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& a shunt is inserted through the incision into the anterior chamber of the eye. The shunt includes a fluid passageway. The shunt is
e\ passed along a pathway from the anterior chamber through the scleral spur of the eye into the suprachoroidal space and positioned

in a first position such that a first portion of the fluid passageway communicates with the anterior chamber and a second portion of
the fluid passageway communicates with the suprachoroidal space to provide a fluid passageway between the suprachoroidal space
and the anterior chamber.
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GLAUCOMA TREATMENT DEVICE

Related Applications
Benefit of priority under 35 U.S.C. § 119(e) is claimed to U.S. Provisional
Application Serial No 60/759,835, filed January 17, 2006, to Eugene de Juan, Jr.,

Stephen Boyd, Mark E. Deem, Hanson S. Gifford Ill and Angela Macfarlane, entitied
" GLAUCOMA TREATMENT DEVICE;” to U.S. Provisional Application Serial No

60/783,632, filed March 17, 2006, to Eugene de Juan, Jr., Stephen Boyd, Mark E.
Deem, Hanson S. Gifford Il and Angela Macfarlane, entitled " GLAUCOMA
TREATMENT DEVICE"; and to U.S. Provisional Application Serial No. 60/824,396,

filed September 1, 2006, to Eugene de Juan, Jr., Stephen Boyd, Mark E. Deem, and
Hanson S. Gifford |ll, entitled "GLAUCOMA TREATMENT DEVICE.”

This application also is related to U.S. application No. (attorney docket no.
21800-002001) filed the same day herewith.

The subject matter of each of the above-noted provisional applications and

iInternational applications is incorporated by reference in its entirety by reference
thereto.

BACKGROUND

This disclosure relates generally to methods and devices for use in treating
glaucoma. The mechanisms that cause glaucoma are not completely known. It is
known that glaucoma results in abnormally high pressure in the eye, which leads to
optic nerve damage. Over time, the increased pressure can cause damage to the
optic nerve, which can lead to blindness. Treatment strategies have focused on
keeping the intraocular pressure down in order to preserve as much vision as
possible over the remainder of the patient’s life.

Past treatment has included the use of drugs that lower intraocular pressure
through various mechanisms. The glaucoma drug market is an approximate two
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billion dollar market. The large market is mostly due to the fact that there are not
any effective surgical alternatives that are long lasting and complication-free.
Unfortunately, drug treatments need much improvement, as they can cause adverse
side effects and often fail to adequately control intraocular pressure. Moreover,
patients are often lackadaisical in following proper drug treatment regimens,
resulting in a lack of compliance and further symptom progression.

With respect to surgical procedures, one way to treat glaucoma is to implant
a drainage device, or shunt, in the eye. The drainage device functions to drain
aqueous humour from the anterior chamber and thereby reduce the intraocular
pressure. The drainage device is typically implanted using an invasive surgical
procedure. Pursuant to one such procedure, a flap is surgically formed in the
sclera. The flap is foldedvback to form a small cavity and a shunt is inserted into the
eye through the flap. Such a procedure can be quite traumatic as the implants are
large and can result in various adverse events such as infections and scarring,
leading to the need to re-operate.

The following references describe various devices and procedures for
treating glaucoma: United States Patent 6,827,700 to Lynch, 6,666,841 to
Bergheim, 6,508,779 to Suson, 6,544,208 to Ethier, 5,601,094 to Reiss, 6,102,045
to Nordquist, United States Patent Application 2002/0156413 to Williams,
2002/0143284 to Tu, 2003/0236483 to Ren, 2002/0193725 to QOdrich,
2002/0165478 to Gharib, 2002/0133168 to Smedley, 2005/0107734, 2004/0260228
to Lynch, 2004/0102729 to Haffner, 2004/0015140 to Shields, 2004/0254521 to
Simon, and 2004/0225250 to Yablonski. The aforementioned references are all
incorporated herein by reference in their entireties. |

Current devices and procedures for treating glaucoma have disadvantages
and only moderate success rates. The procedures are very traumatic to the eye
and also require highly accurate surgical skills, such as to properly place the
drainage device in a proper location. In addition, the devices that drain fluid from
the anterior chamber to a subconjunctival bleb beneath a scleral flap are prone to
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infection, and can occlude and cease working. This can require re-operation to
remove the device and place another one, or can result in further surgeries. In view
of the foregoing, there is a need for improved devices and methods for the treatment
of glaucorﬁa.

SUMMARY

Disclosed are devices and methods for treatment of eye disease such as
glaucoma. A shunt is placed in the eye wherein the shunt provides a fluid pathway
for the flow or drainage of aqueous humour from the anterior chamber to the
suprachoroidal space. The shunt is implanted in the eye using a delivery system
that uses a minimally invasive procedure, as described below. By guiding fluid
directly into the supraciliary or suprachoroidal space rather than to the surface of the
eye, complications commonly encountered with conventional glaucoma surgery
should be avoided. Shunting aqueous fluid flow directly into the supraciliary or
suprachoroidal space should minimize scarring since the angle region is populated
with a single line of non-proliferating trabecular cells. Shunting aqueous flow directly
into the supraciliary or suprachoroidal space should minimize hypotony and also
potentially eliminate complications such as endophthalmitis and leaks since an
external filtering bleb is not the goal of surgery. The device described herein is
designed to enhance aqueous flow through the normal outflow system of the eye
with minimal to no complications. Any of the procedures and device described
herein can be performed in conjunction with other therapeutic procedures, such as
laser iridotomy, laser iridoplasty, and goniosynechialysis (a cyclodialysis procedure).

In one aspect, there is disclosed a glaucoma treatment device comprising an
elongate member having a flow pathway, at least one inflow port communicating
with the flow pathway, and an outflow port communicating with the flow pathway.
The inflow port and outflow port are positioned such that the flow pathway provides
a fluid pathway between an anterior chamber and a suprachoroidal space when the
elongate member is implanted in the eye.
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Among the methods provided herein, is a method of implanting an ocular
device into the eye, comprising forming an incision in the cornea of the eye:
inserting a shunt through the incision into the anterior chamber of the eye wherein
the shunt includes a fluid passageway; passing the shunt along a pathway from the
anterior chamber through the scleral spur of the eye into the suprachoroidal space;
and positioning the shunt in a first position such that a first portion of the fluid
passageway communicates with the anterior chamber and a second portion of the
fluid passageway communicates with the suprachoroidal space to provide a fluid
passageway between the suprachoroidal space and the anterior chamber.

In other embodiments, provided herein is a method of implanting an ocular
device into the eye, comprising forming an incision in the cornea of the eye;
inserting a shunt through the incision into the anterior chamber of the eye wherein at
least a portion of the shunt can be opened to permit fluid flow along the shunt;
passing the shunt along a pathway from the anterior chamber through the scleral
spur of the eye into the suprachoroidal space; positioning the shunt in a first position
such that a first portion of the shunt communicates with the anterior chamber and a
second portion of the shunt communicates with the suprachoroidal space; and
opening the shunt to permit fluid flow so that the shunt provides a fluid passageway
between the suprachoroidal space and the anterior chamber.

In other embodiments, provided herein is a method of implanting an ocular
device Into the eye, comprising forming an incision in the cornea of the eye;
mounting a shunt on a delivery device wherein at least a portion of the shunt or the
delivery device has a curvature that matches a curvature of the eye; inserting the
shunt through the incision into the anterior chamber of the eye wherein the shunt
includes a fluid passageway; aiming the shunt relative to the suprachoroidal space
such that the curvature of the shunt or the delivery device aligns with the curvature
of the eye; and inserting at least a portion of the shunt into the suprachoroidal space

to provide a fluid passageway between the suprachoroidal space and the anterior
chamber.
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In still further embodiments, provided herein is a method of implanting an
ocular device into the eye, comprising forming an incision in the cornea of the eye;
inserting a shunt through the incision into the anterior chamber of the eye wherein
the shunt includes a fluid passageway; passing the shunt along a pathway from the
anterior chamber through the scleral spur of the eye into the suprachoroidal space;
and positioning the shunt in a first position such that a first portion of the fluid
passageway communicates with the anterior chamber and a second portion of the
fluid passageway communicates with the suprachoroidal space to provide a fluid
passageway between the suprachoroidal space and the anterior chamber wherein
the shunt is pre-shaped to position the first portion away from the iris.

In further embodiments, provided herein is a method of implanting an ocular-
device into the eye, comprising forming an incision in the sclera of the eye; inserting
a shunt through the incision into the suprachoroidal space of the eye wherein the
shunt includes a fluid passageway; passing the shunt along a pathway from the
suprachoroidal space through the scleral spur of the eye into the anterior chamber:
and positioning the shunt in a first position such that a first portion of the fluid
passageway communicates with the anterior chamber and a second portion of the
fluid passageway communicates with the suprachoroidal space to provide a fluid
passageway between the suprachoroidal space and the anterior chamber.

Also provided herein, is a glaucoma treatment device, comprising an
elongate member having a flow pathway, at least one inflow port communicating
with the flow pathway, and an outflow port communicating with the flow pathway,
wherein the elongate member is adapted to be positioned in the eye such that the
inflow port communicates with the anterior chamber, the outflow port communicates
with the suprachoroidal space, and at least a portion of the elongate member
passes through the scleral spur to provide a fluid pathway between the anterior

chamber and the suprachoroidal space when the elongate member is implanted in
the eye.
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In other embodiments, provided herein is a glaucoma treatment device,
comprising an elongate member having a flow pathway, at least one inflow port
communicating with the flow pathway, and an outflow port communicating with the
flow pathway, wherein the elongate member is adapted to be positioned in the eye
such that the inflow port communicates with the anterior chamber and the outflow
port communicates with the suprachoroidal space, wherein at least a portion of the
elongate member includes an enlarged bulbous region adapted to form a space
within the suprachoroidal space for accumulation of fluid within the suprachoroidal
space.

In another embodiment, provided herein is a glaucoma treatment device,
comprising an elongate member having a flow pathway, at least one inflow port
communicating with the flow pathway, and an outflow port communicating with the
flow pathway, wherein the elongate member is adapted to be positioned in the eye
such that the inflow port communicates with the anterior chamber and the outflow
port communicates with the suprachoroidal space, the elongate member having a
first region and a second region, wherein the second region is adapted to transition
from a first shape to a second shapé while the first regions remains unchanged.

In another embodiment, provided herein is a glaucoma treatment device,
comprising a curved member sized to fit within an angle between the cornea and the
Iris of an eye, at ieast two legs extending outwardly from the curved member and
shaped to extend into the suprachoroidal space, wherein at least one of the legs
provides a fluid flow pathway into the suprachoroidal space.

In still further embodiments, provided herein is a glaucoma treatment system,
comprising an elongate member having a flow pathway, at least one inflow port
communicating with the flow pathway, and an outflow port communicating with the
flow pathway, wherein the elongate member is adapted to be positioned in the eye
such that the inflow port communicates with the anterior chamber and the outflow
port communicates with the suprachoroidal space, wherein at least a portion of the
elongate member includes an enlarged bulbous region adapted to form a space
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within the suprachoroidal space for accumulation of fluid within the suprachoroidal
space; and a delivery device having an elongate applier that removably attaches to
the elongate member, the delivery device including an actuator that removes the
elongate member from the applier.

Other features and advantages should be apparent from the following
description of various ehbodiments, which illustrate, by way of example, the
principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional, perspective view of a portion of the eye showing
the anterior and posterior chambers of the eye.

Figure 2 is a cross-sectional view of a human eye.

Figure 3A shows a first embodiment of any eye shunt.

Figure 3B shows a shunt formed of an elongate wick member through which
fluid can flow.

Figure 3C shows a shunt that combines a tube and a wicked member.

Figure 4 shows the shunt including one or more retention structures.

Figure 5 shows an exemplary embodiment of a delivery system that can be
used to deliver the shunt into the eye.

Figure 6A shows another émbodiment of a delivery system.

Figure 6B shows another embodiment of a delivery system.

Figures 6C and 6D show the delivery system of Figure 6B during actuation.

Figures 6E-6G show a distal region of the delivery system during various
stages of actuation.

Figure 6H shows an enlarged view of an exemplary distal region of an applier
of the delivery system.

Figure 7 shows an enlarged view of an end region of the shunt.

Figure 8 shows another embodiment of the shunt wherein a plurality of holes
are located on the side walls of the shunt.
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Figure 9A shows another embodiment of the shunt that includes an elongate
portion of fixed size and one or more expansion members.

Figure 9B shows an embodiment of the expansion members that are formed
of splayed tines.

Figure 10 shows another embodiment of the shunt that includes a retaining
member located on the proximal end of the shunt.

Figure 11 shows an embodiment of the shunt that includes one or more slots.

Figure 12 shows an embodiment of the shunt that includes a distal coil
member.

Figure 13 shows a distal region of an embodiment of the shunt that includes
a distal coil member and a sharpened distal end. |

Figure 14 shows a cross-sectional view of the eye and a viewing lens.

Figure 15A shows the delivery system positioned for penetration into the eye.

Figure 15B shows an embodiment wherein the delivery system is connected
to an energy source.

Figure 16 shows an enlarged view of the anterior region of the eye with a
portion of the delivery system positioned in the anterior chamber. |

Figure 17 shows the distal tip of the applier positioned within the
suprachoroidal space.

Figure 18 shows a shunt having a skirt.

Figure 19 shows a shunt that is equipped with a pronged skirt.

Figure 20 shows the skirted shunt positioned in the eye.

Figure 21 shows a shunt implanted in the eye so as to provide a fluid
pathway between the anterior chamber and the suprachoroidal space.

Figures 22 and 23 shows shunis that include external fluid flow features.

Figure 24, 25A, and 25B shows a shunt that includes an elongate outer
member mounted over a plug member.

Figure 26 shows an embodiment of the shunt formed of a sponge-like flow
member.



10

15

20

25

CA 02637656 2008-07-17

WO 2007/087061 PCT/US2006/049234

Figure 27 shows a shunt as in Figure 26 having an internal lumen.

Figure 28 shows an embodiment of the shunt that includes a pair of anchor
members located on opposite ends of the shunt.

Figure 29 shows an end region of the shunt that includes slices.

Figure 30 shows an embodiment of the shunt with outer sleeves.

Figure 31 shows another embodiment of the shunt with sleeves.

Figure 32 shows another embodiment of the shunt, which has a coiled
structure.

Figures 33A and 33B and 34 show embodiments of the shunt that include a
grasping loop.

Figure 35 shows an embodiment of an elongate device with a snare that can
be positioned inside a shunt.

Figure 36 shows an embodiment of a spatula-shaped end region of a shunt.

Figure 37 shows a shunt having an atraumatic tip.

Figure 38 shows an embodiment wherein the shunt that includes a resilient
region.

Figures 39, 40A, and 40B show alternate embodiments of the shunt.

Figure 41 shows an embodiment of the shunt with holes that communicate
with an internal lumen.

Figures 42A, 42B, and 43 show embodiments of the shunt that include valved
regions.

Figures 44 and 45 show embodiments of the shunt that include one or more
bulbous elements.

Figures 46 and 47 show embodiments of the bulbous element shunt
positioned in the suprachoroidal space.

Figure 48 shows an embodiment of the shunt that includes a bullet-shaped
tip member.

Figure 49 shows an embodiment of a shunt that mounts over a mandrel.
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Figures 50 and 51A show embodiments of shunts that change shape after
removal from a mandrel.

Figure 51B shows another embodiment of a shunt.

Figure 51C shows another embodiment of a shunt.

Figure 52 shows a shunt with a curved proximal region positioned in the eye.

Figure 53 shows a schematic, front view of the upper region of a patient’s
face including the two eyes.

Figures 54A and 54B show perspective and plan views of an exemplary
delivery pathway of the applier and shunt during implantation of the shunt into the
evye.

Figures 55A-55D show plan and perspective views of a delivery system being
inserted into the eye.

Figure 56 shows a plan view of an exemplary delivery pathway.

Figure 57 shows a perspective view of an alternate delivery pathway into the
eye.

Figures 58A-58D show yet another delivery pathway into the eye.

Figure 59 shows a shunt having an extension sized and positioned such that

a proximal end is positioned over a crest of the iris.
Figure 60 shows a shunt with a curved extension positioned in the eye.
Figure 61 shows another embodiment wherein the shunt extends through the
iris such that the proximal end and the internal lumen of the shunt communicate with
the posterior chamber.

Figures 62 and 63 show a trans-scleral delivery approach for the shunt.

DETAILED DESCRIPTION
Figure 1 is a cross-sectional, perspective view of a portion of the eye showing
the anterior and posterior chambers of the eye. A shunt 105 is positioned inside the
eye such that a proximal end 110 is located in the anterior chamber 115 and a distal

end 120 is located in the suprachoroidal space (sometimes referred to as the
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perichoroidal space). The shunt 105 is illustrated in Figure 1 as an elongate
element having one or more internal lumens through which agueous humour can
flow from the anterior chamber 115 into the suprachoroidal space. Embodiments of
the shunt 105 with various structural configurations are described in detail below.
Exemplary Eye Anatomy

Figure 2 is a cross-sectional view of a human eye. The eye is generally
spherical and is covered on the outside by the sclera S. The retina R lines the
inside posterior half of the eye. The retina registers the light and sends signals to
the brain via the optic nerve. The bulk of the eye is filled and supported by the
vitreous body, a clear, jelly-like substance. :

The elastic lens L is located near the front of the eye. The lens L provides
adjustment of focus and is suspended within a capsular bag from the ciliary body
CB, which contains the muscles that change the focal length of the lens. A volume
in front of the lens L is divided into two by the iris |, which controls the aperture of
the lens and the amount of light striking the retina. The pupil is a hole in the center
of the iris | through which light passes. The volume between the iris | and the lens L
Is the posterior chamber PC. The volume between the iris | and the cornea is the
anterior chamber AC. Both chambers are filled with a clear liquid known as
aqueous humour.

The ciliary body CB continuously forms aqueous humour in the posterior
chamber PC by secretion from the blood vessels. The aqueous humour flows
around the lens L and iris | into the anterior chamber and exits the eye through the
trabecular meshwork, a sieve-like structure situated at the corner of the iris | and the
walt of the eye (the corner is known as the iridocorneal angle). Some of the
aqueous humour filters through the trabecular meshwork into Schlemm’s canal, a
small channel that drains into the ocular veins. A smaller portion rejoins the venous

circulation after passing through the ciliary body and eventually through the sclera
(the uveoscleral route).
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Glaucoma is a disease wherein the agueous humor builds up within the eye.
In a healthy eye, the ciliary processes secrete aqueous humor, which then passes
through the angle between the cornea and the iris. Glaucoma appearé to be the
result of clogging in the trabecular meshwork. The clogging can be caused by the
exfoliation of cells or other debris. When the agqueous humor does not drain
properly from the clogged meshwork, it builds up and causes increased pressure in
the eye, particularly on the blood vessels that lead to the optic nerve. The high
pressure on the blood vessels can result in death of retinal ganglion cells and
eventual blindness.

Closed angle (acute) glaucoma can occur in people who were born with a
narrow angle bet\Neen the iris and the cornea (the anterior chamber angle). This is
more common in people who are farsighted (they see objects in the distance better
than those which are close up). The iris can slip forward and suddenly close off the
exit of aqueous humor, and a sudden increase in pressure within the eye follows.

Open angle (chronic) glaucoma is by far the most common type of glaucoma.
In open angle glaucoma, the iris does not block the drainage angle as it does in
acute glaucoma. Instead, the fluid outlet channels within the wall of the eye
gradually narrow with time. The disease usually affects both éyes, and over a period
of years the consistently elevated pressure slowly damages the optic nerve.

Shunt and Delivery System

Figure 3A shows a first embodiment of the shunt 105. As mentioned, the
shunt 105 is an elongate member having a proximal end 110, a distal end 120, and
a structure that permits fluid (such as aqueous humour) to flow along the length of
the shunt such as through the shunt or around the shunt. In the embodiment of
FFigure 3A, the elongate member includes at least one interr]al lumen 305 having at
least one opening for ingress of fluid and at least one opening for egress of fluid. In
the embodiment of Figure 3A, the shunt includes a single opening in the proximal
end 110 and a single opening in the distal end 120 that both communicate with the
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internal lumen 305. However, the shunt 105 can include various érrangements of
openings that communicate with the lumen(s), as described below.

The internal lumen 305 serves as a passageway for the flow of aqueous
humour through the shunt 105 directly from the anterior chamber to the
suprachoroidal space. In addition, the internal lumen 305 can be used to mount the
shunt 105 onto a delivery system, as described below. The internal lumen 305 can
also be used as a pathway for flowing irrigation fluid into the eye generally for
flushing or to maintain pressure in the anterior chamber, or using the fluid to
hydraulically create a dissection plane into or within the suprachoroidal space. In
the embodiment of Figure 3A, the shunt 105 has a substantially uniform diameter
along its entire length, although the diameter of the shunt can vary along its length,
as described below. Moreover, although the shunt 105 is shown as having a circular
cross-sectional shape, the shunt can have various cross-sectional shapes (such as
an oval or rectangular shape) and can vary in cross-sectional shape moving along
its length. The cross-sectional shape can be selected to facilitate easy insertion into
the eye.

The shunt 105 can include one or more features that aid in properly
positioning the shunt 105 in the eye. For example, the shunt can have one or more
visual, tomographic, echogenic, or radiopaque markers 112 that can be used to aid
In placement using any of the devices referenced above tuned to its applicable
marker system. In using the markers to properly place the implant, the shunt is
inserted in the suprachoroidal space, until the marker is aligned with a relevant
anatomic structure, for example, visually identifying a marker on the anterior
chamber portion of the shunt that aligns with the trabecular meshwork, or sclera}
spur, such that an appropriate length of the shunt remains in the anterior chamber.
Under ultrasound, an echogenic marker can signal the placement of the device
within the suprachoroidal space. Any marker can be placed anywhere on the device
to provide sensory feedback to the user on real-time placement, confirmation of
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placement or during patient follow up. Other structural features are described
below. o

The shunt 105 can also include structural features that aid in anchoring or
retaining the implanted shunt 105 in the eye. For example, as shown in Figure 4,
the shunt 105 can include one or more retaining or retention structures 410, such as
protrusions, wings, tines, or prongs, that lodge into anatomy to retain the shunt in
place. The retention structures 410 can be deformable or stiff. The retention
structures 410 can be made of various biocompatible materials. For example, the
retention structures 410 can be made from thin 0.001" thick polyimide, which is
flexible, thin 0.003" silicone elastomer which is also flexible, or stainless steel or
Nitinol. Alternatively, the retention structures 410 could be rings of polyimide. It
should be appreciated that other materials can be used to make the retention
structures 410. The shape of retention structures 410 can vary. For example,
Figure 4 shows the retention structures 410 as barb-shaped with pointed edges of
the barbs pointing in opposite directions. In other embodiment, the retention
structures 410 can be rectangular, triangular, round, combinations thereof, or other :
shapes. Additional embodiments of retention structures 410 are described below.

Other anchoring or retaining features can be employed with the shunt 105.

For example, one or more hairs, such as human hairs, or synthetic hairs made from
polymers, elastomers or metals can be attached to the shunt. The hairs cancan be
glued or thermally bonded to the shunt. The hairs, if they are polyimide, can be
attached to the shunt by dipping and polymerized by heat and pressure if the
dipping material is polyimide. The hairs can be crimped to the shunt by rings.
Alternatively, the shunt can have through-hole features that the hairs can be
threaded through and tied or knotted. The hairs can be overmolded onto the shunt
body. The hairs are positioned relative to the shunt such that at least a portion of
the hair extends outwardly from the shunt for anchoring within or against the tissue
of the eye. Various anchoring and retaining features are described herein and it
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should be appreciated that the features can be implemented in any of the shunt
embodiments described herein.

The retaining features, such as wings or collars, can be manufactured by
various methods. In one embodiment, the retaining features can be inherent in the
raw material from which the shunt is constructed. The shunt can be machined or
laser ablated from a unitary rod or block of stock of material with the material
subtracted or removed, leaving the retaining features behind.

Alternatively, the retaining features can be manufactured as separate parts
and assembled onto the shunt. They can be joined to the shunt by a friction fit or
attached with biocompatible adhesives. They can fit into grooves, holes or detents in
the body of the shunt to lock them together. If the retaining features are constructed
from hairs or sutures, they can be threaded or tied onto the shunt. Alternatively, the
retaining features can be overmolded onto the shunt via an injection molding
process. Alternatively, the entire shunt and retention features can be injection
molded in one step. Alternatively, the retaining features can be formed into the
shunt with a post-processing step such as flaring or thermoforming parts of the
shunt.

The shunt 105 can be made of various materials, iIncluding, for example,
polyimide, Nitinol, platinum, stainless steel, molybdenum, or any other suitable
polymer, metal, metal alloy, or ceramic biocompatible material or combinations
thereof. Other materials of manufacture or materials with which the shunt can be
coated or manufactured entirely include Silicone, PTFE, ePTFE, differential
fluoropolymer, FEP, FEP laminated into nodes of ePTFE, silver coatings (such as
via a CVD process), gold, prolene/polyolefins, polypropylene, poly(methy!
methacrylate) (PMMA), acrylic, PolyEthylene Terephthalate (PET), Polyethylene
(PE), PLLA, and parylene. The shunt 105 can be reinforced with polymer, Nitinol, or
stainless steel braid or coiling or can be a co-extruded or laminated tube with one or
more materials that provide acceptable flexibility and hoop strength for adequate |
lumen support and drainage through the lumen. The shunt can alternately be
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manufactured of nylon (polyamide), PEEK, polysulfone, polyamideimides (PAL),
polyether block amides (Pebax), polyurethanes, thermoplastic elastomers (Kraton,
etc), and liquid crystal polymers.

Any of the embodiments of the shunt 105 described herein can be coated on
its inner or outer surface with one or more drugs or other materials, wherein the drug
or material maintains the patency of the lumen or encourages in-growth of tissue to
assist with retention of the shunt within the eye or to prevent leakage around the
shunt. The drug can also be used for disease treatment. The shunt can also be
coated on its inner or outer surface with a therapeutic agent, such as a steroid, an
antibiotic, an anti-inflammatory agent, an anticoagulant, an antiglaucomatous agent,
an anti proliferative, or any combination thereof. The drug or therapeutic agent can
be applied in a number of ways as is known in the art. Also the drug can be
embedded in another polymer (nonabsorbable or bioabsorbable) that is coated on
the shunt.

The shunt can also be coated or layered with a material that expands
outward once the shunt has been placed in the eye. The expanded material fills any
voids that are positioned around the shunt. Such materials include, for example,
nydrogels, foams, lyophilized collagen, or any material that gels, swells, or otherwise
expands upon contact with body fluids.

The shunt can also be covered or coated with a material (such as polyester,
ePTFE(also known as GORETEX®), PTFE that provides a surface to promote
healing of the shunt into the surrounding tissue. In order to maintain a low profile,
well-known sputtering techniques can be employed to coat the shunt. Such a low
profile coating would accomplish a possible goal of preventing migration while still
allowing easy removal if desired.

In another embodiment shown in Figure 3B that can be useful in some
glaucoma cases depending on how much flow is desired, the shunt 105 is formed of
an elongate wick member through which fluid can flow. The wick member can be
formed of a single strand of material or can be formed of a plurality of strands that
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are interconnected, such as in a twisted, braided, or woven fashion, and through or
along which fluid can flow. The wick member(s) do not necessarily include internal
lumens, as flow through the wick member can occur via capillary action. In the
case of a solid polymer wick, certain surface detents can provide flow lumens
between the central body member and the tissue of the suprachoroidal space.

The features of the shunts shown in Figure 3A and 3B can be combined as
shown in Figure 3C. Thus, the shunt 105 can include one or more wick members
315 in fluid communication with an internal lumen 305 (or external lumen) of an
elongate member. The flow of aqueous humour occurs both through the internal
lumen 305 and through or along the wick member 315.

In an exemplary embodiment, the shunt has a length in the range of 0.1” to
0.75” and an inner diameter for a flow path in the range of 0.002” to 0.015”. In an
embodiment, the inner diameter is 0.012", 0.010”, or 0.008". A wicking shunt can
have a diameter in the range of 0.002” to 0.025". In the event that multiple shunts
are used, and for example each shunt is 0.1”, the fully implanted device can create
a length of 0.27 to 1.0", although the length can be outside this range. An
embodiment of the shunt is 0.250” long, 0.012” in inner diameter, and 0.015” in
outer diameter. One embodiment of the shunt is 0.300” long.

The shunt 105 has a column strength sufficient to permit the shunt 105 to be
inserted into suprachoroidal space such that the distal tip of the shunt 105 tunnels
through the eye tissue (such as the ciliary body) without structural collapse or
structural degradation of the shunt 105. In addition, the surface of the inner lumen
305 is sufficiently smooth relative to the delivery device (described in detail below) to
permit the shunt 105 to slide off of the delivery device during the delivery process.
In an embodiment, the column strength is sufficient to permit the shunt to tunnel
through the eye tissue into the suprachoroidal space without any structural support
from an additional structure such as a delivery device.

The shunt 105 can be configured to transition between a first state of reduced
size and a second state of expanded size. For example, the shunt 105 can be in a
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first state wherein the shunt 105 has a reduced radial size and/or overall length in
order to facilitate fitting the shunt through a small portal during delivery. The shunt
can then transition to a second state of increased radial size and/or overall length.
The shunt can also change cross sectional shape along the length.

The transition between the first and second states can be implemented in
various manners. For example, the shunt can be manufactured of a material such
as Nitinot that deforms in response to temperature variations or a release of a
constraining elemenﬁ. Thus, the shunt can be self-expanding or self-restricting at
various locations along the length. In another embodiment or in combination with a
self-expanding shunt, the shunt can be expanded manually, such as through use of
an expansion balloon or by passing the shunt along a pre-shaped device, such as a
reverse-ltapered delivery trocar that increases in diameter. In addition, the shunt can
be positioned inside a sheath during delivery wherein the sheath maintains the
shunt in the first state of reduced size. Upon delivery, the sheath can be removed to
permit the shunt to expand in size.

Figure 5 shows an exemplary delivery system 510 that can be used to deliver
the shunt 105 into the eye pursuant to methods described in detail below. The
delivery system 510 includes a handle component 515 that controls a shunt
placement mechanism, and a delivery component 520 that removably couples to the
shunt 103 for delivery of the shunt 105 into the eye. The delivery component 520
Includes an elongate applier 525. In one embodiment, the applier 525 has a
sharpened distal tip. The applier 525 is sized to fit through the lumen in the shunt
105 such that the shunt 105 can be mounted on the applier 525. The applier 525
can have a cross-sectional shape that complements the cross-sectional shape of
the internal lumen of the shunt 105 to facilitate mounting of the shunt onto the
applier 525. It should be appreciated the applier 525 does not have to employ a
sharpened distal tip. The applier 525 can have an atraumatic or blunt distal tip such
that it serves as a component for coupling to the shunt, or performing blunt
dissection, rather than as a cutting component.
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The delivery component 520 also includes a shunt deployment or advancing
structure 530 positioned on a proximal end of the applier 525. The advancing
structure 530 can be an elongated tube that is positioned over the applier 525. The
delivery system 510 can be actuated to achieve relative, sliding movement between
the advancing structure 530 and the applier 525. For example, the advancing
structure 520 can be moved in the distal direction (as represented by the arrow
532), while the applier 525 remains stationary to push or otherwise advance the
shunt 105 along the applier 525 for delivery of the shunt 105 into the eye. In an
alternate embodiment, the applier 625 withdraws distally into the advancing
structure 530 to remove the shunt 105 from the applier 525, as described below with
reference to Figure 6B. In yet another embodiment, both the advancing structure
930 and the applier 525 move relative to one another to remove the shunt 105.

In an embodiment, the applier 525 can have a length sufficient to receive a
plurality of shunts in an end-to-end series arrangement on the applier 525. In this
manner, multiple shunts 105 can be loaded onto the applier 525 and delivered one
at a time such that the shunts collectively form an elongated lumen of sufficient
length for adequate drainage. This permits relatively short length shunts that can be
collectively used in various eye sizes. In addition, multiple shunts can be placed in
multiple separate locations within one eye.

The applier 525 or any portion of the delivery component 520 can have én
internal lumen that extends along its length for receipt of a guidewire that can be
used during delivery of the shunt 105. The internal lumen in the delivery component
920 can also be used for the flow of fluid in order to irrigate the eye. The internal
lumen can be sufficiently large to receive the shunt 105 such that the shunt 105 is
mountied inside the applier 525, rather than over the applier 525, during delivery.

The handle component 515 of the delivery system 510 can be actuated to
control delivery of the shunt 105. In this regard, the handle component 515 includes
an applier control 540 that can be actuated to cause the applier 525 to extend in

length in the distal direction or to retract in the opposite direction (proximal
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direction). The handle component 515 also includes an implant advancing actuator
535 that can be actuated to selectively move the advancing structure 530 along the
applier 525 in the proximal or distal direction. In this manner, the advancing
structure 530 can be used to push the shunt 105 in the distal direction and off of the
applier 525 during delivery, or else to hold the shunt 105 in a fixed location in the
eye while the applier 525 is withdrawn.

The handle component 515 can be adapted such that it can be actuated
using only a single hand. In addition, the delivery system 510 can include an
actuation member that is separate from the handle 515 such that the operator can
use a foot to actuate the deli\iery system 510. For example, a foot pedal or
hydraulics can be coupled to or incorporated within the delivery system 510 to save
the use of the physician’'s hand at the worksite. Thus, the physician simply positions
a cannula or delivery system with his or her hands and uses the foot pedal to
advance the shunt. PCT Publication No. WO06012421, which is incorporated
herein by reference in its entirety, describes an exemplary hydraulic assist for an
ablation catheter with a steerable tip.

In another embodiment, some of the functions of the applier 525 and the
shunt 105 are combined. That is, the distal tip of the shunt 105 can have a pointed
or other type of shape (such as a beveled or blunted shape) on the distal end that
facilitates penetration of the shunt 105 through tissue. Exemplary methods for
delivering the shunt 105 into the eye are described in detail below.

As mentioned, the applier 525 can be equipped with one or more
mechanisms that cause expansion of the shunt 105. For example, the applier 525
can include an expandable structure, such as an inflatable sheath, that is mounted
over a solid core of the applier 525. The inflatable sheath is positioned at least
partially within the internal lumen of the shunt 105 when the shunt 105 is mounted
on the applier 525. During delivery of the shunt 105, the inflatable sheath is
expanded when the shunt 105 is positioned in the appropriate location in the eye to
expand the shunt 105 and cause the shunt 105 to lodge in the location. The sheath
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is then deflated or otherwise reduced in size to permit the applier 525 to be
withdrawn from the shunt 105. Exemplary methods are described below.

The applier 525 can be made of various materials, including, for example,
stainless steel and Nitinol. The applier 525 can be straight (as shown in Figure 5) or
the applier 525 can be curved along all or a portion of its length (as shown in Figure
6A) in order to facilitate proper placement through the cornea. In this regard, the
curvature of the applier 525 can vary. For example, the applier 525 can have a
radius of curvature of 3mm to 50mm and the curve can cover from 0 degrees to 180
degrees. In one embodiment, the applier 525 has a radius of curvature that
corresponds to or complements the radius of curvature of a region of the eye, such
as the suprachoroidal space. For example, the radius of curvature can be around
12 mm. Moreover, the radius of curvature can vary moving along the length of the
applier 525. There can also be means to vary the radius of curvature of portions of
the applier 525 during placement.

The applier can also have a structure that enables or facilitates use of the
applier 525. For example, the distal tip of the applier 525 can have a shape that
facilitates blunt dissection of targeted tissue such as to facilitate dissection into the
suprachoroidal space. In this regard, the distal tip of the applier 525 can have a flat,
shovel, spade, etc. shape, for example.

Figure 6B shows another embodiment of the delivery device 510. The handle
component 515 includes an actuator comprised of a knob 550 that can slide relative
to the handle component 515. The knob 550 serves as an actuator that controls
relative, sliding movement between the advancing member 530 and the applier 525.
For example, with reference to Figures 6C and 6D, the advancing member 530 can
be fixed relative to the handle component 515. In a first state shown in Figure 6C,
the applier 525 is extended outwardly relative to the advancing member 530.
Movement of the knob 550, such as in the proximal direction, causes the applier 525
to slide proximally into the advancing element 530 as shown in Figure 6D.
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This is described in more detail with reference to Figure 6E, which shows the
shunt 105 mounted on the applier 525 distal of the advancing structure 530. When
the knob 550 is actuated, the applier 525 slides in the proximal direction and into
the advancing structure 530, as shown in Figure 6F. The proximal edge of the shunt
105 abuts the distal edge of the advancing structure 530 to prevent the shunt 105
from sliding in the proximal direction. Thus, the applier 525 gradually withdraws
from the shunt 105. As shown in Figure 6G, the applier 525 can be fully withdrawn

Into the advancing structure 530 such that the shunt 105 is released from the applier
525.

Figure 6H shows an enlarged view of an exemplary distal region 537 of the
applier 525. The distal region 537 of the applier 525 can be shaped to facilitate an
approach into the suprachoroidal space. In this regard, as mentioned above, the
distal region 537 can have a curved contour that compliments the curved contour of
the dissection plane, such as the suprachoroidal space.

At least a portion of the applier 525 can be flexible. For example, the distal
region 537 of the applier 525 can be flexible such that it conforms to the shape of
the shunt 105 when the shunt 105 is mounted on the distal region 537. The distal
region 537 can also conform to the shape of the advancing element 530 when the
applier 525 is withdrawn into the advancing element 530.

Various other embodiments of the shunt 105 are now described. The
reference numeral 105 is used to refer to all embodiments of the shunt and it should
be appreciated that features in the various embodiments can be combined with
other embodiments. As mentioned, the shunt 105 can include various types of
structures and mechanisms for retaining or otherwise anchoring the position of the
shunt 105 in the eye. For example, the shunt 105 can be equipped with a structure
(such as a mesh structure or spray coating) that facilitates endothelial growth of
tissue around the shunt for permanent placement of the shunt.

Figure 7 shows an enlarged view of an end region, such as the distal end
region, of the-shunt 105. The end region includes retaining structures comprised of
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one or more fenestrations, slits or slots 705 located on the shunt 105. The slots 705
are shown arranged in a series along the end region of the shunt 105, although it
should be appreciated that the spatial configuration, size, and angle of the slots 705
can vary. The shunt 105 shown in Figure 7 has a distal wall 710 that at least
partially encloses the distal end of the internal lumen. The distal wall 710 can have
a slot 705 for fluid flow into and out of the lumen. Alternately, the distal wall 710 can
be absent such that an opening is present for the flow of fluid. The slots can
operate to allow fluid flow in addition to the central lumen of the shunt 105.

The slots 705 form edges that interface with surrounding tissue to prevent the
shunt 105 from becoming dislodged once implanted in the eye. The slots 705 form
holes that communicate with the internal lumen of the shunt 105 for inflow and
outflow of aqueous humour relative to the lumen. The proximal end of the shunt can
also be equipped with an arrangement of slots 705.

Figure 8 shows another embodiment of the shunt 105 wherein a plurality of
holes are located on the side walls of the shunt 105 and interspersed along the
length of the shunt 105. The holes facilitate the flow of fluid into and out of the
internal lumen of the shunt 105. The shunt 105 can be configured such that it
initially does not have any holes. After the shunt 105 is placed in the eye, one or
more holes can be formed in the shunt, such as by applying a laser (e.g., a YAG
laser) to the shunt 105 or using other means to form the holes.

Each of the holes can communicate with a separate flow path that extends
through the shunt 105. That is, the shunt 105 can include a plurality of internal
lumens wherein each internal lumen communicates with one or more of the holes in
side wall of the shunt.

Figure 9A shows another embodiment of the shunt 105 that includes an
elongate portion 905 of fixed size and one or more expansion members 910. The
elongate portion 905 includes an internal lumen and one or more openings for
ingress and egress of fluid relative to the lumen. The expansion members 910 are
configured to transition between a first state of reduced size and a second state of
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expanded or increased size. The structure of the expansion members 910 can vary.
In the illustrated embodiment, each expanéion member 910 is formed of a plurality
of axially-extending rods or tines that are connected at opposed ends. The rods can
deform outward along their length to expand the radial size of the expansion
member 910. The expansion of the expansion members 910 can be implemented
in various manners, such as by using an expansion balloon or by manufacturing the
expansion members of a material such as Nitinol that deforms or expands in
response to temperature variations or a retractable sheath 915 that allows
expansion of a shunt formed from a resilient material. The expansion members can
also be biased outward such that they self-expand when unrestrained.

As shown in Figure 9B, an embodiment of the expansion members 910 are
formed of tines that are splayed or fanned outward. The tines are configured to hold
tissue of the suprachoroidal space open. Either one or both of the expansion
members 910 can include splayed tines. For example, the expansion member 910a
can be as configured in Figure 9A, while the expansion member 910b can be as
configured in Figure 9B (or vice-versa). Furthermore, the shunt can include three or
more expansion rﬁembers.

The expansion members 910 can be biased toward the expanded state such
that, when unopposed, the expansion members 910 automatically move toward the
expanded state. In such a case, each of the expansion members 910 can be
positioned within a sheath 915 during delivery, wherein the sheath 915 maintains
the expansion members 910 in the reduced-size state. The sheath 915 is removed
from the expansion members to permit the expansion members 910 to self-expand.
The sﬁeath 915 can have a strong hoop and tensile strength to hold the expansion
members 910 in an unexpanded state until the shunt 105 in a proper place in the
eye. In one embodiment, the sheath 915 is manufactured of PolyEthylene
Terephthalate (PET).

The embodiment of Figure 9A includes a first expansion member 910a on a
distal end of the shunt 105 and a second expansion member 910b on a proximal
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end of the shunt 105. It should be appreciated that the quantity and location of the
expansion members 910 on the shunt can vary. For example, the shunt 105 can
include only a single expansion member 910 on either the proximal end or the distal
end, or could include one or more expansion members interspersed along the
length of the portion 905. Expansion members can be configured in other
geometries e.g. latticed, coiled or combinations of each.

Figure 10 shows another embodiment of the shunt 105 that includes a
retaining member 1005 located on the proximal end of the shunt 105. The retaining
member 1005 has an enlarged size with respect to the remainder of the shunt and
has a shape that is configured to prevent the shunt from moving further into the
suprachoroidal space after being properly positioned. The enlarged shape of the
retaining member 1005 can lodge against tissue to prevent movement of the shunt
105 into or out of a predetermined location, such as the suprachoroidal space. The
retaining member 1005 of Figure 10 has a funnel or cone-like shape, although the
retaining member 1005 can have various shapes and sizes that are configured to
prevent the shunt from moving further into the suprachoroidal space. For example,
the retaining member 1005 can have a plate or flange-like shape. .

The shunt 105 of Figure 10 is tapered moving along its length such that the
diameter of the shunt 105 gradually reduces moving in the distal direction. The
distal direction is represented by the arrow 532 in Figure 10. The tapered
configuration can facilitate a smooth insertion into the eye. The taper can exist
along the entire length of the shunt or it can exist only along one or more regions,
such as a distal region. Further, the shunt can have a bulbous section at
approximately its midpoint to create an additional means to anchor. The bulbous
section can be an expandable member or balloon element. Shunts with bulbous
sections are described in detail below.

As mentioned, the shunt 105 includes an internal lumen. The lumen can
have a uniform diameter along the length of the shunt or that can vary in diameter

along the length of the shunt. In this regard, the diameter of the internal lumen can
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taper in a manner that achieves a desired fluid flow rate through the shunt. Thus,
the diameter of the lumen can be varied to regulate fluid flow through the shunt.
Flow regulation can aiso be achieved by variation in size, quantity, and/or position of

"holes 1010 in the distal region of the shunt 105, wherein the holes 1010

communicate with the internal lumen. Thus, the holes 1010 can have shapes,
sizes, and quantities that are selected to achieve a desired intraocular pressure of -
the eye as a result of the flow of aqueous humour through the shunt. In addition,
the use of multiple holes permit fluid to flow through the shunt 105 even when one of
the holes 1010 is blocked.

During delivery of the shunt 105, the holes 1010 can be positioned so as to
align with predetermined anatomical structures of the eye. For example, one or
more holes 1010 can align with the suprachoroidal space to permit the flow of
aqueous humour into the suprachoroidal space, while another set of holes 1010
aligns with structures proximal to the suprachoroidal space, such as structures in the
cillary body or the anterior chamber of the eye. The shunt can ha<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>