(12) STANDARD PATENT (11) Application No. AU 2015274900 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(56)

Title
Devices and methods for reshaping blood vessels

International Patent Classification(s)
AG61F 2/24 (2006.01)

Application No: 2015274900 (22) Date of Filing:  2015.06.08
WIPO No: WO15/191465

Priority Data

Number (32) Date (33) Country
62/009,267 2014.06.08 us
14/732,629 2015.06.05 us
Publication Date: 2015.12.17

Accepted Journal Date: 2019.08.22

Applicant(s)
Gary Binyamin;Eitan Konstantino;Steven Wiesner;Li Min Koh

Inventor(s)
Konstantino, Eitan;Binyamin, Gary;Wiesner, Steven;Koh, Li Min

Agent / Attorney
Pizzeys Patent and Trade Mark Attorneys Pty Ltd, GPO Box 1374, BRISBANE, QLD,
4001, AU

Related Art

US 20080215072 A1
US 20070112423 A1
WO 2013152283 A1




wO 2015/191465 A1 I A0E V0O 0T OO0

(43) International Publication Date

Organization
International Bureau

\

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2015/191465 A1l

(CD)

(e3))

(22)

(25)
(26)
(30)

(72)
(71)

74

81

17 December 2015 (17.12.2015) WIPO | PCT
International Patent Classification:
AG61F 2/24 (2006.01)
International Application Number:
PCT/US2015/034720

International Filing Date:
8 June 2015 (08.06.2015)

Filing Language: English
Publication Language: English
Priority Data:

62/009,267 8 June 2014 (08.06.2014) us
14/732,629 5 June 2015 (05.06.2015) Us

Inventors; and

Applicants : KONSTANTINO, Eitan [IL/US]; 29 Mead-
ow Court, Orinda, CA 94563 (US). BINYAMIN, Gary
[US/US]; 2812 Buena Vista Way, Berkeley, CA 94708
(US). WIESNER, Steven [US/US]; 7 Claymore Road 03-
03, Singapore 229538 (SG). KOH, Li Min [SG/SG]; Blk
272 Bishan Street 24 #07-242, Singapore 570272 (SG).

Agents: HESLIN, James M. et al; Wilson Sonsini
Goodrich & Rosati, 650 Page Mill Road, Palo Alto, CA
94304-1050 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

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

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: DEVICES AND METHODS FOR RESHAPING BLOOD VESSELS

(57) Abstract: Veins and other blood vessels may be reshaped by introducing an implant through the vessel walls with anchors posi -
tioned on opposite sides of the wall. The anchors typically include an elongate body having coils or other anchors formed therein.
The implants may be delivered percutaneously using a cannula which can hold the anchor externally or internally. The methods and
devices are useful in treating a dorsal vein to reduce blood flow in patients suffering from erectile dysfunction.
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DEVICES AND METHODS FOR RESHAPING BLOOD VESSELS
CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of Provisional Application No. 62/009,267,

(Attorney Docket No. 48624-703.101), filed on June 8, 2014, the full disclosure of which is

incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the invention. The present invention relates to system and method for

treating biological vessels and more particularly reshaping veins and to modify their
biomechanics in order to allow a reduction in blood flow in response to an increase in
surrounding blood pressure to modulate flow modulation.

[0003] Venous leaks include various phenomenon where changes in or around the venous
system cause a noticeable clinical impact. For example, the veins have internal valves that
prevent back flow and allow blood flow back to the heart in the low pressure venous system.
Vascular leaks may occur as a vein diameter increases around which can inhibit valve closure
(causing a venous leak). Such venous leaks may cause an accumulation of blood in the lower
extremities that in turn may cause discomfort and pain. It is desirable to be able to reshape the
vein with the goal of restoring the functionality of the valve.

[0004] Venous valving also play an important role in penile erection. Penile erection results
from increased local blood pressure in the penis. Two corpora cavernosa located in the penis fill
with blood coming from the deep arteries of the penis. Expansion of the corpora cavernosa
compresses the associated outflow veins, thus inhibiting the blood outflow and allowing the
increased local blood pressure to cause an erection.

[0005] In a large percentage of men over age 40, this functionality is impaired, commonly
referred to as erectile dysfunction (ED). While the cause can be an insufficient inflow of blood
(arteriogenic ED) in many cases the cause is the incomplete inhibition of venous outflow
(venogenic ED). Incomplete venous occlusion typically results from changes in the
biomechanical behavior of the veins that increase resistance to pressure.

[0006] Presently, ED has limited treatment options. Available medications typically increase
blood inflow and may not be effective in men suffering from venous leak. Other treatment
options usually involve a major surgery and complete occlusion of major vein, but such

tractment suffer from poor long term outcomes. The failure of complete venous occlusion is
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believed to be caused by the development of collateral veins in response to complete occlusion
of the deep dorsal vein and/or other penile veins.

[0007] For these reasons, it would be desirable to provide procedures and devices with
improved short term and/or long term results for treating ED and modulating flow through other
veins. It would further be desirable to provide devices for inhibiting venous flow which may be
implanted in relatively simple procedure, particularly outpatient procedures and procedures that
can be performed in a doctor’s office with local or no anesthesia. At least some of these
objectives will be met by the inventions described hereinafter.

[0008] 2. Description of the Background Art. Methods and devices for treating ED and for

modulating blood flow through veins and arteries are described in US Patent Publs.
2005/0277907; 2011/0066254; and 2011/007458; and U.S. Patent No. 8,240,313. See also Rao
and Donatucci (2001) Urologic Clinics 28:309-319.

SUMMARY OF THE INVENTION
[0009] The present provides methods and devices for inhibiting blood flow through a
patient’s vasculature, particularly through veins but also finding use in arterial flow. The
methods rely on placing an implant through a wall of the blood vessel so that anchors on
opposite ends of the implant will draw the walls of the vessel together which will reshape or
reconfigure a shape of the blood vessel lumen. Often, the reshaped lumen will become more
oval than the native lumen. In other instances, the new shape will resemble a figure eight or a
bow tie. In still other embodiments, one side of the lumen can be closed to reduce the area of the
vessel lumen without necessarily changing the shape which may remain generally circular.
[0010] In a first aspect, a method according to the present invention for inhibiting blood flow
through a vein comprises penetrating an implant inwardly through a proximal location on a wall
of the vein. The implant is further penetrated outwardly through a distal location on the wall of
the vein. The distal end of the implant is anchored on the exterior surface of the wall adjacent to
the distal location, and similarly a proximal end of the implant is anchored on the exterior
surface of the wall adjacent to the proximal location. The anchored ends of the implant are
responsible for reshaping the lumen of the veins between the first and second locations which in

turn results in blood flow inhibition.

[0011] In an exemplary embodiment, penetrating may comprise advancing a cannula through
the proximal and distal locations on the wall, where the implant is carried over a distal region
from the cannula. Typically, the implant will comprise an elongate member, such as a wire or
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ribbon, coiled over the distal region of the cannula. In such instances, anchoring the distal end of
the elongate member may comprise releasing the distal end after said distal end is positioned
over the exterior surface of the wall adjacent to the distal end. Anchoring of the proximal end
will typically comprise releasing the proximal end of the elongate member after the distal end
has been released and after the proximal end has been positioned at a preselected distance from
the distal end. Alternatively, anchoring the proximal end of the implant may comprise releasing
the proximal end after the proximal end is positioned over the exterior surface of the wall
adjacent to the proximal location. In such cases, anchoring the distal end of the implant will
comprise releasing the distal end after the proximal end has been released and after the distal end
has been positioned at a preselected distance from the proximal end.

[0012] In an alternative embodiment, the penetrating may comprise advancing a cannula
through the proximal and distal locations on the wall, where the implant is constrained within an
interior, typically a lumen or other passageway, of the cannula. In such cases, the implant
typically comprises an elongate member having a distal end pre-shaped into a distal anchor and a
proximal end pre-shaped into a proximal anchor. The elongate member is in a straightened
configuration when constrained within the interior of the cannula, i.e. the pre-shaped anchors are
both in a straightened configuration. Anchoring the distal end of the elongate member thus
comprises advancing the distal end from the cannula so that it assumes an anchor configuration
over the exterior surface of the wall adjacent to the distal location. Similarly, anchoring the
proximal end of the elongate member typically comprises releasing the proximal end from the
cannula so that it assumes an anchor configuration over the exterior surface of the wall adjacent
to the proximal location. The distal end of the elongate member is advanced by advancing a
pusher within the passageway cannula against a proximal end of the elongate member, and the
proximal end of the elongate member is released by retracting the cannula over said proximal
end while it remains engaged against the pusher.

[0013] While these methods may be utilized for delivering the implants of the present
invention into a variety of veins and other blood vessels, the methods may find their greatest use
in delivering the implants to a dorsal vein to treat a patient suffering from erectile dysfunction.
[0014] In a second aspect of the present invention, the present invention provides implants
for inhibiting blood flow through a vein or other blood vessel. The implant typically comprises
an elastic, elongate member having a distal end and a proximal end. The distal and proximal
ends are each pre-shaped to assume a delivery configuration when constrained and an anchor
configuration when unconstrained. The distal and proximal ends, when in their anchor
configurations, are separated by a middle region which controls the distance between opposed
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walls of a vein when the implant is implanted in the vein with each anchor on an exterior surface
of a wall of the vein. While the distal and proximal ends will usually have similar geometries,
they can also have different geometries, a number of which are illustrated in detail below.
[0015] The implants of the present invention will typically comprise an elongate member
comprising a wire (or in some cases a ribbon) having a coiled distal end and a coiled proximal
end separated by a straight middle region. The elongate member may alternatively comprise a
wire or ribbon having a deflected distal end and a deflected proximal end, e.g. in the shape of an
L orJ. In still other embodiments, an elongate member may have an adjustable anchor at each
end, e.g. a flange, a cap, or other structure which may be adjusted on a ratcheted surface of the
elongate member. In still other embodiments, each end of the elongate member may be split,
forked, or bifurcated to spread open upon release from constraint. In still further embodiments,
each end of the elongate member may have a collapsible disc or other collapsible anchor
structure fixed to a central region. In at least most cases, the anchor regions of the implants will
be deformable or reconfigurable so that they can be placed in a low profile configuration for
delivery and then expanded into their anchoring configuration when the anchors are exterior to
the blood vessel.

[0016] The present invention still further provides implant delivery systems for the implants
just described. The delivery systems will usually comprise the implant in combination with a
delivery catheter configured to penetrate opposite walls of a vein. The delivery systems will be
configured to carry the implant, in a constrained configuration. across the vein or other blood
vessel walls, and to release the implant so that the distal anchor is positioned against an external
surface of a distal side on the wall and the proximal anchor is positioned against an external
surface of a proximal side on the wall.

[0017] In a first embodiment, the cannula of the implant delivery system of the present
invention comprises an inner needle and an outer mandrel. The distal end of the elongate
member of the implant is removably secured to the needle, and the proximal end of the elongate
member of the implant is removably secured to the mandrel. In this way, rotation of the needle
relative to the mandrel in a first direction coils the elongate member more tightly over the
cannula and rotation of the needle in an opposite direction releases the elongate member from the
cannula.

[0018] In a second embodiment, the cannula of the implant delivery system comprises a
hollow body and a pusher disposed in a lumen of the hollow body. The implant is constrained in
a straight configuration when present in the lumen of the cannula body, and the implant is
released from the cannula body by advancing the pusher in the lumen relative to the catheter
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body. A distal end of the implant will thus be released first from the needle on a distal side of
the target vein or other blood vessel. After deploying the distal anchor on the distal side of the
vein, the needle may be retracted proximally to deploy the proximal anchor on a proximal side of

the vein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] Fig. 1 shows a general image of blood vessel.
[0020] Figs. 2A-2F shows transverse cross-sections of a blood vessel. Fig. 2A shows the
blood vessel without an implant and Figs. 2B-2E show different implants and placements.
[0021] Figs. 2G and 2H show longitudinal cross-sections of a blood vessel with one implant
(Fig. 2G) and two implants (Fig. 2H).
[0022] Figs. 3A-3E different implant designs in accordance with the principles of the
present invention.
[0023] Figs. 4A and 4B show a first embodiment of an implant delivery system in
accordance with the principles of the present invention.
[0024] Fig. 5 shows a second embodiment of an implant delivery system in accordance
with the principles of the present invention
[0025] Figs. 6A-6E show an exemplary method for implanting an implant in a dorsal vein

to treat erectile dysfunction using the implant delivery system of Figs. SA and 5B.

DETAILED DESCRIPTION OF THE INVENTION
[0026] The present invention provides an implant for reshaping veins and other blood vessels
in order to change their biomechanical behavior without blocking flow, typically inhibiting
venous flow to treat conditions such as erectile dysfunction (ED). The implant has a low profile,
is self-conforming to the vein, can be made out of metal or polymer, and can be delivered to the
body using a delivery system. The implant is typically introduced through a venous or other
blood vessel wall using a percutaneous delivery method, typically by penetrating a delivery
cannula though the vein to place anchors on the implant on distal and proximal external surfaces
of the blood vessel wall.. Once released from its delivery system, the implant collapses or
otherwise reconfigures to engage opposed outer surfaces of the vessel wall and to draw the
surfaces together. External remodeling of the vessel wall will necessarily reconfigure the lumen
reducing blood flow through the vessel The implant is not intended to block blood flow.
[0027] In one embodiment, the implant comprises of a combination of intravascular and
extra vascular elements. The implant can be delivered using a delivery system by piercing the
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vessel wall. The delivery system, or the implant, or both, pierce the vessel wall at least once in
order to implant the device. The implant is initially constrained by the delivery system and,
upon release from the delivery system, the implant assumes its free shape which will reshape of
the vessel without blocking the blood flow. The implant is anchored at at least one location that
can be inside or outside the vessel wall, usually being anchored at two locations on opposite
external surface locations adjacent to where the vessel has been pierced by the delivery tool.
Upon release, the implant forces the vessel to change its shape from an approximately cylindrical
shape to an oval or less cylindrical shape than the original shape of the vessel, e.g. an oval shape
or “bow tie” shape. In some cases it can be a cylindrical shape with a reduced diameter.

[0028] The shape change increases the ability of the vessel to collapse or to further change
its shape under external forces or pressures at least in one direction. The implant changes the
biomechanics of the vessel in the treated area by modifying the moment of interia to make the
vessel more prone to bending or compressing. While the shape change could lead to some
immediate decrease in blood flow inside the vessel, blood flow is not blocked. When external
forces or surroundings blood pressure increases and affects the vessel, further decrease in blood
flow or even a temporary stop of blood flow will take place compared to the normal or non-
impacted state. The implant may be placed in the vessel temporarily or permanently depending
on the patient’s needs as determined by the physician.

[0029] In a first embodiment the implant is made of an elastic metal such as a stainless steel
alloy, a cobalt based alloys, or a nickel titanium alloy. The implant can also be made of
polymer, such as nylon, polyurethane, a silk-based polymer, or other known polymers. The
implant can be straightened to a low profile shape and constrained in a needle type delivery
system. The needle may be used to pierce a superficial target vessel (such as the dorsal vein for
the treatment of ED), allowing for release of the implant inside the blood vessel. Once released,
the implant assumes its free shape. When anchored in one or two locations adjacent to the vessel
wall, or externally to the vessel, the implant changes its shape and/or reduces its length from the
original constrained shape, causing the vessel to change shapes, e.g., become more oval which
makes the vessel more prone to collapsing or compressing in the direction of its short axis.
Under external forces (manual compression or increase in blood flow in the area) the blood flow
in this vessel will decrease is inserted.

[0030] In another embodiment, the implant may be formed from a wire, a ribbon, or other
elongate body having a free shape that preferably includes a middle or central portion that will
have a low profile when present in the blood vessel lumen. Such a central portion is usually
linear, may alternatively have an S- or a C-shape, but can also follow a serpentine or meandering
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line. The implant has one end region in which the general linear shape of the center portion
changes in order to create an extra vascular anchoring point that will be larger or different in
shape from the piercing hole of the vessel in a manner that will keep its end portion externally to
the vessel. The implant has another end portion that can be anchored externally to the vessel in a
generally opposing side of the vessel or down or upstream from the first entry point of the
implant. The free size of the implant intravascular portion is smaller than the original diameter of
the vessel in this area hence decreasing the vessel diameter along the axis of the implant with an
end result of making the vessel oval in shape.

[0031] In another embodiment the implant may a central elongate region and separate end
caps or anchors at each end that are positioned externally on the vessel.

[0032] In one specific example, the implant can be used to reshape a superficial vein of
2mm diameter. In this case the implant will be used to decrease the diameter of the implant along
the axis generally exist between the entry hole and the exit hole of the implant from the vessel
from 2mm to at least 1.8 mm, 1.5 mm or 1 mm or 0.5 mm or until both walls of the vessel will
come into contact crating a ridge that limits the flow in this area but without blocking the flow in
the blood vessel. Generally the implant will be used to “ovalize” the vessel by creating an at least
10% size difference and sometimes an at least 15% difference between a long diameter and a
short diameter of the vessel cross section in the area where the implant.

[0033] In another example for a 3 mm vein, the implant length can be 2.5 mm consisting of a
generally linear center portion with end regions to anchor the implant in one or two opposing
sides of the vessel. This implant can be straightened to a linear wire constrained and stored, pre-
loaded, in a small gauge needle. When straightened the wire length of the implant can be as long
as Smm or even 10mm depending on the anchor shape and design. The anchors can have a spiral
design, typically having at least one coil, often have more than one coil, to keep the end of the
implant anchored external to the vein. The distal end of the implant can be extravascularly
released, embedding an anchor further away from the delivery system. As the delivery system
retracts the implant proximal end will be release out of the vein forming a spring like shape
compressing the vein into an oval shape. In this case only the central implant portion is released
inside the vessel with minimal footprint exposed to blood flow.

[0034] The implant can be made from a metal or polymer wire or other elongate member.
Exemplary wire thicknesses are as small as 10 micron or as large as 1 mm. Typical ranges are 10
microns to 1 mm, 20 microns to 0.5 mm, and 30 microns to 0.1 mm. For treatment of the dorsal
vein, the implant will typically be at the smaller end of the size ranges. The central portion of the
implant has a length that is smaller than the diameter of the vessel to be treated, and the full wire
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length prior to anchor deployment will usually be longer or even a lot longer than the diameter of
the vessel. It is desirable that the footprint of the implant in the area exposed to blood flow will
be minimal or covered with tissue to minimize thrombus formation in the vessel. Anti-
thrombotic surface finishes or coatings may also be used.

[0035] In one embodiment, the implant is formed from a shape memory material, such as a
nickel titanium alloy or a shape memory polymer, that reassumes its free shape in response to a
change in temperature or by inducing electrical field or energy field. For small, superficial or
semi-superficial vessels, the implant can be delivered through a small gauge needle or a small
diameter extra vascular delivery system. External guiding such as ultrasonic transducers or
imaging or other known methods can be used to guide the delivery system to the target vessel. In
other embodiments, the implant will be formed from a material that relies on the super elastic
propertied to expand in response to a release from constraint.

[0036] Referring to Fig. 1, a typical vein V comprises a tubular vessel having an outer tunica
externa TE, a tunica media TM, and a tunica interna TI. The inner wall of the tunica interna
intern is covered with endothelium E. Veins are also characterized by venous valves VV which
allow blood to flow in the direction of arrow VF back toward the heart while preventing blood
flow away from the heart. In older individuals, the function of the venous valves can sometimes
be compromised, and the methods and devices of the present invention may be particularly
useful for improving valvular performance in such comprised veins. For example, in patients
suffering from erectile dysfunction, the devices and methods of the present invention may be
used to improve such venous function, particularly in a dorsal vein as described in detail below.
[0037] Referring now to Figs. 2A though 2F, placement of a number of exemplary implants
can in a vein V will be described. A native vein V, prior to implantation of an implant according
to the present invention, is illustrated in Fig. 2A. Vein V has a generally circular lumen L. As
shown in Fig. 2B, the vein may be deformed to a generally ovoid or rectangular configuration by
placement of a first implant 10a having a distal anchor 12a and a proximal anchor 14a on the
exterior surfaces of the vein. A central region of the implant between the anchors 12a and 14a
has a length selected which is less than that of diameter of the unconstrained vein, as shown in
Fig 2A. Thus, placement of the anchor will draw the opposed locations on the wall together
creating the desired remodeling or reshaping of the vessel and the lumen.

[0038] An alternative implant 10b having two central regions is illustrated in Fig. 2C. The
deformation of the vessel wall is shown to be generally the same as that in Fig. 2B, but it will be
appreciated that by using different divergence angles and different leg lengths on the implant, the
geometry of the deformed vessel can be controlled.
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[0039] Referring now to Fig. 2D, use of an implant 10C having a much shorter central
portion willcause the opposed wall locationss of the vein V to more fully collapse, resulting in a
figure eight or bow tie cross section for the vessel.

[0040] Referring now to Fig. 2E, in implant 10D similar dimensions to implant 10C can be
offset toward one side of the vessel, resulting in a partial closing off of only a portion of the
vessel lumen, leaving the other side of the vessel open but much smaller than the lumen of the
native vessel.

[0041] Referring to now Fig. 2F, in implant 10E can be placed through a vinous wall through
aregion of the vein having a valve VV present.

[0042] Referring now to Figs. 2G and 2H, implants 20, having coiled ends as described more
fully below, may be placed at a single location as shown in Fig. 2G or at two or more
longitudinally displaced locations, as shown in Fig. 2H.

[0043] Referring now to Fig. 3A, a variety of specific designs for different implants
constructed in accordance with the principals of the present invention will be described. The coil
implant 20 is shown in some detail in Fig. 3A. The coil implant 20 will usually consist of a
single elastic elongate member having a distal coil 22 pre-formed at a distal end thereof and a
proximal coil 24 pre-formed in a proximal end thereof. The elongate member will typically be a
wire, more typically being a metal wire formed from an elastic or super elastic metal alloy as
described above. Alternatively, the elongate member could have other geometric forms, such as
being a ribbon, a small diameter helix, (where the coils at each end would be a second geometric
feature with a much larger diameter than the helical diameter). The elongate member could also
be formed from a polymer, typically an elastic polymer and more typically a super elastic
polymer, as is known in the art. The dimensions of the coil implant 20, including the diameters
of the proximal and distal coils 22 and 24, as well as the distance between the proximal and
coils, will be selected based upon the target blood vessel. Specific dimensions useful for the
dorsal vein are provided hereinafter. The coils 22 and 24 are joined by a middle or central region
26 which is generally integrated with the coil portions (i.e. the entire coil implant is formed from
a single continuous body of material), where the middle portion 26 will define the length
between the coil portions. Although shown as a straight segment, the middle portion 26 may be
curved, serpentine, zig-zag, or have other secondary geometry, but generally a straight profile
with minimal “footprint™ to disturb blood flow will be preferred.

[0044] A Z-implant 30 is illustrated in Fig. 3B. The Z-implant will also typically be formed
from a single elongate member, typically a wire or a ribbon, having a distal leg 32 and a
proximal leg 34 pre-formed therein. Each of the legs will be inclined or deflected relative to an
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axis of a central portion 36. When straightened, the legs 32 and 34 will follow the paths shown in
broken-line in Fig. 3B. The distal and proximal legs 32 and 34 will be in their deflected
configuration, as shown in Fig. 3B, after implantation so that the legs act as anchors and
deforming the vessel geometry, as described elsewhere herein in detail.
[0045] An implant 40 having bifurcated ends is shown in Fig. 3C. The implant 40 includes a
distal bifurcation 42 which forms a distal anchor and a proximal bifurcation 44 which forms a
proximal anchor. The bifurcated ends are joined by a central or middle portion 46 which will
usually be straight but may have other configurations as described above with regards to other
embodiments. The bifurcations may be constrained to assume closed configurations

as shown in broken- line when the implant is in a delivery configuration and will
deploy outwardly, as shown in full line, when released from constraint to assume an implanted
configuration.
[0046] As described thus far, the implants have generally been formed from a single elongate
member which is then modified to have anchors at each end. As shown in Fig. 3D, in implant 50
has a distal disc 52 and a proximal disc 54, where the discs will usually be formed from a
different material and joined to a separate elongate member 56 which provides a central or
middle region of the implant. For example, the central or middle region can be formed from an
elastic, metal, or polymer wire as generally described above, while the discs 52 and 54 may be
formed from a collapsible polymer, metal, or other material. The discs 52 and 54 will be
collapsible, as shown in broken-line, for delivery and will self-deploy to the anchoring
configuration, shown in full-line.
[0047] An implant 60 having adjustably positionable discs 62 and 64 is shown in Fig. 3E. A
distal disc 62 forms the distal anchor and a proximal disc 64 forms the proximal anchor. A
central or middle region 66 is typically formed from an elongate member which may be metal,
polymer, or any of the forms described above. Unlike the earlier implants, the elongate member
which forms the central portion 66 will have a plurality of detents or ratchets 68 spaced-apart
along its length. Each of the ratchets or detents 68 will be able to hold the disc in place after
deployment. Thus, after the implant 60 has been introduced through the target blood vessel, the
degree of closure of the vessel can be adjusted depending on the position of the disc 62 and/or 64
on the shaft of the middle portion 66. It will be appreciated that further components may be
provided, such as locks, threads, adhesives, and the like, in order to firmly fix each of the discs
62 and 64 onto the central portion 66 so that the distance between the discs, once selected, will
be reliably maintained. Alternatively, at least one of the discs 62 or 64 may be left to be
repositionable so that the degree of vessel closure can be adjusted days, weeks, or even longer
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post-implantation.

[0048] A first exemplary implant delivery device 70 is illustration in Figs. 4A and 4B. The
implant delivery device 70 includes a handle 72, a shaft 74, and a reduced diameter nose portion
75 at a distal end of the shaft. As best seen in Fig. 4B, a cannula assembly 76 extends distally
from the nose 75 of the implant delivery device 70, and the cannula assembly includes a needle
78 and a mandrel 80, where the needle and mandrel are rotatable relative to each other. The
needle has a sharp tip 82 which allows the cannula assembly 76 to be percutaneously or
transcutaneously introduced to and/or across vessels, particularly superficial target veins, such as
the dorsal vein as described in detail below. The cannula assembly 76 can carry any of the
implants described above. As illustrated, the coil implant 20 is carried with the distal coil 28
removably attached near the sharp tip 82 of the needle and the proximal coil 24 removably
attached to the mandrel 80. The removable attachments hold the coil implant 20 in a
“constricted” configuration where the elongate body of the implant forms a simple helix
extending from the tip of the needle to the distal end of the mandrel. By rotating the needle
relative to the mandrel in a first direction, this temporary helical configuration can be tightened
over the needle so that the coil remains in place during delivery of the coil, as described in more
detail below. By counter-rotating the needle relative to the mandrel, the coil implant 20 may be
released from the delivery device 70.

[0049] Referring now to Fig. 5, an alternative implant delivery device 86 is illustrated.
Instead of carrying the coil implant 20 over the exterior of the device, as with the first
embodiment, delivery device 86 carries the implant in a straightened configuration within a
lumen of the device. In particular the implant delivery device 86 comprises a cannula assembly
88 which includes a needle 90 and a pusher 92. The needle 90 has a sharpened distal tip 94
which allows percutancous or transcutaneous introduction while coil 20 is held within a lumen of
the needle. Once in place through the target vessel, pusher 92 can be used to advance the coil 20
to release, at first, the distal coil 22 shown in broken-line. After properly positioning the distal
coil 22 relative to the target vessel, the needle may be proximally withdrawn to position the
middle region 26 (Fig 3A) of the coil 20 within the vessel, and thereafter to release the proximal
coil 24 over an opposite location on the exterior wall of the vessel.

[0050] Referring now to Fig. 6A-6E, use of the implant delivery device 70 for implanting a
coil implant 20 in a dorsal vein DV for treatment of erectile dysfunction will be described. The
cannula assembly 76 of the delivery device 70 is first positioned adjacent to the dorsal vein DV
in a patient’s penis P. The dorsal vein DV lies between dorsal arteries DA then above the corpora
cavernosa CC. Position of the urethra U is shown for reference.

-11-



WO 2015/191465 PCT/US2015/034720

[0051] As shown in Fig. 6B, the cannula assembly 76 is aligned with the dorsal vein DV, and
the needle 20 is then penetrated distally so that it passes through the dorsal vein DV, as shown in
Fig 6C. Typically, the dorsal vein DV will be at least partially collapsed by the penetrating force
of the needle 78. Once the distal tip of the needle is passed the far or distal surface of the dorsal
vein DV, the needle 78 will be rotated relative to the mandrel 80 in order to release the distal coil
22, as shown in Fig 6B. The needle may then be drawn proximally so that the needle overlies the
proximal surface of the dorsal vein DV, also shown in Fig. 6D. The needle may then be further
rotated relative to the mandrel 80 in order to release the proximal coil 24 over the proximal
surface of the vein, as shown in Fig. 6E. The needle may then be completely withdrawn and the
procedure can be completed as appropriate for treating such a percutaneous penetration.

[0052] While preferred embodiments of the present invention have been shown and
described herein; it will be obvious to those skilled in the art that such embodiments are
provided by way of example only. Numerous variations, changes, and substitutions will now
occur to those skilled in the art without departing from the invention. It should be understood
that various alternatives to the embodiments of the invention described herein may be
employed in practicing the invention. It is intended that the following claims define the
scope of the invention and that methods and structures within the scope of these claims and

their equivalents be covered thereby.
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WHAT IS CLAIMED IS:

1. A method for inhibiting blood flow through a vein, said method comprising:

penetrating an elongate implant inwardly through a proximal location in a wall of the
vein and outwardly through a distal location in the wall of the vein, wherein penetrating
comprises advancing a delivery cannula having the elongate implant coiled over a distal
region of the delivery cannula through proximal and distal locations on the wall;

anchoring a distal end of the elongate implant on an exterior surface of the wall
adjacent to the distal location, wherein anchoring the distal end comprises uncoiling a distal
end of the coiled elongate implant against an external surface of a distal site on the wall; and

anchoring a proximal end of the elongate implant on the exterior surface of the wall
adjacent to the proximal location, wherein anchoring the proximal end comprises uncoiling a
proximal end of the coiled implant against an external surface of a proximal site on the wall;

wherein the anchored ends of the implant are separated by a middle region which
controls the distance between opposed walls of the vein to reshape a lumen of the vein
between the first and second location to inhibit blood flow; and

wherein the delivery cannula comprises an inner needle and an outer mandrel,
wherein the distal end of the elongate implant is initially secured to the needle and the
proximal end of the implant is initially secured to the mandrel so that manipulation of the

needle relative to the mandrel releases the elongate member from the cannula.

2. A method as in claim 1, wherein anchoring the proximal end of the implant comprises
uncoiling the proximal end after the distal end has been uncoiled and after the proximal end

has been positioned at a preselected distance from the distal end.

3. A method as in claim 2, wherein anchoring the proximal end of the implant comprises
uncoiling the proximal end after said proximal end is positioned over the exterior surface of

the wall adjacent to the proximal location.
4. A method as in claim 1, wherein anchoring the distal end of the implant comprises

uncoiling the distal end after the proximal end has been released and after the distal end has

been positioned at a preselected distance from the proximal end.
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S. A method as in claim 1, wherein the implant is anchored in a dorsal vein to treat a

patient suffering from erectile dysfunction.

6. A method as in claim 1, wherein manipulation comprises rotating the inner needle in a
first direction relative to the mandrel to coil the elongate member more tightly over the

cannula and rotating the inner needle in an opposite direction to release elongate member.

7. An implant delivery system comprising:

an implant comprising an elastic elongate member having a distal end and a proximal
end, wherein the distal and proximal ends are each pre-shaped to assume a delivery
configuration when constrained and an anchor configuration when unconstrained, wherein
distal and proximal ends when in their anchor configurations are separated by a middle region
which is adapted to control the distance between opposed walls of the a vein when the
implant is implanted in the vein with each anchor on an exterior surface one of the opposed
walls of the vein; and

a delivery cannula configured to penetrate opposite walls of a vein, to carry the
implant in a constrained configuration across the walls, and to release the implant so that the
distal end assumes its anchor configuration and is positioned against an external surface of a
distal site on the wall and the proximal end assumes its anchor configuration and is
positioned against an external surface of a proximal site on the wall, wherein the delivery
cannula comprises an inner needle and an outer mandrel, wherein the distal end of the elastic
elongate member is removably secured to the needle and the proximal end of the elastic
elongate member is removably secured to the mandrel so that manipulation of the needle

relative to the mandrel releases the elongate member from the cannula.

8. An implant system as in claim 7, wherein the elongate member comprises a wire

having a coiled distal end and a coiled proximal end separated by a straight middle region.

9. An implant system as in claim 7, wherein the elongate member comprises a wire

having a deflected distal end and a deflected proximal end.

10.  Animplant system as in claim 7, wherein the elongate member has an adjustable

anchor at each end.
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11.  Animplant system as in claim 7, wherein each end is bifurcated to spread open upon

release from constraint.

12.  Animplant system as in claim 7, wherein each end has a collapsible disc at each end.

13.  Animplant delivery system as in claim 7, wherein the cannula comprises a hollow
body and a pusher disposed in a lumen of the hollow body and wherein the implant is
constrained to a straight configuration when present in the lumen of the cannula body and the
implant is released from the cannula body by advancing the pusher in the lumen relative to

the catheter body.

14.  Animplant system as in claim 7, wherein the inner needle is configured to rotate in a
first direction relative to the mandrel to coil the elastic elongate member more tightly over the
cannula and to rotate the inner needle in an opposite direction to release the elastic elongate

member.
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