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CLEANING DEVICE FOR CATHETER AND
CATHETER INCLUDING THE SAME

CROSS REFERENCE TO RELATED APPLICATIONS
[6001] This application claims priority 1o U.S. Provisional Patent
Application Serial No. 62/018,049, filed June 27, 2014, the entirety of which is

hereby incorporated by reference.

FIELD OF THE DISCLOSURE
[00602] Aspects of the present disclosure generally relate to a cleaning

device for cleaning a catheter.

BACKGROUND OF THE DISCLOSURE

[8003] Certain medical devices such as tissue removal catheters require
cleaning to remove collected debris. For example, some tissue removal
catheters include a tissue collection chamber that collects excised lissue and
other debris that is cut away or otherwise exiracted from a vascular or other
biological lumen. When tissue collection chambers become full they can be
cleaned to empty the collected tissue. Certain cleaning fools have been
developed {o aid in cleaning the tissue collection chambers of lissue removal
catheters. In one example, a cleaning tool is received on the distal tip of an
atherectomy catheler uniil it visually appears that the device is in an operative
pasition. A proximal Touhy Borst seal of the cleaning tool is manually actuated
to seal a flushing lumen of the cleaning device about the catheter, and flushing

fluid is imparted into the flushing lumen.

SUMMARY OF THE DISCLOSURE

100604} In one aspect a cleaning device for cleaning tissue from a catheler
iumen of a lissue removal catheter includes a proximal duckbiil seal that forms a
passive fluid seal with the catheter body of the catheler.

(80051 In another aspect a catheter includes a preloaded cleaning device.
The cleaning device is slidable from a preloaded position at a proximal end
portion of the catheter body o an operative position at a distal end portion of the

catheter body.
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(80081 In another aspect a cleaning device for cleaning lissue from a

catheter lumen of a tissue removal catheler includes a one-piece flushing
chamber with interlocking features for securing at least one duckbill seal to the
flushing chamber.

16867} In another aspect a seal for sealing a cleaning device for cleaning
tissue from a catheter lumen of a tissue removal catheter around the catheter
includes a sealing skirt configured to sealingly engage a flushing chamber of the
cleaning device and be exposed o flushing fluid that, when pressurized,
enhances the sealing engagement between the sealing skirt and flushing
chamber.

106081 In another aspect a cleaning device for cleaning tissue from a
catheter lumen of a tissue removal catheter includes a flushing chamber with
bendable tabs that bend inward to form a retention lip adjacent one end of
flushing chamber for securing a seal to the flushing chamber.

[00609] Other features will be in part apparent and in part pointed out

hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

(80101 Figure 1 is a schemalic of a catheter suitable for cleaning with a
cleaning device;

(0811 Figure 2A is an enlarged view of a distal end portion of the catheter
having a portion thereof broken away o reveal a catheler lumen;

[6012] Figure 2B is similar to Fig. 2A Hlustrating the distal end portion of
the catheter in a different configuration;

10613} Figure 3 is a perspective view of a cleaning device;

(0814 Figure 4 is a section view taken in the plane 4-4 of Fig. 3;

10815} Figure § is a perspective view of a duckbill seal;

(00186} Figure 6 is a section view laken in the plane 6-6 of Fig. 5;

10017 Figure 7 is & schematic of the cleaning device in a preloaded
vosition on the catheter;

[0818] Figure 8 is a schemalic of the cleaning device in an operative

position,
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(00191 Figure 9 is a fragmentary partial section view of the dleaning device

in the operative position;

10620] Figure 10 is section view of another embodiment of a cleaning
device;

108241 Figure 11 is a section view of ancther embodiment of a cleaning
device;

10022  Figure 12 is a fragmentary exploded side elevation view of ancther
embodiment of a cleaning device;

(00231 Figure 13 is a section view of a seal for use with a cleaning device;

[00241Figure 14 is a fragmentary section of ancther embodiment of a
cleaning device; and

10025]Figure 15 is an end elevation of a flushing chamber of the cleaning
device of Fig. 14 illustrating tabs of the flushing chamber in a fully bent position
and using broken lines to illustrate the edges of the tabs when bent cutward from
the fully bent position {0 an intermediale position.

10026] Corresponding reference characlers indicate corresponding paris

throughout the drawings.

DEATILED DESCRIPTION

10027 Referring to Fig. 1, a catheler is generally indicated at reference
number 10. The catheter 10 includes an elongate catheter body 12 that is sized
o be inserted in a biological lumen o extract and remove tissue and other
iuminal debris. Examples of biclogical lumens include but are not limited o an
arlery, vein, thrombus, eic. The catheler body 12 has a proximal end portion
generally indicated at 14 and a distal end portion generally indicated at 16. A
handle adaptor 18 is altached to the proximal end portion 14, In the dllusirated
embodiment the handle adaplor is contigured o receive g handle {not shown)
thereupon. In the dlustrated embodiment, the handle and handie adaptor 18
include various features that can be used to control the catheter 10 in use. The
iustrated catheter 10 is an atherectomy catheter, though it is contemplated that
other types of catheters can also be used without departing from the scope of
the invention. In general, the catheter body 12 is configured to be inserted in a

biological lumen to remove lissue. In the illustrated embodiment, the distal end
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portion 14 of the catheter body 12 is configured to be inseried into an arterial

tumen Tirst. The distal end portion 16 of the catheter body 12 is configured to
extract and remove tissue as described in further detail below.

[0028] As shown in Fig. 24, the distal end portion 16 of the catheter body
12 defines a catheter lumen 30 that extends from a proximal opening 32 to a
distal opening 34. The catheter lumen 30 is in fluid communication with the
proximal opening 32 and the distal opening 34. In the illustrated embodiment,
the proximal opening 32 is a cutter window. A cutting element 36 is configured
to extend through the cutter window 32 and engage tissue on the wall of the
biclogical lumen. The cutting element 36 is configured 1o rotate at a relatively
high speed 1o slice through lissue in the biological lumen. The catheter body 12
is configured to slide through the biclogical lumen in the distal direction as the
cutting element 36 rotates. The catheter 10 is configured such that rotational
motion of the cutling element 36 and the transiational motion of the catheter
body 12 direct cul tissue in the distal direction toward the catheter lumen 30.
Thus, in the illustrated embaodiment, the catheter lumen 30 is a tissue collection
chamber. In Fig, 2A, the distal opening 34 is lllustrated covered by a scoop 38.
in this configuration the scoop 38 is positioned o prevent cut tissue from
escaping from the lissue collection chamber 30 out the distal opening 34. When
the tissue collection chamber 30 is full, the catheler body 12 is configured to be
drawn out of the arterial lumen so the cut tissue can be flushed from the lissue
collection chamber and discarded. As shown in Fig. 2B, the scoop 38 is
configured to be rotated to open the distal opening 34 so that the tissue
contained in the tissue collection chamber 30 can be flushed out through the
distal opening. In addition, the cutling element 36 is movable relative to the
catheater body 12 so it can be drawn into the cutter window 32, as shown in Fig.
28.

[8029] The distal end porlion 16 of the catheter body 12 also includes an
external stop 40. The external stop 40 is disposed proximal 1o the proximal
opening 32. In the illustrated embodiment, the external stop 40 is part of 2
torgue shaft adapter that links a torque shaft of the catheler 10 to the distal end
portion 16. However, in other embodiments the external stop can be other

components {e.g., a single-purpose stop) without departing from the scope of the
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invention. As will be discussed in greater detail below, the external stop 40 is

configured to engage with a corresponding feature of a cleaning device to align
the cleaning device in an operative position in which the cleaning device can
flush cut tissue from the tissue collection chamber 30.

16030] Referring to Fig. 3, an embodiment of a cleaning device for
cleaning the lissue collection chamber 30 is indicaled generally at reference
number 100. The cleaning device 100 has a generally cylindrical flushing
chamber 102 comprising a proximal chamber member 102A and a distal
chamber member 1028 attached {o the proximal chamber member, such as by
adhesive, welding, or mechanical fastening. A fluid inlet port 104 extends
outwardly from a central portion of the flushing chamber 102, The fluid inlet port
104 is configured to fluidly connect {o a source of flushing fluid {not shown). For
example, in some embodiments, the fluid inlet port 104 can be a luer tip
configured to receive a corresponding luer lip of a source of flushing fluid, such
as a syringe. Hwill be understood, that other fluid inlet port configurations can
aiso be used without departing from the scope of the invention. The flushing
chamber 102 has an open proximal end 108 and an open distal end 108. A
proximal seal 110 is connected to the open proximal end 106 of the flushing
chamber 102, and a distal seal 112 is connecled to the open distal end 108 of
the flushing chamber.

{00311 As shown in Fig. 4, the flushing chamber 102 of the cleaning
device 100 defines a flushing lumen 120. The flushing lumen 120 extends
between the proximal and distal ends 106, 108 of the flushing chamber 102, and
the intef port 104 is in fluid communication with the flushing lumen. Fluid
dispensed through the inlet port 104 enters the flushing lumen 120, As will be
explained in further delail below, the flushing lumen 120 is configured o accept
the distal end portion 16 of the catheter body 12 therein through the proximal
end thereof. An internal slop 126 is secured (o the cleaning device 100 inside
the flushing lumen 100. In the llustrated embodiment, the internal stop 126 is 8
separate component from the flushing chamber 102. i is secured (o the
chamber 102 with an ultraviolet tack bond. However, it should be understood
that the internal stop 126 can be secured within the flushing chamber 120 in

other ways without depariing from the scope of the invention. For example, in
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some embodiments the infernal stop can be integraily formed with the flushing

chamber. As will be discussed in greater detail below, the internal stop 126 is
configured, in the illustrated embodiment, o engage with the external stop 40 of
the catheter body 12 {o align the cleaning device 100 in an operalive position
with respect to the catheter body.

[8032] Referring still to FIG. 4, the proximai and distal seals 110, 112 are
each secured to a respective end 106, 108 of the chamber 102. The proximal
seal 110 is a duckbill seal that is sealingly received in the flushing lumen 120 at
a location proximal {o the inlet port 104, In the illustrated embodiment, the
proximal duckbill seal 110 is sealingly received in the open proximal end 106 of
the flushing chamber 102. The proximal chamber member 102A includes an
annular seal mounting flange or lip 127A that extends radially inward into the
interior of the chamber adjacent the proximal end 106, The proximal seal 110
defines a radially outwardly extending flange or shoulder 128 (also shown in
FIGS. 5 and ©) that engages the annular seal mounting lip 127A when the
proximal seal is sesalingly received in the flushing lumen and secured to the
chamber 102, The engagement betwaen the lip 127A and the shoulder 128
inhibits the seal 110 from being discharged proximally out the open proximal end
106 of the chamber when the flushing lumen 120 is pressurized with flushing
fluid. The distal seal 112 of the Hiustrated cleaning device 100 is also a duckbill
seal. The distal duckbill seal 112 is sealingly received in the flushing lumen 120
at a location distal to the inlet port 104, In the illustrated embodiment, the distal
duckbill seal 112 is sealingly received in the open distal end 108 of the flushing
chamber 102.The distal chamber member 102B includes an annular seal
mounting flange or lip 1278 that extends radially inward info the interior of the
chamber adjacent the distal end 108. The distal seal 112 defines a radiaily
outwardly extending shoulder 129 that engages the annular seal mounting lip
1278 when the proximal seal is sealingly received in the flushing lumen and
secured to the chamber 102. The engagement between the lip 1278 and the
shoulder 129 inhibits the seal 110 from being discharged proximaily out the open
proximal end 106 of the chamber when the flushing lumen 120 is pressurized

with flushing fluid.
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[60331In one or more embodiments, the flushing chamber 102 is formed

in an injection molding, casting, or other molding process. In the illustrated
embadiment, each of the chamber members 102A, 1028 is formed separately.
A core pin is used to form the flushing lumen 120 and the seal mounting lip
1274, 1278 of each respective chamber member 102A, 1028,

[6034] Each of the duckbill seals 110, 112 has a sealing passage 122,
124. In the illustrated embodiment, the duckbill seals 110, 112 are secured to
the flushing chamber 102 such that the longitudinal axes of the sealing passages
122, 124 are aligned. As will be discussed in greater detail below, the duckbill
seals 110, 112 are configured {o receive the distal end portion 16 of the catheter
body 12 in the sealing passages 122, 124 such that the distal end portion of the
catheter body extends through the flushing lumen 120 in an operalive position.
Though the illustrated embaodiment uses two duckbill seais for the proximal and
distal seals 110 and 112, it should be understood that other types of seals can
also be used without departing from the scope of the invention.

10035 Referring to Fig. 5, the proximal duckbill seal 110 includes a pair of
opposing duckbili members 130, 132, The opposing duckbiil members 130, 132
are configured to slidingly accept therebetween the distal end portion 16 of the
catheter body 12 to form a fluid seal about the catheter body proximal to the
oroximal opening 32 of the catheter body. For example, in some embodiments
the duckbill seal 110 forms a liquid-tight seal about the catheter body 112, and in
other embodiments the duckbill seal forms a hermetic seal about the catheler
body 112, In the illustrated embodiment, the sealing passage 122 passes
between the opposed duckbill members 130, 132. Togsther, the duckbill
members 130, 132 form a tapered end 134 of the duckbill seal 110. The tapered
end 134 of the proximal duckbill seal 110 is configured to be received within the
open proximal end 106 of the flushing chamber 102. Preferably, an outer
surface of the tapered end 134 of the duckbill seal 110 compressively engages
an inner surface of the fluid chamber 102 to secure the seal in place with respect
to the flushing lumen 120 and seal it therein. An external end 136 of the
oroximal duckbill seal 110 extends radially outward from the wider end of the
taperad end 134 {o define a radial shoulder 138. The shouider 138 is configured

to engage an external surface of the open proximal end 106 of the flushing



WO 2015/200702 PCT/US2015/037800
chamber 102, In the lllustrated embodiment, the proximal duckbill seal 110

comprises a one-piece body of elastomeric material. Preferably, the duckbill
seal 110 is made from a resilient material. It will be understood, however, that
other materials and constructions can also be used without departing from the
scope of the invention.

[6036] As shown in Fig. 6, the sealing passage 122 of the proximal
duckbill seal 110 has an open proximal end 140 disposed in the external end
136 of the seal. Likewise, the sealing passage 122 of the proximal duckbill seal
110 has an open distal end 142 disposed in the tapered end 134 of the proximal
duckbill seal. The sealing passage 122 is generally tapered from its proximal
end 140 to its distal end 142 such that the open proximal end 140 of the passage
defines a larger opening than the open distal end 142, The proximal duckbill
seal 110 is configured to form a liquid-tight seal about the catheter body 12 at a
sealing band 144 at which the sealing passage 122 defines an opening having
an equilibrium cross-seclional area that is smaller than a cross-seclional area of
the catheter body 12 received in the proximal duckbill seal when the cleaning
device 100 is in the operative position. "Equilibrium cross-sectional area” means
the cross-sectional area of the opening when no force is applied o the duckbill
seal 110 that affects the cross-sectional shape of the sealing passage 122, In
the illustrated embodiment, the sealing band 144 defines a slit. However, it
should be undersiood that sealing bands can also define larger openings without
departing from the scope of the invention. The opening of the sealing band 144
may have a sealing cross-sectional area that compressively conforms {o the
cross-sectional shape of the catheter body 12 that is received in the proximal
duckbill seal 110 when the deaning device 100 is in the operative position. The
resilient material of the proximal duckbill seal 110 suitably forms a fluid-tight
interface with the distal end portion 16 of the catheter body 12 when the cleaning
device 100 is in the operative position.

10637] The resilient duckbill seal 110 forms a liguid-tight seal with the
catheter body 12 as soon as it is placed in the operative position. it is a passive
seal that reguires no additional sealing actuation other than the force applied to
position the cleaning device 100 in the operative position. Because the sealing

band 144 of the proximal duckbill seal 110 has an opening having an equilibrium
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cross-sectional area that is smaller than the cross-sectional shape of the

catheter body 12, the resilient material of the seal conforms to the shape of the
catheter body as it slides into the operative position. The compressive force of
the resilient material is alone enough to create a liquid tight seal with the catheter
body 12. Thus, the user of the cleaning device 100 only has o perform one step
to form a liquid-tight seal with the catheler body 12 at the proximal end 108 of
the flushing chamber 102: slide the cleaning device into the operative position.
The duckbill seal 110 is axially fixed with respect to the flushing chamber 102.
No portion of the of the duckbill seal 110 moves axially with respect to the
flushing chamber 102 in order o form a liquid-tight seal. These features reduce
the time and sffort required for cleaning the tissue collection chamber 30 of the
catheter body 12 when performing a procedure such as athereciomy.

[0038] In the illustrated embodiment of a cleaning tool 100, the distal seal
112 is substantially identical to the proximal duckbill seal 110, Thus, the distal
duckbili seal 112 is sealingly received in the flushing lumen 120 of the cleaning
device 100 at a distal end 108 thereof. The distal duckbill seal 112 includes a
palr of opposing duckbill members configurad to slidingly accept therebetweaen
the distal end portion 16 of the catheter body 12 to form a liguid-tight seal about
the catheter body proximal (o the distal opening 34. When the distal seal 100 is
instalied in the flushing chamber 102, however, its sealing passage 124 has a
distal opening thal is wider than its proximal opening. Moreover, the distal
opening of the sealing passage 124 is disposed in the external end of the distal
duckbill seal 112 and the proximal opening of the sealing passage 124 is
disposed in the tapered end. it should be undersiood that, though substantiaily
the same components are used for the proximal seal 110 and the disial seal 112,
different seals can also be used without deparling from the scope of the
invention.

[8039] Referring to Fig. 7, in one embodiment, the cleaning device 100 is
preicaded on the catheter 10. "Preloaded” means the catheter body 12 exiends
through the flushing lumen 120 of the cleaning device 100 before the distal end
portion 16 of the catheter body is inserted into a biological lumen. When the
cleaning device 100 is preloaded it can be moved distally from adjacent the

proximal end portion 14 of the catheter body 12 toward the distal end portion 16
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of the catheter body to position the cleaning device in the operative position. In

the preloaded position, the cleaning device 100 is located generally at the
proximal end portion 14 of the catheter body 12. The proximal end portion 14 of
the catheter body extends through the flushing lumen 120 of the cleaning device
and through the sealing passages 122, 124 of the distal and proximal seals 110,
112 when the cleaning device is in the preloaded position. From the preloaded
position, the cleaning device 100 is configured 1o slide distally along the catheter
body 12 unill it reaches the operative position. In the illusirated embodiment, the
cleaning device 100 cannot slide proximally past the preloaded position. The
handle adaptor 18 of the catheter 10 is configured to inhibit the cleaning device
100 from sliding further proximally past the preloaded position. Thus, in the
iHustrated embaodiment, the handle adaptor 18 funclions as a stop atiached to
the proximal end portion 14 of the catheter body 12 and configured to inhibif the
cleaning device 100 from sliding proximally past the preloaded position. More
specifically, the external end 136 of the proximal duckbili seal 110 is configured
to engage the handie adaplor 18 to inhibit the cleaning device 100 from sliding
proximally past the preloaded position. The cleaning device can also be
inhibited from shiding proximally past the preloaded position in other ways without
departing from the scope of the invention. As will be discussed in further delail
below, when the cleaning device 100 is in the preloaded position, the catheter 10
is configured to permil the distal end portion 16 of the catheter body 12 to be
inserted into a biclogical lumen until it is positioned adjacent tissue o be
removed.

[00640] The cleaning device 100 is configured fo slide from the preloaded
position at the proximal end portion 14 of the catheter body 12 to the operative
position at the distal end portion 16 of the cathster body, as shown in Fig. 8.
Thus, in the illustrated embodiment, the cleaning device 100 is configured fo
slide in the proximal-to-disial direction toward the operative position. Referring
to Fig. 9, in the operative position, the proximal duckbill seal 110 forms a liguid-
tight seal (e.g., at the sealing band 144} about the catheter body 12 proximal (o
the proximal opening 32. Likewise, in the operative position, the distal seal 112
forms a liquid-tight seal about the catheter body 12 distal (o the proximal opening

32 and proximal to the distal opening 34. Thus, the proximal opening 32 is
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disposed between the proximal and distal duckbill seals 110, 112 within the

flushing lumen 120, and the distal opening 34 is iocated distal to the distal
duckbill seal ouiside of the flushing lumen. In the lllustrated embodiment, the
distal seal 112 forms a liguid-tight seal about the catheter body 12 at a location
closer to the distal opening 34 than the proximal opening 32. However, other
arrangements can also be used without departing from the scope of the
invention.

[0841] The cleaning device 100 is configured to fluidly connect a fluid
source to the distal end portion 16 of the catheter body 12 and direct fluid from
the fluid source into the tissue collection chamber 30 through the proximal and
distal openings 32, 34 to facilitate cleaning of the tissue collection chamber. In
the operative position of the illustrated embodiment, the proximal and distal
openings 32, 34 form a fluid inlet and fluid outlet, respectively, of the tissue
collection chamber 30. The cleaning device 100 is configured o receive fluid
that is directed into the inlet port 104 and that thereby enters the flushing lumen
120. The proximal and distal duckbill seals 110, 112 are configured o prevent
the fluid from escaping the flushing lumen out the open ends 108, 108 of the
cleaning device 100. In the operative position, the proximal opening 32 is
disposed between the distal and proximal seals 110, 112 and is configured to
receive the fluid in the flushing lumen 120 such that the fluid flows through the
tissue collection chamber 30 and out the distal opening 34. The praessure of the
fluid in the tissue collection chamber 30 directs lissue contained therein out the
distal opening along with the fluid.

(806421 Though in the illustraled embodiment the proximal opening 32 of
the distal end portion 16 of the catheter body 12 is disposed within the flushing
iumen 120 and the distal opening 34 is disposed outside the flushing lumen in
the operative position, in other embodiments a cleaning device can be arranged
differently with respect to a catheler body in the operative posilion. For example,
in one embodiment, a distal opening of a distal end portion of a catheter body is
disposed within a flushing lumen of a cleaning device and a proximal opening of
the distal end portion of a catheter body is disposed outside the flushing lumen
of the cleaning device in the operative position. In this embodiment, the cleaning

device is configured for fluid to flow in an inlet of the cleaning device, into the
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flushing lumen, in the distal opening of the distal end portion of the catheler

bady, through a tissue collection chamber, and out the proximal opening of the
distal end portion of the catheter body.

[0043] As illustrated in Fig. 9, in the operative position, the external stop
40 of the catheter 10 is engages the internal stop 126 of the cleaning device 100
to inhibit the cleaning device from sliding distally past the operative position. In
certain embodiments, the cleaning device 100 is entirely inhibited from sliding
distally past the operative position, such that further sliding would cause
breakage of one or both of the internal stop 126 and the external stop 40. In
other embodiments, the cleaning device 100 is partially inhibited from sliding
distally past the operative position, such that, depending on the anguilar
alignment of the cleaning device 100 and catheter bady 12, the internal slop 126
will engage or fail io engage the external stop 40, In the illustrated embodiment,
engagement belween the external stop 40 of the catheler body 12 and the
internal stop 126 of the cleaning device 100 posilions the cleaning device in the
operative position with respect to the catheter body. Thus, a user can merely
slide the cleaning device 100 from the preloaded position distally untll the
internal stop 126 of the cleaning device engages the external stop 40 of the
catheter body 12 to position the cleaning device in the operative position. This
greatly simplifies the process of flushing the tissue collection chamber 30 of ifs
contents. The user is ne longer required o visually delermine proper positioning
between the cleaning device 100 and the catheter body 12 because the
engagement belween the internal stop 126 and the external stop 40 provides an
easy-fo-identify and precise indicatlion of proper positioning. Positioning errors
and flushing procedure time are, thus, greally reduced.

[0844] Though in the illustrated embodiment the cleaning device 100 is
oreloaded on the catheter body 12, in other embodiments the cleaning device
can be unloaded. For example, the cleaning device 100 can have an unloaded
position in which the cleaning device is disconnected from the catheter body 12.
in the unloaded position, no portion of the catheter body 12 is disposed within or
extends through the flushing lumen 120 of the cleaning device 100. The
cleaning device 100 can be configured to shide from the unlocaded position

disconnected from the catheter body 12 10 an operative position at the distal end
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portion 16 of the catheter body. More specifically, the tip of the distal end portion

16 can be inserted info the proximal opening 140 of the sealing passage 122 of
the proximal duckbill seal 110 and the distal end portion of the catheter body can
be inserted through the flushing lumen 120 and sealing passage 124 of the distal
seal 112 until the cleaning device reaches the operative position. In this
embodiment the cleaning device 100 shides along the catheter body 12 toward
the operative position in the distal-lo-proximal direction. 1t is contemplated that,
in this embodiment, an internal stop of the cleaning device could be arrangsd to
engage an exiernal stop of the catheter body when the cleaning device is
positioned in the operative position.

1006451 In one embodiment of a method of using the catheter 10, a distal
end portion 16 of the catheter body 12 is inserted into an incision and further into
a biological iumen of a patient {e.q., an artery). The catheter body 12 is moved
along the biological lumen until the distal end portion 16 is positioned adjacent
tissue o be removed. Using controls disposed on the handle adaptor 18 and/or
handle (not shown}, the cutling element 36 of the catheter 10 is positioned {o
operatively engage tissue (o be removed. A driver (nol shown) of the catheter
10 is subsequently actuated using the controls, which causes the cutting element
36 to rotate about its longitudinal axis to slice away the tissue. Simultaneously,
the catheter body 12 is inserted distally further into the biclogical lumen. The
excised tissus is directed into the tissue collection chamber 30 until it is filled.
One skilled in the art will appreciate that "filled” does not require the entire
volume of the tissue collection chamber to be occupied by tissue. Once the
tissue collection chamber 30 is filled, the catheter body 12 is drawn out of the
biological lumen.

[0846] The present embodiment of a method of using the catheter 10
includes performing the steps of a method of cleaning the collected cut tissue
from the tissue collection chamber 30. Once the catheler body 12 has been
removed from the biological lumen, the cleaning device 100 is positioned in the
operative position with respect (o the catheter body 12, In one embodiment, the
preloaded cleaning device 100 is slid from its preloaded position (Fig. 7} to its
operative position {(Fig. 8). For example, the preloaded cleaning device 100 is

slid distally along the catheter body 12 until the internal stop 126 of the cleaning
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device engages the external stop 40 of the catheter body 12, In another

embodiment, an unioaded cleaning device 100 is slid proximally from the
unloaded position to the operative position with respect to the catheter body 12.
For example, the tip of the distal end portion 16 of the catheler body 12 i3
inserted into the sealing passage 122 of the proximal duckbill seal 110, through
the flushing lumen 120, and oul the sealing passage 124 of the distal duckbil
seal 112.

108471 Once the preloaded cleaning device 100 reaches its operalive
position, its proximal duckbill seal 110 passively forms a liquid-tight seal with the
distal end portion 16 of the catheter body 12, without any additional sealing
actuation. Likewise, the distal duckbill seal 112 passively forms s liquid-tight
seal with the distal end portion 18 of the catheler body 14, without any additional
sealing actuation. The proximal duckbiil seal 110 compressively conforms {o the
cross-sectional shape of the catheter body 12 at the sealing band 144, Inthe
operative position, the proximal duckbill seal 110 forms a liguid-tight seal with the
catheter body 12 proximal to the proximal opening 32 of the distal end portion 16
of the catheter body 12. The distal duckbill seal 112 forms a liquid-tight seal
distal to the proximal opening 32 of the distal end portion 16 of the catheter body
12 and proximal to the distal opening 34 of the distal end portion of the catheter
body. With the cleaning device 100 in the operative position, flushing fluid is
imparted through the fluid inlet port 104 and into the flushing lumen 120. The
flushing fluid al least partially fills the flushing lumen 120 and is directed into the
tissue collection chamber 30 through the proximal opening 32. The flushing fluid
flows through the tissue collection chamber 30 and out the distal opening 34 of
the distal end portion 16 of the catheter body 12. As it flows through and out of
the tissue collection chamber 30, the flushing fluid expels tissue contained in the
tissue collection chamber 30 out the distal opening 34.

[0048] Referring to Fig. 10, another embodiment of a cleaning device is
generally indicated at reference number 200. The cleaning device 200 is
substantially similar to the flush tool 100, except for the differences that are, in
part, apparent and, in part, pointed out hereinafter. Features of the cleaning
device 200 that correspond with Teatures of the cleaning device 100 are given

the same reference number, plus 100. Like the cleaning device 100, the

14



WO 2015/200702 PCT/US2015/037800
cleaning device 200 is configured to receive the catheter body 12 and to direct

flushing fluid through the tissue collection chamber 30 to discharge debris from
the tissue collection chamber. Unlike the cleaning device 104, the cleaning
device 200 includes a one-piece flushing chamber 202. The flushing chamber
202 has an open proximal end 206 and an open distal end 208. In a preferred
embodiment, the cleaning device is formed in an injection molding process using
a single core pin, for example. Whereas the flushing chamber 102 includes two
internal annular seal retention lips 127A, 1278 that extend radially inward
adjacent the ends 106, 108 thereof, the flushing chamber 202 includes a
proximal external annular seal retention flange or lip 227A and a distal external
annular seal retention flange or lip 2278 that extend radially outwardly adjacent
the proximal end 206 and distal end 208, respectively.

[0048] The cleaning device 200 includes proximal and distal seals 210,
212 that function substantially similar to the seals 110, 112, Each of the seals
210, 212 has an inlernal end 234 that is sealingly received in the respective
open end 206, 208 of the flushing chamber 202 and an external end 236 that
protrudes from the flushing chamber. The internal end 234 of each of the seals
210, 212 engages the interior surface of the flushing chamber {0 form a sesl
interface therewith. Preferably, the internal ends 234 of the seals 210, 212 are
held in compression to form a tight seal with the respective ends 206, 208 of the
flushing chamber 202. An annular retention formation 228 extends axially
inwardly from the external end 236 of each of the seals 210, 212 to grip the
respective seal retention lip 227A, 2278 and thereby secure the seal to the
flushing chamber 127. Each of the retention formations 228 includes an elbow
defining an axially outward facing engagement surface 231. The axially outward
facing engagement surface 231 engages an annular, axially inward facing
surface of the respective seal retention lip 2274, 2278, The engagement
between the engagement surface 231 and the retention lip 227A secures the
oroximal seal 210 to the flushing chamber 202 and inhibits the proximal seal
from being removed from the proximal end 206 of the flushing chamber.
Likewise, the engagement between the engagement surface 231 and the
retention lip 1278 secures the distal seal 212 o the distal end 208 of the flushing
chamber 202.
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(0050 Referring to Fig. 11, another embodiment of a cleaning device is

indicated generally at reference number 300, The cleaning device 300 is
substantially similar io the cleaning device 200, except for the differences that
are, in part, apparent and, in part, pointed out hereinafler. Fealures of the
cleaning device 300 that correspond with Teatures of the cleaning device 200 are
given the same reference number, pius 100. Like the cleaning device 200, the
cleaning device 300 includes a one-piece flushing chamber 302 and proximal
and distal seals 310, 312 and is configured to direct flushing fluid through the
tissue collection chamber 30 of the catheter body 12. Each of the seals 310, 312
includes an annular relention formation 328 that grips a respective ong of the
retention lips 327A, 327B {o secure the seal {0 the respective end 306, 308 of
the flushing chamber 302.

[0851] The internal end portions 334 of the seals 310, 312 are configured
to sealingly engage the interior of the flushing chamber 302. Moreover, as fluid
pressure in the flushing lumen 320 increases, the tightness of the seal interfaces
between the seals 310, 312 and the flushing chamber 302 also increases. kEach
of the seals 310, 312 includes an annular sealing skirt 341 that sealingly
engages the interior surface of the flushing chamber 302. The sealing skirt 341
surrounds and is spaced radially from the opposing duckbill members 330, 332.
A generally annular void 345 is defined between the sealing skirt 341 and the
duck bill members 330, 332. When each of the seals 310, 312 is insialled in the
flushing chamber 302, the void 345 is in fluid communication with the flushing
umen 320. When fluid fills the flushing lumen 320, the fluid likewise fills the
annular voids 345. A positive pressure urges the generally axially extending
portions of the skirts 341 radially ocutward against the flushing chamber, thereby
enhancing the sealing engagement belween the sealing skirls and the flushing
chamber. A positive pressure in the annular voids 345 also urges the duck bili
members 330, 332 inward to enhance sealing engagement with the catheter
body 12 received therebetween. An inner, free end of each of the sealing skirts
341 is chamfered {o prevent pressurized fivid in the flushing chamber 320 from
imparting a generally axially oriented force on the end of the sealing skirts that
may tend io cause the sealing skirt {o buckle and lose iis seal with the flushing
chamber 302.
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[6052] Referring to Fig. 12, another embodiment of a cleaning device is

generally indicated at reference number 400. Although not llustrated in its
entirety, like the cleaning device 200, the cleaning device 400 preferably
inciudes a one-piece flushing chamber 402 and proximal and distal seails {only
the proximal seal 410 is shown in Fig. 12) configured to form a seal around
portions of the catheter body 12 as the catheter body exiends through the
flushing lumen 420. Unlike the flushing chamber 202, the flushing chamber 402
does not include a seal retention lip. Instead, four slots 451, which are angularly
spaced apart around the circumference of the flushing chamber 402, extend
radially through the wall of the flushing chamber adjacent the proximal end 406
thereof. Each of the four slots 451 adjacent the proximal end 406 of the flushing
chamber 402 is configured o receive a respeciive one of four lugs 453 that
extends radiaily oulwardly fromn a stem portion 435 of the internal end portion
434 of the proximal seal 410. The stem portion 435 is sized to sealingly engage
the Tlushing chamber 402 when the seal 410 is received in the open proximal
end. The inner axial ends 455 of the lugs 453 slope radiaily inward 1o enable the
seal 410 to be inserted info the open proximal end 406 of the flushing chamber
402. The lugs 453 of the seal 410 are received in the slots 451 when the seal is
securad to the flushing chamber. The lugs 453 engage the flushing chamber
402 within the slots 451 to inhibit the seals from being dislodged outwardly from
the open end 408 of the fiushing chamber when the flushing lumen 420 is filled
with a pressurized fluid. Although the #lustrated embodiment uses four
rectangular shaped slots 451 and four rectangular shaped lugs 453, other
embodiments can use other numbers and configurations of slots and lugs
without departing from the scope of the invention. The distal end (not shown) of
the flushing chamber 402 may also include slots for receiving a distal seal {not
shown) comprising correspondingly positioned lugs, or the distal end could
include another structure Tor securing the distal seal without departing from the
scope of the invention.

10853 Referring o Fig. 13, ancther embodiment of a seal is generally
indicated at reference number 510. Like the seal 410, the seal 510 includes
radially outwardly extending lugs 553 configured o be received in

correspondingly positioned slots in a flushing chamber {(e.g., the flushing
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chamber 402} {0 secure the seal {o the flushing chamber. But unlike the seal

410, the lugs 553 of the seal 510 extend radially outwardly from an annular
sealing skirt 541 that surrounds and is spaced radially from the duck bill
members 530, 532. When the seal 510 is secured to the flushing chamber, the
sealing skirt 541 sealingly engages the interior surface of the flushing chamber.
The sealing skirt 541 is configured so that the lighiness of the sealing
engagement with the flushing chamber increases as fluid pressure in the flushing
lurmen increaseas. A generally annular void 545 extends between the skirt 541
and the duck bill members 530, 532. When the seal 510 is installed in a flushing
chamber, the void 545 is fluidly coupled to the flushing lumen. When fluid fills
the flushing lumen, the fluid hkewise fills the annular void 545. A positive
pressure in the void 545 urges the generally axially extending portion of the skirt
541 radiaily outwardly, thereby enhancing the sealing engagement between the
skirt and the flushing chamber. Moreover, since the lugs 553 extend from the
skirt 541, positive pressure in the flushing lumen also urges the lugs radially
outwardly, thereby enhancing the engagement between the lugs 553 and the
flushing chamber. Although in the Hllustrated embodiment, the sealing skirt 541
is an annular skirt, it is also contemplated that each of the lugs 553 could be
mounted on a separate flap that contacts the inner surface of the flushing
chamber and is exposed o the flushing lumen so that a positive pressure in the
flushing lumen urges the flap outwardly to improve engagement between the
supported lug and the respective slot.

[0054] Referring to Figs. 14-15, another embodiment of a cleaning device
is generally indicated at reference number 600, The cleaning device 600 is
substantially similar {o the cleaning device 100, except for differences thal arg, in
part, apparent and, in part, pointed out hereinafter. Features of the cleaning
device 600 that correspond with Teatures of the cleaning device 100 are given
the same reference number, plus 500, Like the cleaning device 100, the
cleaning device 800 includes a flushing chamber 602 and proximal and distal
seals {only the proximal seal 610 is illustrated in Fig. 14) that are respectively
secured to the open proximal and distal ends {(only the proximal end 606 is
iflustrated in Figs. 14 and 15} of the flushing chamber. When the catheter body

12 extends through flushing lumen 620 of the cleaning device 600, the seal 610
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seals around the catheter body (o seal the open proximal end 606 of the flushing

chamber 602. The distal end of the flushing chamber 802 could have the same
construction as or a different construction than the proximal end 806.

[0855] Although the cleaning device 600 preferably functions similar to the
cleaning device 100, unlike the flushing chamber 102, the proximal end 6086 of
the flushing chamber 602 includes bendable retention tabs 671 for securing the
proximal seal 610 to the flushing chamber. In the illustrated embodiment, the
proximal end 806 of the flushing chamber 802 defines four retention tabs 671
that are spaced around the circumference of the flushing chamber wall. In other
embodiments, the cleaning device has other numbers of bendable retention tabs
without departing from the scope of the invention. The retention tabs 671 are
bendable from a first position {not shown} in which the retention {abs extend
substantially paraliel to the longitudinal axis of the flushing chamber 602 to a
second position (Figs. 14 and 15} in which the retention tabs extend radially
inward toward the center of the flushing chamber. ¥When the retention tabs 671
are bent to the second position, they function like a retention lip for securing the
seal 610 to the flushing chamber 602, In the illusirated embodiment, the
retention tabs 671 are bent inward at an angle of greater than 80° relalive to the
iongitudinal axis of the flushing chamber 602 in the second, bent position. The
retention tabs 671 may include a zone of weakness (e.q., a recessed portion)
along a bend line to facilitate bending of the retention tabs at the desired
location.

[0058] As shown in Fig. 15, each of the retention tabs 671 has a first edge
673 and a second edge 675. When the retention tabs 671 are fully bent io the
second position, the first edge 673 of one {ab is separated from the adjacent
second edge 675 of another tab by a relatively small gap 677. But as illustrated
by the dotled lines in Fig. 15, at an intermediate position between the first
position and second position {e.g., a position at which the tabs 671 are orienied
at about 80° relative to the longitudinal axis of the flushing chamber 602}, an
edge margin of each of the {abs adjacent the first edge 673 interferes with an
edge margin adjacent the second edge 675 of the adjacent tab. As discussed

below, the interference between the tabs 871 at the intermediate position inhibits
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the tabs from bending away from the second position when the seal 610 is

secured to the proximal end 606 of the flushing chamber 602.

106571 The seal 610 is configured fo engage retention tabs 671 bent o the
second position t©o secure the seal to the proximal end 606 of the flushing
chamber 602. Referring to Fig. 14, the seal 810 includes an annular projection
681 that extends radially oulward from the internal end portion 834 of the seal
and is configured o sealingly engage the interior surface of the flushing chamber
602, The annular projection 681 and external end portion 836 of the seal define
an annular groove 683, When the seal 810 is secured to the flushing chamber
602, each of the tabs 671 is received in the groove 683 in the second position.
When the seal 810 is in the proper position, the external end portion 836 of the
seal 610 engages an annular stop 681 extending radially outwardly near the end
606 of the flushing chamber 602, The tabs 671 engage an axially facing
engagement surface 685 of the projections 681 {o inhibit the seal from sliding
outwardly from the end 606 of the flushing chamber 602. Because the tabs 671
are bent to an angle of greater than 80° when in the second position, the
culward axial forces exerted on the seal 610 due to positive pressure in the
flushing lumen act in compression against the tabs 671, rather than purely to
impart a bending moment on the tabs. s believed that the tabs 671 are less
orone o bending back toward the first position as a result of compressive forces
imparted thersupon than in response (o a bending moment imparted thereupon.
If the seal 6006 is displaced axially outwardly, all of the tabs 671 are bent away
from the second position at the same time, and adjacent edge margins of the
each of the tabs interfere with one another as the tabs are bent back toward 90°
redative to the longitudinal axis of the flushing chamber 802, it is believed that the
interference between the edge margins of the tabs inhibits the tabs from bending
from the second position to and/or past 80°. Thus, the bendable tabs 671 are
configured to resist bending from the second position toward the first position
when the seal 610 is secured to the flushing chamber 602.

108581 When introducing elements of the present invention or the
oreferred embodiment(s) thereof, the articles "a", "an”, "the" and "said” are

intended 1o mean that there are one or more of the elements. The terms
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wnow;

“comprising”, "including” and "having” are inlended o be inclusive and mean that
there may be additional elements other than the listed elements.

10659] As various changes could be made in the above apparaluses,
systems, and methods without departing from the scope of the invention, it is
intended that all matter contained in the above description and shown in the
accompanying drawings shall be interpreted as illustrative and not in a limiting

SENse.
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WHAT IS CLAIMED i&:

1. A cleaning device for cleaning a catheter comprising a catheter
body having a distal end portion defining an catheter iumen and proximal and
distal openings in fluid communication with the catheter lumen, the cleaning
device comprising:

a flushing chamber having opposite proximal and distal ends, a flushing
iumen extending between the proximal and distal ends, and an inlet port in fluid
communication with the flushing lumen, wherein the flushing lumen is configured
to accept the distal end portion of the catheter body therein through the proximal
end thereof;

a proximal duckbill seal sealingly received in the tflushing lumen at a
iocation proximal to the inlet port, the proximal duckbill seal including a pair of
opposing duckbill members configured to shidingly accept therebetween the
distal end portion of the catheter body to form a fluid seal about the catheter

body proximal to the proximal opening and distal to the proximal opening.

2. The cleaning device of claim 1 further comprising a distal duckbil
seal sealingly received in the flushing lumen atf a distal end thereof, the distal
duckbill seal including a pair of opposing duckbill members configured to
slidingly accept therebetween the distal end portion of the catheter body o form
a fluid seal about the catheter body proximal to the distal opening.

3. The cleaning device of claim 1 wherein the cleaning device is
configured to slide from a preloaded position at a proximal end portion of the
catheter body to an operative position at the distal end portion of the catheter
body.

4. The cleaning device of claim 3 further comprising an internal stop
configured to engage an external stop of the catheter body to inhibit the cleaning

device from sliding distally past the operative position.

5. The cleaning device of claim 3 wherein the proximal duckbill seal is

configured o engage a stop altached o the proximal end portion of the catheter
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body to inhibit the cleaning device from sliding proximally past the preloaded

position,

g. The cleaning device of claim 1 wherein the cleaning device is
configured o shide from an unloaded position disconnected from the catheter

body to an operative position at the distal end portion of the catheter body.

7. The cleaning device of claim © wherein the cleaning device i3
configured to slide in a distal-to-proximal direction from the unicaded position {o

the operative position.

8. The cleaning device of claim 1 wherein the proximal duckbill seal

comprises a one-piece bady of material.

9. The cleaning device of claim 8 wherein said material is an

elastomeric material.

10.  The cleaning device of claim 1 wherein the proximal duckbill seal
comprises a sealing passage between the pair of opposing duckbill members,
the sealing passage having open proximal and distal ends and being generally

tapered from its proximal end to its distal end.

11.  The cleaning device of claim 10 wherein the proximal duckbili seal
is configured to form said fluid seal about the catheter body at a sealing band of
the sealing passage that defines an opening having an equilibrium cross-
sectional shape that is smaller than a cross-sectional shape of the catheter body

received in the proximal duckbill seal.

12.  The cleaning device of claim 11 wherein the sealing band is
configured to have a sealing cross-sectional shape that compressively conforms
to said cross-sectional shape of the catheter body received in the proximal

duckbill seal.

13.  The cleaning device of claim 1 wherein the proximal duckbill seal is

axially fixed with respect to the flushing chamber.
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14. A catheter comprising:

a catheter body having proximal and distal end portions, the distal end
portion defining a catheter lumen and proximal and distal openings in fiuid
communication with the catheter lumen; and

a preloaded cleaning device received on the proximal end portion of the
catheter body and configured to slide from a preloaded position at the proximal
end portion of the catheter body (o an operative position at the distal end portion
of the catheter body, the cleaning device being configured to fluidly connect a
fluid source to the distal end portion of the catheter body and direct fluid from the
fluid source into the catheter lumen through one of the proximal and distal

openings of the distal end portion o facilitate cleaning of the catheler lumen.

15.  The catheter of claim 14 wherein the catheter body is configured o

inhibit the cleaning device from sliding distally past the operative position.

16.  The catheter of claim 15 wherein the catheter body comprises an
external stop configured to engage an internal stop of the cleaning device to
inhibit the cleaning device from sliding distally past the operative position and to

position the cleaning device in the operative position.

17.  The catheter of claim 14 further comprising a stop disposed at the
proximal end portion of the catheler body and being configured to inhibit the

preloaded cleaning device from sliding proximally past the preloaded position.

18.  The catheter of claim 14 further comprising a cutler at the distal
end portion of the catheler body, wherein the proximal opening comprises a

cutter window through which the cutter is configured to extend.

19.  The catheter of claim 18 wherein the distal opening is configured (o

be selectively closed and opened.

20.  The cathster of claim 18 wherein the instrument lumen comprises a

tissue collection chamber configured to receive lissue cut by the cutter.
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