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VASCULAR OCCLUSION DEVICES

FIELD OF THE DISCLOSURE

[0001] The present disclosure relates, inter alia, to devices, assemblies and kits for
creating vascular occlusions and to methods for creating vascular occlusions using the

same.

BACKGROUND

[0002] The endovascular treatment of a variety of conditions throughout the body is an
increasingly important form of therapy. Vascular occlusion devices are known which
are placed within the vasculature of the body in order to form a physical barrier to blood
flow and/or promote thrombus formation at the site.

[0003] The present disclosure pertains to improved devices, assemblies, kits and

methods for blood vessel occlusion.

SUMMARY

[0004] In some aspects, the present disclosure pertains to vascular occlusion devices.
The vascular occlusion devices have a proximal end and a distal end and comprise the
following: (a) a support frame comprising a longitudinal axis and a longitudinal center,
the support frame being self-expandable from a constrained shape to an unconstrained
shape and comprising (i) a hub, (ii) a plurality of radial wire segments extending radially
from the hub and (iii) a plurality of longitudinal wire segments extending longitudinally
along the device and (b) a substantially-two dimensional insert attached to the support
frame and comprising (i) a first insert portion in a first partially closed three-dimensional

form that comprises a first open end and a first closed end, wherein the first open end
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faces in a proximal direction and the first closed end is positioned proximate the
longitudinal center and (ii) a second insert portion in a second partially closed three-
dimensional form that comprises a second open end and a second closed end, wherein
the second open end faces in a distal direction and the second closed end is positioned
proximate the longitudinal center.

[0005] In some embodiments of the preceding aspects, the first closed end of the insert
portion may be attached to the second closed end of the second insert portion.

[0006] In some embodiments, which may be used in conjunction with any of the
preceding aspects and embodiments, the first partially closed three-dimensional form
and second partially closed three-dimensional form may be selected from a hollow
conical form, a hollow pyramidal form and a hollow partial spheroidal form.

[0007] In some embodiments, which may be used in conjunction with any of the
preceding aspects and embodiments, the insert may be a porous insert

[0008] In some embodiments, which may be used in conjunction with any of the
preceding aspects and embodiments, the insert may comprise a polymeric material.

[0009] In some embodiments, which may be used in conjunction with any of the
preceding aspects and embodiments, the support frame may comprise from four to
eight radial wire segments and from four to eight longitudinal segments.

[0010] In some embodiments, which may be used in conjunction with any of the
preceding aspects and embodiments, the radial wire segments and the longitudinal wire
segments may be linear or substantially linear.

[0011] In some embodiments, which may be used in conjunction with any of the
preceding aspects and embodiments, the radial wire segments may comprise a first

radial wire segment end and a second radial wire segment end, wherein the first radial
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wire segment end is attached to the hub, and wherein the second radial wire segment
end is attached to one of the longitudinal wire segments.

[0012] In some embodiments, a vascular occlusion device in accordance with any of the
preceding aspects and embodiments may further comprise an additional hub and a
plurality of additional radial wire segments extending radially from the additional hub. In
certain of these embodiments, the additional radial wire segments may comprise a first
additional radial wire segment end and a second additional radial wire segment end,
wherein the first additional radial wire segment end is attached to the additional hub,
and wherein the second additional radial wire segment end is attached to one of the
longitudinal wire segments.

[0013] In some embodiments, which may be used in conjunction with any of the
preceding aspects and embodiments, the hub may comprise an attachment feature.

[0014] In some embodiments, which may be used in conjunction with any of the
preceding aspects and embodiments, the support frame may comprise a plurality of
anchors.

[0015]  Other aspects of the present disclosure pertain to assemblies that comprise a
vascular occlusion device in accordance with any of the preceding aspects and
embodiments and an elongated delivery member that is configured to be attached to
and detached from the vessel occlusion device.

[0016] Other aspects of the present disclosure pertain to kits which comprise a vascular
occlusion device in accordance with any of the preceding aspects and embodiments, a
tubular delivery device and, optionally, an elongated delivery member that is configured

to be attached to and detached from the vascular occlusion device. In some instances,
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the vascular occlusion device may be compressed and preloaded into the tubular device
in the constrained shape.

[0017] Examples of attachment configurations for any of the preceding assemblies and
kits include the following, among others: (a) the elongated delivery member and the
vascular occlusion device may comprise interlocking arms, (b) the elongated delivery
member and the vascular occlusion device may comprise a threaded male member and
a threaded female receptacle, or (¢) the elongated delivery member and the vascular
occlusion device may be configured to be detached by electrolysis.

[0018]  Other aspects of the present disclosure pertain to methods in which (a) a
vascular occlusion device in accordance with any of the preceding aspects and
embodiments is introduced into a blood vessel while in a constrained shape and (b)
removing a constraint that maintains the vascular occlusion device in the constrained
shape, such that the support frame self-expands and the device contacts a wall of the
blood vessel and the insert impedes flow through the blood vessel. In certain
embodiments, the constraint is removed by ejecting the vascular occlusion device from a
tubular medical device.

[0019] Various additional aspects, embodiments, and benefits of the present disclosure
will become immediately apparent to those of ordinary skill in the art upon review of the

detailed description and claims to follow.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] Non-limiting embodiments of the present disclosure are described by way of
example with reference to the accompanying figures, which are schematic and not

intended to necessarily be drawn to scale. In the figures, each identical or nearly
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identical component illustrated is typically represented by a single numeral. For purposes
of clarity, not every component is labeled in every figure, nor is every component of
each embodiment of the disclosure shown where illustration is not necessary to allow
those of ordinary skill in the art to understand the disclosure. In the figures:

[0021] Fig. 1Ais a schematic side view of a self-expanding occlusion device, in
accordance with an embodiment of the present disclosure;

[0022] Fig. 1B is a is a schematic isometric view of the occlusion device of Fig. 1A;

[0023] Fig. 1Cis a is a schematic side view of the occlusion device of Fig. 1A; and

[0024] Fig. 2A, Fig. 2B and Fig. 2C are schematic partial cross-sectional views illustrating
three points of time during a procedure in which an occlusion device in accordance with

an embodiment of the present disclosure is deployed in the vasculature.

DETAILED DESCRIPTION

[0025] A more complete understanding of the present disclosure is available by
reference to the following detailed description of numerous aspects and embodiments of
the disclosure. The detailed description which follows is intended to illustrate but not
limit the disclosure.

[0026] The terms "proximal" and "distal" generally refer to the relative position,
orientation, or direction of an element or action, from the perspective of a clinician using
the medical device, relative to one another. Thus, "proximal” may generally be
considered closer to the clinician or an exterior of a patient, and "distal" may generally
be considered to be farther away from the clinician, along the length or beyond the end

of the medical device.
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[0027] The present disclosure pertains to devices, assemblies and kits for creating blood
vessel occlusions. The occlusion devices of the present disclosure are collapsible to fit
within a tubular device such as a catheter or delivery sheath and, when removed from
the tubular device, can naturally expand toward an unconstrained configuration to fully
occlude a blood vessel. For example, in certain embodiments the occlusion devices may
be pushed through and/or from the distal end of a catheter (e.g., ranging from 0.021"
(0.53 mm) microcatheter to a 5 French (1.67 mm) guide catheter) that is in place at the
site of embolization, among others. Upon exiting the catheter, the device will
automatically expand to the diameter of the blood vessel, occluding the same.

[0028] FIG. 1Ais a schematic side illustration of a vascular occlusion device 100 in an
unconstrained state, in accordance with an embodiment of the present disclosure. Fig.
1B is an isometric view of the occlusion device of Fig. 1A, and Fig. 1C is a side view of
the occlusion device 100 of Fig. 1A. The vascular occlusion device 100 shown has a
proximal end 100p and a distal end 100d. The vascular occlusion device 100 also
comprises a self-expanding support frame 110 having a longitudinal axis 110x, a
longitudinal center 110y and a diameter 110z. The support frame 110 may comprise a
plurality of wire segments including a plurality of radial wire segments 110a extending
radially from the axis 110x, in particular, extending radially from a hub 112a in the
embodiment shown. The support frame 110 may also comprise a plurality of
longitudinal wire segments 110b extending longitudinally relative to the longitudinal axis
110x, in particular, parallel to the longitudinal axis 110x in the embodiment shown.
Each radial wire segment 110a in the embodiment shown has a first radial wire segment
end portion 110al and a second radial wire segment end portion 110a2, wherein the

first radial wire segment end portion 110a1l is attached to the hub 112a and the second



WO 2017/011357 PCT/US2016/041665

radial wire segment end portion 110a2 is attached to one of the longitudinal wire
segments 110b.

{80291 The hub 112a may be integrally formed with the radial wire segments 110a or
may be a separate component from the radial wire segments 110a, for example, one
that is attachad to the radial wire segments 110a, which may be, for example, soldered,
welded, fused, glued, crimped, or otherwise joined together to the radial wire segments
110a.

(00307  The support frame 110 shown further inciudes a delivery feature 114 for
attachmerd to and detachment from an elongate delivery member, Strategiss for
reversible attachment include mechanical (e.g. threads, clamps, interlocking arms, etc.)
and electrical (e.g., electrolytic dissolution, etc.) strategies. Some particular exampies of
dedivery features inciude an arm {e.q., an atraumatic linking arm as shown) suitable for
interlocking with a complementary arm on a delivery device, a male or female threaded
feature for engagement with a complementary female or male threaded feature on a
delivery device, and so forth, While the delivery feature 114 shown is of a unitary
structure with the support frame 110, delivery featurg 114 may aiso be provided in the
form of & separate component that is attached to the support frame 110, for example,
soldered, welded, fused, glued, crimped, or otherwise joined to the support frame 110.
In another embodiment, for example, where the occlusion device 100 is merely pushed
from a catheter or sheath, no such delivery feature 114 is present.

[0031] The support frame 110 may optionally further comprise a plurality of additional
radial wire segments 110c extending radially from an additional hub 112b. Each
additional radial wire segment 110c in the embodiment shown has a first additional

radial wire segment end portion 110c1 and second additional radial wire segment end
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portion 110c2, wherein the first additional radial wire segment end portion 110cl is
attached to the additional hub 112b and the second additional radial wire segment end
portion110c2 is attached to one of the longitudinal wire segments 110b.

{30321 The additional hub 112b may be integrally formed with the additional radial wire
segments 110c (in the embodiment shown, the additional hub 112b is simply an
intersection point where the additional radial wire segments 110c meet), or it may be a
separate component from the additional radial wire segments 110c that is attached o
the additional radial wire segments 110c, for example, soldered, welded, fused, glued,
crimped, or otherwise joined together to the additional radial wire segments 110c.

[0033] In various embodiments, the point where each first radial wire segment end
portion 110al is attached to the hub 112a is proximal to the point where the second
radial wire segment end portion 110a2 is attached to one of the longitudinal wire
segments 110b. In the embodiment shown, this is achieved by using curved
(specifically, arc-shaped) radial wire segments 110a, but could also be achieved by
various other approaches including angling the radial wire segments 110a distally from
the hub 112a.

[0034] Analogously, in various embodiments, the point where each first additional radial
wire segment end portion 110c1 is attached to the additional hub 112b is distal to the
point where the second additional radial wire segment end 110c2 is attached to one of
the longitudinal wire segments 110b. As above, in the embodiment shown, this is
achieved by using curved (specifically, arc-shaped) additional radial wire segments 110c,
but could also be achieved by various other approaches including angling the additional

radial wire segments 110c proximally from the additional hub 112b.
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[0035] In various embodiments, the radial wire segments 110a, additional radial wire
segments 110c and longitudinal wire segments 110b are linear or substantially linear, for
example, comprising an arc having a radius of curvature of less than 20 degrees or
comprising no angle less than 160 degrees (wherein 180 degrees is linear).

[0036] Inthe embodiment shown, there are six radial wire segments 110a, six
longitudinal wire segments 110b, and six additional radial wire segments 110c.
However, other numbers of these segments may be employed including 3, 4, 5, 7, 8, 9,
10 or more. Moreover, while the radial wire segments 110a, longitudinal wire segments
110b, and additional radial wire segments 110c are evenly spaced in rotation around the
longitudinal axis 110x in the embodiment shown, this is not required.

[0037] The vascular occlusion device 100 also comprises a flexible substantially two-
dimensional insert 120 disposed within and attached to the support frame 110. As used
herein, a “substantially two-dimensional” object is one where the thickness of the object
is much less that the other dimensions (e.g., diameter, length/width, etc.), typically
having a thickness that 10% or less, 5% or less, or even 1% or less, relative to the
other dimensions.

[0038] The insert 120 assists the device in slowing or immediately halting blood flow
upon expansion of the support frame 110 in a blood vessel. Thus, in various
embodiments, the support frame 110 acts to anchors the device to the vessel, whereas
the insert is designed to reduce or eliminate blood flow.

[0039] Inthe embodiment shown, the insert 120 comprises a first insert portion 120a in
the form of a first partially closed three-dimensional form having an open end facing in a
proximal direction and a closed end proximate the longitudinal center 110y of the

support frame 110, wherein the diameter of the first insert portion 120a increases in a
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distal-to-proximal portion. The insert 120 also comprises a second insert portion 120b in
the form of a second partially closed three-dimensional form having an open end facing
in a distal direction and a closed end proximate the longitudinal center 110y of the
support frame 110, wherein the diameter of the second insert portion 120b increases in
a proximal-to-distal direction.

[0040] In the particular embodiment shown, the first insert portion 120a is attached to
the second insert portion 120b, although this is not required.

[0041] In the particular embodiment shown, the first insert portion 120a and second
insert portion 120b each comprise a hollow conical structure. Other structures,
however, are possible including hollow pyramidal structures and hollow partial
spheroidal structures, among others. Examples of hollow pyramidal structures include
hollow structures based on pyramids having a base with 3, 4, 5, 6, 7, 8, 9, 10 or more
sides. Examples of hollow partial spheroidal structures include hollow spheroidal caps
(formed by a plane passing through a spheroid such as a sphere, oblate spheroid, or
prolate spheroid) including spherical caps such as hemispheres, among others.

[0042] Because the first insert portion 120a faces in a proximal direction and the second
insert portion 120b faces in a distal direction, the device is configured to effectively
block fluid flow in both a proximal direction and a distal direction.

[0043] In some embodiments, the insert 120 may be permeable to blood and/or other
fluids, such as water. In some embodiments, the insert 120 may be impermeable to
such fluids.

[0044] In some embodiments, an insert 120 may be selected that promotes

endothelialization after implantation.
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[0045] In certain embodiments, the vascular occlusion device 100 may have an
expanded diameter that is 10-30% greater than the diameter of a vessel to be
embolized such that radial force assists in anchoring the device 100. Anchoring may
also be assisted by pressure associated with the direction of blood flow in embodiments
where the vessel to be embolized narrows in the direction of blood flow (e.qg., arterial
embolization).

[0046] In certain embodiments, at least a portion of the outer tissue-engaging surfaces
of the wire segments of the support frame 110 (e.g., outer surfaces of each longitudinal
wire segment 110b) may be roughened to better engage surrounding tissue.
Alternatively or in addition, in certain embodiments the occlusion device may include a
plurality of anchors (e.g., barbs, hooks, etc.) extending radially outward from the
support frame such that they can engage tissue and inhibit longitudinal movement of
the deployed vascular occlusion device. For instance, the support frame may be
provided with a plurality of hooks or barbs around its circumference (e.g., with one or
more hooks or barbs on each longitudinal wire segment 110b).

[0047] Because the geometry of the occlusion devices described herein is readily
scalable, occlusion devices can be manufactured in a variety of different outer diameters
and lengths.

[0048] For example, a vascular occlusion device having a compressed diameter
sufficiently small to occupy a 0.021 inch inner diameter catheter (i.e., less than 0.021
inch or 0.53 mm) may have an unconstrained diameter ranging from 3 mm to 22 mm.
Such devices are, for example, suitable for embolization of a vessel having an inner

diameter ranging from 2 mm to 18 mm.
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[0049]  Such devices are, for example, suitable for embolization of a vessel having an
unrestrained length ranging from 6 mm to 18 mm. The device when deployed may
have a length 10—-40% greater than unrestrained length.

[0050] In various embodiments, the support frame may be formed of a material that
has a shape memory that allows the material to be compressed and constrained at a
reduced compressed diameter and subsequently expand from the compressed diameter
upon removal of the constraint. Such material may be selected, for example, from a
metallic material, a metallic alloy, a ceramic material, a polymer, a metallic-polymer
composite, a ceramic-polymer composite, combinations thereof, and the like.
Particularly beneficial materials include metallic materials and/or alloys such as nickel-
titanium alloy (nitinol) (e.g., super elastic or linear elastic nitinol), stainless steel (e.g.,
303, 304v, or 316L stainless steel), nickel-chromium alloy, nickel-chromium-iron alloy,
cobalt alloy, nickel, titanium, platinum, and the like. In various embodiments, the hub
may be formed from such materials as well.

[0051] Support frames may be formed from these and other materials by various
methods. For example, in certain embodiments, a support frame may be formed from a
length of one or more wires wound onto a shaping mandrel and heated to impart shape
memory to the wire. One particularly beneficial wire is nitinol, which is desirable, for
example, due to its fatigue resistant properties and its ability to be compressed inside a
delivery system with excellent shape recovery. Once wound onto the mandrel, the
nitinol wire may be heat-treated above its transition temperature to impart memory into
the wire. The wire will assume the shape of the shaping mandrel. In some

embodiments, a support frame may be cut from a tubular member, such as a metallic
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hypotube, or other suitable starting substrate. In some embodiments, the support
frame may be formed in a mold from a melted material.

[0052] In some embodiments, a hub may be integrally formed with the support frame.
In some embodiments, after forming the support frame, a plurality of free ends of the
radial segments of the support frame may be fixedly attached to a hub, for example, by
adhesive(s), welding or soldering, friction fit, or other mechanical means. In some
embodiments, the hub is provided with an engagement feature such as a linking arm or
a male or female threaded member, among other possibilities.

[0053] Beneficial materials for the inserts described herein include polyesters such as
polyethylene terephthalate (PET), polyamides such as nylon, polyurethanes,
fluoropolymers such as polytetrafluoroethylene (PTFE), including expanded
polytetrafluoroethylene (ePTFE), and polyvinylidene difluoride (PVDF), polyalkylenes
such as polyethylene, or other suitable biostable materials known in the art. Temporary
covering materials may also be used in some embodiments and include polyesters such
as polylactide, polyglycolide, poly(lactide-co-glycolide), or other suitable biodegradable
materials known in the art, and natural tissue such as human tissue and decellularized
plant and animal tissue.

[0054] The insert may be porous or non-porous. Porous inserts may be formed by a
number of techniques including fiber-based techniques and techniques where a
membrane is rendered porous. Fiber-based fabrication techniques include, for example,
various woven and non-woven technigues, including weaving, knitting, braiding,
electrospinning, electrospraying, fusion techniques where fibers are fused to one
another (e.g., felt-forming techniques), among others. Techniques where a membrane

is rendered porous include laser cutting, molding and stretching (e.g., ePTFE).
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[0055] Pores, where present, may vary widely in diameter. In certain embodiments,
pore size may be less than the size of a normal platelet (6-8 um), for example ranging
from 50 nm to 5 um, in diameter.

[0056] In some embodiments a flat sheet of material (e.g., a porous or non-porous
polymeric material) may be formed into a partially closed three-dimensional form, for
example, by molding in the presence of heat and/or pressure or by combining multiple
pieces of material (e.g., where a pyramidal form is formed, with a separate piece of
material for each face), among other techniques.

[0057] In other embodiments, a partially closed three-dimensional form is formed
without a flat material intermediate, for example, by directly forming a woven or non-
woven fibrous material in the shape of a partially closed three-dimensional form (e.g.,
by spinning, weaving, knitting, or otherwise consolidating one or more fibers in the
desired partially closed three-dimensional form), by injection molding a polymer into the
desired form partially closed three-dimensional form, and so forth.

[0058] In some embodiments, the insert is formed on support frame (e.g., by weaving
the insert directly on the support frame).

[0059] In some embodiments, a preformed insert is threaded onto the support frame
(e.g., an insert may be threaded onto a frame comprising a first hub, radial segments
and longitudinal segments and the support frame subsequently completed by the
attachment of an additional hub and additional radial segments).

[0060] In some embodiments, a preformed insert may be attached to the expandable
frame by various methods. For example, in some embodiments, the support frame may
include a plurality of barbs or other anchors, which may project through the insert,

holding it in place. In some embodiments, the insert may be attached to the support
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frame by other suitable attachment means, such as adhesives, threads including
sutures, staples, welding or soldering, or other suitable attachment strategy.

[0061] In some embodiments the insert is wrapped around a portion of the support
frame and attached to itself, or a first sheet of insert material is attached to a second
sheet of insert material capturing portions of the frame the sheets, using a suitable
mechanism such as heat bonding, pressure bonding, solvent bonding, adhesive bonding,
threads including sutures, staples, or other suitable attachment strategy.

[0062] In various embodiments, the occlusion device may include imaging markers, for
example, radiopaque markers, which may be positioned at one or more points along the
device including (a) the distal end and/or proximal end and/or (b) certain points around
the circumference and/or along the length of the support frame. The hub and/or
detachment feature may also be formed from or provided with a radiopaque material.

In a particularly beneficial embodiment, radiopaque markers may be provided at
opposing ends of the device. Radiopague markers may be, for example, attached,
electroplated, dipped and/or coated at one or mare locations on the device, Radiopaque
materials are understood to be materials capable of producing a relatively bright image
on a fluoroscopy screen or another imaging technique such as X-ray during a medical
procedure. This relatively bright image aids the user of the device in determining its
position and/or orientation. Suitable radiopaque materials may include, but are not
limited to metals such as gold, platinum, palladium, tantalum, tungsten, metal alloys
comprising one or more of the preceding metals, bismuth subcarbonate, iodine and the
like.

[0063] In some embodiments, the vascular occlusion device may be coated with, or may

otherwise include a material that provides a smooth, slick outer surface. In some
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embodiments, the vascular occlusion device may include or be coated with a lubricious
coating, a hydrophilic coating, a hydrophobic coating, a drug-eluting material, or other
suitable coating depending on the intended use or application.

[0064] In some embodiments, vascular occlusion devices are provided in conjunction
with a delivery system that includes an elongate delivery member and tubular delivery
device.

[0065]  With reference to Figs. 2A and 2B, for delivery, the vascular occlusion device 100
may be compressed within a lumen of a tubular device such as a delivery catheter 160,
in a constrained position. An elongate delivery member such as a push rod or delivery
shaft 150 may also be disposed within the lumen of the delivery catheter 160 and, in
some embodiments, may be reversibly connected to the vascular occlusion device 100 at
the proximal end, such that the vascular occlusion device 100 can be advanced and
withdrawn relative to the catheter 160 as desired and eventually released within the
body. For example the delivery shaft 150 may comprise an arm that interlocks with a
complementary arm attached to the device, among various other possible mechanical
(e.g. male and female threaded components, etc.) and electrical (e.g., electrolytic
dissolution, etc.) ways of forming such a reversible connection. The delivery catheter
160, vascular occlusion device 100 and delivery shaft 150 collectively form a delivery
system.

[0066] The delivery system may be percutaneously introduced into a patient to deliver
the vascular occlusion device 100 to a desired vascular site 200 (e.g., an artery, vein,
etc.). Access to an artery or vein to be embolized may be achieved via the femoral

artery, femoral vein, or radial artery, among other access points. Initially, the vascular
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occlusion device 100 may be disposed in a first, constrained position within the lumen of
the delivery catheter 160, as shown in Fig. 2A.

[0067]  Upon reaching the desired delivery location, the delivery catheter 160 may be
withdrawn proximally while keeping the delivery shaft stationary, or the delivery shaft
150 may be advanced distally while the delivery catheter 160 is held stationary (i.e.,
relative movement between the delivery catheter 160 and the delivery shaft 150
occurs), such that the vascular occlusion device 100 emerges from the delivery catheter
160 and self-expands radially outward to an expanded position such that the outer
surface of the vascular occlusion device 100 conforms to the wall of the vascular site
200 as shown in Fig. 2B. Lastly, if attached, the delivery shaft 150 may be disconnected
from the proximal hub 112 and the delivery catheter 160 and delivery shaft 150
removed from the patient, leaving the vascular occlusion device at the vascular site 200
as shown in Fig. 2C.

[0068] Once implanted, the insert acts to slow or halt blood flow. In some
embodiments, the device may act as a substrate for coagulation, creating a permanent
embolus. In certain beneficial embodiments, the device may become integrated to the
vascular tissue. In some embodiments, the insert material physically blocks blood flow
(e.g., where the insert material is non-porous or has very small pores), without relying
on a coagulation cascade to form the blockage (c¢£, embolic coils and other devices
which require a coagulation cascade to form a blockage). This is advantageous, for
instance, in patients with coagulopathies (e.g. patients having dysfunctional clotting
cascades such that clots do not readily form).

[0069] Using these and other procedures, the blood vessel embolization devices

described herein may be implanted into a wide variety of vessels to be embolized,
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including a wide variety of arterial and venous blood vessels. Examples of arteries in
which the blood vessel embolization devices may be implanted include the following
arteries (including any divisions thereof): internal iliac artery (hypogastric artery),
external iliac artery, gastroduodenal artery, renal artery, hepatic artery, uterine artery,
lienal artery, splenic artery, intercostals artery, mesenteric artery, right gastric artery,
left gastric artery, lumbar artery, internal carotid artery, communicating artery, basilar
artery, bronchial artery, cerebral artery, cerebellar artery, profunda femoris artery,
gastroepiploic artery, and pancreaticoduodenal artery, among others. Examples of veins
in which the blood vessel embolization devices may be implanted include a pelvic vein,
internal iliac vein (hypogastric vein), portal vein and gonadal veins (e.g. spermatic vein
or ovarian vein, depending on gender), among others. Examples of blood vessels in
which the blood vessel embolization devices may be implanted further include abnormal
blood vessels, for example, arteriovenous fistulas and arteriovenous malformations,
among others.

[0070] In particularly beneficial embodiments, blood vessel embolization devices as
described herein may be employed to perform prophylactic gastroduodenal artery
embolization (the gastroduodenal artery is a branch of the common hepatic artery)
and/or right gastric artery embolization, for example, prior to YO0 therapy or other
microsphere therapy for hepatocellular carcinoma or liver metastases (e.g., drug eluting
microspheres, TACE, etc.) as well as to perform prophylactic hypogastric embolization
(the hypogastric artery is also known as the internal iliac artery) prior to AAA stent graft
implantation.

[0071] The vascular occlusion devices described herein are advantageous in these and

other procedures in that they are configured to block blood flow with only a single
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deployment and in that vessels can be embolized in which the direction of blood flow is
either proximal or distal.

[0072] In another aspect of the disclosure, medical kits useful in embolization
procedures are provided. The medical kits may include all or a subset of all the
components useful for performing the procedures. For example, the medical kits may
comprise any combination of any two, three, four, or more of the following items: (a) a
vessel occlusion device as described herein, (b) a tubular device (e.g., a catheter or
sheath) suitable for delivering the vessel occlusion device (in certain beneficial
embodiments, the vessel occlusion device may be compressed and preloaded into the
tubular device in a constrained, i.e., reduced diameter, shape), (c) an elongate delivery
member such as a delivery shaft, which may be reversibly connected to the vascular
occlusion device via a suitable mechanism such as one of those described hereinabove,
(d) a catheter introducer, (e) suitable packaging material, and (f) printed material with
one or more of the following: storage information and instructions regarding how to
deploy the vessel occlusion device in a subject.

[0073]  Although various embodiments are specifically illustrated and described herein, it
will be appreciated that modifications and variations of the present disclosure are
covered by the above teachings and are within the purview of the appended claims

without departing from the spirit and intended scope of the disclosure.
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IN THE CLAIMS:

1. A vascular occlusion device having a proximal end and a distal end, said occlusion device
comprising: (@) a support frame comprising a longitudinal axis and a longitudinal
center, the support frame being self-expandable from a constrained shape to an
unconstrained shape and comprising (i) a hub, (ii) a plurality of radial wire segments
extending radially from the hub and (iii) a plurality of longitudinal wire segments
extending longitudinally along the device and (b) a substantially-two dimensional insert
attached to said support frame and comprising (i) a first insert portion in a first partially
closed three-dimensional form that comprises a first open end and a first closed end,
wherein the first open end faces in a proximal direction and the first closed end is
positioned proximate the longitudinal center and (ii) a second insert portion in a second
partially closed three-dimensional form that comprises a second open end and a second
closed end, wherein the second open end faces in a distal direction and the second
closed end is positioned proximate the longitudinal center.

2. The vascular occlusion device of claim 1, wherein the first closed end of the insert
portion is attached to the second closed end of the second insert portion.

3. The vascular occlusion device of any of claims 1-2, wherein the first partially closed
three-dimensional form and a second partially closed three-dimensional form are
selected from a hollow conical form, a hollow pyramidal form and a hollow partial
spheroidal form.

4. The vascular occlusion device of any of claims 1-3, wherein the insert is a porous insert,
wherein the insert which comprises a polymeric material, or both.

5. The vascular occlusion device of any of claims 1-4, wherein the support frame comprises

from four to eight radial wire segments and from four to eight longitudinal segments.
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10.

11.

12.

13.

The vascular occlusion device of any of claims 1-5, wherein the radial wire segments
and the longitudinal wire segments are linear or substantially linear.

The vascular occlusion device of any of claims 1-6, wherein said radial wire segments
comprise a first radial wire segment end and a second radial wire segment end, wherein
the first radial wire segment end is attached to the hub, and wherein the second radial
wire segment end is attached to one of said longitudinal wire segments.

The vascular occlusion device of any of claims 1-7, further comprising an additional hub
and a plurality of additional radial wire segments extending radially from the additional
hub.

The vascular occlusion device of claim 8, wherein the additional radial wire segments
comprise a first additional radial wire segment end and a second additional radial wire
segment end, wherein the first additional radial wire segment end is attached to the
additional hub, and wherein the second additional radial wire segment end is attached
to one of said longitudinal wire segments.

The vascular occlusion device of any of claims 1-9, wherein the hub comprises an
attachment feature.

The vascular occlusion device of any of claims 1-10, wherein the support frame
comprises a plurality of anchors.

An assembly comprising the vascular occlusion device of any of claims 1-11 and an
elongated delivery member that is configured to be attached to and detached from the
vessel occlusion device.

The assembly of claim 12, wherein the elongated delivery member and the vascular
occlusion device comprise interlocking arms, wherein the elongated delivery member

and the vascular occlusion device comprise a threaded male member and a threaded
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female receptacle, or wherein the elongated delivery member and the vascular occlusion
device are configured to be detached by electrolysis.

14. A kit comprising a vascular occlusion device in accordance with any of claims 1-11, a
tubular delivery device and, optionally, an elongated delivery member that is configured
to be attached to and detached from the vascular occlusion device.

15. The kit of claim 14, wherein the vascular occlusion device is compressed and preloaded

into the tubular device in said constrained shape.
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