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STENT-CLEANING ASSEMBLY AND METHOD

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application
Ser. No. 60/,780,111, filed March 8, 2006, which is incorporated herein by
reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to medical devices, and
more specifically to medical devices configured for use with stents placed
within a body lumen or organ of a patient. In particular, the present
invention relates to devices and methods for clearing occlusions from

stents.

BACKGROUND

[0003] Stents are used to treat occluded vessels, lumens, or organs in
various physiological systems of a patient's body. For example, stents are
used in the circulatory system for treatment of blood vessel occlusions by
introduction of a clear and open passage through the occlusions to
unblock, for example, coronary arteries. As another example, stents are
used to treat occlusions within the biliary system. Specifically, if a disease
condition such as a tumor or an infection-related swelling causes a
stenosis or other occlusion of the common bile duct, a stent may be
introduced to provide an open, patent passage through the occluded
region.

[0004] By way of illustration, FIG. 1A shows a plastic biliary stent 100
implanted in the common bile duct 150. The plastic biliary stent 100
provides a patent lumenal passage 110 through a stenosis 120 in the
common bile duct 150. FIG. 1A also illustrates an endoscope 160 in the
duodenum 152 adjacent the Ampulla of Vater 140, through which a
proximal end of the biliary stent 100 extends. The endoscope 160
facilitates the placement and visual assessment of the stent 100 FIG. 1B
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depicts an expandable metal biliary stent 170 implanted in the common
bile duct 150. Like the plastic stent 100 illustrated in FIG. 1A, the metal
biliary stent 170 provides a patent lumenal passage 110 through a
stenosis 120 in the common bile duct 150.

[0005] Once in place, stents (e.g., biliary stents, coronary stents) may
become occluded by deposits from material passing therethrough. For
example, a biliary stent may become occluded by deposits of biliary sludge
(which commonly includes cholesterol crystals, calcium salts, and mucous)
and/or microbiological organisms adhering to the interior diameter of the
stent. Several methods are employed to address the problems presented
by occlusion of existing stents. Each of the methods typically includes
cannulation of the stenosis or other occlusion by at least a wire guide.
One method is to inflate a balloon within the occluded region of the stent to
compress or dislodge the occluding material and thereby re-establish at
least some patency of the stent's lumenal space. Because this method is
unlikely to completely remove the occluding material, re-stenosis may
occur more rapidly than did the initial occlusion formation (e.g., because
the occlusion already has "a foothold" to which more occluding material
may be anchored and/or because the full, initial patency of the stent's
internal diameter is not re-established).

[0006] Another method is to place a second, smaller stent coaxially
within the occluded stent. This method does provide a "clean,” patent
lumen, but is almost certain to provide a smaller lumenal cross-section in
the second, smaller stent than was present in the first stent. As a result,
re-stenosis may occur more quickly than did the initial stenosis formation.
[0007] Still another method is stent replacement. Removal and
replacement of the stent provides a new, clean, open, and patent lumen.
However, the procedure is time-consuming and may include increased
risks if tissue around the stent has adhered to it (or, in the case of open-
sided metal stents, such as expandable stents, surrounding tissue may
have invaded the stent itself).
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[0008] As aresult, there still exists a need for an efficient, effective
method and/or device for treatment of stenosis or other occlusion of the
lumenal space of stents.

BRIEF SUMMARY

[0009] The present invention presents devices and methods for treating
stenoses or other occlusions that may occur in stents that are deployed
within a body lumen of a patient. In one aspect, embodiments of the
present invention may include a stent-cleaning assembly that preferably is
actuatable through an endoscope. The stent cleaning assembly may have
a catheter component, including an engagement member configured to
hold the catheter component generally stationary relative to a stent, and a
deployable cleaning member, including a frictional cleaning surface such

as a brush, that may be deployed from the catheter to contact material in
the stent.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1A is a first simplified illustration of a portion of the biliary
system and shows a plastic biliary stent and an endoscope;

[0011] FIG. 1B is a second simplified illustration of a portion of the
biliary system and shows an expandable metal biliary stent

[0012] FIG. 2 depicts a side view of a first embodiment of a stent-
cleaning brush assembly;

[0013] FIG. 3 illustrates the brush assembly of FIG. 2 engaged with a
stent;

[0014] FIG. 4 illustrates a side view of a stent-cleaning brush assembly;
[0015] FIGS. 5A-51 schematically depict side views of exemplary bristle
configurations for use with the present invention:

[0016] FIGS. 6A-6E schematically depict transverse cross-sectional
views of exemplary bristle configurations for use with the present invention:
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[0017] FIG. 7 illustrates a longitudinal cross-section of the distal portion
of a third embodiment of a stent-cleaning brush;

[0018] FIG. 8 shows another stent cleaning device embodiment: and
[0019] FIG. 9 depicts a stent cleaning assembly embodiment configured
with an expandable engagement member.

DETAILED DESCRIPTION

[0020] FIG. 2 illustrates an external side view of one embodiment of a
stent-cleaning brush assembly 200. The assembly 200 includes an
elongate catheter body 202, with a flexible, axially actuatable shaft 204
extending therethrough. The shaft 204 includes a control handle 206 at its
proximal end and a cleaning member embodied as a bristled cleaning
brush 208 near its distal end. A cleaning member may alternatively be
embodied as a non-brush structure, such as — for example — an abrasive
foam member (e.g., a closed cell sponge), a filamentous pad (eg., a
scrubbing pad), or another structure with an appropriately configured
cleaning surface, all within the scope of the present invention. A distal end
portion 220 of the catheter body 202 preferably will be tapered to a smaller
outer diameter than the rest of the catheter body 202, or may otherwise be
dimensioned to effectively engage a stent, or a location near a stent
enabling access of the cleaning member to the stent. In the illustrated
embodiment, the distal catheter end portion 220 includes an engagement
member embodied as a threaded surface having generally helically
disposed external threads 222. An engagement member will generally be
configured to engage a stent in a manner limiting movement of the stent
relative to the cleaning assembly. In preferred embodiments having a
threaded engagement member, the sizes of the distal end portion 220 and
of the external threads 222 will be such that they will fit engagingly into a
proximal end of a stent to be cleaned. Those of skill in the art will
appreciate that the catheter body 202 may be equipped with other
engagement means within the scope of the present invention. Such
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engagement means may include, for example, one or more expandable
members (e.g., balloons, baskets, expansion coils), magnetic means,
means shaped to engage a complementarily-shaped stent structure, hook
means, deployable prongs, pincer means, or other appropriate means for
engaging a stent or a location adjacent a stent.

[0021] As is shown in the embodiment illustrated in FIG. 2, the bristles
of the cleaning brush 208 may be configured such that the bristles taper
from a longer bristle length near the proximal brush portion 224 to a
shorter bristle length near the distal brush portion 220. The brush 208
and/or the shaft 204 may include indicia for visualization (e.g., colored or
fluorescent indicia for optical visualization or radio-opaque markers for
fluoroscopic visualization). Also, as is described in greater detail below,
the cleaning brush can comprise any number of shape configurations
and/or may include a variety of types and textures of bristles (with the term
“bristles” encompassing other structures such as rounded projections or
other shaped components of the cleaning member).

[0022] In certain preferred embodiments, the cleaning assembly 200
may be configured for introduction into and operation within a patient body
through an endoscope such as a duodenoscope. In other preferred
embodiments, the assembly may be of a different scale and configured for
introduction into a blood vessel of a patient. For example the assembly
may be configured for percutaneous introduction through the femoral
artery and being directed to the coronary arteries of a patient.

[0023] In another embodiment, the catheter body 202 may be
configured to attach to a vacuum device. Such an embodiment preferably
will include a catheter body 202 that is able to withstand a vacuum, and
may be used with a vacuum device configured to suctionally remove
material being cleared from the stent.

[0024] FIG. 3 depicts a distal portion of the brush assembly 200
engaged with a stent 300 in need of cleaning. The stent 300 is disposed in
a stenotic region 301 of a vessel 303 and has material 302 occluding the
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stent lumen 305 (which corresponds to an internal diameter of the

stent 300). The threads 222 of the catheter body 202 enable the distal end
of the catheter body 202 to engage with the proximal end of the stent 300.
By holding the proximal end of the catheter body 202 stationary, the user
can stabilize and prevent movement of the stent 300 during the cleaning '
operation. This preferably decreases the likelihood of the stent 300 from
being dislodged or harming the surrounding tissue, and further permits a
back and forth movement of the brush 208 during a cleaning operation
without significantly moving the stent 300. In particular, the internal
diameter of the stent 300 is engaged by the catheter threads 222 as the
tapered distal catheter end portion 220 is directed into a proximal end
portion 304 of the stent 300. One example of a catheter-type device that
may be useful for threadedly engaging a stent is a Soehendra® Stent
Retriever (Cook Endoscopy G21934 et al., Winston-Salem, NC) (See also
U.S. Pat. Nos. 5,334,208 and 5,643,277, which are incorporated herein by
reference).

[0025] In one application of the assembly 200, the threads 222 may be
rotated such that they engage the internal diameter of the proximal end
portion 304 of the stent 300. Preferably the size and the composition of
the threads 222 will be configured such that there is little or no permanent
change or damage to the lumenal surface of the stent 300. Those of skill
in the art will appreciate that a friction-fit-balloon (see FIG. 9), a deployable
set of prongs, or other connecting means may be used to engage the
brush assembly to a stent in need of cleaning. Moreover, stents may be
provided that include, for example, threads, bayonet-mating structure,
embedded magnets, or other connecting structure configured to engage
with an appropriately configured distal catheter portion of the present
invention. However, the threaded configuration of the illustrated
embodiment of FIG. 2 includes an advantage that the stent need not be
provided with a complementary engaging structure.



WO 2007/103167 PCT/US2007/005334

[0026] After the brush assembly 200 is engaged with the proximal end
portion 304 of the stent 300, a user may actuate the brush 208 by moving
the handle 206 distally relative to the catheter body 202 to extend the
brush 208 out of the distal end portion 220 of the catheter body 202 and
then by moving the handle 206 such that the brush 208 contacts and
dislodges occlusive material 302. Axial back-and-forth movements of the
handle 206 (see FIG. 2), as well as rotational movements, are translated
through the shaft 204 to axial and rotational movements of the brush 208
within the stent 300. This causes the material 302 to be removed from the
interior surface of the stent 300 and opens/widens the passageway
therethrough. In some embodiments, a motorized mechanism may be
provided for rotating, reciprocating, or otherwise moving the cleaning
member.

[0027] Preferably, the greatest outer diameter of the body of brush
bristles 208 will be equal to or slightly greater than the internal diameter of
the stent 300, so that adequate friction will be generated to dislodge some,
most, or all of the occluding material 302. Most preferably, the
composition of the brush bristles 208 is such that occluding material may
be removed thereby with little or no abrasion of the interior diameter of the
stent being cleaned. Appropriate materials for use as brush bristles may
include, for example, nylon, polyethylene, other rigid non-toxic plastics,
stainless steel wire, or other non-corrosive, non-toxic metals. The body of
bristles of a single brush may include several different materials (e.g., a
mixture of stiffer or more abrasive bristles with more flexible or less
abrasive bristles). Preferred qualities of materials for use in the core are
similar to the qualities preferred for wire guides. Specifically, the core
material preferably allows accurately controlled rotary and longitudinal
movement of the distal/brush end by movement of the proximal/handle end
of the device. Preferred core materials include nitinol and stainless steel.
[0028]  After the brush 208 has been actuated to clean out and re-open
the occluded portion of the stent 300, the brush 208 will be withdrawn into
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the catheter body 202 by drawing the handle 206 distally. Then, the
catheter body 202 is rotated to disengage the threads 222 from the internal
diameter of the stent 300. Preferably, this operation is accomplished with
little or no significant movement of the stent 300.

[0029] FIG. 4 illustrates an alternative embodiment of a stent-cleaning
brush assembly 400, with the distal end portion magnified to show certain
details. The stent cleaning brush assembly includes an elongate tubular
catheter body 401. A three-ring handle 402 forms the proximal end portion
of the assembly 400. The three-ring handlie 402 includes a single-ring/
thumb-ring element 404, which preferably is configured for both axial
sliding movement along and rotation around its central longitudinal axis,
relative to a two-ring element 410. The single-ring element 404 includes a
shaft portion 406 and a ring portion 408. Near the distal end of the shaft
portion 406, the single-ring element 404 is attached to the proximal portion
of an elongate flexible shaft 412, which extends through a first lumen 430
in the catheter body 401 and terminates distally in a stent-cleaning
member embodied as a brush 414. A wire guide lumen 426 also extends
through the length of the catheter body 401. Adjacent the distal end of the
catheter body 401, a rapid-exchange side port 428 is open to the wire
guide lumen 426. A wire guide 429 preferably is used in guiding the
assembly 400 to a target location. The wire guide 429 is shown in the
magnified view of the end portion, and is directed through the rapid-
exchange side port 428.

[0030] The proximal portion of two-ring element 410 includes a central
cavity 416, in which the shaft portion 406 of the single-ring element 404 is
movably disposed. The distal portion of the two-ring element 410 includes
an optional side port 418 open to the first lumen 430. The side port 418
preferably is configured for use in introducing, for example, a contrast fluid,
a solution for flushing the catheter 401, or a solution (such as an enzyme
solution or other type of solution) for helping to break down a stenotic
build-up in a stent. The side port 418 and first lumen 430 may also be
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used for applying a vacuum to remove (by suction) material that is
dislodged by the brush 414. The distal portion of the two-ring element 410
also includes a wire guide port 424 that provides access to the wire guide
lumen 426. Together with the rapid-exchange side port 428 the wire guide
port 424 provides the brush assembly 400 with “convertible catheter”
functionality, wherein it may be used in a long-wire or a short wire/rapid-
exchange configuration. The distal portion of the two-ring element 410 is
attached to the catheter body 401. The distal end of the catheter body 401
includes a threaded surface 420, preferably configured for engagement
with a stent.

[0031] An operation of the assembly 400 is also described with
reference to FIG. 4. The assembly 400 may be directed over a wire

guide 429 to a location adjacent a stent (not shown) in need of cleaning.
The threaded surface 420 may then be engaged to the stent by rotating
the two-ring element 410, thereby transmitting rotational movement
through the catheter 401 in a manner allowing an engagement surface
including threads 420 to advance into the stent, securing the catheter 401
to the stent. The flexible shaft 412 may be advanced distally by actuation
of the single-ring element 404, and the brush body 414 employed to
engage a stenosis in the stent (for example, in a manner similar to that
described above with reference to FIG. 3). Axial or twisting movements of
the singie-ring element 402 preferably are translated to axial or twisting
movements of the brush body 414 in a manner useful for clearing stenotic
material from the stent.

[0032] For a cleaning member of the present invention, the bristles or
other cleaning member elements of a brush portion (in, for example, a
bristle body) may be configured in many different ways. For example, the
bristles may be constructed of materials and/or configured in patterns to
collect the material being removed from the stent, or just to dislodge the
material. FIGS. 5A-5| are side-view profile illustrations that

diagrammatically depict bristle body profile embodiments. It should be
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appreciated that combinations or variations of these examples, as well as
other brush configurations, are within the scope of the present invention.
FIG. 5A illustrates a brush 500 with a central shaft 502 and bristles 504
attached to the shaft 502 in a tapered tight-spiral configuration. FIG. 5B
Hlustrates a brush 510 with a central shaft 512 and bristles 514 attached to
the shaft 512 in a tapered configuration, wherein the bristles 514 are in
tiers that are generally perpendicular to the shaft 512. FIG. 5C illustrates a
brush 520 with a central shaft 522 and bristles 524 attached to the

shaft 522 in a tapered configuration, wherein the bristles 524 are in tiers
that are generally oriented at an angle relative to the longitudinal axis of
the shaft 522.

[0033] FIG. 5D illustrates a brush 530 with a central shaft 532 and
bristles 5634 attached to the shaft 532 in a tapered configuration, wherein
the bristles 534 are in tiers that are each generally oriented in a conical
pattern, the apex of which is near the longitudinal axis of the shaft 532. In
this and other angled bristie configurations, the bristles may be angled
toward or away from the distal end. FIG. 5E illustrates a brush 540 with a
central shaft 542 and bristies 544 attached to the shaft 542 in an un-
tapered configuration, wherein the bristles 544 are in tiers of a generally
consistent circumference. FIG. 5F illustrates a brush 550 with a central
shaft 552 and bristles 554 attached to the shaft 552 in an un-tapered
configuration, wherein the bristles 554 are in tiers and the tiers have
different circumferences alternating between larger and smaller
circumferences. ‘ )
[0034] FIG. 5G illustrates a brush 560 with a central shaft 562 and
bristles 564 attached to the shaft 562 in a “dual-tapered” configuration
wherein the bristles 564 are in tiers and the tiers have different
circumferences. Specifically, the tiers of bristles 564 have a larger
circumference near the middle of the brush 560 and smailler circumference
near the ends of the brush 560. In this and other example brush
embodiments, the same or a similar outer contour of the brush bristles may
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be accomplished with bristles arranged in spiral', linear or other
configurations rather than tiered configurations. FIG. 5H illustrates a
brush 570 with a central shaft 572 and bristles 574 attached to the

shaft 572 in an un-tapered loose-spiral configuration. FIG. 5l illustrates a
brush 580 with a central shaft 582 and bristles 584 arranged in generally
off-center circular tiers on the shaft 582.

[0035] In addition to and/or in conjunction with the bristle body
embodiments shown in FIGS. 5A-51, embodiments of brushes of the
present invention may include a number of different bristle configurations
as viewed in transverse cross-section. These configurations may be used
in conjunction with bristle body embodiments described with reference to
FIGS. 5A-5l. Some exemplary bristle body embodiments are illustrated in
the transverse cross-sectional views of FIGS. 6A-6E, but it should be
appreciated that other configurations may be practiced within the scope of
the present invention. FIG. 6A depicts a cross-sectional view of a center-
round bristle configuration of a brush 610 wherein bristles 612 are
arranged to have a generally circular outer profile centered around a

shaft 614. FIG. 6B depicts a cross-sectional view of a center-linear bristle
configuration of a brush 620 wherein bristles 622 are arranged generally
parallel such that they present a generally linear profile centered on a
shaft 624. FIG. 6C depicts a cross-sectional view of an off-center-triangle
bristle configuration of a brush 630 wherein bristles 632 are arranged to
have a generally triangular outer profile that is nearly centered around a
shaft 634. FIG. 6D depicts a cross-sectional view of an off-center-round
bristle configuration of a brush 640 wherein bristles 642 are arranged to
have a generally circular outer profile asymmetrically oriented around a
shaft 644. FIG. 6E depicts a cross-sectional view of a bristle configuration
of a brush 650 wherein bristles 652 of different lengths are centered
around a shaft 654. It should be appreciated that other geometric shapes

of the outer profile of the bristles are within the scope of the present
invention.
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[0036] FIG. 7 shows an embodiment of a stent-cleaning device as a
brush 700 of the present invention wherein the brush 700 includes a
plurality of finger-like projections 702 disposed on a central shaft 704. In
alternative embodiments, the finger-like projections 702 may be configured
on the shaft 704 as described above for brush bristles or in other
configurations (e.g., differing lengths, outer profiles, patterns of ptacement
on the shaft). The finger-like projections 702 preferably are made of a
flexible material such as, for example, latex, PTFE, or silicon, but may be
of limited flexibility, made of an abrasive material (e.g., an alloy or coarse-
surfaced material), and/or treated to have an abrasive surface.

[0037] FIG. 8 illustrates another stent-cleaning device embodiment of
the present invention as a cleaning tip 800, which includes an expandable
cleaning member, embodied as a balloon 801. The balloon 801 preferably
comprises a non-compliant body, the maximum expanded outer diameter
of which is configured to be at least slightly less than the internal diameter
of a stent to be cleaned. The balloon 801 may include a series of
protrusions 803 along its surface, which are configured to provide
abrasiveness sufficient to remove occluding material from within a stent.
Alternatively, the external balloon surface may include an abrasnve material
such as embedded silicon dioxide.

[0038] In one embodiment, the balloon 801 may be disposed adjacent
the distal end of a torqueable catheter body 805. In an application of the
expandable member cleaning tip 800, the cleaning tip 800 may be
mounted adjacent the distal end of a catheter body 805 and directed
through an outer catheter (not shown) to the interior of a stent (not shown)
having occluding material therein to be removed. The outer catheter
preferably is engaged to the stent, as described above with reference to
other embodiments (e.g., by a threaded engagement or other engagement
means). A set of radio-opaque markers 807 on the catheter body 805
and/or balloon 801 may be provided for fluoroscopic visualization of the
assembly 800. The balloon 801 may be inflated in the stent, thereby
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exerting radial force against the occluding material, and then rotated
and/or moved axially such that the protrusions 803 dislodge the occluding
material from the stent. In an alternative embodiment, the expandable
member may be an expandable basket, comprising an abrasive material or
construction that is configured to dislodge occluding material from a stent.
[0039] Other embodiments are contemplated within the scope of the
present invention including, for example, (1) a cleaning tip comprising a
helically-threaded surface that can auger through occluding material as
well as being moved axially to displace it; (2) a cleaning tip comprising a
serrated polymer surface; or (3) a cleaning tip comprising a corkscrew
shape wherein the corkscrew body optionally includes one or more
abrasive surfaces.

[0040] FIG. 9 is a cut-away view of a vessel 925 in a patient body. The
vessel 952 has an expandable stent 950 disposed therein. The stent 950
has deposited material 954 occluding it. FIG. 9 also shows another
embodiment of a stent-cleaning assembly 900 including an outer
catheter 902 and an inner cleaning member 904 extending through the
outer catheter 902. A serrated or otherwise irregular cleaning tip 906 is
disposed adjacent the distal end of the inner cleaning member 904. An
expandable engagement member, embodied as a balloon 910 is disposed
adjacent the distal end of the outer catheter 902. As shown in FIG. 9, the
balloon 910 is expanded within a proximal portion of the stent 950 to
engage the assembly 900 to the stent 950. The balloon 910 may be
constructed of a compliant or non-compliant material and preferably
includes an abrasive or adhesive surface that enhances its ability to
remain engaged with the stent 950 and/or with the wall of the vessel 952
adjacent the stent 950 during a cleaning operation.

[0041] Itis intended that the foregoing detailed description be regarded
as illustrative rather than limiting, and that it be understood that the
following claims, including all equivalents, are intended to define the spirit
and scope of this invention.
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CLAIMS

| CLAIM:

1. A device configured for cleaning a stent, comprising:

an elongate catheter body;

an engagement member disposed adjacent a distal end of the
catheter body, the engagement member configured to engage a stent;

an elongate shaft having a proximal end and a distal end and
disposed movably extending through the catheter body;

a handle disposed on the proximal end of the shaft; and

a cleaning member mounted on the elongate shaft and disposed

adjacent the distal end of the elongate shatt.

2. The device of claim 1, wherein the engagement member comprises
an expandable member.

3. The device of claim 1, wherein the engagement member comprises
a threaded exterior surface configured to threadingly engage an interior
diameter of a stent.

4. The device of claim 1, wherein the handle assembly comprises a
two-part handle, comprising:

a first handle structure connected to the elongate catheter body;

a second handle structure mounted to the first handle structure in a
manner allowing proximal and distal sliding movement of the second
handle structure relative to the first handle structure;

the second handle structure comprising a proximal attachment to the
elongate shaft; and
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wherein movement of the second handle structure relative to the first
handle structure causes corresponding movement of the elongate shaft
relative to the elongate catheter body.

5. The device of claim 4, wherein an axial movement of the second
handle structure translates to axial movement of the elongate shaft.

6. The device of claim 1, wherein the cleaning member comprises a
brush.
7. The device of claim 6, wherein the brush comprises a generally

conical body of bristles that tapers from a broader portion proximally to a
narrower portion distally.

8. The device of claim 7, wherein the body of bristles comprises
longitudinal rows of bristles.

9. The device of claim 6, wherein the brush comprises a body of
bristles, the body having a generally triangular transverse cross-section.

10.  The device of claim 6, wherein the brush comprises first bristles
having a first abrasiveness, and second bristles having a second _
abrasiveness.

11.  The device of claim 6, wherein the brush comprises first bristles
having a first flexibility, and second bristles having a second flexibility.

12.  The device of claim 6 comprising at least one of tier of bristles
disposed at an acute angle relative to a longitudinal axis of the elongate
shaft.
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13.  The device of claim 6, wherein the brush includes a plurality of
bristles, the ends of which are angled in a generally proximal direction.

14.  The device of claim 1, wherein the cleaning member includes a
plurality of flexible projections extending generally laterally from the
elongate shaft.

15. A method of using a stent-cleaning device, comprising the steps of:
providing a stent-cleaning device, the device comprising:
an elongate catheter body with a shaft disposed movably
therethrough;
a cleaning member disposed adjacent the distal end of the
shaft; and
an engagement member disposed adjacent the distal end of
the catheter, the engagement member configured to engage a stent;
directing the stent-cleaning device to a location adjacent a stent with
an occlusion therein;;
coupling the engagement member with the stent; and
manipulating the shaft to direct the cleaning member into contact
with the occlusion.

16. A stent-cleaning brush device, comprising:

an elongate catheter body;

a shaft disposed longitudinally and movably through the elongate
catheter body;

a brush disposed adjacent a distal end of the shaft; and

an engagement structure disposed adjacent a distal end of the
catheter, the engagement structure configured to engage a stent.

17.  The brush device of claim 16, wherein the engagement structure
comprises one of a helical screw-thread or an expandable member.
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18.  The brush device of claim 17, wherein the engagement structure is
configured to engage a surface of a stent.

5 19. The brush device of claim 16, wherein the brush comprises a
plurality of bristles.

20. The brush device of claim 16, wherein the brush comprises a
plurality of finger-like projections.



WO 2007/103167 PCT/US2007/005334

1/7

’ Fig. 1A
(Prior Art)

SUBSTITUTE SHEET (RULE 26)



WO 2007/103167

217

22

=3
A
223

=

120

=
TS5

170
150

152

140

Fig. 1B
(Prior Art)

SUBSTITUTE SHEET (RULE 26)

PCT/US2007/005334



PCT/US2007/005334

WO 2007/103167

3/7

¥0C €0t 0¢e

A A@kﬂ%‘/«wf!\. RN
A .%WW%VN@W

eyt

LT T

S ey
DNNERN QWA Y/ 4l
LR e

goe  80¢ 10€ 00¢

ONNI)//’ Mwm

7 814
Z0T 20T

vz
907 e / / ONN/ b0z / 97z
W / —— (= - \

\ (44 207
002

SUBSTITUTE SHEET (RULE 26)



WO 2007/103167 PCT/US2007/005334

4/7

416 406

Fig. 4

|

)
0
I Q
< <

SUBSTITUTE SHEET (RULE 26)



WO 2007/103167

530

n
<!
J

A\,
ot
(e

||I||||l|
T

)

")

P

SIS
[u—y
N

.5B

sy

e
agQ

)]

T
iy

Nimimmn

J

L

Tl

544

542

&
ae
W
es

/ 570

574
=4

i

500

Fig. 5SH

SUBSTITUTE SHEET (RULE 26)

.

2

2

=
L

=z

PCT/US2007/005334

” 520
Ve

L~ /

|~

/ .
-

524

[ 522

Fig. 5C

N
W
o

554

552

!
s

W
sy

/ 580

584

T

el

i)

582

sy
'y
Ua
U
o



WO 2007/103167 PCT/US2007/005334

6/7
610
\ | 622
-
Il
I 61 N 624
2
612 \ 620
. 614 |
Fig. 6A Fig. 6B

640
- \ 642

630 634
\ 632 644

Fig. 6C ' Fig.oD

650 —\ 654

652

Fig. 6E

700\ 702 702
\a\aa\aaméa/ e
P

Fig. 7 704

SUBSTITUTE SHEET (RULE 26)



WO 2007/103167 PCT/US2007/005334

\
801
M 803

902 910 954 906 925 950

(/‘ _\0 o 9/0‘35%@.%&)

Z
£
W O, 10 W0 W

[P,
Y

oy ——— ./
;—_—=—f===:fjf_:
= N '
& 5 2 TS
910 904 954 \900

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2007/005334

A. CLASSIFICATION O]
INV. A61B17

SUBJECT MATTER

22

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

B. FIELDS SEARCHED

A61B A61F

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fieids searched

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 6 165 209 A (PATTERSON GREG R [US] ET 1-14,
AL) 26 December 2000 (2000-12-26) 16-20
figures 34-37
column 4, T1ine 66 - column 5, line 18
column 16, line 47 - column 17, line 10
Y US 5 902 263 A (PATTERSON GREG R [US] ET 1-14,
AL) 11 May 1999 (1999-05-11) 16-20
abstract; claims 1,2,5-11; figures 3-5,11
column 4, lines 12-67
column 12, lines 41-47,62-67
column 13, lines 14-17
column 15, lines 33-37,45-51
X US 5 941 869 A (PATTERSON GREG R [US] ET 1,2
AL) 24 August 1999 (1999-08-24)
figures 14,15
column 19, lines 8-57
-/--

m Further documenits are listed in the continuation of Box C.

Iz] See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the international
filing date

‘L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underiying the

invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of paricuiar relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
metr]ns, such combination being obvious to a person skilled
in the art.

document member of the same patent family

e

g

Date of the actual completion of the international search

4 July 2007

Date of mailing of the intemational search report

12/07/2007

Name and maiting address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

PANTELIDIS, D

Form PCT/ISA/210 (second sheet) {April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2007/005334

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 2003/109837 Al (MCBRIDE-SAKAL MARCIA
[US]) 12 June 2003 (2003-06-12)
the whole document

1-14,
16-20

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




International application No.

INTERNATIONAL SEARCH REPORT PCT/US2007/005334

Box Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. m Claims Nos.:

15
because they relate to subject matter not required to be searched by this Authority, namely:

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
surgery

2. [:l Claims Nos.:

because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful International Search can be carried out, specifically:

3. D Claims Nos.: .

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

Box lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

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

-

. I:I As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2. l:l As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additiona! fee.

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

4. I:l No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees wers accompanied by the applicant’s protest.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2004)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2007/005334

Patent document

Pubtication

Patent family

Pubtication

* cited in search report date member(s) date

US 6165209 A 26-12-2000 NONE

US 5902263 A 11-05-1999 AU 6170098 A 26-08-1998
CA 2251341 Al 13-08-1998
EP 0921841 Al 16-06-1999
JP 2000508954 T 18-07-2000
WO 9834674 Al 13-08-1998
us 5882329 A 16-03-1999
us 5941869 A 24-08-1999

us 5941869 A 24-08-1999 AU 6170098 A 26-08-1998
CA 2251341 Al 13-08-1998
EP 0921841 Al 16-06-1999
JP 2000508954 T 18-07-2000
WO 9834674 Al 13-08-1998
us 5882329 A 16-03-1999
us 5902263 A 11-05-1999

US 2003109837 Al 12-06-2003  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report

