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VASCULAR OCCLUSION

BACKGROUND OF THE INVENTION

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application Serial No.

61/91 9,667 filed December 20, 201 3 entitled Vascular Occlusion, and U.S. Provisional

Application Serial No. 61/924,662 filed January 7, 2014 entitled Vascular Plug, both of

which are hereby incorporated herein by reference in their entireties.

BACKGROUND OF THE INVENTION

[0002] Occlusion is often used as a treatment for various vascular disorders, such as

aneurysm, atrial septal defect, left atrial appendage, patent foramen ovale, patent ductus

arteriosis, and the like. The use of embolic coils is one method of occlusion. However,

on occasion there are difficulties that can arise. For example, occlusion within the left

atrial appendage can be particularly difficult because of the potential variance in the shape

of the ostium of the left atrial appendage, and the potential variance in the shape and

geometry of the left atrial appendage. Also, one possible complication with embolic coils

is the risk of the coils falling out of the target treatment site within the vasculature.

Accordingly, a system of occlusion utilizing embolic coils which mitigates the risk of the

coils falling out of the target treatment site would be beneficial. Also beneficial would be

devices and methods which improve the occluding process in general. Such a system

would be widely useful for treating various disorders, including the occlusion of left atrial

appendages, aneurysms, atrial septal defect, patent foramen ovale, patent ductus

arteriosis, vessel shutdown and other similar vascular disorders.

SUMMARY OF THE INVENTION

[0003] In one embodiment an occlusive system comprises a containment bag and

embolic coils.

[0004] In one embodiment an occlusive system comprises a containment bag, balloon,

and embolic coils.



[0005] In another embodiment an embolic coil used in an occlusive system is

described.

[0006] In another embodiment an occlusive system comprises a protective disk and

embolic coils.

[0007] In another embodiment an occlusive system comprises a protective mesh, and

embolic coils.

[0008] In another embodiment an occlusive system comprises a balloon and embolic

coils.

[0009] In another embodiment an occlusive system includes an embolic coil having a

sheet.

[0010] In another embodiment an embolic coil used in an occlusive system includes a

sheet.

[001 1] In another embodiment an occluder with an inner structure and outer structure

is described.

[0012] In another embodiment an occluder with an inner structure and outer

membrane layer is described.

[0013] In another embodiment an occluder with an inner and outer structure and

intermediate membrane layer is described.

[0014] In another embodiment an occluder is collapsible.

[0015] In another embodiment an occluder is not collapsible.

[0016] These and other objects and features of the present invention will be

appreciated upon consideration of the following drawings and detailed

descriptions.



BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Figures 1-5 are plan renderings of an occlusive system of one embodiment

used to treat a vascular defect in accordance with the present invention.

[0018] Figures 6-1 2 are plan renderings of an occlusive system of another

embodiment in accordance with the present invention.

[0019] Figure 13 is a plan rendering of an occlusive system of another embodiment in

accordance with the present invention.

[0020] Figure 14 is a plan rendering an occlusive system of yet another embodiment

in accordance with the present invention.

[0021] Figure 15-1 6 are plan views of an embolic coil as used in an occlusive system

in accordance with the present invention.

[0022] Figures 17-1 9 illustrate an occluder with an inner and outer structure in

accordance with the present invention.

[0023] Figure 20 illustrates the outer structure strut pattern of Figure 17 in accordance

with the present invention.

[0024] Figures 2 1-22 illustrate an occluder with an inner structure and outer membrane

layer in accordance with the present invention.

[0025] Figure 23 illustrates an occluder with an inner and outer structure and

intermediate membrane layer in accordance with the present invention.

[0026] Figure 24 illustrates a delivery system for an occluder in accordance with the

present invention



DESCRIPTION OF EMBODIMENTS

[0027] I . Vascular Occlusion System

[0028] An occlusive system is used to occlude a vascular treatment site. In some of

the examples specified, the occlusive system is used to treat the left atrial appendage,

although the system could also be used for other purposes such as aneurysm occlusion

or other occlusive purposes. The left atrial appendage is a pouch located in the left atrium.

In some cases blood clots may form in the appendage. Over time thrombus from the clots

may dislodge and lead to thrombus formation in other areas of the vasculature, leading to

ischemic damage such as stroke. Thus occlusion of the left atrial appendage tends to

limit and sometimes prevent this thrombus migration.

[0029] The embodiments described may be used to occlude left atrial appendages,

atrial septal defects, patent foramen ovale, aneurysms, and other vascular disorders.

[0030] Figure 1 shows an occlusive system. The system is deployed within the

vasculature and placed in the vicinity of the left atrial appendage (LAA) 24. The system

is deployed through a catheter 10 and includes a delivery tube 12 . In one example the

system is delivered through a guide catheter 10, in another example catheter 10 is a

microcatheter which tube 12 is delivered through. A containment bag 20 sits near the

distal end of the delivery tube. The containment bag includes a proximal stem section 22.

In one example the containment bag 20 is a mesh comprising one or more metallic (i.e.

nitinol, stainless steel, or cobalt-chromium) filaments. The mesh may also contain one or

more radiopaque threads (i.e. platinum, palladium, or tantalum) woven through the mesh

to increase radiopacity and visualization.

[0031] The delivery tube 12 has a stopper ring 18 near the distal end of the delivery

tube 12; the stopper ring 18 is affixed to the inner surface of the delivery tube 12 . A pusher

14 with a plunger 16 at the distal end of the pusher 14 is used to push the containment

bag 20. The containment bag 20 is not constrained by the stopper ring 18. In one

example the containment bag 20 is made of a highly conformable mesh to thus be able

to adopt a flexible shape to navigate around the stopper ring 18 . In another example the

containment bag 20 has a tapered profile, or does not fill the delivery tube 12 and thus

the stopper ring 18 does not limit the movement of the containment bag. The pusher 14



may be comprised of a metallic material (i.e. stainless steel, nitinol, cobalt-chromium or

other materials) and has a larger diameter plunger 16 attached to the distal end of the

pusher 14.

[0032] The delivery tube 12 is placed in the region of the ostium (neck or opening) 30

of the left atrial appendage 24. The delivery tube may be placed just proximal of the

ostium, even with the ostium, or within the left atrial appendage. The user pushes pusher

14 in order to push the containment bag 20 into the LAA 24. The plunger 16 is prohibited

from moving beyond a certain point by interacting with stopper ring 18 . Once the pusher

14 is pushed to a certain point the plunger 16 hits the stopper ring 18 which limits any

further movement. The plunger 16 pushes against the stem 22 of containment bag 20.

Due to the force from the plunger 16, the containment bag 20 pushes into the LAA where

the proximal part of the bag sits near the ostium while the distal portion sits within the

LAA. Depending on the size of the cavity, the containment bag 20 may fill a substantial

portion of the LAA, or sit mostly within the ostium. The intended function of containment

bag 20 is to act as a filling receptacle for subsequently placed embolic coils, to prevent

blood flow into and out of the target site.

[0033] In Figure 2, pusher 14 is pushed to the point where plunger 16 hits stopper ring

18. Containment bag 20 is pushed into the LAA, and pusher 14 is withdrawn (Figure 3).

Referring to Figure 4, another pusher 28 with distally attached embolic coil 26 is placed

through tube 12 . The embolic coil 26 is pushed into the containment bag 20. Thermal,

electrolytic, or mechanical detachment means can be used to detach the coil 26 from the

pusher 28. One such thermal detachment system that could be used is shown in U.S.

Patent No.8,182,506, which is hereby incorporated by reference in its entirety. Another

detachment system that could be used is shown in U.S. Patent No. 6,620,152, which is

hereby incorporated by reference in its entirety. With reference to Figure 5, this procedure

can be repeated to fill the bag with additional embolic coils 26. The coils 26 are retained

within the containment bag 20 and the coils 26 form a solid embolic mass within the bag

and fill the space at the neck of the malformation to prevent blood flow into the malformation.

[0034] Various types of embolic coils can be used to fill the containment bag.

Examples include those described in U.S. Patent Nos. 8,273,1 00, 8,066,036, 6,375,669,

6,015,424, 8,323,306, 8,377,091 , and U.S. Pub. No. 201 1/1 84455 all of which are hereby



incorporated by reference in their entirety. The embolic coils can utilize polymers,

hydrogels, and/or metals such as platinum, nitinol, stainless steel.

[0035] Another embodiment would incorporate a compliant balloon (not shown) with

the containment bag occlusive system. In one example, the compliant balloon (not

shown) would come pre-loaded in the distal portion of the containment bag 20 and thereby

provide a buffer against which the coils would rest at the distal end of the containment

bag 20. The balloon would be preloaded in the containment bag 20.

[0036] In another example, a balloon catheter would be situated so that the catheter

balloon is placed at the neck of the malformation so that the coils do not fall out of the

containment bag 20. Once the bag 20 is filed, the balloon would be detached from the

catheter. In other words, the compliant balloon would be introduced after the embolic

coiling procedure in order to seal the neck of the malformation and provide a proximal

barrier for the embolic coils to prevent migration.

[0037] Although the embodiment as described above is shown for use for occluding a

left atrial appendage, it could also be used for a variety of purposes including aneurysm,

atrial septal defect, patent foramen ovale, or other occlusive purposes.

[0038] Another embodiment in accordance with the present invention is shown in

Figures 6-1 2 . An occlusive system comprises a tubular assembly 3 1 that has an inner

tube 40 which is disposed within an outer tube 38. The outer tube 38 has a lumen to

accommodate the inner tube 40, and the inner tube 40 also has a lumen.

[0039] A mesh structure 32 is disposed at the distal end of the tubular assembly 3 1

and is affixed to the distal end of the inner tube 40 at location 34 and to the distal end of

the outer tube 38 at location 36. Such affixation can be made through various techniques

known to those skilled in the art, including mechanical ties, chemical affixation, over-

molding or various combinations thereof. The mesh structure 32 can be comprised of a

mesh of nitinol, cobalt chromium, or other metallic wires. Radiopaque material (i.e.

tantalum or platinum) may optionally be used in the mesh to enhance visualization.

[0040] The mesh structure 32 will generally have an elongated shape but will adopt a

disk-like, bunched shape based on user manipulation of the tubular assembly 3 1 , as will

be explained in more detail below.



[0041] The inner tube 40 is movable relative to the outer tube 38. Since one end of the

mesh structure 3 1 is attached to the outer tube 38 and its opposite end is attached to the

inner tube 40, movement of inner tube 40 relative to the outer tube 38 will selectively

cause the mesh structure 32 to adopt the shapes shown in Figures 7-1 0 as the inner tube

is retracted.

[0042] For example, as the inner tube 40 is retracted relative to the outer tube 38, the

mesh structure 32 will adopt a more bulged, disk-like shape. Such a shape can be useful

for sealing the neck of the ostium of a treatment site (e.g., the ostium of a left atrial

appendage). Once the mesh structure 32 is configured to a desired shape, e.g., a sealing

shape, the inner tube 40 can be used to deliver embolic agents such as embolic coils to

fill the treatment site, e.g., to fill a malformation.

[0043] Referring now to Figures 11-12, the proximal portion of the tubular assembly

3 1 is shown. The proximal portion includes a hemostatic valve 42 which is connected to

a first fitting 46, which, in turn, is connected to outer tube 38. The first fitting 46 threadably

engages a second fitting 48 of the hemostatic valve 42 in a male-female relationship.

Hemostatic valve 42 includes a port 44. The hemostaticvalve 42 threadably engages with

thirdl fitting 50 in a male-female relationship. Through the channel of the hemostatic valve

42 and the third fitting 50, the inner tube 40 of the tubular assembly 3 1 extends.

[0044] When third fitting 50 is completely threaded over the hemostatic valve 42, the

third I fitting 50 clamps down on the inner tube 40 and fixes it in place relative to the outer

tube 38. In other words, the third fitting 50 can be used to lock the inner tube 40 in a

position relative to the outer tube 38 and thereby fix the shape of mesh structure 32.

[0045] In one example, the inner tube 40 is retracted relative to the outer tube 38 to

create an optimal ostium sealing shape for mesh structure 32. The third fitting 50 is then

locked to maintain the sealingshape of the mesh structure 32 while embolic agents such

as coils are delivered through the inner tube 40 to the vascular treatment site.

[0046] The proximal end of the inner tube 40 has an introducer section 52. Coils can

be introduced through this section, or section 52 can be connected to a syringe or other

device to introduce other embolic agents (i.e. liquid embolic) into the treatment site

through the inner tube 40.



[0047] In this embodiment, inner tube 40 acts like a microcatheter since it can be used

to introduce embolic material and outer tube 38 acts like a sheath for the inner tube 40.

[0048] A device in accordance with the present invention may be delivered through a

guide catheter to a target treatment site. The guide catheter can be retracted or the mesh

structure 32 can be pushed out from the guide catheter to expose the mesh structure 32.

Once the device reaches the treatment site the user can manipulate the shape of the

mesh structure 32 to seal the ostium or neck of the treatment site. Once the ostium is

sealed the user can implant embolic agents via the inner tube 40 to fill the vasculature,

while the mesh structure 32 will prevent the embolic agent from migrating. The embolic

agents, in one example coils, will form an embolic mass to seal the interior of the

malformation and thus prevent blood flow into the malformation/treatment site. The mesh

structure 32 can then be retracted (via relative movement of inner tube 40 and outer tube

38) to its elongated shape and withdrawn.

[0049] In one example, the system of Figures 6-1 2 has a working length of 117 cm and

an overall length of 135 cm and is compatible with a .01 8" or .035" embolic coil. The mesh

structure 32 may have a compressed length of 0.7 cm and stretched length of 2.5 cm.

Outer tube 38 can have an inner diameter of .079" and outer diameter of .092" while inner

tube 40 can have an inner diameter of .053" and outer diameter of .066". In one example

the mesh structure 32 has a fully stretched radius of 10 mm and a fully compressed radius

of 35 mm, and thus could seal an ostium having a width of 10 -35 mm. In one example,

the system is delivered through an 8 or 8.5 F guide catheter.

[0050] Although the embodiment as just described is shown for occluding a left atrial

appendage, it could also be used for a variety of purposes including aneurysm, atrial

septal defect, patent foramen ovale, or other occlusive purposes.

[0051] Figure 13 shows another embodiment of an occlusive system. In this

embodiment a mesh 54 is placed at the distal end of tube 58. The mesh 54 can be

comprised of a mesh of nitinol, cobalt chromium, or other metallic wires. Radiopaque

material (i.e. tantalum or platinum) may optionally be used in the mesh 54 to enhance

visualization.



[0052] Tube 58 is analogous to outer tube 38 of the previous embodiment; however,

no inner tube is used in this embodiment. The proximal end of mesh 54 is affixed to the

distal end of tube 58, and the distal end of mesh 54 is open. Mechanical ties, chemical

affixation, over molding, or various combinations thereof may be used to affix the mesh

to the distal part of tube 58. The mesh naturally has a flared shape useful for sealing the

neck of the ostium or neck of the treatment site. An introducer, such as a hemostatic

valve or other introducer system, is disposed at the proximal end of tube 58 and is used

to introduce embolic coils or other embolic agents through tube 58.

[0053] In this embodiment, tube 58 acts like a microcatheter since it can be used to

introduce embolic material.

[0054] The device may be delivered through a guide catheter to a target treatment site

24. Once at the treatment site the guide catheter is retracted or the mesh 54 is pushed

out from the guide catheter. The open face of the mesh is placed just distal of the neck

to seal the neck for the embolic agents that are subsequently introduced. Embolic agents,

such as coils, are introduced through tube 58 and the mesh seals the neck of the

treatment site in order to prevent the coils from falling out. The embolic agents will form

an embolic mass within the treatment site and thereby cut off blood flow to said aneurysm,

left atrial appendage, or vascular malformation. The mesh 54 can then be withdrawn.

[0055] In one example, the system of Figure 13 has an overall length of 120 cm, a

working length of 50 cm and the mesh 54 has a diameter of 10 millimeters and a stretched

(i.e. when compressed in a delivery catheter) length of 3 cm and an unstretched (i.e. when

in an unfurled deployed state) length of 1.5 cm. In one example, the system is delivered

through an 8 or 8.5 F guide catheter.

[0056] Although the embodiment as just described is shown for occluding a left atrial

appendage, it could also be used for a variety of purposes including aneurysm, atrial

septal defect, patent foramen ovale, or other occlusive purposes.

[0057] In another embodiment shown in Figure 14, the occlusive system utilizes an

inflatable balloon 60 to seal the ostium. The occlusive system also utilizes a tube (e.g.

microcatheter) 62 which sits proximal of the balloon and runs through the balloon. The

tube 62 may incorporate an inflation lumen, or a separate inflation lumen can be used to



inflate and deflate the balloon 60. The tube is used to introduce embolic agents (i.e.

embolic coils).

[0058] The system is placed just distal of the treatment site and the balloon 60 is

expanded at the neck or ostium 24. Embolic agents (i.e. coils) are then introduced through

the tube into the malformation and the inflated balloon ensures the coils will not fall out.

The embolic coils, if used, will be formed into an embolic mass, the balloon 60 can then

be deflated and removed and the embolic mass will stay within the ostium to prevent blood

flow into the malformation. Any polymer can be used on the balloon, such as PTFE.

[0059] In one example, tube 62 has an inner diameter of .072" and an outer diameter

of .092" and the system has a working length of 10 1 cm and an overall length of 114 cm.

[0060] Though the embodiment as just described is shown for use for occluding a left

atrial appendage, it could also be used for a variety of purposes including aneurysm, atrial

septal defect, patent foramen ovale, or other occlusive purposes.

[0061] Various types of embolic coils can be used to fill the malformation, utilizing the

occlusive systems described. Examples include those described in U.S. Patent Nos.

8,273,1 00, 8,066,036, 6,375,669, 6,01 5,424, 8,323,306, 8,377,091 and U.S. Publication

No. 201 1/1 84455, all of which are hereby incorporated by reference in their entirety. The

embolic coils can utilize polymers, hydrogels, and/or metals such as platinum, nitinol,

stainless steel.

[0062] The coils will typically be delivered via a pusher, and a severing or degrading

system is typically used to sever the coil from the pusher. Thermal, electrolytic, or

mechanical detachment means can be used to detach the coil from the pusher. One such

thermal detachment system that could be used is shown in U. S. Patent No. 8,1 82,506,

which is hereby incorporated by reference in their entirety. Another detachment system

that could be used is shown in U.S. Patent No. 6,620,1 52, which is hereby incorporated

by reference in its entirety.

[0063] II. Embolic Coil

[0064] Figures 15-1 6 show an embolic coil that can be used with the occlusive system

embodiments shown in Figures 1-14. Due to the potential size of the treatment site (e.g.,



left atrial appendage), as well as the potential for complex geometry, occlusion may be

difficult.

[0065] Figures 15-1 6 illustrate an embolic coil 64 with a coupler or junction 68 which

is connected to the pusher, this junction 68 can be degraded to release the embolic coil

64 at the treatment site. The coil 64 also includes a sheet 66 which is affixed to the coil

64. In one example the sheet 66 is glued or tied on one end to the coil 64 while the other

end is free, the sheet 66 can be made of a polymer or can be a metallic mesh. In one

example the sheet 66 is a rectangular or round/ovular/elliptical shape with a hole in it and

which is placed over the coil 64 and tied, glued, or affixed via other means to the coil.

[0066] Figure 15 shows the coil 64 with the sheet 66 in an expanded position. Multiple

sheets 66 can be placed along the length of the embolic coil 64 and the addition of the

sheets 66 increases the space filling potential of the coil 64 since one end of the sheet is

open and thus free to fill open space within the treatment region. The sheet(s) 66 will also

provide a fixation point for the coils 64 where the sheets 66 may contact the vessel wall

thus promoting coil stability within the target region.

[0067] Figure 16 shows the embolic coil 64 with the attached sheet 66 in a delivery

configuration within a catheter 70. The embolic coil 64 described may also be used to

occlude an aneurysm, atrial septal defect, patent foramen ovale, etc.

[0068] In one embodiment sheet 66 is a polymer, in another embodiment it is a braided

metallic mesh, in another embodiment the sheet is a combination of a polymer and

metallic mesh. In another embodiment the sheet(s) 66 are not affixed to the coil and are

mobile along the length of the coil. In another embodiment the sheet(s) are not affixed to

the coil at all and can be used independently (i.e. loading the sheets in lieu of using

embolic coils, using the sheets first then following with coil occlusion).

[0069] It will be appreciated by one of ordinary skill in the art that the embodiments of

Figs. 1- 16 can be used interchangeably. For example, the embodiments of Figs 1-5 could

be used with the embodiments of Figs. 6-12 by integrating the plunger/bag near the distal

end of the inner catheter which runs through the mesh. Similarly, this concept could be

incorporated on the embodiments of Figs. 13-14.



[0070] III. Vascular Plug

[0071] One embodiment of a vascular plug in accordance with the present invention is

shown in Figure 17 . The plug comprises an inner layer 100 and outer layer 120. The

outer layer 120, which may be fabricated from a hypotube, acts as a frame or scaffold,

and contacts the vessel wall in one or more locations to prevent the plug from migrating.

The outer layer 120 may be metallic and comprised of nitinol, stainless steel, cobalt-

chromium, various combinations thereof, or other materials. In one example, outer layer

120 is a laser cut nitinol hypotube.

[0072] The inner layer 100 comprises a mesh which can be heat set into particular

shape (e.g., spherical). The inner layer 100 may be metallic and comprised of nitinol,

stainless steel, cobalt-chromium, various combinations thereof, or other materials. The

wires comprising inner layer 100 preferably have minimal gap to limit the amount of blood

flow through the plug so as to promote occlusion of the treatment site. In one example

inner layer 100 is a 144 wire braid with about a 96 micron pore size and .001 " OD wire.

[0073] In one example, outer layer 120 is comprised of 5-1 0 struts 130. In another

example outer layer 120 is comprised of 6 struts 130 and has an elongated spherical

shape. When viewed along an axis of the plug (i.e., when viewing either end of the plug

along the plug axis), the proximal and distal ends of the outer layer 120 take on a star-like

shape comprised of one or more cells 140 as shown in Figure 20. The star shaped pattern

shown in Figure 20 is based on a 6 strut pattern in which each cell 140 considered to

constitute one strut 130. The struts 130 then merge out into a more expanded, elongated

spherical frame shape as shown in Figure 17.

[0074] Figures 18-1 9 illustrate a vascular plug with an inner layer 100 and outer layer

120 where the outer layer 120 has a more spherical shape and which conforms more

closely to the shape of the inner layer 100 as compared to the shape of outer layer 120

of Figure 17 . In one example of Figure 18, this more spherically shaped outer layer would

not have a star like strut at each end (as in Figure 20) when viewed along the plug's axis.

[0075] Inner layer 100 may utilize radiopaque (i.e. tantalum, platinum, or gold) wires

as part of the mesh to promote visualization within the vasculature. In another example

shown in Figure 19, radiopaque markers 150 may be used in select locations along outer



layer 120 to enhance visualization. Markers 150 may also be used on the device of Figure

17 .

[0076] Figures 2 1-22 show another embodiment of a vascular plug in accordance with

the present invention. This embodiment contains an inner structure which can be

considered analogous to the outer layer 120 of the embodiment of Figure 17 . Instead of

an inner layer 100, this embodiment utilizes a membrane 160 over a support structure

120. In one example the membrane 160 may be fixed to support structure 120. In another

example, the membrane 16 may be heat set over support structure 120. In another

example, adhesive may be used to bond membrane 160 to support structure 120. In one

example, the membrane 160 is comprised of a polymer. In one example, that polymer

may be ePTFE. In another example, polyester, polyurethane, or PLGA may be used.

Radiopaque markers 150 similar to the ones shown in Figure 19 may be mounted on

support structure 120 to promote visualization. Similar to the inner layer 100 of the

embodiment of Figure 17, the membrane 160 substantially prevents blood flow in the

vessel and promotes occlusion.

[0077] Figure 23 shows another embodiment of a vascular plug in accordance with the

present invention. This embodiment utilizes an outer structure 300, inner structure 310

(not visible in Figure 23) and a membrane 320 sandwiched between the two structures.

In one example, the inner and outer structures 300, 310 are spherical in shape and

comprised of a mesh or braid. The proximal and distal ends of the braid layers may be

crimped together with radiopaque markers 340. In one example, the markers 340 are

stainless steel coated with tantalum. The markers 340 both tie the ends of the braid and

allow the device to be visualized within the vasculature during deployment.

[0078] In one example, the distal marker crimp utilizes one marker for the inner

structure 3 10 and a separate marker for the outer structure 300 and thus enables the two

structures to expand independently from each other. In other words, such a configuration

would allow the outer structure 300 to open before the inner structure 310 opens. The

extent that each structure opens would depend on the heat set memory of each structure.

[0079] The plug is delivered in a collapsed state and expands upon deployment once

deployed from the catheter and allows for a variable diffusive blood flow profile depending

on the extent that the inner braid is opened. In other words, if the inner structure 3 10 is



not fully opened, the pore size is smaller than if the inner structure 3 10 is in a fully opened

state thus the plug would be more occlusive in nature in such a configuration. As such,

in certain embodiments, the inner and outer structures 310, 300 are independently and

controllably expandable relative to one another.

[0080] The membrane 320 may be comprised of a polymer. In one example, that

polymer is ePTFE. In another example, polyester, polyurethane, or PLGA may be used.

The inner structure 3 10 provides a foundation layer for the membrane 320, while the outer

structure 300 provides increased restraining force to the membrane 320 while also

providing another barrier for blood flow. In one example, the membrane 320 may be

adhesively bonded, heat set, or tied to either the inner or outer structure, 3 10, 300 or both

structures. In one example the inner and outer structures, 3 10, 300 are made with 48

wires, .001 9" diameter wire. In one example radiopaque wires (i.e. tantalum) are weaved

into the braid to provide radiopacity. The structures 310, 300 may be heat set into the

desired shape (e.g., spherical).

[0081] In another embodiment similar to the embodiment of Figure 23, no inner structure

is used and the membrane 320 is affixed only to the outer structure 300. Such fixation can

be achieved through an adhesive, mechanically or by a heat set operation, etc.

[0082] Figure 24 illustrates a delivery system used to deliver an occlusive plug in

accordance with the present invention. The delivery system comprises a pusher 200 and

a linkage 180. The linkage 180 is degradable to sever the plug from the pusher 200. In

one example, pusher 200 is a push wire. In another example pusher 200 is a hypotube.

Mechanical (e.g., screw threads), hydraulic, thermolytic, or electrolytic systems may be

used to degrade linkage 180. One such detachment system that could be used is shown

in U.S. Patent No. 8,182,506, which is hereby incorporated by reference in its entirety.

Another detachment system that could be used is shown in U.S. Patent No. 6,620,152,

which is also hereby incorporated by reference in its entirety. The device could be

delivered through a catheter and is detached at the target site.

[0083] In one embodiment, the plug is collapsible and is delivered in a contracted

shape in the catheter and adopts its enlarged deployed shape once deployed from the

catheter. In another embodiment the plug is delivered through a catheter which is large



enough to accommodate the plug in its deployed shape. As such, the plug is delivered

and deployed in its final shape.

[0084] For any embodiment utilizing a membrane, the pore size of the membrane may

be customized depending on the desired occlusion rate. A smaller pore size will generally

occlude blood flow quicker than a larger pore size membrane. Thus if rapid occlusion is

desired, a smaller pore size membrane is used and if slower occlusion is desired a larger

pore size membrane is used. Alternatively, only a portion of the structure is covered with

the membrane, e.g., a third or a half of the support structure is covered with the

membrane, which will cause occlusion to take longer than if the complete structure is

covered with the membrane.

[0085] Similarly, for any embodiments utilizing inner layer 100, the pore size of the

inner layer 100 may be customized depending on the desired occlusion rate. A smaller

pore size for the inner layer 100 is used when rapid occlusion is desirable, and a larger

pore size for the inner layer 100 is used when slower occlusion is desirable.

[0086] For any of the above-described embodiments employing an inner layer or

structure 100 and an outer layer or structure 120, the proximal and distal ends of the

layers may be crimped together with radiopaque or non-radiopaque markers. In one

example, the radiopaque markers are stainless steel coated with tantalum. Such markers

serve to tie or bind the ends of the layers and, if radiopaque, allow the device to be

visualized within the vasculature during deployment. The proximal ends of the inner layer

or structure 100 and proximal ends of the outer layer or structure 120 may be crimped

together or independently of one another. Likewise, the distal ends of the inner layer or

structure 100 and proximal ends of the outer layer or structure 120 may be crimped

together or independently of one another. Embodiments in which the ends of the inner

layer or structure 100 and the outer layer or structure 120 are independently crimped allow

for the inner layer or structure 10 and the outer layer or structure 120 to expand

independent of one another. Accordingly, a variable diffusive blood flow profile is

achieved depending upon the extent that the layers or structures are opened. For

example, if the inner layer is not fully opened, the pore size would be smaller than the

pore size when inner layer is in the fully opened state and thus more occlusive in nature).



In other words, in certain embodiments, the inner and outer structures are independently

and controllably expandable relative to one another.

[0087] Although the invention has been described in terms of particular

embodiments and applications, one of ordinary skill in the art, in light of this

teaching, can generate additional embodiments and modifications without

departing from the spirit of or exceeding the scope of the claimed invention.

Accordingly, it is to be understood that the drawings and descriptions herein are

proffered by way of example to facilitate comprehension of the invention and

should not be construed to limit the scope thereof.



What is claimed is:

1. A vascular disorder treatment system comprising:

a first tube;

a second tube slidably movable within said first tube;

a containment device associated with a distal end of said second tube;

said containment device having a non-expanded state and an expanded state;

said containment device sized to seat said containment device at an entrance of a

vascular disorder when in said expanded state;

said containment device having an opening for receiving an embolic agent for

treatment of said vascular disorder.

2 . A system according to claim 1, wherein said containment device is a containment

bag.

3 . A system according to claim 2, wherein said containment bag receives and holds

said embolic agent.

4 . A system according to claim 2, further comprising a pusher device movable within

said second tube, said pusher device operative to move said containment bag out of said

second tube.

5 . A system according to claim 1, further comprising:

a third tube movable within said second tube;

said containment device having a distal end attached to a distal end of said third

tube and a proximal end attached to a distal end of said second tube;

said non-expanded state of said containment device having an elongated shape

and said expanded state of said containment device having a disk-like shape;

said containment device being movable between said elongated shape and said

disk-like shape according to relative movement of said second and third tubes.

6 . A system according to claim 5, wherein said third tube is sized to deliver said

embolic agent through said opening of said containment device.



7 . A system according to claim 1, wherein a proximal end of said containment device

is fixed to a distal end of said second tube.

8 . A system according to claim 7, wherein a distal end of said containment device is

open.

9 . A system according to claim 1, wherein said containment device is fixed to a distal

end of said second tube.

10 . A system according to claim 9, wherein said containment device is an inflatable

balloon.

11. A system according to claim 1, wherein said containment device has a mesh

structure.

12 . A system according to claim 1, wherein said containment device is sized to seat at

an entrance of a vascular disorder which may include: aneurysm, atrial septal defect, left

atrial appendage, and patent foramen ovale.

13 . A system according to claim 1, wherein said embolic agent includes at least one

of: a liquid embolic, an embolic coil.

14. An apparatus for occluding a vascular site comprising:

a first catheter;

a second catheter movable within said first catheter;

an occlusion protective device associated with a distal end of said second catheter;

said occlusion protective device having a non-deployed state and a deployed state;

said occlusion protective device sized and shaped to seat said occlusion protective

device at an entrance of a vascular disorder when in a substantially deployed state;

said occlusion protective device having an opening for receiving an embolic agent

for treatment of said vascular site.

15 . An apparatus according to claim 14, wherein said occlusion protective device is a

containment bag.



16 . An apparatus according to claim 15, wherein said containment bag receives and

holds said embolic agent.

17 . An apparatus according to claim 15, further comprising a pusher device movable

within said second catheter, said pusher device operative to move said containment bag

out of said second catheter.

18 . An apparatus according to claim 14, further comprising:

a third catheter movable within said second catheter;

said occlusion protective device having a distal end attached to a distal end of said

third catheter and a proximal end attached to a distal end of said second catheter;

said non-deployed state of said occlusion protective device having an elongated

shape and said substantially deployed state of said occlusion protective device having a

disk-like shape;

said occlusion protective device being movable between said elongated shape and

said disk-like shape according to relative movement of said second and third catheters.

19 . An apparatus according to claim 18, wherein said third catheter is sized to deliver

said embolic agent through said opening of said occlusion protective device.

20. An apparatus according to claim 14, wherein a proximal end of said occlusion

protective device is fixed to a distal end of said second catheter.

2 1 . An apparatus according to claim 20, wherein a distal end of said occlusion

protective device is open.

22. An apparatus according to claim 14, wherein said occlusion protective device is

fixed to a distal end of said second catheter.

23. An apparatus according to claim 22, wherein said occlusion protective device is an

inflatable balloon.

24. An apparatus according to claim 14, wherein said occlusion protective device has

a mesh structure.



25. An apparatus according to claim 14, wherein said occlusion protective device is

sized to seat at an entrance of a vascular disorder which may include: aneurysm, atrial

septal defect, left atrial appendage, and patent foramen ovale.

26. An apparatus according to claim 14, wherein said embolic agent includes at least

one of: a liquid embolic, an embolic coil.

27. A method of occluding a vascular disorder comprising:

positioning a catheter at said vascular disorder;

deploying a embolic containment device from said catheter at an entrance of said

vascular disorder;

expanding said embolic containment device such that said embolic containment

device is seated at said entrance of said vascular disorder;

introducing an embolic agent into said vascular disorder through an opening of said

embolic containment device.

28. A method according to claim 27, wherein said embolic containment device receives

and holds said embolic agent.

29. A method according to claim 27, wherein said embolic agent is introduced through

said embolic containment device and said embolic containment device restrains said

embolic agent from exiting said vascular disorder.

30. An embolic coil comprising:

a coupler for connecting said coil to a delivery pusher;

at least one sheet fixed to said coil.

3 1 . A vascular occlusion device comprising:

a first support layer comprised of multiple struts;

a first occlusion layer associated with said first support layer;

said first occlusion layer having a porosity to limit blood flow through said occlusion

device.



32. A device according to claim 3 1 , wherein said first occlusion layer is disposed

internal to said first support layer.

33. A device according to claim 3 1 , wherein said first support layer forms an elongated

spherical shape.

34. A device according to claim 3 1 , wherein said first support layer forms a spherical

shape.

35. A device according to claim 3 1 , wherein said multiple struts of said first support

layer form a star-like pattern at a distal and proximal end of said device when said device

is viewed along a longitudinal axis of said device.

36. A device according to claim 3 1 , wherein said first occlusion layer is attached to the

outside of said first support layer.

37. A device according to claim 36, wherein said first occlusion layer is an outer

membrane.

38. A device according claim 3 1 , further comprising a second support layer, wherein

said first occlusion layer is disposed between said first support layer and said second

support layer.

39. A device according to claim 38, wherein said first support layer and said second

support layer are independently expandable relative to each other.

























INTERNATIONAL SEARCH REPORT n e a iona aappppllicafion o

PCT/US2014/071 9 1

A . CLASSIFICATION O F SUBJECT MATTER
IPC(8) - A61 B 17/12 (201 5.01 )
CPC - A61 B 17/1 2 1 13 (201 5.01 )

According to International Patent Classification (IPC) or to both national classification a d IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - A61B 17/00, 17/10, 17/12 (2015.01 )
CPC - A61 B 17/00, 17/12, 17/12031, 17/12109, 17/121 13, 17/12136, 17/1215, 17/12168, 17/1219 (2015.01 ) (keyword delimited)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC - 600/151, 91, 192, 500

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

Orbit, Google Patents, Google Scholar
Search terms used: aneurism, aneurysm, deliver, inject, embolic, fluid, coil, vascular, bag, sac, sack, expand, triple, three, third, lumen

C. DOCUMENTS CONSIDERED T O B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2013/021 1 43 A1 (COVIDEN LP) 15 August 2013 ( 5.08.2013) entire document 1-4, 7-17, 20-29

5 , 6 , 18, 19

US 5,514,093 A (ELLIS e t al) 07 May 1996 (07.05.1996) entire document 5, 6 , 18, 19

US 201 1/0301630 A1 (HENDRIKSEN et al) 08 December 201 (08.12.201 1) entire document 1-29

I I Further documents are listed in the continuation of Box C.

Special categories of cited documents: "T"

□
later document published after the international Filing date or priority

A" document defining the general state of the art which is not considered date and not in conflict wilh the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y." document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

P" document published prior to the international filing date but later than "&" document member of the same patent famil
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

06 April 2015 2 3 AP R 2015
Name and mailing address of the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver
P.O. Box 1450, Alexandria, Virginia 2231 3-1450

Facsimile No. 571-273-3201



INTERNATIONAL SEARCH REPORT
international aa pp pp c a o n No.

PCT/US2014/071 191

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 7(2)(a) for the following

1. I 1 Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

□ Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. I Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
see extra sheet

1 I I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. As all searchable claims could be searched without effort justifying additional fees, this Authority did ot invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-29

The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCiYISA/210 (continuation of first sheet (2)) (July 2009)



INTERNATIONALSEARCH REPORT

PCT/US2014/071 9 1

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group I , claims 1-29 are drawn to a vascular disorder treatment system comprising a first tube; a second tube slidably movable within
said first tube.

Group II, claim 30 is drawn to an embolic coil.

Group II, claims 31-39 are drawn to a vascular occlusion device comprising: a first support layer comprised of multiple struts; a first
occlusion layer associated with said first support layer; said first occlusion layer having a porosity to limit blood flow through said
occlusion device.

The inventions listed in Groups l-lll do not relate to a single general inventive concept under PCT Rule 13. , because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group I, a vascular disorder treatment system comprising a first tube; a second tube slidably movable
within said first tube; a containment device associated with a distal end of said second tube; said containment device sized to seat said
containment device at an entrance of a vascular disorder, are not present in Groups I I or III; the special technical features of Group II, an
embolic coil , are not present in Group I and III; and the special technical features of Group III, a vascular occlusion device comprising: a
first support layer comprised of multiple struts; a first occlusion layer associated with said first support layer; said first occlusion layer
having a porosity to limit blood flow through said occlusion device, are not found in Groups I and II.

Additionally, Groups l-lll share the technical features of a vascular occlusion device. However, these shared technical features do not
represent a contribution over the prior art. Specifically, US 201 1/0301630 A 1 to Hendriksen et al. discloses a vascular occlusion device
(Vascular occlusion devices are surgical implants that are placed within the vascular system of a patient, Para. [0004]; the present
disclosure generally provides an occlusion device and an occlusion device delivery system that may be used by a physician to deliver an
occlusion device into the vasculature of a patient, Para. [0022]).

Since none of the special technical features of the Groups l-lll inventions are found in more than one of the inventions, unity is lacking.


	abstract
	description
	claims
	drawings
	wo-search-report

