006/116289 A2 | I 000 0 00 A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
2 November 2006 (02.11.2006)

lﬂb A 00 O

(10) International Publication Number

WO 2006/116289 A2

(51) International Patent Classification:
AGIN 1/30 (2006.01)

(21) International Application Number:
PCT/US2006/015438

(22) International Filing Date: 24 April 2006 (24.04.2006)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
11/117,790 28 April 2005 (28.04.2005) US
(71) Applicant (for all designated States except US): C. R.
BARD, INC. [US/US]; 730 Central Avenue, Murray Hill,

New Jersey 07974 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): MCCARTNEY,
Charles, M. [US/US]; 5421 East Nisbet, Scottsdale,
Arizona 85254 (US).

(74) Agents: WIGTH, Todd, W. et al.; Morrison & Foerster
LLP, 19900 Macarthur Boulevard, Irvine, CA 92612-2445
(US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: MEDICAL DEVICE REMOVAL SYSTEM

o (57) Abstract: A medical device removal system includes a vessel filter repositioning or removal device to remove and/or reposition
a medical device, such as a vessel filter. The system includes a gripper to grip a medical device that is located within a body vessel,
and a detector, linked to the gripper, to detect the proximity of the medical device to the gripper. The system may also include an

=

output to indicate a signal from the detector.



WO 2006/116289 PCT/US2006/015438

MEDICAL DEVICE REMOVAL SYSTEM

PRIORITY

[0001] This application claims the benefit of priority to United States Application No.
11/117,790, filed April 28, 2005, which is incorporated by reference into this application as if
fully set forth herein.
BACKGROUND OF THE INVENTION

[0002] A vessel filter is a device inserted into a blood vessel to capture particles in the
blood flow. The device may be inserted into a major vein (e.g., inferior vena cava) to prevent
a blood clot from reaching the lungs. Subjects that have recently suffered from trauma, or
have had a heart attack (myocardial infarction), or who have experienced a major surgical
procedure (e.g., surgical repair of a fractured hip, etc.) may have thrombosis in a deep vein.
When the thrombus clot loosens from the site of formation and travels to the lung it can cause
pulmonary embolism, which is a life-threatening condition. To prevent pulmonary embolism
and other adverse conditions that may arise due to the movement of thrombus clots, a vessel
filter, such as a vena cava filter, is placed into the circulatory system to intercept the thrombi
and prevent them from entering the lungs. Further, it may be useful to remove or reposition
implanted vessel filters.

[0003] Examples of various blood vessel filters are disclosed in U.S. Patent
Application, Publication No. 2001/0000799 Al, titled “BODY VESSEL FILTER” by
Wessman et al., published May 3, 2001; U.S. Patent Application, Publication No.
2002/0138097 Al, titled “ATRAUMATIC ANCHORING AND DISENGAGEMENT
MECHANISM FOR PERMANENT IMPLANT DEVICE” by Ostrovsky et al., published
September 26, 2002; U.S. Patent Application, Publication No. 2002/0193828 Al, titled
“ENDOVASCULAR FILTER” by Griffin et al., published December 19, 2002; U.S. Patent
Application, Publication No. 2003/0199918 Al, titled “CONVERTIBLE BLOOD CLOT
FILTER” by Patel ef al., published October 23, 2003; U.S. Patent Application, Publication
No. 2003/0208227 Al, titled “TEMPORARY VASCULAR FILTERS AND METHODS” by
Thomas, published November 6, 2003; U.S. Patent Application, Publication No.
2003/0208253 Al, titled “BLOOD CLOT FILTER” by Beyer ef al., published Nov. 6, 2003;
U.S. Patent No. 4,425,908, titled “BLOOD CLOT FILTER” issued to Simon, dated
January 17, 1984; U.S. Patent No. 4,643,184, titled “EMBOLUS TRAP” issued to Mobin-
Uddin, dated February 17, 1987; U.S. Patent No. 4,817,600, titled “IMPLANTABLE
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FILTER” issued to Herms efal., dated April 4, 1989; U.S. Patent No. 5,059,205, titled
“PERCUTANEOUS ANTI-MIGRATION VENA CAVA FILTER” issued to El-Nounou
etal., dated October 22, 1991; U.S. Patent No. 5,344,427, entitled “FILTER WITH
TRIANGULAR FINGERS” issued to Cottenceau et al., dated Sep. 6, 1994; U.S. Patent No.
5,626,605, entitled “THROMBOSIS FILTER” issued to Irie ef al., dated May 6, 1997; U.S.
Patent No. 5,755,790, titled “INTRALUMINAL MEDICAL DEVICE” issued to Chevillon
et al., dated May 26, 1998; U.S. Patent No. 6,258,026 B1, titled “REMOVABLE EMBOLUS
BLOOD CLOT FILTER AND FILTER DELIVERY UNIT” issued to Ravenscroft ef al.,
dated July 10, 2001; U.S. Patent No. 6,443,972 B1, titled “VASCULAR FILTER” issued to
Bosman et al., dated Sep. 3, 2002; U.S. Patent No. 6,497,709 B1, titled “METAL MEDICAL
DEVICE?” issued to Heath, dated December 24, 2002; U.S. Patent No. 6,506,205 B2, titled
“BLOOD CLOT FILTERING SYSTEM issued to Goldberg et al., dated January 14, 2003;
and U.S. Patent No. 6,517,559 BI, titled “BLOOD FILTER AND METHOD FOR
TREATING VASCULAR DISEASE” issued to O'Connell, dated February 11, 2003; U.S.
Patent No. 6,540,767 B1, titled “RECOILABLE THROMBOSIS FILTERING DEVICE
AND METHOD?” issued to Walak et al., dated April 1, 2003; U.S. Patent No. 6,620,183 B2,
titled “THROMBU.S. FILTER WITH BREAK-AWAY ANCHOR MEMBERS” issued to
DiMatteo, dated September 16, 2003; each of which is incorporated herein by reference in its
entirety.

[0004] Vessel filters may be permanently inserted into a blood vessel, or they may be
temporarily (or removably) inserted. Removal of a vessel filter may include repositioning a
vessel filter within a blood vessel after it has been inserted, or completely removing the
vessel filter from the body of a subject into whom the vessel filter was inserted. A vessel
filter removal or repositioning device may be used to engage and remove a vessel filter. An
example of a vessel filter removal or repositioning device is found in U.S. Patent No.
6,156,055, titled “GRIPPING DEVICE FOR IMPLANTING, REPOSITIONING, OR
EXTRACTING AN OBJECT WITHIN A BODY VESSEL” issued to Ravenscroft, which is
herein incorporated by reference in its entirety.

[0005] One type of vessel filter comprises a plurality of radially expandable legs that
support one or more filter baskets that are conical in configuration. Such device is adapted
for compression into a small size to facilitate delivery into a vascular passageway and is
subsequently expanded to contact the inner wall of a body vessel. The device may be
retrieved from the deployed site by compressing the radially expanded legs and the associated

baskets into a compacted size for retrieval. The radially expandable legs generally also
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comprise engagements for anchoring the filter in position within a vessel (e.g., the vena
cava). For example, the expandable legs may have hooks that can penetrate into the vessel
wall and positively prevent migration of the filter in either direction along the length of the
vessel. The body of such a filter is usually formed from biocompatible materials, including
compressible spring metals and shape memory materials, to allow easy expansion and
compression of the filter within the vessel. The hooks on the radially expandable legs may
further comprise materials more elastic than the legs to permit the hooks to straighten in
response to withdrawal forces and to facilitate withdrawal from the endothelium layer
without risk of significant injury to the vessel wall. In one variation, the hooks are formed on
the ends of a portion of the radially expandable legs, but not on others. Of course, there are
many different configurations for a vessel filter, of which the above-described vessel filter is
one example.

[0006] A vessel filter may be implanted in the subject’s vena cava for some period
(e.g., a few weeks), after which the vessel filter may be removed. During the time of
implantation, the vessel filter will usually be monitored to confirm its position and condition.
For example, to verify that the vessel filter has not migrated along the length of the blood
vessel or become misaligned post-implantation, complex imaging systems such as MRI, CT
Scan or X-ray are used to determine the condition and/or position of the vessel filter. In some
versions, the implanted vessel filter contains on-board sensors or telemetry to monitor the
conditions of the filter or the vessel into which the filter is implanted. In any case,
monitoring may indicate when the filter may need to be removed or repositioned. The
accumulation of thrombus material may result in complications that require intervention by a
physician. For example, when too much thrombus material has been trapped inside and/or
behind the vessel filter, the build-up may impede blood flow in the blood vessel. The
pressure build-up due to the partial blockage of the blood flow may also lead to expansion of
the blood vessel, which can cause tilting and/or migration of the vessel filter.

[0007] Removal or repositioning of a vessel filter may be done in a minimally
invasive way, in order to reduce trauma to a subject in need of removal or repositioning of a
vessel filter. For example, a vessel filter may be endoscopically removed or repositioned.
However, it may be difficult to non-invasively remove a vessel filter, because it may be
difficult to determine when a vessel filter is near enough to a vessel filter repositioning or
removal device for the removal device to engage the vessel filter. Thus, in most instances,
removal of vessel filters from a body vessel requires complex and/or expensive visualization

procedures, such as MRI, X-Ray, etc.
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BRIEF SUMMARY OF THE INVENTION -
[0008] Accordingly, described herein is a vessel filter repositioning or removal device
having a detector that detects the proximity of a vessel filter with respect to the vessel filter
repositioning or removal device.
[0009] Vessel filter repositioning or removal devices may comprise a gripper to grip
a vessel filter within a body vessel and a detector, linked to the gripper, to detect the
proximity of a vessel filter to the gripper. The vessel filter repositioning or removal devices
may also include an output to indicate a signal from the detector. The output may comprise a
light emitting diode (hereinafter “LED”), a buzzer or other visual or audio aids known to one
of skill in the art. The vessel filter repositioning or removal device may also include a battery
to power the detector.
[0010] In one embodiment, the detector comprises an electrical detector, wherein the
electrical detector comprises a positive electrode and a negative electrode. The positive
electrode and the negative electrode are configured so that contact with a vessel filter
completes an electrical circuit between the positive electrode and the negative electrode. In
another embodiment, the detector comprises a mechanical detector configured to signal
contact with a vessel filter, or a magnetic detector, or an optical sensor. In some versions, the
detector comprises a pressure detector to signal contact with a vessel filter, or a magnetic
detector to detect metal from the vessel filter, or an optical sensor to detect a vessel filter
entering the gripper region (e.g., a collapsible cone gripper), or a signal sensor to sense a
signal from the vessel filter.
[0011] In one embodiment, the gripper comprises a collapsible cone, which comprises
an elongate support body having a central longitudinal axis, a plurality of gripping members
at the distal end of the elongate support body extending therefrom, wherein the gripping
members are convertible between an expanded configuration, in which the gripper members
extend from the central longitudinal axis, and a collapsed configuration, in which the
gripping members are positioned closer to the longitudinal axis of the support body. In one
embodiment, the gripper includes a flexible liner connected to the gripping members forming
an inner surface. In some versions, the gripper comprises a snare.
[0012] In another embodiment, the vessel filter removal or repositioning devices
comprises an elongate support body having a central longitudinal axis, a collapsible cone
gripper attached to the distal end of the support body, wherein the cone is translatable

between an expanded configuration and a retracted configuration, a detector linked to the
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gripper to detect the proximity of a vessel filter to the gripper and an output to indicate a
signal from the detector.

[0013] In another embodiment, the vessel filter removal or repositioning device may
include an elongate support body having a central longitudinal axis, a plurality of gripping
members at the distal end of the elongate support body extending therefrom, wherein the
gripping members are convertible between an expanded funnel-shaped configuration, in
which the gripping members extend from the central longitudinal axis, and a retracted
configuration, in which the gripping members are positioned closer to the longitudinal axis, a
flexible liner connected to the gripping members forming an inner surface, and a positive
electrode and a negative electrode, each in electrical connection to an output, wherein the
output is configured to indicate when a vessel filter contacts the positive and negative
electrodes, thereby completing an electrical circuit between the positive and negative
electrodes.

[0014] At least one of the gripping members may include a hook member formed
from an elongate metallic material. At least one of the gripping members may be a positive
or negative electrode (e.g., as part of the detector). The positive or negative electrode may
comprise a wire surrounded by the gripping members. In some versions, the positive
electrode comprises a loop of electrically conductive material encircling the central
longitudinal axis. In some versions, the negative electrode comprises a cup region
surrounded by the gripping members. The vessel filter removal or repositioning device may
also include a battery in electrical contact with the positive and negative electrodes.

[0015] Also described herein are kits for repositioning or removing a vessel filter. A
kit may include a vessel filter removal or repositioning device and instructions for using the
vessel filter removal or repositioning device to remove or to reposition a vessel filter. The
instructions may include a description of a method or methods of repositioning or removing a
vessel filter, as described herein.

[0016] Also described herein are methods of repositioning or removing a vessel filter.
One method comprises inserting a vessel filter removal or repositioning device into a body
vessel containing a vessel filter, where the vessel filter removal or repositioning device
comprises a gripper to remove or repositioning a vessel filter from a body vessel, a detector
linked to the gripper to detect the proximity of a vessel filter to the gripper, and an output to
indicate a signal from the detector, approaching the vessel filter within the body vessel with

the vessel filter removal or repositioning device, detecting the vessel filter with the vessel
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filter removal or repositioning device and gripping the vessel filter with the vessel filter
removal or repositioning device,
[0017] These and other embodiments, features, and advantages of the present
invention will become more apparent to those skilled in the art when taken with reference to
the following more detailed description of the invention in conjunction with the
accompanying drawings that are first briefly described.
BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 shows a perspective view of a vessel filter removal or repositioning
device approaching a vessel filter.
[0019] FIGS. 2A-2D illustrates detection of a vessel filter by a vessel filter removal or
repositioning device according to the present invention.
[0020] FIG. 3 shows a schematic of a vessel filter removal or repositioning device
according to the present invention.
[0021] FIG. 4A shows a perspective view of the distal end of a vessel filter removal
or repositioning device according to the present invention.
[0022] FIG. 4B shows a perspective view of the distal end of another vessel filter
removal or repositioning device according to the present invention.
[0023] FIGS. 5A-5E illustrate removal of a vessel filter using a vessel filter removal
or repositioning according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0024] The following detailed description should be read with reference to the
drawings, in which identical reference numbers refer to like elements throughout the different
figures. The drawings, which are not necessarily to scale, depict selective embodiments and
are not intended to limit the scope of the invention. The detailed description illustrates by
way of example, not by way of limitation, the principles of the invention. This description
will clearly enable one skilled in the art to make and use the invention, and describes several
embodiments, adaptations, variations, alternatives and uses of the invention, including what
is presently believed to be the best mode of carrying out the invention.
[0025] Before describing the present invention, it is to be understood that unless
otherwise indicated, this invention need not be limited to applications in humans. As one of
skill in the art would appreciate, variations of the invention may be applied to other mammals
as well. Moreover, it should be understood that embodiments of the present invention may

be applied in combination with various catheters, tubing introducers or other medical device



WO 2006/116289 PCT/US2006/015438

deployment devices for implantation and/or retrieval of the filter in a vessel within a subject’s
body.
[0026] Vessel filter repositioning or removal devices (hereafter referred to as
“removal devices”) may be used to remove any appropriate object (e.g., vessel filter) from a
body vessel. It should be noted that although the removal devices described here are
described as removing or repositioning vessel filter devices, any appropriate medical device
could be removed or repositioned using the removal devices described herein. In particular,
the removal devices described herein may be used with medical devices inserted into body
vessels or chambers. One example of a medical device that may be removed with the
removal devices described herein are vena cava filters. However, the vena cava filters
described herein are merely illustrative and are not intended to be limiting. In light of the
disclosure herein, one of skill in the art would appreciate that variations of the removal
devices described may be applicable for placement, repositioning or removal of any
appropriate device in various hollow body organs and elongated cavities in a human body.
Thus, the removal devices should not be limited to removal of vessel filters.
[0027] It must also be noted that, as used in this specification and the appended
claims, the singular forms "a," "an" and "the" include plural referents unless the context
clearly dictates otherwise. Thus, for example, the term "a hook" is intended to mean a single
hook or a combination of hooks, "a fluid" is intended to mean one or more fluids, or a
mixture thereof.
[0028] The removal devices described herein may include a gripper, to grip a vessel
filter within a body, and a detector linked to the gripper to detect the proximity of a vessel
filter with respect to the gripper. The detector is typically connected to an output (e.g., a
visual output, aural output, electronic output, mechanical output, etc.) for indicating how near
the vessel filter is to the removal device and/or whether the vessel filter is properly positioned
within the gripper for engagement thereof.

Gripper
[0029] Any appropriate gripper may be used as part of the removal device to grasp
and hold a vessel filter. In general, the gripper may secure (e.g., by grasping) a vessel filter
so that it may be removed or repositioned. The gripper may releasably secure the vessel filter
to the removal device. The gripper may also facilitate collapsing of a vessel filter, or a region
of a vessel filter (e.g., collapsing the expanded legs or attachment regions of the vessel filter),
so that the vessel filter may be manipulated without harming the subject (e.g., without

damaging the walls of the body vessel into which the vessel filter has been placed).
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Examples of appropriate grippers are illustrated below and include collapsible cones and
snares; however, other grippers may also be used.

[0030] FIG. 1 illustrates one example of a gripper 101 shown in a perspective view as
it approaches a vessel filter 110. The gripper 101 comprises a collapsible cone region 105
formed by a plurality of gripping members 120. The collapsible cone region is attached to
the distal end of an elongate support body 125 having a central, longitudinal axis 130. The
cone region includes a flexible liner 127. The gripping members 120 extend approximately
axially from the distal end of the elongate support body 125, and form a gripper having at
least two configurations, including an expanded configuration, in which the gripping
members 120 project at an angle from the central longitudinal axis of the support body to
form a cone 105 (as shown in FIG. 1 and a collapsed configuration, in which the gripping
members converge toward the central longitudinal of the support body (not shown). The
gripping members 120 shown in FIG. 1 are flexible wires that are mounted so that their
relaxed position is the “expanded” configuration, forming a cone centered about the central
longitudinal axis 130 of the support body. In the embodiment shown, the gripper 101
includes an outer sleeve 135 that slides over the elongate support body and the plurality of
gripping members 120, thereby collapsing the gripping members into the second, collapsed
configuration.

[0031] Grippers, and particularly gripper members, may be comprised of any
appropriate material, including, but not limited to, metals (e.g., aluminum, steel, tin, alloys,
etc.), polymers (e.g., plastics, rubbers, etc.) and combinations thereof. Shape memory
materials (e.g., nitinol), or materials that may be elastically displaced (and returned to an
initial configuration) may be particularly useful in forming the gripper due to the inherent
characteristics thereof, Of course, other materials not specifically mentioned herein are also
suitable for forming the gripper members.

[0032] Flexible liner 127 may be connected to the gripping members as part of a
funnel-shaped gripper at the distal end of the removal device. The liner may be flexible and
may be attached to the gripping members on the inside of the cone region (e.g., the side for
gripping the vessel filter) or on the outside of the cone region, or both. The liner may
comprise multiple layers. Furthermore, the liner may be made with any appropriate material,
including materials with electrical or tactile properties. For example, the liner may be
comprised of electrically insulative and/or conductive regions. In some versions, the flexible
liner comprises a polymeric (e.g., plastic or rubber) material. The flexible liner may cover all

of the gripping members, or only a subset of the gripping members. In some versions, the
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flexible liner may include surface properties useful to grip (and or collapse) a vessel filter.
For example, the flexible liner may include a textured surface, such as a ridged pattern, or
may comprise a sticky outer coating (e.g., including an adhesive).

[0033] The elongate support body 125 may be used to position the gripper (e.g., the
collapsible cone region of the gripper). In some versions, the elongate support body 125 is
used to help guide the removal device to a body location (e.g., within a body vessel) by using
catheter guidance techniques. For example, a guidewire or introducer may be used. Thus, in
some versions, the elongate support body is structured so that it may be used with a
guidewire or introducer. For example, the elongate support body may include one or more
cavities (e.g., lumen or passageways). A lumen though the support body may be used to pass
a guidewire, or to pass additional devices or attachments (e.g., connections) to devices at the
distal end of the support body. The elongate support body may be made of any appropriate
material. For example, the elongate support body may comprise a flexible material (e.g.,
polymers including polyurethane, etc.).

[0034] The collapsible cone portion 105 of the gripper shown in FIG. 1 is hollow, so
that it may fit over at least one end of a vessel filter 110. The removal device may be used
with any appropriate vessel filter, such as vessel filter 110. The vessel filter shown in FIG. 1
has a hub 150, from which a plurality of legs 155 radially project. Each arm shown in FIG. 1
has a barb or hook 160 at its end to anchor to the walls of a vessel into which the vessel filter
is implanted. Thus, the hub portion 150 and a portion of the legs 155 may fit within a portion
of the gripper (e.g., the collapsible cone), so that the gripper can grasp the vessel filter 110.
[0035] The gripper may also have additional structure to grasp and/or collapse the
vessel filter. For example, the distal ends of at least some of the gripping members 120 may
include hooks or pusher regions. Thus, in some versions, when the gripping members are
converted from an expanded (cone) configuration to a collapsed (or retracted) configuration,
any portion of the vessel filter within the cavity of the cone region may be trapped within the
cone region. Collapsing the cone region of the gripper may also cause the legs of a vessel
filter to collapse. Collapsing the vessel filter may prevent injury and facilitate removal or
repositioning of the vessel filter. In some versions, the gripper region may secure the filter
device without collapsing it.

[0036] Another example of a mechanical gripper that may be used includes a snare.
For example, a snare in conjunction with a sleeve, may comprise a loop of material that may
constrict to grasp a vessel filter. A snare may also be used to collapse (e.g., the legs) a vessel

filter,
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[0037] As described above, a gripper of a removal device may grasp (or otherwise
secure, hold, or attach to) a vessel filter. The gripper may secure a vessel filter removably or
permanently. The gripper may secure any appropriate portion or region of a vessel filter. For
example, in some versions, the gripper attaches to the hub 150 of a vessel filter. In some
versions, the gripper attaches to the interface between the hub and the legs. In some versions,
the gripper attaches to the legs 155. The gripper may attach to multiple sites on a vessel
filter, or it may attach to dedicated sites on a vessel filter (e.g., sites intended specifically for
attachment to a gripper or removal device).
[0038] Although the majority of the examples described herein show grippers that
mechanically grasp on to a vessel filter to secure the vessel filter, it should be understood that
a gripper may secure a vessel filter in any appropriate fashion. For example, the gripper may
magnetically attach to the vessel filter. In one version, the gripper comprises a region
configured to generate a powerful magnetic field to attach to a vessel filter. The gripper may
also comprise a pneumatic gripper (e.g., drawing a vacuum to hold the vessel filter). In some
versions, the gripper comprises an adhesive to chemically bond to a vessel filter. A gripper
may also comprise any combination of these.

Detector _
[0039] A detector may be linked to the gripper to detect the proximity of a vessel
filter with respect to the removal device. In particular, a detector may indicate when a vessel
filter is appropriately positioned so that the gripper may secure the vessel filter, allowing the
vessel filter to be removed and repositioned by the removal device. Any appropriate detector
may be used, including, electrical detectors, magnetic detectors, optical detectors, sonic
detectors, pressure detectors, contact detectors, and the like. In some versions, the detector
may detect proximity. For example, a detector may indicate how close a vessel filter is to the
gripper of a removal device. In some versions, the detector may be a sensor to sense a
condition related to the position (or proximity) of the vessel filter with respect to the removal
device. For example, a sensor may detect pressure, fluid flow, light absorption, etc.
[0040] In general, a detector may determine when a vessel filter is positioned near
enough to the gripper of the removal device so that the gripper may secure (e.g., grasp, hold
or attach to) the vessel filter. In some versions, the detector continuously indicates how close
the vessel filter is to the region of the removal device in which the gripper can effectively
secure the vessel filter (e.g., by indicating the distance from the proper position). In some
versions, the detector indicates only when the vessel filter is in an appropriate position for the
grasper to secure the vessel filter.

10
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[0041] The detector may be linked to the gripper. Generally, the detector may be
linked to the gripper because the detector and the gripper are both located at the distal end of
the removal device and both the detector and the grasper are part of the same removal device
(e.g., physically linked). In some versions, the detector is connected directly to the gripper
(e.g., a region of the gripper may be concurrent with the detector). In some versions, the
detector is indirectly linked to the grasper. For example, a portion of the detector is
connected to an elongate support body, and a portion of the gripper is also connected to the
elongate support body. Generally, at least some portion of the detector is inserted into the
lumen of a body vessel with the gripper when the removal device is used.

[0042] FIGS. 2A to 2D illustrate the general operation of a detector according to one
embodiment of the present invention. In FIGS. 2A to 2D, the gripper region is shown in
cross-section as a collapsible cone type of mechanical gripper. As described above, the
collapsible cone comprises a plurality of gripper members (only two gripper members 201,
202 are shown in each of FIGS. 2A to 2D). The ends of the gripper members (e.g., the distal
ends) are shown as having hooks 205, so that when the gripper is collapsed into a collapsed
formation (not shown), the hooks may help to secure a portion of the vessel filter within the
gripper (e.g., the collapsed cone). A vessel filter 210 is shown to the right of removal device
200.

[0043] In FIG. 2A, the removal device 200 is positioned too far from the vessel filter
for the gripper of the removal device to effectively grip the vessel filter. The dashed line 220
across the mouth of the gripper (e.g., the collapsible cone-type gripper shown in cross-
section) indicates a threshold for the gripper. When a portion of the vessel filter is located
beyond this threshold 220, the gripper device will likely be able to grasp the vessel filter to
secure it. A detector may indicate when the vessel filter has crossed this threshold. In some
versions, a detectof may also detect how far the vessel filter is from this threshold.

[0044] In FIG. 2B, the removal device has moved closer to the vessel filter. Thus, the
hub portion of the vessel filter 150, is closer to the threshold 220, but is still too far for the
grasper to able to secure the device. A detector would therefore not indicate that the vessel
filter is positioned within the removal device; however, some versions of the detector may
indicate that the vessel filter is approaching the threshold of the removal device. The removal
device may be moved closer to the vessel filter, from the position in FIG. 2B, until at least a
region of the filter device (e.g., the hub 150) has passed the threshold region, as shown in
FIG. 2C. Once the vessel filter has passed the threshold 220 of the removal device, the
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detector indicates that the vessel filter is positioned within the active reach of the gripper, and
thus that the gripper may secure the vessel filter.

[0045] In some versions, the threshold may be set by the detector. However, the
threshold may also be determined by the shape or size of the vessel filter. For example, if the
gripper is configured to grip the legs of a vessel filter (e.g., the vessel filter shown in FIG. 2A
to 2D), the threshold 220’ of the detector may be set so that it does not indicate that the vessel
filter is in position until the legs are secured by the gripper, as shown in FIG. 2D. Thus, in
FIG. 2D, the threshold is shown further in the cone, so that the hooks of the gripper members
may grasp the legs when the gripper is engaged (e.g., collapsed).

[0046] The detector threshold may be just an imaginary threshold, indicating the
effective range of the griper. However, the detector may be configured to change the
threshold. For example, the sensitivity of the detector may be changed to adjust the
threshold. In some versions, information from the detector is modified before any response
or output is provided to reflect different thresholds (e.g., for different types of vessel filters,
etc.). A detector may be configured in any appropriate way to permit accurate detection of a
vessel filter. For example, the detector (or a portion of the detector) may be moved with
respect to the gripper to change the threshold. In some versions, the detector is adjustable. In
particular, the threshold (e.g., sensitivity, position, etc.) of the detector is adjustable.

[0047] As described above, any appropriate detector may be used. FIG. 3 shows an
example of an electrical detector. An electrical detector may comprise an electrical circuit
that is open until a vessel filter closes the electrical circuit by contacting electrodes (e.g., a
negative 301 and a positive 303 electrode) to close the circuit. Contact with an electrically
conductive (e.g., metal) vessel filter permits electrical current to flow between the positive
and the negative electrode, thereby activating an output device (such as an LED, buzzer, etc).
In FIG. 3, the negative electrode 301 of the removal device detector is shown as a plate or
disk near the center of the grasper (shown as a collapsible cone). This electrode may include
a passage therethrough to pass an instrument, such as a guidewire. A positive electrode 303
is shown as a wire that also protrudes within the space formed by the cone of the gripper.
When an electrically conductive vessel filter 310 contacts both the positive and negative
terminals, the circuit 320 is complete (e.g., a closed loop) and current flows from a power
source 340, between the terminals 301, 302 and the vessel filter 310, to the output 330 (e.g.,
an LED).

[0048] Figures 4A and 4B are additional examples of electrical detectors similar to

the detector shown in FIG. 3. In FIGS. 4A and 4B, the positive and negative terminals are
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differently configured. For example, in FIG. 4A, the positive electrode 401 comprises a band
of conductive material surrounding at least a portion of the inner wall of the cone. The
negative electrode 403 is shown as a cup. Thus, if any portion of the vessel filter contacts
both the inner wall of the gripper (cone) and the central cup 403, the detector will detect the
vessel filter as positioned so that the gripper may secure the vessel filter. In FIG. 4B, the
positive 401 and negative 403 electrodes are wires projecting into the cavity formed by the
gripper (shown as a collapsible cone). As shown in FIG. 4B, a detector may comprise more
than one positive and negative electrode. Also, one or more gripping members may be used
as a positive or negative electrode.

[0049] In general, a detector (e.g., an electrical detector) may be in electrical
connection with a power source (e.g., current source). Any appropriate power source may be
used for the detector, including batteries, wall power, etc. The electrodes of the removal
device may also be treated (e.g., coated) or may comprise a substance to enhance activity or
to prevent damage to surrounding tissue. For example, the electrodes may be oxidized or
chloridized, or may be treated to prevent substantial current flow through the surrounding
liquid medium (i.e., blood). In some versions, the electrodes are connected to voltage or
current limiters.

[0050] In some variations, the detector may be a thermocouple type detector. When
two dissimilar metals are joined (e.g., contact), a voltage will may be generated related to the
difference in temperature between a measuring junction and a reference junction (connection
to the measuring device). Thus, a sensor may detect the voltage difference resulting when a
portion of the detector (e.g., a contact) contacts the medical device (e.g., a vessel filter).
[0051] An electrical detector may also be configured as a mechanical (e.g., contact)
detector requiring only contact with one portion of a vessel filter. For example, a positive
and negative electrode may be separated from each other by a short distance, so that if the
vessel filter contacts one of the electrodes, it displaces the electrode so that it contacts the
other electrode, completing the circuit. Other types of electrical detectors may also be used.
For example, the detector may detect contact with a vessel filter by a change in an electrical
property of a portion of the gripper (e.g., a change in resistance, etc.). Other types of
mechanical detectors may also be used. For example, a strain-gauge may be used to detect
contact with a portion of the vessel filter.

[0052] Optical detectors (e.g., optical sensors) may also be used. For example, in one
embodiment, an emitter/detector pair is placed near the gripper. In some versions, a detector

may comprise a trigger, which is triggered by passage of a portion a vessel filter. For
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example, an optical detector may comprise an optical trigger that is set to detect an
interruption of emitted or reflected light. Thus, a change in the detection of emitted light
(e.g., infrared light) between the emitter/detector pair may indicate that a vessel filter is near
the gripper. Other (non-optical) triggers may also be used, including physical triggers (e.g.,
tripwires, etc).
[0053] A detector may also be an electromagnetic detector. For example, the detector
may detect electromagnetic energy (e.g., radio frequency (RF) or microwave energy). In
some versions, the detectors may emit energy (e.g., RF or microwave) and detect
electromagnetic properties induced in the vessel filter by the emission of energy. For
example, a magnetic detector may be used to detect a vessel filter with respect to a gripper of
a removal device. Any appropriate magnetic detector may be used. In one version, a
magnetic detector comprises an emitter to emit a magnetic field that can induce a magnetic
field in a vessel filter. The induced magnetic field is detected by a magnetic field receiver, or
based on a change in the magnetic field that is emitted by the detector (e.g., polarization,
phase shift, etc.).
[0054] In one version, a sonic (or vibratory) detector may detect sound reflectance off
of a vessel filter as it nears the gripper of the removal device. Thus, a detector may also
include an emitter (e.g., sonic emitter, light emitter, magnetic emitter, etc.). In some
versions, the detector may detect changes in pressure due to the vessel filter nearing the
gripper. In some versions, the detector is a signal sensor that detects a signal emitted by (or
emanating from) a vessel filter. For example, a vessel filter may include a transmitter to
transmit a signal.

Output
[0055] The detector may be connected to an output. The output may signal a user or
the output may signal an electronic device. Any appropriate output may be used, including
visual, electronic, aural, or tactile. In some versions, a user output is not provided, but the
detector signals to a controller or other device that may automatically use the information
(e.g., to activate the gripper).
[0056] Visual output may include lights (e.g., LEDs, etc.) and displays (e.g.,
monitors, etc.), which may be seen by a user (a user may be any person using the device, such
as a doctor or other medical professional). In some versions, the output may be modified by
additional hardware and/or software. For example, an output display may construct images
of the removal device and vessel filter representing their positions relative to each other. In

some versions, the output may be a simple “light/no light” to indicate when a vessel filter is
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or is not in position (e.g., past the threshold of the gripper) with respect to the removal
device. |

[0057] Aural output may include a buzzer, chime, or any other audible indicator. For
example, an output may indicate by beat intensity or volume how near a vessel filter is to the
threshold of a gripper. In some versions, a chime may indicate when the vessel filter is in
position with respect to the removal devices.

[0058] The output may comprise a tactile output. For example, an output device may
vibrate to indicate that a vessel filter is in position. In some versions, the output may be
“force feedback,” (e.g., inhibiting the advancement of the removal device in the direction of
the vessel filter). The output may also comprise electronic output (e.g., signals to additional
equipment, such as additional electronics, storage devices, controller, etc.). For example, the
detector may send a signal to a controller or actuator for automating part of the removal
procedure, as described further below. The output may include any combination of outputs
(e.g., visual, tactile, etc.), as well.

Use of Removal Device

[0059] The removal devices described herein may be used to remove or reposition a
vessel filter. A general method of removing or repositioning a vessel filter in an embodiment
includes inserting a removal device into a body vessel containing a vessel filter and
approaching the vessel filter with the removal device. The detector of the removal device is
then used to determine when the vessel filter is positioned with respect to the removal device
so that the removal device may grip the vessel filter. Thus, the removal device is advanced
until the detector indicates (e.g., through an output such as an LED, monitor, speaker,
vibration, or the like) that the gripper of the removal device is positioned to grip the vessel
filter. The removal device may then grip the vessel filter with the gripper. The vessel filter
can then be removed from the patient (e.g., after collapsing the vessel filter).

[0060] FIG. 5 illustrates one version of a removal device being used to remove a
vessel filter 501. In this example, the vessel filter 501 is shown as a vessel filter having two
baskets, which has been deployed within a body vessel (not shown) such as the vena cava.
The removal device may be used to collapse and remove the vessel filter without significantly
damaging the vessel (e.g., vessel walls).

[0061] In FIGS. 5A to 5E, a vessel filter 501 (such as a Recovery® Filter from Bard
Peripheral Vascular, Inc.) has been implanted into a body vessel, such as the inferior vena
cava. The vessel filter is typically oriented within the vessel so that the basket region 505 of

the vessel filter 501 may act as a filter basket (e.g., for catching a thrombus clot). Thus, the
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hub portion 150 of the vessel filter 501 points in the direction of flow within the vessel (e.g.,
the direction of blood flow). The vessel filter 501 may be inserted into a subject and
thereafter removed, either immediately, or at any appropriate time thereafter. For example,
the vessel filter 501 may be removed, days, weeks, months, or even years after it has been
implanted.

[0062] In this example, the vessel filter 501 has been implanted into the lumen of a
subject’s inferior vena cava (IVC). The vessel filter may be removed using a removal device
as described herein. Access to the vessel filter within the IVC may be provided, for example,
using a jugular approach, as is well known to one of skill in the art. A venipuncture
(incision) is made at the appropriate location on a subject, after which a guidewire is
advanced through the incision until reaching the approximate location of the vessel filter or at
a location nearby. Because the removal device may be guided by a detector, the removal
device can be positioned by the guidewire proximate to the vessel filter 501. The accessed
vessel is then be dilated (e.g., with a 12 French dilator) to allow access by the removal
device, after which an introducer catheter (e.g., a 10 French introducer catheter with a tapered
dilator) is advanced over the guidewire and into the vein. In some versions, the introducer
catheter has a radiopaque marker at the distal end to assist in visualization. The guidewire
and the dilator are then removed, leaving the introducer catheter with a tip near the vessel
filter. In some versions, the introducer catheter acts as an outer sleeve 135 of the gripper,
keeping the gripper region of the removal device in a collapsed configuration until the gripper
region (e.g., the collapsible cone region) exits the distal end of the introducer.

[0063] In FIG. 5A, a gripper having a collapsible cone 510 has been advanced
through an introducer catheter 507 until the collapsiblle cone 510 has exited the introducer
catheter and expanded, as shown. The gripper is positioned some distance from the vessel
filter 501. In some versions, the detector of the removal device (linked to the gripper)
indicates how far the gripper is from the vessel filter (e.g., how far the vessel filter is from the
interior portion of the gripper cone). Thus, the removal device can be controllably advanced
using the detector. When the detector indicates that the vessel filter (e.g., the hub or sleeve
150 ) is within an effective range for the gripper to grip the vessel filter, the gripper may be
activated to secure the vessel filter. Thus, the removal device may be advanced as shown in
Figure 5B, until the detector indicates that at least a portion of the vessel filter may be
gripped by the gripper.

[0064] As described above, an output (e.g., an LED) may be used to indicate to a user

when the gripper region is in the correct position. Thus, the removal device may be precisely
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positioned without the aid of additional visualization techniques such as X-Ray, etc. FIG. 5C
shows a cone type gripper that has been properly positioned over a vessel filter using a
detector, and the gripper has secured the vessel filter by grasping the hub of the vessel filter.
The cone is shown as collapsed over at least a part of the vessel filter (e.g., the hub). In this
example, the cone is collapsed by moving the introducer catheter (outer sleeve) 507 over the
cone region of the gripper, as indicated by the arrow 520. Once the gripper has secured the
vessel filter, the removal device may be withdrawn, as shown in FIG. 5D, by withdrawing the
gripper using the elongate support body to pull the gripper and the attached vessel filter into
the introducer catheter (in the direction of the arrow 530). By pulling the gripper holding the
vessel filter into the narrower-diameter introducer catheter, the vessel filter is collapsed, and
may be safely withdrawn, as shown in Figure SE with the introducer catheter.

[0065] The methods and devices describe herein may be automated. For example, the
removal device described herein may include one or more actuators to controllably move
regions of the device. In one version, the device comprises an actuator to activate the
gripper, to secure at least a portion of the vessel filter within the gripper. In some versions,
the actuator controlling the gripper may be automated so that the gripper actives to secure the
vessel filter once the detector detects that the vessel filter is properly positioned within the
removal device. An actuator may also be used to withdraw (or collapse) the vessel filter. For
example, an actuator may retract the gripper into a narrow-diameter tube (e.g., such as the
introducer catheter as shown above for FIG. 5D). Thus, a controller may be used to
coordinate the removal device described herein, including the gripper and the detector. A
controller may comprise software, hardware, or any appropriate combination thereof.

[0066] The vessel filter removal or repositioning devices described herein may also
be included as part of a kit. The kit may include additional materials appropriate for using
the devices. For example, a kit may include instructions for using the de‘vices. Instructions
may be provided in any appropriate medium, including written, visual, pictographic, audible,
or the like. In some versions, the instructions describe the methods of using the device as
described above. Kits may also include additional materials (e.g., introducers, guidewires,
sheaths, etc.) useful in cc;njunction with the devices described herein.

[0067] While the invention has been described in terms of particular \;ariations and
illustrative figures, those of skill in the art will recognize that the invention is not limited to
the variations or figures described. In addition, where methods and steps described above
indicate certain events occurring in certain order, those of skill in the art will recognize that

the ordering of certain steps may be modified and that such modifications are in accordance
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with the variations of the invention. Additionally, certain steps may be performed
concurrently in a parallel process when possible, as well as performed sequentially as
described above. Therefore, to the extent there are variations of the invention, which are
within the spirit of the disclosure or equivalent to the inventions found in the claims, it is the
intent that this patent will cover those variations as well. Finally, all publications and patent
applications cited in this specification are herein incorporated by reference in their entirety as
if each individual publication or patent application were specifically and individually put

forth herein.
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CLAIMS

What is claimed is:

1. A vessel filter repositioning or removal device comprising:
a gripper to secure to a vessel filter within a body vessel; and
a detector linked to the gripper, the detector to detect the proximity of a vessel filter

to the gripper.

2. The device according to claim 1, further comprising an output to indicate a signal

from the detector.

3. The device according to claim 2, wherein the output comprises an LED.

4. The device according to claim 2, wherein the output comprises a buzzer.

5. The device according to claim 1, further comprising a battery to power the detector.
6. The device according to claim 1, wherein the detector comprises an electrical
detector.

7. The device according to claim 6, wherein the electrical detector comprises a positive

electrode and a negative electrode, wherein the positive electrode and the negative electrode
are configured so that contact with a vessel filter completes an electrical circuit between the

positive electrode and the negative electrode.

8. The device according to claim 1, wherein the detector comprises a mechanical

detector to signal contact with a vessel filter.
9. The device according to claim 1, wherein the detector comprises a magnetic detector.
10. The device according to claim 1, wherein the detector comprises an optical sensor.

11.  The device according to claim 1, wherein the detector comprises a sensor sensing a

signal from the vessel filter.

12.  The device according to claim 1, wherein the detector comprises a thermocouple

detector.

13.  The device according to claim 1, wherein the gripper comprises a collapsible cone.
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14, The device according to claim 1, wherein the gripper comprises:

an elongate support body having a central longitudinal axis;

a plurality of gripping members at the distal end of the elongate support body
extending therefrom, wherein the gripping members are convertible between
an expanded configuration, in which the gripper members extend from the
central longitudinal axis, and a collapsed configuration, in which the gripping
members are positioned closer to the longitudinal axis of the support body;
and

a flexible liner connected to the gripping members forming an inner surface.
15.  The device according to claim 1, wherein the gripper comprises a snare.

16. A vessel filter removal or repositioning device, comprising:
an elongate support body having a central longitudinal axis;
a collapsible cone gripper attached to the distal end of the support body, wherein the
cone is configured to translate between an expanded configuration and a
retracted configuration;
a detector, linked to the gripper, to detect the proximity of a vessel filter to the
gripper; and

an output to indicate a signal from the detector.
17.  The device according to claim 16, wherein the output comprises an LED.

18.  The device according to claim 16, wherein the detector comprises a positive electrode
and a negative electrode, wherein the positive electrode and the negative electrode are
configured so that contact with a vessel filter completes an electrical circuit between the

positive electrode and the negative electrode.

19.  The device according to claim 16, wherein the detector comprises a pressure detector

to signal contact with a vessel filter.

20.  The device according to claim 16, wherein the detector comprises a magnetic detector

to detect metal from the vessel filter.

21.  The device according to claim 16, wherein the detector comprises an optical sensor to

detect a vessel filter entering the collapsible cone gripper.
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22. The device according to claim 16, wherein the detector comprises a signal sensor to

sense a signal from the vessel filter.

23. A vessel filter removal or repositioning device, the device comprising:

an elongate support body having a central longitudinal axis;

a plurality of gripping members at the distal end of the elongate support body
extending therefrom, the gripping members being convertible between an
expanded funnel-shaped configuration, in which the gripping members extend
from the central longitudinal axis, and a retracted configuration, in which the
gripping members are positioned closer to the longitudinal axis;

a flexible liner connected to the gripping members forming an inner surface; and

a positive electrode and a negative electrode, each in electrical connection to an
output, the output being configured to indicate when a vessel filter contacts
the positive and negative electrodes, completing an electrical circuit between

the positive and negative electrodes.
24.  The device according to claim 23, wherein the output comprises an LED.

25.  The device according to claim 23, wherein at least one of the gripping members

comprises a hook member formed from an elongate metallic material.

26.  The device according to claim 23, wherein at least one of the gripping members

comprises the positive or negative electrode.

27.  The device according to claim 23, wherein either the positive or negative electrode

comprises a wire surrounded by the gripping members.

28.  The device according to claim 23, wherein the positive electrode comprises a loop of

electrically conductive material encircling the central longitudinal axis.

29.  The device according to claim 23, wherein the negative electrode comprises a cup

region surrounded by the gripping members.

30 The device according to claim 23, further comprising a battery in electrical contact

with the positive and negative electrodes.
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31.  AKkit for repositioning or removing a vessel filter, comprising:
the vessel filter removal or repositioning device of claim 22; and
instructions for using the vessel filter removal or repositioning device to remove or to

reposition a vessel filter.

32. A method of repositioning or removing a vessel filter, comprising:
inserting a vessel filter removal or repositioning device into a body vessel containing
a vessel filter, said vessel filter removal or repositioning device comprising:

a gripper to remove or reposition a vessel filter from a body vessel;

a detector linked to the gripper to detect the proximity of a vessel filter
to the gripper; and

an output to indicate a signal from the detector;

approaching the vessel filter within the body vessel with the vessel
filter removal or repositioning device;

detecting the vessel filter with the vessel filter removal or
repositioning device; and

gripping the vessel filter with the vessel filter removal or repositioning

device.
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