant with a plurality of filars has many

benefits. For example, a filar style ocular implant uses a minimal amount of material compared

to a tubular implant, so an implant to aqueous flow volume is maximized. Additionally, an

ocular implant constructed from a plurality of filars is more forgiving to flexing and bending

than conventional ocular implants. In the embodiment of Figure 9, a distal end of each filar is

fixed to a distal hub 124 and a proximal end of each filar is fixed to a proximal hub 122. The

eight filars of ocular implant 100 may be conceptually divided into two sets; set A and set B.

Each filar in set A spirals in a clockwise direction CW as it extends distally away from proximal

hub 122. The distal direction is illustrated with an arrow D in Figure 9 . Each filar in set B

spirals in a counterclockwise direction CCW as it extends distally away from proximal hub 122.

[00070] In the embodiment of Figure 9, each filar in set A follows a generally helical path

alternately crossing over and under filars in set B. The generally helical path of each filar and

criss-crossing nature of the implant forms a strong, resilient structure. Similarly, each filar in set

B follows a generally helical path alternately crossing over and under filars in set A. It should be

noted that the radius of the helical path of each individual filar may become slightly larger and

then smaller repeatedly as the filar crosses over and under neighboring filars. The path of each

filar may conform to a number of logical rules in the embodiment of Figure 9. First, a filar in

one set does not cross a filar in its own set. Second, each filar alternates crossing over and under

filars in the other set. Third, the order that each filar crosses the filars in the other set is the same

and is repetitive. Fourth, each filar does not cross any filar in the other set a second time before

crossing each filar in the other set a first time.

[00071] Filars 102 of ocular implant 100 may comprise various materials without deviating

from the spirit and scope of the present invention. One particularly useful material is known as

drawn filled tube (DFT). Drawn filled tube can be commercially available from Fort Wayne

Metals of Fort Wayne, Pennsylvania (e.g., Pt-DFT®-95%Niti). The drawn filled tube may

comprise a core of 95% Nitinol and an outer sheath of platinum. The outer sheath of platinum

may advantageously prevent oxides from forming on the nitinol core, for example, during heat

treating processes. In one useful embodiment, each filar comprises a wire having a circular



cross-sectional shape and an outer diameter of about is .00075 inch. Other potential high

strength biocompatible alloys with suitable spring properties include 316 stainless steel, Elgiloy,

MP-35N, and bio absorbable Magnesium.

[00072] Figure 10A and Figure 10B are stylized plan views illustrating one embodiment of an

ocular implant 100 in accordance with this detailed description. In Figure 10A, ocular implant

100 is shown in a radially expanded state. In Figure 10B, ocular implant 100 is shown in a

radially collapsed state. In one embodiment, the ocular implant has a radius of approximately

0.025-0.030 cm in the expanded state, and has a radius of approximately 0.01-0.015 cm in the

collapsed state. Figure 10A and Figure 10B may be collectively referred to as Figure 10.

[00073] In the embodiment of Figure 10, ocular implant 100 comprises a plurality of filars

102 forming a body 104. Body 104 of ocular implant 100 defines a lumen 106 and plurality of

interstitial spaces 108 fluidly communicating with lumen 106. The filars 102 of ocular implant

100 are interlinked with one another to form body 104.

[00074] Ocular implant 100 of Figure 10 comprises eight filars. A distal end of each filar is

fixed to a distal hub 124 and a proximal end of each filar is fixed to a proximal hub 122. The

eight filars of ocular implant 100 may be conceptually divided into two sets; set A and set B.

Each filar in set A spirals in a clockwise direction CW as it extends distally away from proximal

hub 122. The distal direction is illustrated with an arrow D in Figure 10. Each filar in set B

spirals in a counterclockwise direction CCW as it extends distally away from proximal hub 122.

In other embodiments, the ocular implant can include any number of filars, including more or

less than eight filars.

[00075] In the embodiment of Figure 10, each filar in set A follows a generally helical path

alternately crossing over and under filars in set B. Similarly, each filar in set B follows a

generally helical path alternately crossing over and under filars in set A. It should be noted that

the radius of the helical path of each individual filar may be come slightly larger and then

smaller repeatedly as the filar crosses over and under neighboring filars. The path of each filar

conforms to a number of logical rules in the embodiment of Figure 10. First, a filar in one set

does not cross a filar in its own set. Second, each filar alternates crossing over and under filars

in the other set. Third, the order that each filar crosses the filars in the other set is the same and

is repetitive. Fourth, each filar does not cross any filar in the other set a second time before

crossing each filar in the other set a first time.

[00076] Filars 102 of ocular implant 100 can be spring biased outward, so that filars 102 exert

an outward force on the walls of Schlemm's canal. Migration of the ocular implant is made less

likely when the filars of the ocular implant engage the walls of Schlemm's canal with these

outwardly directed spring forces. An angle A is illustrated using dimension lines in Figure 10.



In Figure 10, angle A represents an angle defined between a filar from set A and a filar from set

B. In some useful embodiments, the cross angle of the individual filars when the implant is

expanded is about ninety degrees. At this angle the area (and fluid flow path) between the filars

is at a maximum, which allows the implant to provide the maximum amount of flow for aqueous

humor. As described previously, each filar of an ocular implant may follow a three

dimensionally shaped curving path. In the embodiment of Figure 10, the shape of filars 102 will

cause them to travel across the wall of Schlemm's canal at an angle relative to the longitudinal

axis of the ocular implant. The cross-ways engagement of the filars with the wall of Schlemm's

canal can be appreciated by observing the cross-ways path of the filars seen in Figure 1OA. The

cross-ways engagement of the filars with the wall of Schlemm's canal may prevent the ocular

implant from migrating. The three dimensionally shaped curving path of the filars also causes the

filars to be easily compressible in a direction parallel to the longitudinal axis of the ocular

implant. This longitudinal compressibility of the filars may also make migration of the ocular

implant less likely.

[00077] The filars provide support for the walls of Schlemm's canal and the trabecular

meshwork that overlays the inner major wall of Schlemm's canal. Filars 102 of ocular implant

100 can be spring biased outward, so that filars 102 exert an outward force on the walls of

Schlemm's canal. The outward force applied to the walls of Schlemm's canal helps prevent

ocular implant 100 from leaving its desired position. In some useful embodiments, the ocular

implant may stretch the trabecular meshwork and the walls of Schlemm's canal in a way that

makes the trabecular meshwork more permeable. Making the trabecular meshwork more

permeable may facilitate the flow of aqueous humor out of the anterior chamber.

[00078] In Figure 10B, ocular implant 100 is shown in a radially collapsed state. Ocular

implant 100 is configured to assume the radially collapsed state shown in Figure 10B when

elongating forces are applied to the proximal and distal hubs. By comparing Figure 10A and

Figure 10B, it will be appreciated that the intermediate portions of filars 102 move toward each

other when ocular implant 100 is urged to assume the radially collapsed state. In the

embodiment of Figure 10, the pushability of ocular implant 100 is increased when ocular implant

100 is urged to assume the radially collapsed state. Pushability generally concerns the ability of

an ocular implant to transmit to the distal end of the ocular implant an axial force applied to the

proximal end of the ocular implant. Also in the embodiment of Figure 10, the outer dimensions

of ocular implant 100 decrease when ocular implant 100 is urged to assume the radially

collapsed state. Delivery of ocular implant 100 is facilitated by urging the ocular implant to

assume a state having a low profile shape and increased pushability. Advancing the ocular

implant into Schlemm's canal while it is in the radially collapsed state may minimize any trauma



incurred by eye tissues during the delivery procedure. Advancing the ocular implant into

Schlemm's canal while it is in the radially collapsed state may also enable the delivery of ocular

implants having greater length than would otherwise be possible. In the embodiment of Figure

10B, ocular implant 100 can be fixed in the collapsed state by a sacrificial material 120 that

adheres the individual filars 102 together in a matrix which restricts motion between the

individual filars which in turn restricts expansion. Ocular implant 100 may be allowed to

assume the expanded state while at least a portion of ocular implant 100 is disposed inside

Schlemm's canal. In the embodiment of Figure 10B, sacrificial material 120 is adapted to erode

over time. As sacrificial material 120 erodes, the retaining force holding the implant in the

collapsed state is eliminated. This allows the ocular implant to assume the radially expanded

state shown in Figure 10A.

[00079] Sacrificial material 120 may comprise various materials without deviating from the

spirit and scope of this detailed description. In some useful embodiments, the sacrificial material

comprises a bioabsorbable material (e.g., a biodegradable polymer). Examples of materials that

may be suitable in some applications include polycaprolactone, polylactic acid, polyglycolic

acid, polylactide coglycolide, polyglactin, poly-L-lactide, polyhydroxalkanoates, starch, and

cellulose. Various methods may be used to apply sacrificial material 120 to ocular implant 120.

For example, a preform comprising a thermoplastic polymeric material may be placed inside the

ocular implant while the ocular implant is in the radially expanded state. The ocular implant

may then be urged to assume the radially collapsed state while external heat is applied to reflow

the thermoplastic polymeric material of the preform. By way of a second example, the sacrificial

material may be sprayed onto the filars. In some embodiments, the sacrificial material may be

applied to less than all of the ocular implant. When this is the case, the portion of the ocular

implant that is free of the sacrificial material will be free to assume the radially expanded shape.

The portion of the ocular implant that is free to assume the radially expanded shape may function

to anchor the ocular implant at a desired location while the sacrificial material erodes.

[00080] Figure IOC is a plan view further illustrating the structure of ocular implant 100

shown in the previous figure. In the embodiment of Figure 10, a short section of ocular implant

100 is shown as though it has been cut along a cutting line parallel to its longitudinal axis and

laid out flat. The filars of ocular implant 100 are laid out flat in Figure IOC to better illustrate

the interlinking arrangement of these filars.

[00081] Figure 10D is an exploded view of the portion of ocular implant 100 shown in Figure

IOC. Ocular implant 100 of Figure 10 comprises eight filars. In other embodiments, however,

any number of filars can be included in the ocular implant. In the exploded view of Figure 10D,

the eight filars of ocular implant 100 are physically divided into two sets; set A and set B. In the



embodiment of Figure 10, set A includes a first filar 1A, a second filar 2A, a third filar 3A, and a

fourth filar 4A. Set B includes a first filar IB, a second filar 2B, a third filar 3B, and a fourth

filar 4B. In the embodiment of Figure 10.

[00082] In the embodiment of Figure IOC, each filar in set A follows a generally helical path

alternately crossing over and under filars in set B. Similarly, each filar in set B follows a

generally helical path alternately crossing over and under filars in set A. Referring still to Figure

IOC, the path of first filar 1A may be described as spiraling in a counter-clockwise direction as

the filar extends in a distal direction crossing under first filar IB, over second filar 2B, under

third filar 3B, and over fourth filar 4B. The distal direction is illustrated using an arrow D in

Figure 10A. The path of second filar 2A may be described as spiraling in a counter-clockwise

direction as the filar extends in the distal direction crossing over first filar IB, under second filar

2B, over third filar 3B, and under fourth filar 4B. The path of third filar 3A may be described as

spiraling in a counter-clockwise direction as the filar extends in a distal direction crossing under

first filar IB, over second filar 2B, under third filar 3B, and over fourth filar 4B. The path of

fourth filar 4A may be described as spiraling in a counter-clockwise direction as the filar extends

in the distal direction crossing over first filar IB, under second filar 2B, over third filar 3B, and

under fourth filar 4B.

[00083] The paths of the filars in set B may be described in a similar fashion. The path of

first filar IB spirals in a clockwise direction as the filar extends in a distal direction crossing over

first filar 1A, under second filar 2A, over third filar 3A, and under fourth filar 4A. The path of

second filar 2B spirals in a clockwise direction as the filar extends in the distal direction crossing

under first filar 1A, over second filar 2A, under third filar 3A, and over fourth filar 4A. The path

of third filar 3B spirals in a clockwise direction as the filar extends in a distal direction crossing

over first filar 1A, under second filar 2A, over third filar 3A, and under fourth filar 4A. The path

of fourth filar 4B spirals in a clockwise direction as the filar extends in the distal direction

crossing under first filar 1A, over second filar 2A, under third filar 3A, and over fourth filar 4A.

[00084] Figure 11A - Figure 11H are a sequence of stylized plan views illustrating a method

in accordance with the present detailed description. Figures 11A - 11H may be collectively

referred to as Figure 11. The method illustrated in Figure 11 may be used, for example, form the

ocular implant described above.

[00085] At Figure 11A, a plurality of filars are arranged to form an elongate filar structure.

At Figure 1IB, a portion of the elongate filar structure is stretched length-wise until the filar

structure becomes taut and the smallest profile is achieved. At Figure 11C, a fixative (e.g.,

adhesive, solder etc.) is applied to a distal section of the filar structure while it is pulled taut and

assuming a low profile shape. The fixative is forced into the filar structure matrix so as to bond



the filars together forming a distal tip. The fixative is represented with a pattern of dots in Figure

l lC.

[00086] At Figure 1ID, the longitudinal tension on the filar structure is released. With

reference to Figure 1ID, it will be appreciated that the low profile tip portion of the filar

structure has not expanded. The remainder of the filar structure is shown in an expanded

condition in Figure 1ID.

[00087] At Figure 1IE, a sleeve has been positioned near the low profile tip portion of the

filar structure. In some useful embodiments, the sleeve is made of a material that is brittle and

has a higher melting temperature than the braid. Examples of materials that may be suitable

include sapphire and fused silca.

[00088] At Figure 1IF, the low profile tip section is threaded through the sleeve, tension is

applied to the distal end that is exposed allowing the sleeve to be advanced over the filar

structure. In some useful embodiments, a lumen defined by the sleeve is configured so that the

sleeve captures the filar structure and keeps filars in intimate contact with each other.

[00089] At Figure 11G, the first sleeve has been advanced further along the length of the filar

structure. Also in Figure 11G, a second sleeve has been threaded onto the filar structure. The

filar structure can be made having various lengths and sleeves can be advanced over the entire

length of filar structure. Accordingly, any number of sleeves can be threaded onto the filar

structure. At Figure 11H, the filar structure is trimmed flush with the ends of the sleeves, for

example by laser cutting. The resulting work pieces each comprise a portion of filar structure

trapped in a sleeve with filars in intimate contact with each other. Holding the filars in intimate

contact with each other advantageously helps to ensure a reliable weld.

[00090] Figure 12A - Figure 12E are a sequence of stylized plan views illustrating an welding

process in accordance with the present detailed description. At Figure 1 A, a workpiece is

provided. The workpiece comprises a filar structure that is trapped in a sleeve. In some useful

embodiments, a lumen defined by the sleeve is configured so that the sleeve captures the filar

structure and keeps filars in intimate contact with each other.

[00091] At Figure 12B, a proximal end of the filar structure is exposed to laser or other

welding energy. The laser energy is sufficient to melt the filars and fuse them to each other. The

laser energy is not sufficient to melt the sleeve encasing the filar structure. The sleeve

effectively creates a mold to maintain the outer diameter of the welded zone/molten metal of the

filars. An energy profile is selected that causes the material to assume a semi-circular profile

when solidified which provides a desirable a traumatic tip. The laser welding process depicted

in Figure 12B forms a proximal hub.



[00092] At Figure 1 C, a distal end of the filar structure is exposed to laser or other welding

energy to form a distal hub. The laser energy is sufficient to melt the filars and fuse them to each

other. The outer diameter of the molten material is maintained by the sleeve.

[00093] At Figure 12D, the filar structure is freed from the sleeve. The sleeve and the welded

filar structures can be placed in a high frequency bath (e.g., a sonicator). The relatively brittle

material of the sleeve is shattered when exposed to the high frequency energy. The filar

structure is freed from the sleeve when the sleeve shatters. In this way, the filar structure is

separated from the sleeve without manipulating and causing damage to the delicate filar

structure. The resulting ocular implant is shown in Figure 12 E. With reference to Figure 12E, it

will be appreciated that the middle section of the filar structure is free to expand when the sleeve

is removed from around the filar structure.

[00094] Figure 13A - Figure 13C are a sequence of stylized plan views illustrating a method

in accordance with the present detailed description. Figure 13A - Figure 13C may be

collectively referred to as Figure 13. The method illustrated in Figure 13 may be used, for

example, to alter the cross-sectional shape of the ocular implant formed using the methods

described above.

[00095] At Figure 13A, an ocular implant is provided. In Figure 13A, the ocular implant is

shown assuming a relaxed shape in which no external forces are acting on the ocular implant.

With reference to Figure 13A, it will be appreciate that the ocular implant has a circular cross-

sectional shape when it is free to assume the relaxed shape.

[00096] At Figure 13B, external forces are used to flatten the filar structure of the ocular

implant or alternatively the implant held in flattened state and exposed to an appropriate heat

profile to heat set the device to a desirable cross sectional profile. The flattening of the ocular

implant results in plastic deformation of the filar structure. At Figure 13C, the external forces

are removed, allowing the ocular implant to assume a relaxed state. In the embodiment of Figure

13C, the relaxed shape has a generally elliptical or ovoid shape. By comparing Figure 13C with

Figure 13A, it will be appreciated that the relaxed shape of the ocular implant has changed due to

plastic deformation of the filar structure.

[00097] Figure 1 A - Figure 14E are a sequence of plan views illustrating a method in

accordance with the present detailed description. Figure 14A - Figure 14E may be collectively

referred to as Figure 14. The method illustrated in Figure 14 may be used, for example, to place

an ocular implant into Schlemm's canal SC of an eye 20 shown in Figure 14A. The methods

illustrated in Figures 14A-14E may be generally referred to as ab interno methods. In some

embodiments of an ab interno method, the ocular implant can be sized and configured to occupy

approximately 3-6 clock hours of length within Schlemm's canal. Ocular implants in accordance



with this detailed description may also be delivered using ab externo methods. In some

embodiments of an ab externo method, the ocular implant can be sized and configured to occupy

approximately 6-12 clock hours of length within Schlemm's canal.

[00098] In Figure 14B, a cannula 56 is shown extending through a cornea of eye 20 so that the

distal end of cannula 56 is disposed in the anterior chamber of eye 20. In Figure 14B, a distal

portion of cannula 56 has passed through the cornea of eye 20 and has pierced the trabecular

meshwork to enable a distal opening of the cannula to communicate with Schlemm's canal SC.

[00099] In the embodiment of Figure 1 B, the distal tip of cannula 56 has pierced through the

trabecular meshwork of eye 20 so that a distal opening of cannula 56 is disposed in fluid

communication with Schlemm's canal SC. In this embodiment, cannula 56 is a rigid curved tube

that has a sharp portion at its distal end near the distal opening 58. In some embodiments,

cannula 56 is curved to achieve substantially tangential entry into Schlemm's canal SC.

[000100] Figure 14C is an additional plan view of eye 20 shown in the previous figure. In the

embodiment of Figure 14C, an ocular implant 100 has been advanced through the distal opening

of cannula 56 and into Schlemm's canal SC of eye 20. Cannula 56 is part of a delivery system

that may be used to deliver ocular implant 100 into Schlemm's canal of eye 20. The delivery

system also includes an advancement mechanism for selectively applying distally directed forces

to the proximal end of ocular implant 00. Further details of aspects of ocular implant delivery

systems suitable for use with implants and cannulas of this invention may be found in U.S.

Application No. 11/943,289, filed Nov. 20, 2007; U.S. Application No. 12/398,847, filed

March 5, 2009; U.S. Provisional Application No. 61/224,156, filed July 9, 2009; and U.S.

Provisional Application No. 61/224,158, filed July 9, 2009; the disclosures of which are

incorporated herein by reference.

[000101] Figure 14D is an enlarged plan view of eye 20 shown in the previous figure. In the

embodiment of Figure 14D, ocular implant 100 has been ejected from cannula 56 while

assuming a collapsed state. The ocular implant 100 may include, for example, a sacrificial

material disposed on the implant to constrain the implant in the collapsed state. Cannula 56

(shown in Figure 14C) has been withdrawn from eye 20 leaving a proximal portion of ocular

implant 100 extending into the anterior chamber and the remainder of ocular implant 100

residing in Schlemm's canal. With reference to Figure 14E, it will be appreciated that the

proximal portion of ocular implant 100 expands to hold the ocular implant in position.

[000102] In Figure 14E, ocular implant 100 is shown assuming an expanded state. By

comparing Figure 14E with Figure 14D, it will be appreciated that ocular implant 100 was

advanced into Schlemm's canal SC while ocular implant 100 was fixed in a collapsed state (at

Figure 14D). At Figure 14E, ocular implant 100 has been allowed to assume an expanded state



while a distal portion of ocular implant 100 is disposed inside Schlemm's canal. In the

embodiment where the implant is inserted into Schlemm's canal with a sacrificial material

confining the implant into a collapsed state, the ocular implant can be pre-biased to automatically

assume the expanded state when the sacrificial material dissolves from the implant. In other

embodiments, tension may be applied to the distal and proximal ends of the ocular implant to

stretch the implant and cause it to be fixed in the collapsed state. The presence of ocular implant

100 in Schlemm's canal may facilitate the flow of aqueous humor out of the anterior chamber.

This flow may include axial flow along Schlemm's canal, flow from the anterior chamber into

Schlemm's canal, and flow leaving Schlemm's canal via outlets communicating with Schlemm's

canal. When in place within the eye, ocular implant 100 will support trabecular mesh tissue and

Schlemm's canal tissue and will 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.

[000103] Figures 15A - 15M are a sequence of stylized plan views illustrating a method in

accordance with the present detailed description. Figures 15A - 15M may be collectively

referred to as Figure . The method illustrated in Figure 15 may be used, for example, for

assembling a catheter and for placing an ocular implant into Schlemm's canal of an eye using a

catheter. The delivery methods illustrated in Figures 15A -15M may be generally referred to as

ab externo methods. Ocular implants in accordance with this detailed description may also be

delivered using ab interno methods (e.g., the method illustrated in Figure 14).

[000104] Figure 15A is a stylized plan view showing an ocular implant 100 and a delivery

catheter 143. Delivery catheter 143 includes a first portion 150 and a second portion 152. A

first stabilizing suture 154 is threaded through ocular implant 100 near a first end thereof. A

second stabilizing suture 156 is threaded through ocular implant 100 near a second end thereof.

In the embodiment of Figure 15A, ocular implant 100 is in an expanded state. Ocular implant

100 may be urged to assume a collapsed state by applying tension to first stabilizing suture 154

and second stabilizing suture 156.

[000105] Tension applied to ocular implant 100 by first stabilizing suture 154 and second

stabilizing suture 156 will stretch ocular implant 100 and reduce its diameter. Ocular implant

100 may be stretched until its outer diameter becomes smaller that the inner diameter of catheter

portions 150 and 152. First portion 150 and second portion 152 of delivery catheter 143 may

then be brought together so that ocular implant 100 is enclosed inside delivery catheter 143.

[000106] In the embodiment of Figure 15B, ocular implant 100, first catheter portion 150 and

second catheter portion 152 have been assembled into a single entity. This single entity may be

produced, for example, by urging the two portions of delivery catheter 143 over ocular implant



100 while tension is applied to ocular implant 100 using first stabilizing suture 154 and second

stabilizing suture 156. In Figure 15B, ocular implant 100 is shown disposed in lumens defined

by first portion 150 and second portion 152 of delivery catheter 143. When ocular implant is

enclosed in the lumens of first portion 150 and second portion 152, the tension on first stabilizing

suture 154 and second stabilizing suture 156 may be released. When the tension on the sutures is

release, ocular implant 100 will be free to expand. As ocular implant 100 expands, it may grip

the inner diameter of first catheter portion 150 and second catheter portion 152. The ends of first

portion 150 and second portion 152 meet to form a split portion 146 of delivery catheter 143.

Ocular implant 100, first catheter portion 150 and second catheter portion 152 can all be

advanced and retracted through Schlemm's canal as a single entity.

[000107] Figure 15C is a stylized plan view showing a delivery catheter 143 for delivering an

ocular implant 100 in the eye. Figure 15D is an enlarged plan view further illustrating a portion

D of delivery catheter 143 shown in Figure 15C. In the embodiment of Figure 15, delivery

catheter 143 is constructed from three portions that can be separated during the delivery

procedure. The three portions include a first portion 150, a second portion 152 and a third

portion 153. First portion 150 and third portion 153 are coupled together at a coupling sleeve

190.

[000108] Coupling sleeve 190 of delivery catheter 143 includes a side access window 186. A

fiber optic 192 is provided that can be introduced and subsequently removed via the side access

window 186 in coupling sleeve 190. In some useful embodiments, the distance from the distal

tip 188 of third portion 153 to the side access window 186 in coupling sleeve 190 is established

such that the entire length of Schlemm's canal can be traversed while the side access window

186 remains outside of Schlemm's canal. In use, fiber optic 192 produces a spot of light that is

visible through the scleral tissue of the eye as the distal tip 188 of third portion 153 is advanced

into Schlemm's canal. This spot of light provides visual feedback regarding the current location

of the catheter distal end to facilitate navigation of Schlemm's canal. When the distal end of

third portion 153 has exited Schlemm's canal, fiber optic 192 no longer serves this purpose so it

may be withdrawn via the side access window 86 in coupling sleeve 90. With the fiber optic

192 removed the coupling sleeve and the entire delivery catheter can be advanced through

Schlemm's canal.

[000109] At Figure 15E, a first cavity 126 is formed in the sclera 22 of eye 20. First cavity 126

can be formed, for example, by cutting a flap in sclera 22 of eye 20. In the embodiment of

Figure 15E, first cavity 126 has been formed by making a first incision 130 and a second incision

132 that define a generally V-shaped scleral flap. The scleral flap may be folded upward leaving

an open cavity in the sclera. The scleral flap may be temporarily held in the folded position



using a suture. When the procedure is complete, the cavity may be closed by folding the flap

down and suturing the flap in place. For purposes of illustration, the scleral flap is not shown in

Figure 15.

[000110] At Figure 15F, a second cavity 128 is formed in sclera 22 of eye 20. In the

embodiment of Figure 15F, second cavity 128 has been formed by making a third incision 134

and a fourth incision 136 that define a second scleral flap. The second scleral flap may be

removed leaving second cavity 128. In the method of Figure 15, the incisions forming second

cavity 128 extend deeply enough to form a first ostium 138 and a second ostium 140 in

Schlemm's canal SC. A catheter or other device may be inserted through first ostium 138 and/or

second ostium 140 to enter Schlemm's canal. At Figure 15G a delivery catheter 143 is inserted

into Schlemm's canal SC through first ostium 138.

[000111] At Figure 15H, delivery catheter 143 is advanced through Schlemm's canal SC. With

reference to Figure 15H, it will be appreciated that delivery catheter 143 has been advanced so

that the distal end of the delivery catheter 143 has exited second ostium 140. A portion of

delivery catheter 143 extending beyond second ostium 140 is visible in Figure 15H.

[000112] Figure 151 is a stylized plan view of Schlemm's canal SC and delivery catheter 143

shown in the previous figure. Delivery catheter 143 is enlarged and made transparent in Figure

151 in order to illustrate additional details of the delivery catheter. Delivery catheter 143

includes a first portion 150 and a second portion 152. In Figure 151, ocular implant 100 is shown

disposed in lumens defined by first portion 150 and second portion 152 of delivery catheter 143.

A first stabilizing suture 154 is threaded through ocular implant 100 near a first end thereof. A

second stabilizing suture 156 is threaded through ocular implant 100 near a second end thereof.

The ends of first portion 150 and second portion 152 meet to form a split portion 146 of delivery

catheter 143.

[000113] In the embodiment of Figure 15, delivery catheter 143 is constructed from three

portions that can be separated during the delivery procedure. The three portions include a first

portion 150, a second portion 152 and a third portion 153. First portion 150 and third portion

153 are coupled together at a coupling sleeve 190. Coupling sleeve 190 of delivery catheter 143

includes an access window 186. In Figure 151, a fiber optic 192 is shown extending through a

side access window 186 in coupling sleeve 190. In some useful embodiments, the distance from

the distal tip 188 of third portion 153 to the side access window in coupling sleeve 190 is

established such that the entire length of Schlemm's canal can be traversed while the side access

window remains outside of Schlemm's canal. In use, fiber optic 192 produces a spot of light that

is visible through the scleral tissue of the eye as the distal tip 188 of third portion 153 is

advanced into Schlemm's canal. This spot of light provides visual feedback regarding the current



location of the catheter distal end to facilitate navigation of Schlemm's canal. When the distal

end of third portion 153 has exited Schlemm's canal, fiber optic 192 no longer performs this

function so it may be withdrawn via the side access window in coupling sleeve 190. With the

fiber optic 192 removed the coupling sleeve and the entire delivery catheter can be advanced

through Schlemm's canal. Figure 15J shows delivery catheter 143 after fiber optic 192 has been

removed.

[000114] At Figure 15K, delivery catheter 143 has been advanced into Schlemm's canal until

split portion 146 of delivery catheter 143 is opposite second cavity 128. In the embodiment of

Figure 15K, coupling 190 and third portion 153 of delivery catheter 143 have been separated

from first portion 150 of delivery catheter 143. With reference to Figure 15K, it will be

appreciated that first stabilizing suture 1 4 is now exposed. Second stabilizing suture 156 is

shown extending out of second portion 152 in the embodiment of Figure 15K. Each stabilizing

suture extends into the lumen defined by delivery catheter 143. In the embodiment of Figure

15K, first stabilizing suture 154 is threaded through ocular implant 100 near a first end thereof.

Second stabilizing suture 156 is threaded through the ocular implant near a second end thereof.

[000115] In the embodiment of Figure 15K, delivery catheter 143 can be advanced and

retracted as necessary to appropriately position ocular implant 100. Referring now to Figure

15L, it will be appreciated that when the correct positioning of ocular implant 100 has been

achieved both first portion 150 and second potion 152 of delivery catheter 143 can be retracted

from Schlemm's canal by simultaneously keeping traction on first stabilizing suture 154 and

second stabilizing suture 156 to maintain correct positioning of ocular implant 100. When

successful retraction of the first and second catheter portions is complete the exposed sutures

may be withdrawn by pulling on one end until the other end is pulled through ocular implant 100

and out of the eye. Alternatively, if biodegradable sutures are used, exposed portions of the

sutures may be cut off and the encased portions of the sutures may be left to degrade.

[000116] At Figure 15L, first portion 150 and second portion 152 of delivery catheter 143 are

being withdrawn from Schlemm's canal SC. First portion 150 and second portion 152 of

delivery catheter 143 may be withdrawn from Schlemm's canal simultaneously, releasing ocular

implant 100 within Schlemm's canal. If adjustments need to be made, pulling forces can be

selectively applied to the ocular implant by first stabilizing suture 154 and second stabilizing

suture 156. With reference to Figure 15L, it will be appreciated that a portion of ocular implant

100 is free to assume a radially expanded shape as first portion 150 and second portion 152 are

withdrawn.

[000117] In Figure 15 , ocular implant 100 is shown residing in Schlemm's canal SC. With

reference to Figure 15M, it will be appreciated that the first and second portions of the delivery



catheter have been completely removed from Schlemm's canal. After ocular implant 100 has

been placed in the desired location, the stabilizing sutures may be removed. Each suture may be

removed by pulling on one end of the suture until the other end of the suture is pulled through

the ocular implant and out of Schlemm's canal. Alternatively the sutures could be biodegradable

and only the visibly exposed suture would be cut and removed.

[000118] As for additional details pertinent to the present disclosure, materials and

manufacturing techniques may be employed as within the level of those with skill in the relevant

art. The same may hold true with respect to method-based aspects of the invention in terms of

additional acts commonly or logically employed. Also, it is contemplated that any optional

feature of the inventive variations described may be set forth and claimed independently, or in

combination with any one or more of the features described herein. Likewise, reference to a

singular item, includes the possibility that there are plural of the same items present. More

specifically, as used herein and in the appended claims, the singular forms "a," "and," "said," and

"the" include plural referents unless the context clearly dictates otherwise. It is further noted that

the claims may be drafted to exclude any optional element. As such, this statement is intended to

serve as antecedent basis for use of such exclusive terminology as "solely," "only" and the like in

connection with the recitation of claim elements, or use of a "negative" limitation. Unless

defined otherwise herein, all technical and scientific terms used herein have the same meaning as

commonly understood by one of ordinary skill in the art to which this invention belongs. The

breadth of the present invention is not to be limited by the subject specification, but rather only

by the plain meaning of the claim terms employed.



CLAIMS

What is claimed is:

1. An ocular implant, comprising:

an implant body sized and configured to be inserted into Schlemm's canal of an eye, the

implant body comprising a plurality of filars, each filar having a proximal end, a distal end and

an intermediate portion extending between the proximal end and the distal end, the distal ends of

the filars being fixed to each other and the proximal ends of the filars being fixed to each other;

the ocular implant being configured to move between a radially collapsed state and a

radially expanded state, wherein the ocular implant is configured to assume the radially

expanded state when no external forces are acting thereon, and the ocular implant is configured

to assume the radially collapsed state when constraining forces are applied to the ocular implant.

2. The ocular implant of claim 1, wherein constraining forces are applied to the

intermediate portions of the filars when elongating forces are applied to the proximal and distal

portions of the filars.

3. The ocular implant of claim 1, wherein constraining forces are applied to the

intermediate portions of the filars when the proximal and distal portions of the filars are moved

away from each other.

4 . The ocular implant of claim 1, wherein constraining forces are applied to the

intermediate portions of the filars by a sacrificial material that adheres the individual filars

together in a matrix which restricts motion between the individual filars so that expansion of the

ocular implant is prohibited.

5. The ocular implant of claim 1, wherein:

the ocular implant has a first pushability when the ocular implant is in the radially

expanded state;

the ocular implant has a second pushability when the ocular implant is in the radially

collapsed state; and

the second pushability is greater than the first pushability so as to facilitate advancement

of the ocular implant into Schlemm's canal.



6. The ocular implant of claim 1, wherein:

the ocular implant has a first lateral dimension when the ocular implant is in the radially

expanded state;

the ocular implant has a second lateral dimension when the ocular implant is in the

radially collapsed state; and

the second lateral dimension is smaller than the first lateral dimension so as to facilitate

advancement of the ocular implant into Schlemm's canal.

7 . The ocular implant of claim 1, wherein a volume defined by the ocular implant

has a circular cross-section.

8. The ocular implant of claim 1, a volume defined by the ocular implant has a non-

circular cross-section.

9. The ocular implant of claim 1, a volume defined by the ocular implant has a

generally ovoid or elliptical cross-section.

10. The ocular implant of claim 1, wherein the intermediate portions of the filars

converge toward each other when oppositely directed axial pulling forces are applied to distal

and proximal ends of the ocular implant.

11. The ocular implant of claim 1, wherein the proximal ends of the filars are fixed to

a proximal hub and the distal ends of the filars are fixed to a distal hub.

12. The ocular implant of claim 11, wherein each hub comprises a weld bead formed

of material from the filars.

13. The ocular implant of claim 11, wherein each filar follows a path that curves

through three dimensional space as the filar extends distally between the proximal hub and the

distal hub.

14. The ocular implant of claim 11, wherein constraining forces are applied to the

intermediate portions of the filars when elongating forces are applied to the proximal and distal

hubs.



15. The ocular implant of claim 11, wherein constraining forces are applied to the

intermediate portions of the filars when the proximal and distal hubs are moved away from each

other.

16. The ocular implant of claim 13, wherein the path followed by each filar

substantially conforms to the shape of a helix.

17. The ocular implant of claim 1, further comprising a sacrificial material fixing at

least a portion of a body of the ocular implant in the radially collapsed state.

18. The ocular implant of claim 1, wherein a proximal portion of the ocular implant is

not fixed in the radially collapsed state so as to be free to expand into contact with Schlemm's

canal to prevent migration of the ocular implant while the sacrificial material is dissolving.

19. A method of facilitating fluid flow through the Schlemm's canal of an eye,

comprising:

urging an ocular implant to assume a collapsed state;

fixing the ocular implant in the collapsed state;

advancing the ocular implant into Schlemm's canal while the ocular implant is fixed in

the collapsed state; and

allowing the ocular implant to assume an expanded state while at least a portion of the

ocular implant is disposed inside Schlemm's canal.

20. The method of claim 19, wherein the step of fixing the ocular implant in the

collapsed state comprises applying a sacrificial material to the ocular implant.

21. The method of claim 20, wherein the step of allowing the ocular implant to

assume the expanded state comprises allowing the sacrificial material to dissolve inside

Schlemm's canal.

22. The method of claim 19, wherein the step of fixing the ocular implant in the

collapsed state comprises inserting the ocular implant into a lumen.

An ocular implant, comprising:



an implant body sized and configured to be inserted into Schlemm's canal of a patient,

the implant body comprising a plurality of filars that are interlinked to define a lumen and

facilitate the flow of aqueous humor;

a sacrificial material disposed on the filars and configured to fix the implant body in a

collapsed state, the filars being configured to assume an expanded state when the sacrificial

material is removed.

24. The ocular implant of claim 23, wherein the sacrificial material comprises a

bioabsorbable material configured to dissolve after implantation into Schlemm's canal.

25. The ocular implant of claim 23 wherein the filars are pre-biased to expand

outwardly.
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