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OCCLUSIVE DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority benefit of U.S. Provisional Application

No. 61/789,423, filed March 15, 2013, the entirety of which is incorporated herein by

reference.

BACKGROUND

Field of the Inventions

[0002] The present inventions relate to implantable devices. More specifically,

the present inventions relate to occlusive devices that can be implanted intravenously, and in

some embodiments, for aneurysm therapy.

Description of the Related Art

[0003] Walls of the vasculature, particularly arterial walls, may develop areas of

pathological dilatation called aneurysms. As is well known, aneurysms have thin, weak walls

that are prone to rupturing. Aneurysms can be the result of the vessel wall being weakened by

disease, injury or a congenital abnormality. Aneurysms could be found in different parts of

the body with the most common being abdominal aortic aneurysms and brain or cerebral

aneurysms in the neurovasculature. When the weakened wall of an aneurysm ruptures, it can

result in death, especially if it is a cerebral aneurysm that ruptures.

[0004] Aneurysms are generally treated by excluding the weakened part of the

vessel from the arterial circulation. For treating a cerebral aneurysm, such reinforcement is

done in many ways including: (i) surgical clipping, where a metal clip is secured around the

base of the aneurysm; (ii) packing the aneurysm with small, flexible wire coils (micro-coils);

(iii) using embolic materials to "fill" or "pack" an aneurysm; (iv) using detachable balloons

or coils to occlude the parent vessel that supplies the aneurysm; and (v) intravascular

stenting.

[0005] In conventional methods of introducing a compressed stent into a vessel

and positioning it within in an area of stenosis or an aneurysm, a guiding catheter having a



distal tip is percutaneously introduced into the vascular system of a patient. The guiding

catheter is advanced within the vessel until its distal tip is proximate the stenosis or

aneurysm. A guidewire positioned within an inner lumen of a second, inner catheter and the

inner catheter are advanced through the distal end of the guiding catheter. The guidewire is

then advanced out of the distal end of the guiding catheter into the vessel until the distal

portion of the guidewire carrying the compressed stent is positioned at the point of the lesion

within the vessel. Once the compressed stent is located at the lesion, the stent may be

released and expanded so that it supports the vessel.

[0006] Numerous companies have pursued ball-type embolization devices for

aneurysm treatment. Generally, braid-ball embolic devices for aneurysm treatment and/or

other types of embolization operate through blood flow disruption and subsequent thrombus

formation.

[0007] The braid density of the device has an effect on blood flow through the

device. Greater braid density in the implant results in greater flow disruption, less time to

occlusion, and/or improved likelihood of durable occlusion. The size of microcatheter

through which the device can be tracked to achieve endovascular access sets the primary

limitation on the amount of braid (i.e., size and number of filaments) that may be included in

the device. Device configuration for tracking then becomes the remaining design variable

that can be leveraged to achieve desired performance.

SUMMARY

[0008] Systems and procedures for treating aneurysms can include an

embolization device having one or more expandable components that can be inserted into an

aneurysm to facilitate a thrombotic, healing effect. The components can have distinct and

specific characteristics, including porosity, composition, material, shape, size, coating, and

the like. These characteristics can be selected in order to achieve a desired treatment or

placement of the device.

[0009] In accordance with some embodiments, the device can comprise at least

two sections formed from a single, continuous piece of material that is shape set such that the

sections comprise different shapes or sizes. In some embodiments, a first of the sections can



serve a first function and a second of the sections can serve a second function. The first

function can include mitigating migration of components or sections of the device, ensuring

that the device doesn't pierce the aneurysm wall, providing a frame for the device, or other

support or structural functions for device operation. The second function can entail filling

the volume of the aneurysm, whether with single or multiple interconnected components.

When being placed, the first function can be performed before or after the second function.

Accordingly, the first section can be placed into the aneurysm before, after, or concurrently

with the second section.

[0010] For example, the first section can function as an atraumatic tip portion that

can be placed into an aneurysm before the second portion, providing the second portion a

"nest" or cushion when received within the aneurysm. Further, the first section can comprise

a framing member into which the second section can be inserted. Accordingly, in some

embodiments, the first and second sections can have functions that are interrelated or

complimentary. Thus, some embodiments of the device can advantageously integrate

multiple components into a device comprising a single, continuous piece of material that

provides dynamic and complex functionality.

00 ] The subject technology is illustrated, for example, according to various

aspects described below. Various examples of aspects of the subject technology are

described as numbered clauses (1, 2, 3, etc.) for convenience. These are provided as

examples and do not limit the subject technology. It is noted that any of the dependent

clauses may be combined in any combination, and placed into a respective independent

clause, e.g., clause 1 or clause 5. The other clauses can be presented in a similar manner.

[0012] Clause 1. An aneurysm embolization device, comprising: a body portion

having a first end and being self-expandable to a first expanded configuration; and an

atraumatic tip portion extending from the first end and being self-expandable to a second

expanded configuration, different from the first expanded configuration; wherein the body

portion and the tip portion comprise a single, continuous piece of material. The second

configuration can be different in shape or size from the first expanded configuration.

[0013] Clause 2. The device of Clause 1, wherein in the device further comprises

a lumen extending continuously through the body portion and the tip portion.



[0014] Clause 3. The device of Clause 2, wherein the lumen comprises a non-zero

diameter in the first expanded configuration of the body portion and a substantially zero

cross-sectional dimension in the second expanded configuration of the tip portion. The cross-

sectional dimension can comprise a diameter or width of the lumen.

[0015] Clause 4. The device of any of Clauses 2 to 3, wherein the lumen in the

body portion expands when the body portion is released from a compressed state.

[0016] Clause 5. The device of any of Clauses 2 to 4, wherein the lumen diameter

in the body portion varies along a longitudinal length of the body portion in the first

expanded configuration.

[0017] Clause 6. The device of any of Clauses 1 to 5, wherein in a compressed

state, the body portion and the tip portion comprise an outer diameter of between about

0.010" and about 0.050".

[0018] Clause 7. The device of any of Clauses 1 to 6, wherein in a compressed

state, the body portion and the tip portion comprise an outer diameter of between about

0.015" and about 0.030".

[0019] Clause 8. The device of any of Clauses 1 to 7, wherein in a compressed

state, the body portion and the tip portion comprise an outer diameter of between about

0.020" and about 0.025".

[0020] Clause 9. The device of any of Clauses 1 to 8, wherein in the second

expanded configuration, a lumen of the tip portion comprises an inner diameter of between

about 0.010" and about 0.050".

[0021] Clause 10. The device of any of Clauses 1 to 9, wherein in the second

expanded configuration, a lumen of the tip portion comprises an inner diameter of between

about 0.0 15" and about 0.030".

[0022] Clause 1 . The device of any of Clauses 1 to 10, wherein in the second

expanded configuration, a lumen of the tip portion comprises an inner diameter of between

about 0.020" and about 0.025".

[0023] Clause 12. The device of any of Clauses 1 to 11, wherein in the first

expanded configuration, a lumen of the body portion comprises a maximum inner diameter of

between about 0.080" and about 0.250".



[0024] Clause 13. The device of any of Clauses 1 to 12, wherein the tip portion is

shape-set as a helical member.

[0025] Clause 14. The device of any of Clauses 1 to 13, wherein the piece of

material comprises a tubular material.

[0026] Clause 15. The device of any of Clauses 1 to 14, wherein the piece of

material comprises a braided material.

[0027] Clause 16. The device of any of Clauses 1 to 15, wherein the body portion

comprises a single layer of braided filaments.

[0028] Clause 17. The device of any of Clauses 1 to 16, wherein the body portion

comprises a dual layer of braided filaments.

[0029] Clause 18. The device of any of Clauses 1 to 17, wherein the body portion

comprises a folded end, opposite the first end, whereat the layers of braided filaments meet.

[0030] Clause 19. The device of any of Clauses 1 to 18, wherein the piece of

material is folded onto itself along the body portion.

[0031] Clause 20. The device of any of Clauses 1 to 19, wherein the piece of

material comprises a first end positioned at a free end of the tip portion, opposite the body

portion first end, the piece of material being folded onto itself along the body portion.

[0032] Clause 2 1. The device of Clause 20, wherein the piece of material

comprises a second end positioned at the body portion first end.

[0033] Clause 22. The device of Clause 20, wherein the piece of material is

folded onto itself along the body portion and the tip portion.

[0034] Clause 23. The device any of Clauses 1 to 22, wherein the expandable

body portion comprises a cup shape.

[0035] Clause 24. The device of any of Clauses 1 to 23, wherein the expandable

body portion comprises a disc shape.

[0036] Clause 25. The device of any of Clauses 1 to 24, wherein the expandable

body portion comprises a closed, rounded three-dimensional shape.

[0037] Clause 26. The device of Clause 25, wherein the closed, rounded three-

dimensional shape comprises a solid of revolution, a spheroid, or an ellipsoid.



[0038] Clause 27. The device of any of Clauses 1 to 26, wherein the body portion

comprises a plurality of expandable members.

[0039] Clause 28. The device of Clause 27, wherein the plurality of expandable

members comprises closed, rounded three-dimensional shapes.

[0040] Clause 29. The device of any of Clauses 1 to 28, wherein the tip portion is

shape-set such that the second expanded configuration comprises a hollow cage shape.

[0041] Clause 30. The device of any of Clauses 1 to 29, further comprising a hub

coupled to the device at the first end.

[0042] Clause 3 1. The device of Clause 30, wherein the body portion converges

to a substantially zero dimension at the hub.

[0043] Clause 32. An aneurysm embolization device, comprising: a tubular body

having first and second portions being self-expandable from a first cross-sectional dimension,

the first portion being expandable to an expanded cross-sectional dimension greater than an

expanded cross-sectional dimension of the second portion, the first portion expanding to a

globular shape and the second portion extending away from the first portion in a substantially

helical path. The cross-sectional dimensions can comprise a diameter or width.

[0044] Clause 33. The device of Clause 32, wherein the second portion is shape-

set to substantially the first cross-sectional dimension and a longitudinal axis of the second

portion extends along the substantially helical path.

[0045] Clause 34. The device of any of Clauses 32 to 33, wherein the body

comprises a tubular braid.

[0046] Clause 35. The device of any of Clauses 32 to 34, wherein the first and

second portions are formed from a single, continuous tubular braid.

[0047] Clause 36. The device of any of Clauses 32 to 35, further comprising a hub

coupled to the device at a midsection between the first and second portions.

[0048] Clause 37. A method of manufacturing an aneurysm embolization device,

comprising: shape-setting a body portion of a device to a first shape; shape-setting a tip

portion of the device to a second shape, different than the first shape, the tip portion and body

portion being a single, continuous piece of material; wherein the body portion and the tip



portion are self-expandable from a first configuration to the respective first and second

shapes.

[0049] Clause 38. The method of Clause 37, wherein the shape-setting a body

portion comprises positioning the body portion around a form.

[0050] Clause 39. The method of any of Clauses 37 to 38, wherein the shape-

setting a body portion comprises inserting a form into a tubular material.

[0051] Clause 40. The method of any of Clauses 37 to 39, wherein the shape-

setting a body portion comprises setting the first shape to a cup shape.

[0052] Clause 41. The method of any of Clauses 37 to 40, wherein the shape-

setting a body portion comprises setting the first shape to a disc shape.

[0053] Clause 42. The method of any of Clauses 37 to 41, wherein the shape-

setting a body portion comprises setting the first shape to a closed, rounded three-

dimensional shape.

[0054] Clause 43. The method of Clause 42, wherein the closed, rounded three-

dimensional shape comprises a solid of revolution, a spheroid, or an ellipsoid.

[0055] Clause 44. The method of any of Clauses 37 to 43, wherein the shape-

setting a body portion comprises setting the first shape to a plurality of expandable members.

[0056] Clause 45. The method of Clause 44, wherein the plurality of expandable

members comprises closed, rounded three-dimensional shapes.

[0057] Clause 46. The method of any of Clauses 37 to 45, wherein the shape-

setting a tip portion comprises setting the second shape to a helical shape.

[0058] Clause 47. The method of Clause 46, wherein the shape-setting a tip

portion comprises winding the tip portion around a mandrel.

[0059] Clause 48. The method of any of Clauses 37 to 47, wherein the shape-

setting a tip portion comprises setting the second shape to a hollow cage.

[0060] Clause 49. The method of any of Clauses 37 to 48, further comprising

everting a tubular material of the device such that the body portion comprises a dual layer of

material.



[0061] Clause 50. The method of Clause 49, wherein the everting comprises

positioning a first end of the tubular material adjacent to a midsection between the body

portion and the tip portion.

[0062] Clause 5 1. The method of any of Clauses 37 to 50, wherein the piece of

material comprises a tubular braid.

[0063] Clause 52. The method of Clause 5 1, further comprising removing

filaments of the tubular braid from the tip portion.

[0064] Clause 53. An aneurysm embolization device, comprising any

combination of the features disclosed herein.

[0065] Clause 54. A method of manufacturing any of the aneurysm embolization

devices disclosed herein using any of the steps disclosed herein.

[0066] Additional features and advantages of the subject technology will be set

forth in the description below, and in part will be apparent from the description, or may be

learned by practice of the subject technology. The advantages of the subject technology will

be realized and attained by the structure particularly pointed out in the written description and

embodiments hereof as well as the appended drawings.

[0067] It is to be understood that both the foregoing general description and the

following detailed description are exemplary and explanatory and are intended to provide

further explanation of the subject technology.

BRIEF DESCRIPTION OF THE DRAWINGS

[0068] Various features of illustrative embodiments are described below with

reference to the drawings. The illustrated embodiments are intended to illustrate, but not to

limit, the disclosure. The drawings contain the following figures:

[0069] Figure 1 is a cross-sectional side view of an implant expanded within an

aneurysm, according to some embodiments.

[0070] Figure 2 is a side view of an implant, according to some embodiments.

[0071] Figures 3A-3C are partial side, cross-sectional views of an implant in

stages of deployment from a delivery catheter, according to some embodiments.



[0072] Figures A- are side, cross-sectional views of transition sections of

implants, according to some embodiments.

[0073] Figure 5 is a side, cross-sectional view of a single layer implant, according

to some embodiments.

[0074] Figures 6A-6C illustrate steps in a process for manufacturing an implant,

according to some embodiments.

[0075] Figure 7 is a side, cross-sectional view of a dual layer implant, according

to some embodiments.

[0076] Figures 8A-8C illustrate steps in a process for manufacturing an implant,

according to some embodiments.

[0077] Figure 9A is a perspective view of a configuration of an implant,

according to some embodiments.

[0078] Figure 9B is a side, cross-sectional view of the implant of Figure 9A

released into an aneurysm, according to some embodiments.

[0079] Figure 10A is a perspective view of another configuration of an implant,

according to some embodiments.

[0080] Figure 0B is a side, cross-sectional view of the implant of Figure 10A

released into an aneurysm, according to some embodiments.

[0081] Figure 1 is a perspective view of yet another configuration of an implant,

according to some embodiments.

DETAILED DESCRIPTION

[0082] In the following detailed description, numerous specific details are set

forth to provide a full understanding of the subject technology. It should be understood that

the subject technology may be practiced without some of these specific details. In other

instances, well-known structures and techniques have not been shown in detail so as not to

obscure the subject technology.

[0083] Further, while the present description sets forth specific details of various

embodiments, it will be appreciated that the description is illustrative only and should not be

construed in any way as limiting. Additionally, it is contemplated that although particular



embodiments may be disclosed or shown in the context of aneurysm therapy, such

embodiments can be used in other applications for occluding vessels. Furthermore, various

applications of such embodiments and modifications thereto, which may occur to those who

are skilled in the art, are also encompassed by the general concepts described herein.

[0084] Delivery systems, implants, and methods of making the implants are

provided herein. The implant can be useful for treating neurovascular defects. One use is in

intracranial aneurysm embolization/occlusion and another in parent vessel occlusion (PVO)

or sacrifice. Further, some embodiments can comprise features related to certain aspects of

the present assignee's U.S. Patent No. 8,142,456, the entirety of which is incorporated herein

by reference.

[0085] In accordance with some embodiments disclosed herein, an embolization

implant or device can comprise two or more sections having different shapes or

configurations, which can enable the device to provide distinct functions or operational

characteristics. The device can comprise a single, continuous piece of material that extends

along each of the sections thereof. The piece of material can be shape set such that each of

the sections achieves a desired shape or configuration. Accordingly, because some

embodiments of the device use only a single piece of material, the device can advantageously

integrate various functions previously performed by several devices into a continuous device.

Thus, some embodiments allow the device to perform various discrete functions while

operating as a unitary or single component.

[0086] For example, some embodiments of the implant can be formed from

tubular braid stock comprising a resilient material such as Nitinol, that defines an open

volume (ellipsoidal, spheroidal, spherical, substantially spherical/round, heart-shaped, ovoid,

barrel-shaped or otherwise configured in cross section, etc.) in an

uncompressed/unconstrained state. The device can be set within an aneurysm sac, such as at

a vascular bifurcation. The implant can be delivered by access through the trunk vessel (e.g.,

the basilar artery), preferably through a commercially available microcatheter (not shown)

with a delivery system, such as that described herein.

[0087] The device can comprise at least two portion: a first portion comprising an

atraumatic tip, neck blocking, or framing portion, and a second portion comprising a volume-



filling portion. In some embodiments, the first section can be configured to precede the

second section when being placed into a body lumen that is to be occluded, such as an

aneurysm. In such embodiments, a first portion or component of the device can be shape set

to provide a function related to atraumatic entry into aneurysm or framing of an aneurysm.

Further, a second portion, tip portion, or component of the device can be shape set to expand

into one or more expandable components that can be advanced into an aneurysm to fill or

pack the aneurysmal space or block the neck or ostium of the aneurysm to prevent herniation

of embolic material therefrom. However, the order of placement can also be reversed, such

as when the first section comprises a neck blocking portion.

[0088] In some embodiments, the first portion of the device can be shape set to a

minimal cross-sectional dimension, profile, or diameter. For example, the first portion of the

device can be drawn down, e.g., twisted or longitudinally straightened, to a minimum cross-

sectional dimension and shape set such that when unconstrained, the first portion assumes the

minimum cross-sectional dimension. Further, in some embodiments, the first portion can be

shape set to provide a secondary configuration, such as a helical member or framing member.

In some embodiments, the first portion can be shape set to comprise a flexible coil-type

element or a series of interconnected expandable components. Thus, the first portion can, for

example, serve an atraumatic protective, framing, or volume-filling function.

[0089] In some embodiments, the second portion of the device can be shape set to

expand from a minimum cross-sectional dimension, when unconstrained, to an expanded

profile that is much greater than the unconstrained profile of the first portion. For example,

the second portion can expand to a round, three-dimensional shape, such as an ellipsoid, a

cup, a barrel, and combinations thereof. Thus, the second portion can serve, for example, a

volume-filling or neck blocking function.

[0090] Further, the second portion of the device can be shape set to a plurality of

expandable interconnected components. For example, the second portion can expand into a

series of interconnected ellipsoids. Various other shapes and features can be implemented, as

discussed herein.

[0091] In some embodiments, the device can have a predetermined configuration,

whether or not the device has only a single or multiple expandable components. The



predetermined configuration can be based on typical aneurysm shapes, thereby allowing

selection of a specific device. However, individual components of a device can also be

arranged based on desired properties.

[0092] In some embodiments, expandable component(s) of the first or second

portions of the device may be shape set or manufactured into a variety of geometrical or

partial geometrical shapes.

[0093] For example, in order to accommodate a variety of aneurysm

configurations, the shape or size of the expandable component(s) can be selected from a

variety of spherical or non-spherical shapes, including, cylinders, hemispheres, noodles,

polyhedrons (e.g., cuboids (types), tetrahedrons (e.g. pyramids), octahedrons, prisms), coils,

prolate spheroids, oblate spheroids, plates (e.g., discs, polygonal plates), bowls (e.g„ an open

container, such as a hollow, hemispherical container or other open, hollow containers,

whether hemispherical, rounded, or otherwise), non-spherical surfaces of revolution (e.g.,

toruses, cones, cylinders, or other shapes rotated about a center point or a coplanar axis), and

combinations thereof.

[0094] A variety of delivery systems and procedures can be implemented to

deliver a device having a specific size or shape and, in some embodiments, having a plurality

of expandable components. Further, systems and methods are provided for delivery of a

device to an aneurysm and/or recapturing the device for removal or repositioning. Examples

of these systems and procedures are discussed further herein.

[0096] Additionally, although in some embodiments, a single device can be used

alone to fill the aneurysm and provide a desired packing density or fill volume, a plurality of

devices can also be used to fill the aneurysm and provide a desired packing density or fill

volume.

[0097] Optionally, a liquid embolic and/or a framing component can be used in

combination with one or more devices to facilitate delivery, engagement with the aneurysm,

or increase of the packing density or fill volume. Any of these embodiments can allow

increased packing density or fill volume to avoid recanalization of the aneurysm.

[0098] Referring now to the drawings, Figure 1 illustrates an embodiment of an

embolization device 10 positioned within an aneurysm 12 in a blood vessel 14. The device 10



can be particularly adapted for use in the tortuous neurovasculature of a subject for at least

partial deployment in a cerebral aneurysm.

[0099] A cerebral aneurysm may present itself in the shape of a berry, i.e., a so-

called berry or saccular aneurysm, which is a bulge in the neurovascular vessel. Berry

aneurysms may be located at bifurcations or other branched vessels. Other types of

aneurysms, including fusiform aneurysms, can also be treated using embodiments of the

devices disclosed herein.

[0100] The device 10 can comprise at least one expandable component. In some

embodiments, the device 10 can comprise a plurality of expandable components. Further, a

given expandable component of the device 0 can have one or more different characteristics

than another of the expandable components of the device 10. An expandable component can

be formed from a material that can be highly compressed and later expanded when released

into the aneurysm and contacted by a fluid, such as a fluid within the aneurysm.

[0101] Referring now to Figures 2-3C, some embodiments can provide a device

00 having two or more expandable components. For example, the device 100 can comprise

a first portion 102 and a second portion 104 that can each expand from a first or collapsed

cross-sectional dimension or profile to an expanded cross-sectional dimension or profile. As

discussed herein, the first portion 102 can comprise an expanded profile that is different in

shape or size from the expanded profile of the second portion 104. As illustrated in Figure

3C, the first portion 02 can comprise a generally globular shape while the second portion

104 can comprise a bundled configuration that extends in a helical path.

[0102] The device 00 can be formed from a continuous piece of material. For

example, the material can comprise a plurality of braided filaments, a knitted material, or a

woven material. Further, in some embodiments, the device 100 can comprise a tubular mesh

that is shape set to define the first and second portions 102, 104. For example, with regard to

the first portion 102, the tubular mesh can be shape set such that the first portion 102 defines

an open volume and the filaments converge toward proximal and distal ends 112, 114 of the

first portion to form a generally ellipsoidal shape.

[0103] In accordance with some embodiments, the first portion 102 can comprise

any of a variety of three-dimensional shapes, such as ellipsoidal, spheroidal, spherical,



substantially spherical/round, heart-shaped, ovoid, barrel-shaped, etc. In particular, in some

embodiments, the first portion 102 can comprise a shape selected from the group consisting

of cylinders, hemispheres, polyhedrons, prolate spheroids, oblate spheroids, plates, bowls,

hollow structures, clover shapes, non-spherical surface of revolution, and combinations

thereof. Additional expandable components can be provided that have substantially spherical

shapes.

[0104] Additionally, the second portion 104 can comprise a shape different from

that of the first portion 102. For example, the second portion 04 can comprise a helical

shape, a zig-zag shape, a sinusoidal shape, or any of a variety of three-dimensional forms.

[0105] The device and tip portion are shown as being formed from the plurality of

braided filaments. The second portion 104 can have a relatively large coil diameter

(compared to the dimension of the first portion 102), which can create large coil loops. In

some embodiments, a plurality of braided filaments can be bundled to form a coil having at

least two and as many as ten loops. Further, in some embodiments, the second portion 104

can have between about three and about eight loops. Furthermore, in some embodiments,

the second portion 04 can have about six loops.

[0106] Moreover, in some embodiments, the second portion 04 can extend along

edges of a three-dimensional shape such that the second portion 104 operates as a framing

member when inserted into an aneurysm.

[0107] Optionally, the first and second portions 102, 104 can have different sizes.

For example, the expanded profile of the first portion 102 can be greater than an expanded

profile of the second portion 104, as illustrated in Figure 2 . However, as shown in Figure 1,

which illustrates that the second portion of the device can be formed into a framing member,

the second portion of the device can comprise an expanded profile that is greater than the

expanded profile of the first portion.

[0108] In accordance with some embodiments, the profile, size, or shape of the

first and second portions 102, 104 can vary along their respective lengths. For example, in

some embodiments, the first portion 102 can comprise a plurality of expandable components

(see e.g., elements 710 of Figure 11). In such embodiments, the plurality of components can

expand to different profiles, sizes, or shapes. Similarly, the second portion 04 can also



expand to a variable profile. For example, the second portion 04 can be shape set into a

helical member that extends along a variable helical path. Further, the second portion 104

can comprise a helical member and a framing member, according to some embodiments.

[0109] In accordance with some embodiments, methods of placing an

embolization device within an aneurysm are also provided. Figures 3A-3C illustrate a

deployment sequence of a device 100 is moved through a catheter 200. These figures

illustrate various stages of expansion or recapture of the device 1 0 within the catheter 200.

In accordance with some embodiments of the methods disclosed herein, the device 100 can

be partially released and recaptured into the catheter 200 after initial deployment into the

fundus of the aneurysm. The placement of the device 100 can therefore be carefully selected

in order to provide superior placement within the aneurysm and optimal results.

[0110] In some embodiments in which the delivery system enables a clinician to

retrieve or recapture the device, the delivery/retrieval member can comprise the Alligator

Retrieval Device, manufactured by Covidien LP. The Alligator Retrieval Device can include

a flexible wire having a plurality of gripping arms or elements, e.g., four arms, at the distal

end of the flexible wire. Other embodiments for the gripping elements include a clover leaf

design, fish hook design, or dissolvable coupling.

[0111] Further, a suitable microcatheter adaptable for navigation through the

tortuous neurovascular space to access the treatment site is disclosed in commonly assigned

U.S. Patent No. 7,507,229, the entire contents of which are hereby incorporated herein.

[0112] As shown in Figure 3A, the device 100 can be advanced towards a distal

end 202 of the catheter 200. In some embodiments, the device 100 can be pushed at the

proximal end of the first section 102. However, the device 100 can also be pulled via

attachment to a distal end of a guide wire or other member operative to advance the device

00 through the catheter 200 by applying a distal force at a distal end 8 of the second

portion 104.

[0113] The catheter 200 can be selected such that an inner diameter of the lumen

204 closely approximates the first or collapsed, shape set cross-sectional dimension or profile

210 of the second portion 104. For example, in some embodiments, the second portion 104

can be shape set to a diameter of 0.021 inches. While being advanced through the catheter



lumen 204, the second portion 104 can tend to avoid buckling if the catheter lumen 204

closely approximates the shape set diameter of the second portion 104. Accordingly, in some

embodiments, the diameter of the lumen 204 should be less than two times the cross-

sectional dimension or diameter of the smallest portion of the device 100. Preferably, the

diameter of the lumen 204 is less than two times the cross-sectional dimension or diameter of

the smallest portion of the device 100. Further, the diameter of the lumen 204 can be less

than 1 ½ times the cross-sectional dimension or diameter of the smallest portion of the device

00.

[0114] Advantageously, the second portion 104 can provide a soft cushion or

buffer for the device as the device 100 is placed into the aneurysm. Initially, the second

portion 104 can be used to facilitate initial placement or location of the device 100 into the

aneurysm. For example, the second portion 04 can be partially exposed (e.g., a sheath or

catheter can be proximally retracted relative to the device 100 such that at least a portion of

the second portion 104 extends from the distal opening of the sheath or catheter). The

exposed portion of the second portion 104 can then be used to "anchor" or catch the assembly

so that the device 00 and/or sheath/catheter can be further inserted into the aneurysm.

[0115] In some embodiments, the device 100 can comprise a radiopaque marker.

For example, the radiopaque marker can be placed at the distal end 8 of the second portion

04. Accordingly, when advancing the device 100, the location and placement of the device

100 can be easily visualized under fluoroscopy. Further, in some embodiments, one or more

filaments, materials, or coatings can be applied to either or both of the first and second

portions 102, 104.

[0116] Once the device 100 and catheter 200 are properly positioned relative to

the aneurysm (e.g., within the aneurysm or at least adjacent to the neck of the aneurysm so

that the device 00 can be expanded into contact with the walls of the aneurysm), the device

100 can thereafter be expanded into contact with the walls of the aneurysm.

[0117] As shown in Figure 3B, as the device 100 is advanced out of the distal end

202 of the catheter 200, the second portion 104 can expand. According to some

embodiments, even when released from the catheter 200, the cross-sectional dimension of the

second portion 104 will not tend to expand beyond a shape set cross-sectional dimension or



diameter of 0.021 inches. Instead, the second portion 104 can expand to a secondary

configuration, such as a helical member or framing member.

[0118] When released, as shown in Figure 3C, the device 100 can expand from its

first or collapsed configuration such that the first and second portions 102, 104 expand into

contact with a wall of the aneurysm. In accordance with some embodiments, as the device

100 expands into contact with the walls of the aneurysm, the second portion 04 can provide

a nest or volume of material against which the distal end, and in some embodiments, a

marker or fastener at the distal end, can be placed. This can be especially advantageous to

protect the aneurysm wall against any hub or noncompliant structure of the device (see e.g.,

element 322 of Figure 4B).

[0119] For example, in some embodiments, the second portion 104 can comprise

a bundle of the braided filaments, the second portion 04 can provide a substantial cushion or

buffer into which the distal end of the device 100 can be safely nestled. Features of these and

other embodiments can advantageously serve to gather the second portion 104 (e.g., the

bundle of braided filaments, in some embodiments) into a bunch configuration that can be

interposed between the distal end of the device 100 and the aneurysm dome in order to

prevent or avoid puncture of the aneurysm dome, as illustrated in Figure .

[0120] Figures 4A-4B illustrate side, cross-sectional views of devices 300, 320.

With reference to Figure 4A, the devices 300, 302 each comprise a first portion 302 and a

second portion 304. As shown, the device 300 can comprise a single, continuous piece of

material 310 that extends from the first portion 302 to the second portion 304. For example,

the material 3 10 can comprise a tubular braid, knit, weave, or mesh. The tubular braid or

mesh can comprise an inner lumen 312 that extends continuously from the first portion 302

to the second portion 304. However, as illustrated in both Figures 4A 4B, the inner profile

or dimension of the lumen 3 12 can comprise a substantially zero cross-sectional dimension in

the second portion 304. In accordance with any of the embodiments disclosed herein, the

cross-sectional dimension can comprise a diameter or width.

[0121] For example, the cross-sectional dimension can be "substantially zero"

even if the lumen 312 has open pockets. The term "substantially zero" can encompass

configurations in which lumen 3 12 of the second portion 304 converges onto itself in a non-



zero cross-sectional dimension, such as when the lumen 312 collapses with an inner surface

thereof contacting itself in a shape set configuration. Furthermore, the term "substantially

zero" can also refer to a contrasting (i.e., much smaller) size relative to the expanded

dimension of the first portion 302. Indeed, when released from constraint, the cross-sectional

dimension of the lumen 312 in the first portion 302 can expand to a degree much greater than

the lumen 312 in the second portion 304.

[0122] Additionally, in accordance with some embodiments, the first and second

portions 302, 304 can define a transition portion 314 whereat the material of the first portion

302 converges toward itself until achieving a substantially reduced profile whereat second

portion 304 begins. In some embodiments, as shown in Figure 4A, the transition portion 314

can be formed as a shape set configuration. However, in some embodiments, as shown in

Figure 4B, the transition portion 314 can further comprise a hub 322 that can secure the

transition portion and urge the material 310 toward a reduced profile.

[0123] Referring now to Figure 5, another embodiment of an embolization device

400 is shown. The device 400 can comprise a single layer of material. For example, the

device 400 can comprise a single layer of braided filaments. However, as illustrated in

Figure 7, at least a portion of an embolization device 500 can comprise multiple layers of

material, such as braided filaments.

[0124] A process for manufacturing the device 400 of Figure 5 is illustrated in

Figures 6A- 6C. As shown in Figure 5, device 400 comprises a generally globular first

portion 402 and a generally helical second portion 404. Initially, a single tubular braid 4 0

having a substantially constant inner dimension or profile is placed over a first wire 420, as

shown in Figure 6A. Thereafter, the braid 410 can be placed over a form 430. In some

embodiments, once the form 430 has been inserted into the braid 410, a compression form

432 can be placed around the braid 410. The braid 410 can then be shape set such that the

portion of the braid 410 fitted over the form 430 is shape set to a desired three-dimensional

configuration.

[0125] Thereafter, a remaining portion 440 of the braid 410 can be longitudinally

stretched, twisted, longitudinally straightened, or elongated along the longitudinal axis of the



braid 410. This stretching of the braid 410 can draw down the cross-sectional dimension of

the braid 4 0 in the remaining portion 440.

[0126] In accordance with some embodiments, the remaining portion 440 can also

be physically modified. For example, one or more of the filaments of the remaining portion

440 can be cut and/or removed from the remaining portion 440. The alteration of the

remaining portion 440 can facilitate the change of profile via shape setting and allow the

second portion of the device to attain a desired configuration or profile.

[0127] When the remaining portion 440 is drawn down to a desired profile, the

remaining portion 440 can be wound around a mandrel or wire 450 and shape set to a desired

three-dimensional shape.

[0128] Additionally, as shown in Figure 7, the device 500 can comprise a

multilayer (shown in this embodiment as a dual layer) first portion 502 and a single layer

second portion 504. The first portion 502 can be formed from a tubular braid that can be

everted or inverted onto itself such that the braid extends continuously into layers. For

example, as illustrated in Figure 7, a tubular braid 510 can define a first end 5 2 and a second

end 5 14. Additionally, the tubular braid 510 can define a folded end 5 6 .

[0129] Figures 8A-8C illustrate an embodiment of a process by which the device

500 can be formed. As shown, the braid material 5 10 can be placed over a wire 520. A

section 522 of the braid material 5 10 can be pinched or tied down onto the wire 520, for

example, using a filament tie. The section 522 can then become the folded end 516 after a

section 524 of the braid material 510 is everted over the section 522 and shape set in the step

illustrated in Figure 8B.

[0130] As shown in Figure 8B, once the section 524 is everted, a form 530 can be

inserted into the second end 5 4 of the braid material 5 0. A compression form 532 can then

be positioned around the braid material 510 and the form 530 in order to shape set the first

portion 502 of the device 500, similar to the discussion noted above with respect to Figures

6B. Additionally, after the first portion 502 is shape set, the second portion 504 can be shape

set by winding the braid material 510 around a mandrel 550 such that the second portion 504

is shape set to a desired configuration. Further details already discussed above with respect

to Figures 6B-6C will not be repeated for brevity.



[0131] As such, in embodiments in which the device comprises an ellipsoidal

shape, the ellipsoid can be enclosed within another ellipsoid to provide an ellipsoidal-shaped

device having two layers. Thus, the first portion and/or the second portion of the device can

comprise multiple layers. However, as shown in the embodiment of Figures 7-8C, although

an additional layer can extend around the entire device or only around the second portion,

some embodiments can advantageously be configured such that an additional layer extends

only partially around the first or second portions of the device.

[0132] In accordance with some embodiments, the first portion of the device can

comprise a volume-filling portion and/or a neck blocking portion, and the second portion of

the device can comprise an atraumatic portion, volume filling portion, and/or a framing

member. For example, Figures 1-4B illustrate embodiments of a device in which the first

portion thereof comprises a volume-filling portion and the second portion comprises an

atraumatic portion. Figures 9A-10B illustrate embodiments of a device in which the first

portion thereof comprises a neck blocking structure and the second portion comprises a

volume-filling and/or atraumatic portion. Further, Figure 11 illustrates an embodiment of the

device in which the first portion comprises a volume-filling portion and the second portion of

the device comprises a framing member.

[0133] Figures 9A-9B illustrate a device 600 having a cup-shaped first portion

602 and a helically extending second portion 604. As discussed herein, the device 600 can be

formed from a single, continuous piece of material such that the first and second portions

602, 604 are integrally connected with each other.

[0134] Figure 9B illustrates placement of the device 600 into an aneurysm 12. As

shown, the first portion 602 can be expanded into apposition with the vessel wall across the

neck 16 of the aneurysm 12. Additionally, the first portion 602 can engage the vessel wall

such that the first portion 602 is anchored across the aneurysm neck 16, thereby preventing

herniation of the second portion 604 from within the aneurysm 12.

[0135] Similarly, Figures 10A-10B illustrate a device 650 having a cylindrically

or barrel-shaped first portion 652 and a helically extending second portion 654. As also

discussed herein, the device 650 can be formed from a single, continuous piece of material

such that the first and second portions 652, 654 are integrally connected with each other.



[0136] Figure 10B illustrates placement of the device 650 into an aneurysm 12.

As shown, the first portion 652 can be expanded into apposition with the vessel wall across

the neck 16 of the aneurysm 12. Advantageously, the first portion 652 can be configured to

engage and press outwardly against the vessel wall at the neck 16, which can enable the

device 650 to be useful in occluding wide neck aneurysms. The first portion 652 can engage

the vessel wall such that the first portion 652 is anchored across the aneurysm neck 16,

thereby preventing herniation of the second portion 654 from within the aneurysm 12.

[0137] Figure 11 illustrates another embodiment of a device 700 comprising a

first portion 702 and a second portion 704. The first portion 702 can comprise a plurality of

individual expandable components 710. Any of the embodiments disclosed herein can

comprise a plurality of components along the first portion. The device 700 advantageously

utilizes a series of expandable components 710 because the second portion 704 is shape set as

a framing member 720. As illustrated, the framing member 720 can comprise a plurality of

loops or otherwise define a frame or structure having a hollow interior into which the

expandable component 7 10 can be inserted during deployment of the device 700.

[0138] Figure 1 also illustrates that the second portion of embodiments of the

device can be shape set into a generally flat member. As shown, the framing member 720

comprises a series of loops formed by a flattened member.

[0139] n accordance with some embodiments, once the device 700 has been

placed in the aneurysm, additional coils or embolic material can be advanced through an open

end of the framing member 720. Suitable braid materials, structures, and method for

manufacturing the framing member are disclosed in commonly assigned U.S. Patent No.

6,168,622 to Mazzocchi, U.S. Patent No. 8,142,456, issued March 27, 2012, U.S. Patent

Application Publication No. 201 1/03 19926, filed on November 11, 2010, and U.S. Patent

Application Publication No. 2012/0330341, filed on June 22, 201 1, the entireties of each of

which are incorporated herein by reference. Braid materials may include stainless steel,

nitinol cobalt chromium, or the like.

[0140] The framing member 720, combined with the expandable components 710

and optionally, coils or other materials, can provide the benefit of providing good neck

coverage while preventing embolic devices from herniating into the parent artery.



Additionally, the use of such a system can also increase packing volume efficiency and

achieve stasis.

[0141] In placing the framing member 720 and the expandable components 710

within an aneurysm, the open end or widest interstices of the framing member 720 can be

positioned at the neck of the aneurysm so as to facilitate insertion of the expandable

components 7 10 and any additional material via a catheter, which can be placed into the open

end or interstices of the framing member 720. n embodiments having a woven, knitted,

braided, or mesh material for the framing structure, the braid pattern can be properly aligned

to facilitate entry of the materials into the framing structure. As in other embodiments

disclosed herein, the framing structure can comprise a radiopaque material or component that

facilitates visualization and enables the clinician to align the framing structure as needed

within the aneurysm.

[0142] The injection of a liquid embolic can increase the overall packing density

or fill volume within the device.

[0143] One suitable liquid embolic is the Onyx™ liquid embolic system

manufactured by Covidien LP, Irvine, CA. Onyx™ liquid embolic system is a non-adhesive

liquid used in the treatment of brain arteriovenous malformations. Onyx™ liquid embolic

system is comprised of an EVOH (ethylene vinyl alcohol) copolymer dissolved in DMSO

(dimethyl sulfoxide), and suspended micronized tantalum powder to provide contrast for

visualization under fluoroscopy. Other liquid embolic solutions are also envisioned.

[0144] In accordance with some embodiments, at least a portion of the device can

comprise a coating or material for enhancing therapeutic, expansive, or imaging properties or

characteristics of at least one or every expandable component of the device.

[0145] In some embodiments, at least a portion of the device can be coated with a

biocompatible material to promote endothelialization or provide a therapeutic effect.

[0146] The coating may include thrombogenic coatings such as fibrin, fibrinogen

or the like, anti-thrombogenic coatings such as heparin (and derivatives thereof), or t-PA, and

endothelial promoting coatings or facilitators such as, e.g., VEGF and RGD peptide, and/or

combinations thereof. Drug eluting coatings and a drug eluting foam composite, such as ant i

inflammatory or antibiotic, coatings are also envisioned. These drug eluting components may



include nutrients, antibiotics, anti-inflammatory agents, antiplatelet agents, anesthetic agents

such as lidocaine, and anti-proliferative agents, e.g. taxol derivatives such as paclitaxel.

Hydrophilic, hygroscopic, and hydrophobic material s/agents are also envisioned.

[0147] In some embodiments, one or more portions of the device can also

comprise an expansion-limiting coating that slows expansion of the component from its

natural rate of expansion to a slower rate of expansion such that in the process of expanding,

the position of the component can be adjusted within the aneurysm or the component can be

removed from the aneurysm, if necessary. Examples of polymers that can be used as

expansion-limiting coatings can include hydrophobic polymers, organic non-polar polymers,

PTFE, polyethylene, polyphenylene sulfide, oils, and other similar materials.

[0148] In some embodiments, only specific segments of the device may be

embedded or coated with an agent to provide desired characteristics to the expandable

component(s). For example, the device can comprise a non-thrombogenic coating applied to

less than the entire first portion or second portion to minimize clotting at this location. Such

coatings may be desirable in aneurysms located at a bifurcation such that blood flow to

branch arteries is permitted through the segment of the foam structure having the non-

thrombogenic coating. The coated area may be a different color than the remaining portion of

the expandable component to assist the surgeon in identifying this area.

[0149] Optionally, the coated area can also comprise radiopaque material to assist

the surgeon in visualization and placement of portions of the device in a desired orientation

relative to the aneurysm. The device can have radiopacity characteristics either by adding

radiopaque filler to the piece of material, such as bismuth, or attaching radiopaque markers.

Alternatively, a radiopaque material can be attached to the device, such as by dipping,

spraying, or otherwise mechanically, chemically, or thermally attached, injected into, or

blended into to the device.

[0150] According to some embodiments, if the device has a specific

characteristic, such as a porosity profile, coating, shape, etc., intended for placement in a

certain location of the aneurysm, the clinician can position the device by manually rotating,

moving, maintaining the position of, or otherwise adjusting the position of the device within

the aneurysm as the device expands. Thus, by gently manipulating the device, the clinician



can adjust the device to ensure proper orientation of the device within the aneurysm. The

position of the expandable device can be manipulated using various deployment or delivery

devices.

[0151] Many of the features discussed herein can be used with any of the

disclosed embodiments. For example, any of the embodiments can comprise an average

porosity that varies spatially, any of the variety of disclosed shapes, any of the various

disclosed materials or coatings, any of the disclosed 2-D or 3-D interconnected

configurations, any of the disclosed inter-engagement configurations or structures, any of the

disclosed delivery systems, etc.

[0152] The apparatus and methods discussed herein are not limited to the

deployment and use of a medical device or stent within the vascular system but may include

any number of further treatment applications. Other treatment sites may include areas or

regions of the body including any hollow anatomical structures.

[0153] The foregoing description is provided to enable a person skilled in the art

to practice the various configurations described herein. While the subject technology has

been particularly described with reference to the various figures and configurations, it should

be understood that these are for illustration purposes only and should not be taken as limiting

the scope of the subject technology.

[0154] There may be many other ways to implement the subject technology.

Various functions and elements described herein may be partitioned differently from those

shown without departing from the scope of the subject technology. Various modifications to

these configurations will be readily apparent to those skilled in the art, and generic principles

defined herein may be applied to other configurations. Thus, many changes and modifications

may be made to the subject technology, by one having ordinary skill in the art, without

departing from the scope of the subject technology.

[0155] It is understood that the specific order or hierarchy of steps in the

processes disclosed is an illustration of exemplary approaches. Based upon design

preferences, it is understood that the specific order or hierarchy of steps in the processes may

be rearranged. Some of the steps may be performed simultaneously. The accompanying



method claims present elements of the various steps in a sample order, and are not meant to

be limited to the specific order or hierarchy presented.

[0156] As used herein, the phrase "at least one of preceding a series of items,

with the term "and" or "or" to separate any of the items, modifies the list as a whole, rather

than each member of the list (i.e., each item). The phrase "at least one of does not require

selection of at least one of each item listed; rather, the phrase allows a meaning that includes

at least one of any one of the items, and/or at least one of any combination of the items,

and/or at least one of each of the items. By way of example, the phrases "at least one of A, B,

and C" or "at least one of A, B, or C" each refer to only A, only B, or only C; any

combination of A, B, and C; and/or at least one of each of A, B, and C.

[0157] Terms such as "top," "bottom," "front," "rear" and the like as used in this

disclosure should be understood as referring to an arbitrary frame of reference, rather than to

the ordinary gravitational frame of reference. Thus, a top surface, a bottom surface, a front

surface, and a rear surface may extend upwardly, downwardly, diagonally, or horizontally in

a gravitational frame of reference.

[0158] Furthermore, to the extent that the term "include," "have," or the like is

used in the description or the claims, such term is intended to be inclusive in a manner

similar to the term "comprise" as "comprise" is interpreted when employed as a transitional

word in a claim.

[0159] The word "exemplary" is used herein to mean "serving as an example,

instance, or illustration." Any embodiment described herein as "exemplary" is not

necessarily to be construed as preferred or advantageous over other embodiments.

[0160] A reference to an element in the singular is not intended to mean "one and

only one" unless specifically stated, but rather "one or more." Pronouns in the masculine

(e.g., his) include the feminine and neuter gender (e.g., her and its) and vice versa. The term

"some" refers to one or more. Underlined and/or italicized headings and subheadings are

used for convenience only, do not limit the subject technology, and are not referred to in

connection with the interpretation of the description of the subject technology. All structural

and functional equivalents to the elements of the various configurations described throughout

this disclosure that are known or later come to be known to those of ordinary skill in the art



are expressly incorporated herein by reference and intended to be encompassed by the subject

technology. Moreover, nothing disclosed herein is intended to be dedicated to the public

regardless of whether such disclosure is explicitly recited in the above description.

[0161] Although the detailed description contains many specifics, these should

not be construed as limiting the scope of the subject technology but merely as illustrating

different examples and aspects of the subject technology. It should be appreciated that the

scope of the subject technology includes other embodiments not discussed in detail above.

Various other modifications, changes and variations may be made in the arrangement,

operation and details of the method and apparatus of the subject technology disclosed herein

without departing from the scope of the present disclosure. Unless otherwise expressed,

reference to an element in the singular is not intended to mean "one and only one" unless

explicitly stated, but rather is meant to mean "one or more." In addition, it is not necessary

for a device or method to address every problem that is solvable (or possess every advantage

that is achievable) by different embodiments of the disclosure in order to be encompassed

within the scope of the disclosure. The use herein of "can" and derivatives thereof shall be

understood in the sense of "possibly" or "optionally" as opposed to an affirmative capability.



WHAT IS CLAIMED IS:

1. An aneurysm embolization device, comprising:

a body portion having a first end and being self-expandable to a first expanded

configuration; and

an atraumatic tip portion extending from the first end and being self-

expandable to a second expanded configuration, different in shape or size from the

first expanded configuration;

wherein the body portion and the tip portion comprise a single, continuous

piece of material.

2. The device of Claim 1, wherein in the device further comprises a lumen

extending continuously through the body portion and the tip portion.

3. The device of Claim 2, wherein the lumen comprises a non-zero diameter in

the first expanded configuration of the body portion and a substantially zero cross-sectional

dimension in the second expanded configuration of the tip portion.

4 . The device of any of Claims 2 to 3, wherein the lumen in the body portion

expands when the body portion is released from a compressed state.

5. The device of any of Claims 2 to 4, wherein the lumen diameter in the body

portion varies along a longitudinal length of the body portion in the first expanded

configuration.

6. The device of any of Claims 1 to 5, wherein in a compressed state, the body

portion and the tip portion comprise an outer diameter of between about 0.010" and about

0.050".

7. The device of any of Claims 1 to 6, wherein in a compressed state, the body

portion and the tip portion comprise an outer diameter of between about 0.015" and about

0.030".

8. The device of any of Claims 1 to 7, wherein in a compressed state, the body

portion and the tip portion comprise an outer diameter of between about 0.020" and about

0.025".



9. The device of any of Claims 1 to 8, wherein in the second expanded

configuration, a lumen of the tip portion comprises an inner diameter of between about

0.010" and about 0.050".

10. The device of any of Claims 1 to 9, wherein in the second expanded

configuration, a lumen of the tip portion comprises an inner diameter of between about

0.015" and about 0.030".

1. The device of any of Claims 1 to 10, wherein in the second expanded

configuration, a lumen of the tip portion comprises an inner diameter of between about

0.020" and about 0.025".

12. The device of any of Claims 1 to , wherein in the first expanded

configuration, a lumen of the body portion comprises a maximum inner diameter of between

about 0.080" and about 0.250".

13. The device of any of Claims 1 to 12, wherein the tip portion is shape-set as a

helical member.

14. The device of any of Claims 1 to 13, wherein the piece of material comprises a

tubular material.

. The device of any of Claims 1to 14, wherein the piece of material comprises a

braided material.

16. The device of any of Claims 1 to 15, wherein the body portion comprises a

single layer of braided filaments.

17. The device of any of Claims 1 to 16, wherein the body portion comprises a

dual layer of braided filaments.

18. The device of any of Claims 1 to 17, wherein the body portion comprises a

folded end, opposite the first end, whereat the layers of braided filaments meet.

19. The device of any of Claims 1 to 18, wherein the piece of material is folded

onto itself along the body portion.

20. The device of any of Claims 1to 19, wherein the piece of material comprises a

first end positioned at a free end of the tip portion, opposite the body portion first end, the

piece of material being folded onto itself along the body portion.



2 . The device of Claim 20, wherein the piece of material comprises a second end

positioned at the body portion first end.

22. The device of Claim 20, wherein the piece of material is folded onto itself

along the body portion and the tip portion.

23. The device any of Claims 1 to 22, wherein the expandable body portion

comprises a cup shape.

24. The device of any of Claims 1 to 23, wherein the expandable body portion

comprises a disc shape.

25. The device of any of Claims 1 to 24, wherein the expandable body portion

comprises a closed, rounded three-dimensional shape.

26. The device of Claim 25, wherein the closed, rounded three-dimensional shape

comprises a solid of revolution, a spheroid, or an ellipsoid.

27. The device of any of Claims 1 to 26, wherein the body portion comprises a

plurality of expandable members.

28. The device of Claim 27, wherein the plurality of expandable members

comprises closed, rounded three-dimensional shapes.

29. The device of any of Claims 1 to 28, wherein the tip portion is shape-set such

that the second expanded configuration comprises a hollow cage shape.

30. The device of any of Claims 1 to 29, further comprising a hub coupled to the

device at the first end.

3 1. The device of Claim 30, wherein the body portion converges to a substantially

zero dimension at the hub.

32. An aneurysm embolization device, comprising:

a tubular body having first and second portions being self-expandable from a

first cross-sectional dimension, the first portion being expandable to an expanded

cross-sectional dimension greater than an expanded cross-sectional dimension of the

second portion, the first portion expanding to a globular shape and the second portion

extending away from the first portion in a substantially helical path.



33. The device of Claim 32, wherein the second portion is shape-set to

substantially the first cross-sectional dimension and a longitudinal axis of the second portion

extends along the substantially helical path.

34. The device of any of Claims 32 to 33, wherein the body comprises a tubular

braid.

35. The device of any of Claims 32 to 34, wherein the first and second portions

are formed from a single, continuous tubular braid.

36. The device of any of Claims 32 to 35, further comprising a hub coupled to the

device at a midsection between the first and second portions.

37. A method of manufacturing an aneurysm embolization device, comprising:

shape-setting a body portion of a device to a first shape;

shape-setting a tip portion of the device to a second shape, different than the

first shape, the tip portion and body portion being a single, continuous piece of

material;

wherein the body portion and the tip portion are self-expandable from a first

configuration to the respective first and second shapes.

38. The method of Claim 37, wherein the shape-setting a body portion comprises

positioning the body portion around a form.

39. The method of any of Claims 37 to 38, wherein the shape-setting a body

portion comprises inserting a form into a tubular material.

40. The method of any of Claims 37 to 39, wherein the shape-setting a body

portion comprises setting the first shape to a cup shape.

4 1. The method of any of Claims 37 to 40, wherein the shape-setting a body

portion comprises setting the first shape to a disc shape.

42. The method of any of Claims 37 to 41, wherein the shape-setting a body

portion comprises setting the first shape to a closed, rounded three-dimensional shape.

43. The method of Claim 42, wherein the closed, rounded three-dimensional

shape comprises a solid of revolution, a spheroid, or an ellipsoid.

44. The method of any of Claims 37 to 43, wherein the shape-setting a body

portion comprises setting the first shape to a plurality of expandable members.



45. The method of Claim 44, wherein the plurality of expandable members

comprises closed, rounded three-dimensional shapes.

46. The method of any of Claims 37 to 45, wherein the shape-setting a tip portion

comprises setting the second shape to a helical shape.

47. The method of Claim 46, wherein the shape-setting a tip portion comprises

winding the tip portion around a mandrel.

48. The method of any of Claims 37 to 47, wherein the shape-setting a tip portion

comprises setting the second shape to a hollow cage.

49. The method of any of Claims 37 to 48, further comprising everting a tubular

material of the device such that the body portion comprises a dual layer of material.

50. The method of Claim 49, wherein the everting comprises positioning a first

end of the tubular material adjacent to a midsection between the body portion and the tip

portion.

51. The method of any of Claims 37 to 50, wherein the piece of material

comprises a tubular braid.

52. The method of Claim 5 1, further comprising removing filaments of the tubular

braid from the tip portion.
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