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FIG. 1

sions. An occlusion forming device includes a delivery catheter and a magnetic compon-
ent disposed a distance in a distal direction from a distal end of the delivery catheter. A
connecting member extends between the magnetic component and the delivery catheter
and is detachably coupled to the delivery catheter by a connector. The delivery catheter is
configured to direct an occlusion forming, magnetic responsive fluid to a treatment site,
where the magnetic component draws the fluid out and away from the distal end of the
delivery device. The connecting member and magnetic component are configured to be
detached from the delivery catheter so that the delivery catheter can be removed from the



WO 2016/018984 A1 |IIIIWAK 00TV A 00T A A

(84) Designated States (unless otherwise indicated, for every SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
kind of regional protection available). ARIPO (BW, GH, GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, .
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, Kz, RU, Tublished:
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, —  with international search report (Art. 21(3))
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE,




10

15

20

25

30

WO 2016/018984 PCT/US2015/042601

OCCLUSION DEVICE AND METHODS OF FORMING OCCLUSIONS

CROSS REFERENCE TO RELATED APPLICATION
[0001] The application claims the benefit of and priority to U.S. Prov. App. Ser. No.
62/030,458 filed 29 July 2014, the entirety of which is incorporated herein by reference in

its entirety.

FIELD OF THE DISCLOSURE
[0001] The disclosure relates generally to occlusion devices and methods of
forming occlusions.
BACKGROUND
[0002] Tissue adhesive compounds can be used in a variety of medical treatments,

including the treatment of vascular malformations and aneurysms, the occlusion of gastric
and esophageal varices, the sealing of biliary leaks, and the closure of enteric and
pancreatic fistulas. Success rates with such procedures have varied; only reported
through small case series and limited case reports. Cyanoacrylates are the compounds
most commonly used for these purposes. These compounds are generally liquid
monomers that polymerize into longer polymer chains upon exposure to moisture. There
are several varieties designed for medical use in humans.

[0003] Problems in using these compounds to close a vascular aneurysm, occlude
a leaky bile duct, or otherwise attempt to form an occlusion during a medical procedure
arise from the difficulty in maintaining precise control of the polymer material. The
material must be exposed only to the desired tissues and cannot be allowed to occlude or
obstruct other contiguous tissues or structures. When used to occlude vascular structures,
material cannot be allowed to embolize, thus causing injury to tissues downstream.
Furthermore, the relatively rapid polymerization time of the occlusion material can result
in premature solidification within the needle or other delivery device leading to potential
damage to equipment and unwanted extension of the treatment time.

[0004] Additionally, complications can arise when the delivery device becomes
entrapped against or within the treatment site. This can occur when the occlusion
material is injected too slowly relative to the polymerization rate of the material leading
to potentially severe consequences for the patient. Thus, if the occlusion material is
injected slowly to ensure formation of an adequate occlusion within the desired treatment
area, the risk of getting the delivery device entrapped within the treatment area rises.

Conversely, if the occlusion material is injected more rapidly or if the delivery device is
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retracted more aggressively to avoid entrapment within the treatment site, an incomplete
occlusion may result and the material may be exposed to tissues and structures outside the
intended treatment site. These difficulties in safely delivering an adequate occlusion that
fully obstructs the intended treatment site will often lead to treatment failure and may
even create additional risks to the patient.

BRIEF SUMMARY
[0005] Embodiments of the present disclosure include devices and methods for
forming an occlusion. Embodiments of an occlusion device include a reusable delivery
device, a connector, a magnetic component disposed a distance in a distal direction from a
distal end of the delivery device, and a connecting member disposed between the
magnetic component and the delivery device, the connecting member being attached to
the magnetic component and extending to the delivery device, the connector being
separably connected to the connecting member such that a connection between the
connector and the connecting member is configured to be formed and separated. Certain
embodiments of the present disclosure are configured to inject a magnetic responsive
fluid that may function as an occlusion material. The magnetic responsive fluid may be
maintained at a treatment site until polymerization, partial polymerization, or curing of
the adhesive has occurred. Embodiments of the present disclosure allow for formation of
an occlusion without the occlusion adhering to or attaching to the delivery device and
without moving beyond the treatment site to other unintended areas.
[0006] Certain embodiments include an electromagnet conductively associated
with the connecting member and/or the connector and a first current source such that
electric current can pass to the magnetic component from a first current source. Certain
embodiments of the connector include a connector coil, and certain embodiments of the
connecting member include a member coil, the connector coil and the member coil being
in association with each other.
[0007] Certain embodiments of the connector coil include a connector core in
association with the connector coil, and a member core in association with the member
coil. In certain embodiments, the connector core and/or member core are permanent
magnets. Certain embodiments include a second current source, the second current
source being conductively associated with the connector and/or connector coil and being
arranged to deliver current in a direction opposite the first current source such that the
connection between the connector and the connecting member may be neutralized or

separated upon association with or activation of the second current source.
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[0008] Certain embodiments include a magnetic component wherein at least a
portion of the magnetic component is formed as a conduit, the conduit thereby defining a
second delivery device, the second delivery device including a proximal opening and a
distal opening. Certain embodiments include an expandable element disposed at the
distal opening of the second delivery device and/or at the magnetic component, the
expandable element being in association with the magnetic component.

[0009] Certain embodiments of a method of forming a treatment occlusion
include: positioning an occlusion device at a treatment site, activating a magnetic
component disposed a distance in a distal direction from a distal end of a delivery device,
the distance between the magnetic component and the distal end of the delivery device
defining a clearance; injecting an amount of a magnetic responsive fluid through the delivery
device such that the magnetic responsive fluid is removed from the distal end of the delivery
device across the clearance and toward the magnetic component; allowing the magnetic
responsive fluid to at least partially polymerize, the at least partially polymerized magnetic
responsive fluid and the associated magnetic component defining an occlusion structure; and
dissociating the delivery device from the magnetic component such that the delivery device can
be removed from the treatment site without disturbing the occlusion structure.

[0010] Certain embodiments of a method of forming a treatment occlusion
include an expandable element disposed at the distal opening of a second delivery device,
the expandable element being in association with the magnetic component such that
activation of the magnetic component brings the magnetic responsive fluid into contact with the
expandable element. In certain embodiments, the expandable element is non-porous to the
magnetic responsive fluid such that upon movement of the magnetic responsive fluid through the
second delivery device and activation of the magnetic component, the magnetic responsive fluid
is held on a distal side of the expandable element, and in certain embodiments the expandable
element is formed to be at least partially porous to the magnetic responsive fluid such that upon
movement of the magnetic responsive fluid through the second delivery device and activation of
the magnetic component, the magnetic responsive fluid is held on a distal side of the expandable
element, within the structure of the expandable element, on a proximal side of the expandable
element, or some combination.

[0011] Certain embodiments of a method of forming a treatment occlusion include
injecting a second amount of the magnetic responsive fluid at the treatment site, the second
amount enclosing the connecting member and any other portions of the magnetic component

extending from the occlusion structure.
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[0012] Other aspects and advantages of the invention will be apparent from the
following description and the appended claims. The various characteristics described
above, as well as other features, will be readily apparent to those skilled in the art upon
reading the following detailed description, and by referring to the accompanying
drawings. This summary is therefore not intended to identify key or essential features of
the claimed subject matter, nor is it intended to be used as an aid in limiting the scope of
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] In order to describe various features and concepts of the present disclosure,
a more particular description of certain subject matter will be rendered by reference to
specific embodiments which are illustrated in the appended drawings. While each
embodiment contemplated hereby may not be drawn to scale, at least some of the
appended drawings may be drawn to scale. Understanding that these drawings depict just
some example embodiments and are not to be considered to be limiting in scope, various
embodiments will be described and explained with additional specificity and detail
through the use of the accompanying drawings in which:
[0014] FIG. 1 is a cross-sectional side view of an occlusion device in accordance
with embodiments disclosed herein.
[0015] FIG. 2 is a top view of an occlusion device in accordance with
embodiments disclosed herein.
[0016] FIG. 3 is a cross-sectional side view of an occlusion device in accordance
with embodiments disclosed herein.
[0017] FIG. 4 is a cross-sectional side view of an occlusion device in accordance
with embodiments disclosed herein.
[0018] FIGS. 5 through 8 illustrate a magnetic component of an occlusion device
in accordance with embodiments disclosed herein.
[0019] FIG. 9 is a side view of an occlusion device in accordance with
embodiments disclosed herein.
[0020] FIG. 10 is a side view of an occlusion device in accordance with
embodiments disclosed herein.
[0021] FIGS. 11 through 13 illustrate a connector and connecting member of an
occlusion device in accordance with embodiments disclosed herein.
[0022] FIGS. 14 through 17 illustrate a method of forming an occlusion in

accordance with embodiments disclosed herein.
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[0023] FIGS. 18 through 22 illustrate a method of forming an occlusion in
accordance with embodiments disclosed herein.

DETAILED DESCRIPTION
[0024] The following is directed to various embodiments of the disclosure. The

embodiments disclosed should not be interpreted, or otherwise used, to limit the scope of
the disclosure including the claims. In addition, those having ordinary skill in the art will
appreciate that the following description has broad application, and the discussion of any
embodiment is not intended to suggest that the scope of the disclosure, including the
claims, is limited to that embodiment.

[0025] Certain terms are used throughout the following description and claims to
refer to particular features or components. As those having ordinary skill in the art will
appreciate, different persons may refer to the same feature or component by different
names. This document does not intend to distinguish between components or features
that differ in name but not function. Certain features and components herein may be
shown exaggerated in scale or in somewhat schematic form and some details of
conventional elements may not be shown or described in interest of clarity and
conciseness.

[0026] Embodiments of the present disclosure may be configured for use in a
variety of treatment settings. For example, the device and methods may be used in the
closure of fistulas (such as enterocutaneous, biliary, rectovaginal, enterovesicle,
enterourethral, esophageal, etc.), in the treatment of biliary or pancreatic duct leaks, and
in the treatment of gastric varices, ateriovenous malformations, and vascular aneurysms.
Specifically, aspects of the present disclosure are directed to occlusion devices and
methods of forming occlusions that allow precise location and control of an occlusion and
that allow a delivery device to be dissociated and extracted from a forming or formed
occlusion without disrupting the occlusion or surrounding tissues or structures.

[0027] As illustrated in FIGS. 1 and 2, certain embodiments of an occlusion
device 102 may include a delivery device 104, a magnetic component 106, a connecting
member 108, and a connector 110. The delivery device 104 may be formed so as to be
able to carry, transport, channel, or otherwise deliver the material that will form the
occlusion from a proximal end 114 to a distal end 116 and/or beyond the distal end 116.
For example, the delivery device 104 may be formed as a needle, a catheter, or another
lumen-containing structure capable of delivery of the material that will form the

occlusion.
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[0028] The magnetic component 106 may be disposed a distance in a distal
direction from the distal end 116 of the delivery device 104. The distance between the
magnetic component 106 and the distal end 116 of the delivery device 104 may define a
clearance 112. In some embodiments, the clearance 112 may be 0.1 to 1 cm, or 1 to 2 cm,
or2to3cm,or3tod4cm,ord4to5cm. In some embodiments, the clearance can range
from 0.1 to S cm, 0.5 to 4 cm, or 1 to 3 cm. In some embodiments, the ratio of the
clearance to the diameter of the delivery device 104 (e.g., inside diameter) can be 0.25 to
S,or0.5t04,0r0.75t0 3,0r1 to 2.

[0029] The magnetic component 106 may be capable of generating a magnetic
field. For example, the magnetic component 106 may be a permanent magnet and/or an
electromagnet, such as an electromagnetic antenna. In the embodiment shown in FIGS. 1
and 2, the magnetic component 106 may be an electromagnet, and the electromagnet may
be conductively associated with the connecting member 108 and the connector 110 such
that electric current can pass to the magnetic component 106 from a current source 118.
In some embodiments, the magnetic component 106 can be configured such that the
strength of the magnetic field associated with the magnetic component 106 can be
modulated to provide a desired attractive force (e.g., a “pulling” force) disposed away
from the distal end 116 of the delivery device 104. In some embodiments, the magnetic
component 106 can be configured to provide a resting magnetic field and an augmented
magnetic field. For example, the magnetic component may include a permanent magnet
component to provide a resting magnetic field, and an electromagnet component to
augment the magnetic field upon actuation.

[0030] In some embodiments, the magnetic component 106 can be configured to
provide a magnetic flux density ranging from 0.1 mT to 0.5 mT, or from 0.5 mT to 1 mT,
or from 1 mT to 3 mT, or from 3 mT to 6 mT.

[0031] As an example of an embodiment including an electromagnet component,
the embodiment shown in FIGS. 1 and 2 may include a lead 120 disposed between the
current source 118 and the connector 110. The connector 110 may be in conductive
association with the connecting member 108 through, for example, direct contact or
inductive association. In other embodiments, the lead 120 may be disposed between the
current source 118 and the connecting member 108, or between the current source 118
and the magnetic component 106. In such embodiments, the magnetic component 106
may not be in conductive association with the connecting member 108 or connector 110.

For example, if the lead 120 is disposed between the connecting member 108 and the
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current source 118, the connector 110 may not be in conductive association with the
connecting member 108 or the magnetic component 106. Or if the lead 120 is disposed
between the magnetic component 106 and the current source 118, the connector 110
and/or the connecting member 108 may not be in conductive association with the
magnetic component 106 or with each other. It should be noted that the conductive
associations of the components of an embodiment, when an embodiment has such a
conductive association, may be established by direct connection, such as by one or more
electrical leads, or by inductive association, or by a combination of both.

[0032] The magnetic component 106 may be attached to a connecting member
108. The connecting member 108 may be disposed between the magnetic component 106
and the delivery device 104. In the embodiment shown in FIGS. 1 and 2, the connecting
member 108 may have a curved construction. The connecting member 108 may be
joined at or near the magnetic component 106 at or near a distal apex of the curve of the
connecting member 106, thereby forming a pair of curved struts between the delivery
device 104 and the magnetic component 106.

[0033] The connecting member 108 may also be constructed in a variety of other
forms. For example, the connecting member 108 may have a linear or non-curved
construction. In another example, the connecting member 108 may be formed with
portions that are non-curved and portions that are curved. Additionally, the connecting
member 108 may be formed with one, two, or more points of connection to the delivery
device 104. For example, the embodiment of the connecting member 108 shown in
FIGS. 1 and 2 may be constructed with two points of connection to the delivery device
104, but other embodiments may include only one point of connection to the delivery
device 104, or may include more than two points of connection to the delivery device
104.

[0034] Furthermore, the occlusion device 102 may include one connecting
member 108 or a plurality of connecting members 108 disposed between the magnetic
component 106 and the delivery device 104. Additionally, the connecting member 108 or
a plurality of connecting members 108 may form one contiguous or integrated formation,
or may include one or more separate connecting members 108 not connected directly to
each other, or may include some connecting members 108 that are connected and
integrated with each other and others that are not. In some embodiments, a portion of the
connecting member 108 (or a portion of one or more connecting members, in

embodiments including a plurality of such) may be integrated with a magnetic
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component. For example, one or more electrical leads may be coiled around a portion of
the connecting member so as to provide the portion of the connecting member with
electromagnetic functionality.

[0035] The magnetic component 106 may be constructed in a variety of forms.
For example, the magnetic component 106 may be formed from a ferromagnetic material,
partially ferromagnetic material, other material capable of functioning as a permanent
magnet, or combinations thereof. Additionally, or alternatively, as illustrated in FIGS. 1
and 2, the magnetic component 106 may be formed as an electromagnet capable of being
modulated, activated and deactivated in response to application of an electrical current.
The electromagnet may be capable of being fine-tuned through other alterations of the
applied current. For example, the strength of the magnetic field near the magnetic
component may be altered by altering the current and/or voltage of the current source.
[0036] Furthermore, the magnetic component 106 may be formed so that only a
portion actively generates a magnetic field or is capable of actively generating a magnetic
field, thereby defining a magnetically active portion of the magnetic component 106. For
example, a portion of the magnetic component 106 may be formed as a permanent
magnet, while another portion may be formed as a post, member, pin, or other structure
used to support or attach to the magnetically active portion of the magnetic component
106. As another example, a portion of the magnetic component may function as an
electromagnet, while another portion may be formed as a post, member, pin, or other
structure used to support or attach to the magnetically active portion of the magnetic
component 106. In these and other examples, the magnetically active portion can
function to provide a magnetic force to draw a magnetic responsive fluid away from the
distal end 116 of the delivery device 104, while the non-magnetically active portion can
function to provide or augment the clearance 112 separating the magnetically active
portion of the magnetic component 106 from the distal end 116 of the delivery device
104.

[0037] In some embodiments, the magnetic component 106 may also include a tip
structure 122. The tip structure 122 may be formed as an integral piece with the rest of
the magnetic component 106, or may be a separate piece attached or joined to the rest of
the magnetic component 106. In embodiments that include a magnetic component 106
with a tip structure 122, the tip structure 122 may be a same or different type of magnet
and/or may generate a magnetic field of similar or dissimilar strength relative to the rest

of the magnetic component 106. For example, the tip structure 122 may be a permanent
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magnet and the magnetic component 106 may also include coils allowing it to function as
an electromagnet. In another example, the tip structure 122 may be the only portion of
the magnetic component 106 that produces a magnetic field (e.g., the tip structure 122 is a
permanent magnet or electromagnet), while the other portions of the magnetic component
106 may not produce a magnetic field or may produce a magnetic field of different
strength. In some embodiments, the tip structure 122 may provide a magnetic field of
greater magnetic strength relative to the other portions of the magnetic component 106 in
order to provide or contribute to a magnetic field gradient. For example, the magnetic
component 106 and/or tip structure 122 can be configured to provide a magnetic field that
increases in strength in the distal direction.

[0038] The embodiment illustrated in FIGS. 1 and 2 may include a connector 110.
The connector 110 may be disposed near the distal end 116 of the delivery device 104.
For example, the connector 110 may be disposed within the internal lumen of the delivery
device 104 near the distal end 116 of the delivery device 104. The connector 110 may
also be disposed at other locations such as other portions of the internal lumen of the
delivery device 104, at or along the outer perimeter of the delivery device 104, or at the
distal edge of the delivery device 104. The connector 110 may be formed as one
integrated component, such as an annular ring or partial ring (e.g., a sectioned and/or
perforated ring) disposed along a portion of the inner lumen of the delivery device 104, or
may be formed from separate, non-contiguous and/or independent components.

[0039] In the embodiment shown in FIGS. 1 and 2, the connector 110 is in
association with the connecting member 108 in such a way as to allow a connection
between the connector 110 and a connecting member 108 to be selectively formed and
separated. For example, the connector 110 may form a mechanical attachment to the
connecting member 108 through the use of a latch, pin, stop, brace, and/or other
mechanical attachment or locking mechanism capable of coupling, joining, or engaging a
connecting member 108. Additionally, or alternatively, the connector 110 may include
magnetic components for selectively forming and separating a connection to the
connecting member 108.

[0040] FIG. 3 illustrates another embodiment of an occlusion device 302. The
embodiment shown in FIG. 3 may include elements of the embodiment of FIGS. 1 and 2
and therefore, the description of FIGS. 1 and 2 are hereby incorporated by reference.
FIG. 3 illustrates an occlusion device 302 wherein the magnetic component 306 is formed

as a cylindrical member. The magnetic component 306 of the embodiment shown in FIG.
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3 may be formed from a ferromagnetic material, a partially ferromagnetic material, or
another material capable of functioning as a permanent magnet. Additionally or
alternatively, the magnetic component 306 may be or may include an electromagnet. For
example, coils forming the electromagnet (not shown) may be disposed within the
structure of the magnetic component 306 or within a portion of the magnetic component
306.

[0041] FIG. 4 also illustrates an occlusion device 402 wherein the magnetic
component 406 is formed as a cylindrical member. The embodiment shown in FIG. 4
may include elements of the embodiments of FIGS. 1 through 3 and therefore, the
description of FIGS. 1 through 3 are hereby incorporated by reference. The magnetic
device 406 may be formed as an electromagnet including one or more coils 422
surrounding a coil core 424. The embodiment of the magnetic component 406 illustrated
in FIG. 4 may function as an electromagnet, with coils 422 disposed along the outside
perimeter of the coil core 424. The coil core 424 may also be a ferromagnetic material
and/or may be a permanent magnet capable of producing a magnetic field when the
electromagnet is deactivated.

[0042] In some embodiments, the magnetic component 406 or a portion of the
magnetic component 406 may be formed as a conduit, hose, port, or channel to define a
second delivery device, such that a magnetic responsive fluid and/or another occlusion
forming material leaving the distal opening of the delivery device 404 can enter the
proximal opening of the second delivery device and travel toward and out of the distal
opening of the second delivery device before associating with the magnetically active
portion of the magnetic component 406. For example, the magnetic component 406
illustrated in FIG. 4 may be formed as a second delivery device, such that at least a
portion of a magnetic responsive fluid and/or another occlusion forming material leaving
the delivery device 404 will be directed through the lumen of the second delivery device
and out of the distal opening of the second delivery device before associating with the
magnetically active portion of the magnetic component 406 disposed, in this example,
along the outside perimeter or a portion of the outside perimeter of the magnetic
component 406.

[0043] FIGS. 5 through 8 illustrate other embodiments of magnetic components
506, 606, 706, 806 that may be included in the occlusion device. FIGS. 5 through §
illustrate that the shape and structure of a magnetic component may be varied. TFor

example, a magnetic component may have a circular structure, an elliptical structure, a
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polygonal structure (either regular or irregular), a branched structure, another suitable
structure, or combinations thereof. A magnetic component may include a combination of
structures and shapes, with or without branched structures that may be different or similar
in shape to other branched structures.

[0044] FIGS. 9 and 10 illustrate other embodiments of an occlusion device 902,
1002 including an expandable element 926, 1026. The embodiments shown in FIGS. 9
and 10 may include elements of the embodiments of FIGS. 1 through 8 and therefore, the
descriptions of FIGS. 1 through 8 are hereby incorporated by reference. The expandable
element 926 may be formed so as to be disposed in a collapsed or closed state, as
illustrated in FIG. 9. For example, the expandable element 926 may be formed from a
flexible material designed so as to flex radially outward unless held in place, for example,
mechanically, electro-mechanically, magnetically, by another appropriate mechanism, or
combinations thereof. Upon release, the expandable element 1026 may move to an open
position, as illustrated in FIG. 10. Additionally or alternatively, the expandable element
926, 1026 may be formed or partially formed from a self-expanding material that expands
upon an induced change or natural occurrence in the environment interacting with the
expandable element 926, 1026. For example, the expandable element 926, 1026 may be
formed from a shape-memory material, such as a nickel titanium alloy (e.g., nitinol).
[0045] The expandable element 926 may be formed so as to be one integrated and
solid structure or may be formed from separate components or pieces. For example, the
expandable element 926 may be formed as a single piece or from an array of plates,
sheets, or panels that either overlay or abut each other upon expansion or that leave gaps
or breaks between each or some of them. Additionally or alternatively, the expandable
element 926 may be formed as a wire frame, hub and spoke, perforated, honeycombed, or
porous structure. In some embodiments, the expandable elements 926, 1026 can be
configured to open to an angle of 15 to 30, 30 to 45, 45 to 60, 60 to 75, 75 to 90, 90 to
105, 105 to 120, 120 to 135, or 135 to 150 degrees. In some embodiments, the
expandable elements 926, 1026 can open greater than 150 degrees.

[0046] FIGS. 11-13 illustrate other embodiments of connectors and connecting
members. The embodiments illustrated in FIGS. 11-13 may be included in part or in
combination with any of the embodiments illustrated in FIGS. 1-10, and, therefore, the
descriptions of FIGS. 1-10 are hereby incorporated by reference. In some embodiments,
such as the embodiment of the connector 1110 and the connecting member 1108

illustrated in FIG. 11, the connector 1110 may include a connector coil 1128 and/or the
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associated connecting member 1108 may include a member coil 1130 in a manner
capable of forming a magnetic connection between the connector coil 1128 and the
associated member coil 1130. For example, a connection between the connector 1110
and the connecting member 1108 can be formed by the magnetic field resulting from
passing current through the connector coil 1128 and/or the member coil 1130, and the
connection can be separated upon reducing or eliminating such current.

[0047] FIG. 12 illustrates another embodiment of a connector 1210 and
connecting member 1208. The embodiment shown in FIG. 12 may include elements of
the embodiment of FIG. 11 and, therefore, the description of FIG. 11 is hereby
incorporated by reference. In an embodiment, the connector 1210 may include a
connector coil 1228 and a connector core 1232 in association with the connector coil
1228. The connecting member 1208 may also include a member coil 1230 and a member
core 1234 in association with the member coil 1230. The connector core 1232 and/or the
member core 1234 may include a ferromagnetic material, a partially ferromagnetic
material, another material capable of functioning as a permanent magnet or capable of
altering the strength of the magnetic field upon passing current through the associated
coils, or combinations thereof. For example, in some embodiments, the connector core
1232 and the member core 1234 may have no or minimal magnetic attraction to each
other in the absence of any applied current, such that any connection between the
connector 1210 and the connecting member 1208 is limited or weak and is capable of
being easily separated. Upon application of current, the magnetic attraction may
strengthen, forming a connection suitable for positioning of the device. Upon
discontinuation of the current, the connection may return to a weakened or separated
state, easing separation of the connector 1210 and the connecting member 1208. It should
be noted that in other embodiments, the connector 1210 may include a plurality of
connector coils 1228, with some or each of the connector coils 1228 containing one or
more connector cores 1232. Additionally, the connecting member 1208 may include one
or more member coils 1230, with some or each of such member coils 1230 containing one
or more member cores 1234,

[0048] FIG. 13 illustrates another embodiment of a connector 1310 and
connecting member 1308. The embodiment shown in FIG. 13 may include elements of
the embodiments of FIGS. 11-12 and therefore, the descriptions of FIGS. 11-12 are
hereby incorporated by reference. In an embodiment, a first current source 1318 may

pass current to the connector 1310 and the connector coil 1328. When in sufficient
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proximity to the member coil 1330, a current passing through the connector coil 1328
may induce a current in the member coil 1330. The connector core 1332 and the member
core 1334 may be formed so as to induce or create a magnetic connection between
connector 1310 and the connecting member 1308. For example, the connector core 1332
and/or the member core 1334 may be permanent magnets capable of forming a magnetic
connection in the absence of a current from the first current source 1318, and/or may act
as electromagnet cores that strengthen the magnetic connection as current passes through
the connector coil 1328 and/or member coil 1330. This embodiment may also include a
second current source 1336 conductively associated with the connector coil 1328. 'The
second current source 1336 may be arranged to deliver current in a direction opposite that
of the first current source 1318 such that upon application of the second current source
1336, the magnetic field generated by the connector coil 1328 and/or connector core 1332
is weakened, neutralized, or reversed. The connection between the connector 1310 and
the connecting member 1308 may then be separated or more easily separated. In other
embodiments, the first and second current sources may be the same, and reversing the
direction of current is done simply by reversing a polarity of the current source. In
addition to, or alternative to, magnetic-based coupling and decoupling, such as that shown
in FIGS. 11-13, a connector and connecting member may be detachably coupled through
mechanical means, such as with one or more pins, latches, clasps, and/or friction fitted
parts, for example.

[0049] FIGS. 14 through 17 illustrate an embodiment of an occlusion formation
method. In this embodiment, an occlusion device 1402 is positioned at a treatment site.
The occlusion device 1402 may be any of the embodiments of an occlusion device
illustrated in FIGS. 1-13 or any combination of elements described in relation to such
embodiments, and therefore the descriptions of FIGS. 1-13 are hereby incorporated by
reference. The treatment site may be anywhere an occlusion is required or desired, such
as at or near a fistula, such as an enterocutaneous, biliary, rectovaginal, enterovesicle,
enterourethral, or esophageal fistula, or at or near a duct, such as a biliary or pancreatic
duct. Additionally, the treatment site may be at or near gastric varices, arteriovenous
malformations, or vascular aneurysms. Upon positioning the occlusion device 1402 at the
treatment site, the magnetic component 1406 of the occlusion device 1402 may be
activated. This may be accomplished, for example, by applying current from a current
source (not shown) to the magnetic component 1406, which, in the embodiment

illustrated in FIGS. 14 through 17, may be an electromagnet. Thus, in this embodiment,
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upon application of a current to the magnetic component 1406, a magnetic field may be
created originating at the magnetic component 1406.

[0050] Upon activating the magnetic component 1406, an occlusion forming
material may be injected through the delivery device 1404 toward the distal end of the
delivery device 1404. The occlusion forming material may include a magnetic responsive
fluid. A magnetic responsive fluid may be a cyanoacrylate mixed with a compound
having a magnetic potential. Upon injection, the magnetic responsive fluid and any other
associated occlusion forming material may move from the distal end of the delivery
device 1404 across the clearance 1412 and toward the magnetic component 1406. It
should be noted that the magnetic component 1406 may help prevent the magnetic
responsive fluid from interacting with and potentially adhering to the delivery device
1404. Additionally, the magnetic component 1406 may help prevent the magnetic
responsive fluid and any other associated occlusion forming material from passing
beyond the magnetic component 1406 and into other areas beyond the treatment site.
[0051] Upon associating with the magnetic component 1406, the magnetic
responsive fluid may polymerize or at least partially polymerize to form an occlusion
structure 1438 as illustrated in FIG. 15. The occlusion structure 1438 is disposed across
the clearance 1412 such that the delivery device 1404 is not in direct contact with any
portion of the occlusion structure 1438 formed around and containing the magnetic
component 1406. Upon formation of the occlusion structure 1438, the connection
between the connector (not shown) and the connecting member 1408 may be neutralized
or separated, and the delivery device 1404 may be dissociated from the occlusion
structure 1438 and the connecting member 1408 as illustrated in FIG. 16.

[0052] In some embodiments, a second amount of magnetic responsive fluid may
then be injected at the treatment site. The second amount may preferably be an amount
sufficient to cover or enclose the connecting member 1408 and any other portions of the
magnetic component 1406 extending from the occlusion structure 1438 as illustrated in
FIG. 17.

[0053] FIGS. 18 through 22 illustrate another embodiment of an occlusion
formation method. In this embodiment, an occlusion device 1502 is positioned at a
treatment site. The occlusion device 1502 may include an expandable element. The
occlusion device 1502 may incorporate elements of any of the embodiments of an
occlusion device illustrated in FIGS. 1-13, and therefore the descriptions of FIGS. 1-13

are hereby incorporated by reference. Additionally, the embodiment illustrated in FIGS.
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18 through 22 is similar to the embodiment illustrated in FIGS. 14 through 17, and
therefore the descriptions of FIGS. 14 through 17 are hereby incorporated by reference.
In this embodiment, the occlusion device 1502 includes an expandable element 1526.
During positioning of the occlusion device 1502 at the treatment site, the expandable
element 1526 may be contained in a closed or collapsed state. Upon positioning the
occlusion device 1502 at the treatment site, the expandable element 1526 may expand.
For example, the expandable element 1526 may expand so as to contact a duct wall or
other areas of the treatment site as illustrated in FIG. 19.

[0054] Upon expansion of the expandable element 1526, the magnetic component
1506 of the occlusion device 1502 may be activated. Upon activating the magnetic
component 1506, a magnetic responsive fluid may be injected through the delivery device
1504 toward the distal end of the delivery device 1504. In this embodiment, the magnetic
responsive fluid is further injected through a second delivery device defined by a conduit
formed within at least a portion of the magnetic component 1506 such that at least a
portion of the magnetic responsive fluid is channeled through and out of the distal
opening of the second delivery device and onto the expandable element 1526. In this
particular embodiment, the magnetic responsive fluid is channeled to the distal side of the
expandable element 1526, where it is held within or against the expandable element 1526
by the magnetic force of the magnetic component 1506 as illustrated in FIG. 20.

[0055] Upon associating with the expandable element 1526, the magnetic
responsive fluid may polymerize or at least partially polymerize to form an occlusion
structure 1538. The occlusion structure 1538 can be disposed within or against the
expandable element 1526 such that the delivery device 1504 is not in direct contact with
any portion of the occlusion structure 1538. Upon formation of the occlusion structure
1538, the connection between the connector (not shown) and the connecting member
1508 may be neutralized or separated, and the delivery device 1504 may be dissociated
from the occlusion structure 1538 and the connecting member 1508 as illustrated in FIG.
21. In some embodiments, a second amount of magnetic responsive fluid may then be
injected at the treatment site. The second amount may preferably be an amount sufficient
to cover or enclose the connecting member 1508 and any other portions of the magnetic
component 1506 and/or the expandable element 1526 extending from the occlusion
structure as illustrated in FIG. 22.

EE 1Y

[0056] The terms “approximately,” “about,” and “substantially” as used herein

represent an amount or condition close to the stated amount or condition that still
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performs a desired function or achieves a desired result. For example, the terms

L1

“approximately,” “about,” and “substantially” may refer to an amount that deviates by
less than 10%, or by less than 5%, or by less than 1%, or by less than 0.1%, or by less
than 0.01% from a stated amount or condition.

[0057] In addition, unless expressly described otherwise, all stated amounts (e.g.,
angle measurements, dimension measurements, etc.) are to be interpreted as being

L IN1Y

“approximately,” “about,” and/or “substantially” the stated amount, regardless of whether

L IN1Y

the terms “approximately,” “about,” and/or “substantially” are expressly stated in relation
to the stated amount(s).

[0058] Further, elements described in relation to any embodiment depicted and/or
described herein may be combinable with elements described in relation to any other
embodiment depicted and/or described herein. For example, any element described in
relation to an embodiment depicted in Figures 1 through 13 may be combinable with an
embodiment described in relation to an embodiment depicted in Figures 14 through 22.
[0059] The present disclosure may be embodied in other specific forms without
departing from its spirit or essential characteristics. The described embodiments are to be
considered in all respects only as illustrative and not restrictive. The scope of the
disclosure is, therefore, indicated by the appended claims rather than by the foregoing

description. All changes which come within the meaning and range of equivalency of the

claims are to be embraced within their scope.
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CLAIMS

What is claimed is:

1. An occlusion device, comprising:

a delivery device comprising a proximal end, a distal end, and a connector;

a magnetic component disposed a distance in a distal direction from the distal end
of the delivery device, wherein the distance between the magnetic component and the
distal end of the delivery device defines a clearance; and

a connecting member disposed between the magnetic component and the delivery
device, the connecting member being attached to the magnetic component and extending

to the delivery device, the connecting member being detachably coupled to the connector.

2. The device of claim 1, wherein the magnetic component is an electromagnet
conductively associated with the connecting member and/or the connector such that

electric current can pass to the magnetic component from a first current source.

3. The device of claim 1 or claim 2, wherein the connector comprises a connector
coil and a member coil, the connector coil and the member coil being in association with
each other such that the connector coil and the member coil can selectively form an

inductive magnetic connection.

4. The device of claim 3, further comprising a connector core in association with the
connector coil, and further comprising a member core in association with the member

coil.

5. The device of claim 4, wherein the connector core and/or the member core are

permanent magnets.

6. The device of any of claims 3 to 5, further comprising a second current source
conductively associated with the connector coil, the second current source arranged to
deliver current in a direction opposite the first current source such that the connection
between the connector and the connecting member may be neutralized or separated upon

association with the second current source.
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7. The device of any of claims 1 to 6, wherein at least a portion of the magnetic
component is formed as a conduit, the conduit thereby defining a second delivery device,

the second delivery device comprising a proximal opening and a distal opening.

8. The device of claim 7, further comprising an expandable element disposed at the
distal opening of the second delivery device and/or at the magnetic component, the

expandable element being in association with the magnetic component.

0. The device of any of claims 1 to 8, wherein the magnetic component is configured
to attract a magnetic responsive fluid such that a magnetic responsive fluid delivered
through the delivery device is pulled away from the distal end of the delivery device and

toward the magnetic component.

10. The device of any of claims 2 to 9, wherein the electromagnet is configured to
provide a magnetic field of adjustable strength in relation to current delivered by the first

current source.

11. A device for delivering an occlusion forming fluid to a treatment site, the device
comprising:

a delivery catheter comprising a proximal end, a distal end, and a connector;

an electromagnet disposed a distance in a distal direction from the distal end of the
delivery device;

a connecting member extending between the electromagnet and the distal end of
the delivery catheter, the connector being coupled to the electromagnet and selectively
coupled to the delivery device; and

a current source in electrical communication with the electromagnet such that the

electromagnet may be actuated through the delivery of current from the current source.
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12. A method of forming a treatment occlusion, comprising:

positioning an occlusion device of any of claims 1 to 11 at a treatment site;

activating a magnetic component disposed a distance in a distal direction from a
distal end of a delivery device, the distance between the magnetic component and the
distal end of the delivery device defining a clearance;

injecting an amount of a magnetic responsive fluid through the delivery device
such that the magnetic responsive fluid is removed from the distal end of the delivery
device across the clearance and toward the magnetic component;

allowing the magnetic responsive fluid to at least partially polymerize, the at least
partially polymerized magnetic responsive fluid and the associated magnetic component
defining an occlusion structure; and

dissociating the delivery device from the magnetic component such that the
delivery device can be removed from the treatment site without disturbing the occlusion

structure.

13. The method of claim 12, wherein the at least a portion of the magnetic component
is formed as a conduit, the conduit thereby defining a second delivery device, and
wherein the magnetic responsive fluid is removed from the distal end of the delivery
device and toward the magnetic component by movement through the second delivery

device.

14. The method of claim 12 or claim 13, wherein an expandable element is disposed
at the distal opening of the second delivery device, the expandable element being in
association with the magnetic component such that activation of the magnetic component

brings the magnetic responsive fluid into contact with the expandable element.

15. The method of any of claims 12 to 14, wherein the expandable element is formed
to be non-porous to the magnetic responsive fluid such that upon movement of the
magnetic responsive fluid through the second delivery device and activation of the
magnetic component, the magnetic responsive fluid is held on a distal side of the

expandable element.
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16. The method of any of claims 12 to 14, wherein the expandable element is formed
to be at least partially porous to the magnetic responsive fluid such that upon movement
of the magnetic responsive fluid through the second delivery device and activation of the
magnetic component, the magnetic responsive fluid is held on a distal side of the
expandable element, within the structure of the expandable element, on a proximal side of

the expandable element, or some combination.
17. The method of any of claims 12 to 16, further comprising injecting a second

amount of the magnetic responsive fluid at the treatment site, the second amount

enclosing the connecting member.
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