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CELL COLLECTOR HAVING AN EXPANDABLE MESH
FIELD

[0001] Embodiments of the present invention relate to medical devices and more
particularly to devices and methods for collecting cells in a body lumen.

BACKGROUND

[0002] It is useful to collect biological surface cells from internal lumens of the
body. Such cells are useful for diagnostic procedures including the identification of
predictive biomarkers that allow clinicians to predict future prognosis for a patient.
In such diagnostic procedures, it is important that a large numbers of cells are
collected from an area of interest while minimizing the collection of foreign cells in
order to obtain an accurate diagnostic result. Ideally, the collection of the surface
cells would occur with no damage to the body lumen.

[0003] A current method of collecting surface cells is to use a cytology brush.
The cytology brush has stiff bristles that extend radially outward from an axis of the
cytology brush, and in some examples the stiff bristles have hooks to retain cell
samples. The cytology brush is delivered to the arca of interest and then brushed
against a surface of the body lumen, abrading cells from the surface and catching the
cells within the bristles. The use of the cytology brush may result in bleeding where
the lumen surface is abraded and is inefficient in its collection of surface cells.
Accordingly, it would be useful to have an alternative to a cytology brush for the
collection of surface cells in a body lumen.

SUMMARY

[0004] In one embodiment of the invention a cell collection device comprises an
clongated member, a mesh, and a sleeve. The elongated member has a distal end, a

proximal end, and an outside diameter. The mesh is comprised of a plurality of
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interwoven filaments biased to expand outward to a deployed diameter greater than
the outside diameter of the elongated member. A first end of the mesh is secured
about the elongated member and is fixed axially. A second end of the mesh is
secured about the elongated member and is free to translate axially along the
clongated member. The sleeve is disposed about the distal end of the elongated
member and has a bore with an inside diameter greater than the outside diameter of
the elongated member and less than the deployed diameter. The sleeve is axially
slidable along the elongated member from a first position that radially constrains the
plurality of interwoven filaments to a first configuration and a second position that
does not radially restrain the plurality of interwoven filaments allowing the plurality
of interwoven filaments to expand to the deployed diameter.

[0005] In another embodiment a cell collection device comprises a proximal
tubular member, a braided portion, a distal tubular member, and a sheath. The
proximal tubular member is comprised of an inner layer, an outer layer, and a
braided layer disposed between the inner layer and the outer layer. The braided
layer extends beyond a distal end of the proximal tubular member. The braided
portion comprises a first portion of the braided layer extending beyond the distal end
of the proximal tubular member and extends beyond a distal end of the braided
portion. The distal tubular member comprises an inner layer, an outer layer, and a
portion of the braided layer extending past distal end of the braided portion. The
sheath is disposed about the distal end of the proximal tubular member and has a
first position in which an inner surface of the sheath covers the braided portion and a
second position in which the sheath does not cover the braided portion.

[0006] Another embodiment is directed to a method for manufacturing a cell

collection device. In the method a multilayer catheter having an inner layer, an
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outer layer, and a braid comprised of a plurality of woven filaments disposed
between the inner layer and the outer layer is first obtained. A cell collection
portion of the multilayer catheter is identified and the outer layer and the inner layer
of the multilayer catheter is removed within the cell collection portion to expose the
braid. A sleeve is obtained having an inside diameter larger than an outside
diameter of the multilayer catheter and the sleeve is positioned over the cell
collection portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] To further clarify the above and other advantages and features of the one
or more present inventions, reference to specific embodiments thereof are illustrated
in the appended drawings. The drawings depict only typical embodiments and are
therefore not to be considered limiting. One or more embodiments will be described
and explained with additional specificity and detail through the use of the
accompanying drawings in which:

[0008] FIG. 1 is a cross-sectional view of a distal end of a cell collection device
in an unexpanded state.

[0009] FIG. 2 is a cross-sectional view of the distal end of the cell collection
device of FIG. 1 with the cell collection device in an expanded state.

[0010] FIG. 3 is a cross-sectional view of a distal end of another embodiment of
a cell collection device in an expanded state.

[0011] FIG. 4 is a cross-sectional view of the distal end of another embodiment
of a cell collection device in an unexpanded state.

[0012] FIG. 5 is a cross-sectional view of the distal end of the embodiment of
the cell collection device of FIG. 4 in an expanded state.

[0013] FIG. 6a illustrates a weave that may be used for a mesh.
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[0014] FIG. 6b illustrates a wing of the mesh of FIG. 6a.

[0015] FIG. 7a illustrates a weave that may be used for a mesh.

[0016] FIG. 7b illustrates a wing of the mesh of FIG. 7a.

[0017] FIG. 8a illustrates a side view of a mesh showing the placement of a
plurality of wings.

[0018] FIG. 8b is a head on view of the mesh of FIG. 8a.

[0019] The drawings are not necessarily to scale.

DETAILED DESCRIPTION

[0020] As used herein, "at least one," "one or more,” and "and/or" are open-
ended expressions that are both conjunctive and disjunctive in operation. For
example, cach of the expressions "at least one of A, B and C," "at least onc of A, B,
or C," "one or more of A, B, and C,"” "one or more of A, B, or C" and "A, B, and/or
C" means A alone, B alone, C alone, A and B together, A and C together, B and C
together, or A, B and C together.

[0021] Various embodiments of the present inventions are set forth in the
attached figures and in the Detailed Description as provided herein and as embodied
by the claims. It should be understood, however, that this Detailed Description does
not contain all of the aspects and embodiments of the one or more present
inventions, is not meant to be limiting or restrictive in any manner, and that the
invention(s) as disclosed herein is/are and will be understood by those of ordinary
skill in the art to encompass obvious improvements and modifications thereto.
[0022] Additional advantages of the present invention will become readily
apparent from the following discussion, particularly when taken together with the

accompanying drawings.
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[0023] In the following discussion, the terms "distal” and "proximal” will be
used to describe the opposing axial ends of the inventive balloon catheter, as well as
the axial ends of various component features. The term "distal" is used in its
conventional sense to refer to the end of the apparatus (or component thereof) that is
furthest from the operator during use of the apparatus. The term "proximal” is used
in its conventional sense to refer to the end of the apparatus (or component thereof)
that is closest to the operator during use. For example, a catheter may have a distal
end and a proximal end, with the proximal end designating the end closest to the
operator heart during an operation, such as a handle, and the distal end designating
an opposite end of the catheter, such as treatment tip. Similarly, the term “distally”
refers to a direction that is generally away from the operator along the apparatus
during use and the term “proximally” refers to a direction that is generally toward
the operator along the apparatus.

[0024] In the following discussion, the terms “high energy state” and “low
energy state” will be used to describe the state of a material. “High energy state”
denotes a state in which the material has a potential energy greater than a “low
energy state.” For example, a spring at its relaxed, natural position would be in a
“low energy state.” When the spring is compressed, the elastic deformation of the
spring results in a “high energy state.”

[0025] FIG. 1 illustrates a distal end an embodiment of a cell collection device
100 having an expandable mesh 102. The cell collection device 100 has a first
clongated member 104, the expandable mesh 102, and a sheath 106. The sheath 106
has a bore 108 and the elongated member 104 is disposed within the bore 108. The
bore 108 has an inner surface 112 and an inside diameter 110. The elongated

member 104 has an outer surface 114 having an outside diameter 116. The mesh
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102 is disposed about the elongated member 104 between the outer surface 114 of
the elongated member 104 and the inner surface 112 of the bore 108. A stopper 150
may be disposed on a distal end of the elongated member 104.

[0026] The stopper 150 may be secured to the elongated member 104 and have
an outside diameter greater than the inside diameter of the sheath 106. With the
stopper 150 in place, the elongated member 104 is constrained from moving further
into bore 108 due to interference between the stopper and the sheath 106. The
stopper 150 may be secured to the elongated member 104 through commonly
available techniques such as adhesives and crimping.

[0027] The cell collection device 100 may be guided to a treatment site using a
wire guide and techniques known in the art. The first elongated member 104 may
have a longitudinal lumen extending the length of the first elongated member 104
for use in over the wire applications, or may have a side port near the distal end of
the cell collection device 100 for use in monorail applications. There may be a
space between the first elongated member 104 and the sheath 106 to allow for the
wire guide to pass between the first clongated member 104 and the sheath 106. In
other embodiments the sheath 106 may have a second side port aligning with the
side port for passage of the wire guide. In other embodiments the sheath 106 may
be a dual lumen sheath having the bore 108 and a second lumen for tracking over a
wire guide. The second lumen may extend the length of the sheath 106 for over the
wire applications or have a side port for monorail applications.

[0028] The mesh 102 is held in place by a proximal fastener 118 and a distal
fastener 120. In some embodiments the mesh 102 may have a membrane 160
coating a distal portion of the mesh 102. The membrane 160 may be a polymer

material such as polyurethane. In some embodiments, the proximal fastener 118 and



WO 2014/149941 PCT/US2014/021593

10

15

20

25

the distal fastener 120 may each comprise a crimped ring, although other
mechanisms for fastening the mesh 102 are possible, such as the use of adhesives.
The mesh 102 is comprised of a plurality of filaments that have shape memory. In
FIG. 1, the mesh 102 and its filaments are shown in a high energy state and are
biased to move into a low energy state absent any external constraints. The inside
surface 112 of the bore 108 provides a radial constraint to retain the mesh 102 and
its filaments in the high energy state. The mesh 102 and the filaments are biased to
expand to the low energy state, but cannot extend past the inner surface 112 of the
bore 108.

[0029] FIG. 2 illustrates the cell collection device 100 of FIG. 1, with the sheath
106 retracted proximally relative to the elongated member 104. With the sheath 106
in the position shown in FIG. 2, the sheath 106 no longer provides a radial constraint
to the mesh 102 and its filaments. Absent the radial constraint, the mesh 102
expands from the high energy state of FIG. 1 into the low energy state shown in
FIG. 2. In the low energy state the mesh 102 has a deployed diameter 202 that is
greater than the inside diameter 110 of the bore 108. As the mesh 102 expands
radially it compresses axially. In the embodiment shown in FIG. 2, the distal
fastener 120 secures the mesh 102 about the elongated member 104, but still allows
the distal fastener 120 to slide axially along the elongated member 104. In
embodiments in which the distal fastener 120 comprises a crimped ring, a first ring
is placed over the elongated member. The first ring has an inside diameter slightly
larger than an outside diameter of the elongated member 104, allowing the ring to
slide on the elongated member 104. A second ring is then crimped around the first
ring with the mesh 102 placed between the first ring and the second ring. The mesh

102 is compressed between the first and second ring, but is still able to translate
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axially on the elongated member 104. The proximal fastener 118 is fastened to the
elongated member 104 holding the proximal fastener in place 118. In embodiments
in which the proximal fastener 118 comprises a crimp ring, the crimp ring is placed
over the mesh 104 and crimped, compressing the mesh 104 between the crimp ring
and the elongated member 104.

[0030] FIG. 3 illustrates an alternative embodiment of a cell collection device
300. When stowed, the cell collection device 300 appears the same as the
embodiment of FIG. 1. However, in this embodiment the distal end 302 of a mesh
304 is fastened to an elongated member 306 with a distal fastener 312 such that it
does not move axially relative to the elongated member 306. The proximal end 308
is fastened to the elongated member 306 with a proximal fastener 314 and is free to
translate axially about the elongated member 306. As a result, when the sheath 310
is retracted, the distal fastener 312 stays fixed in place while the proximal fastener
314 moves distally towards the distal fastener 312 as the mesh expands radially.
[0031] The filaments that comprise the mesh 102 are flexible such that when
they contact an inner wall of a vessel, the mesh 102 will deform to conform to a
shape of the inner wall. The filaments may comprise a material such as a nickel
titanium alloy or other shape memory material. The filaments may have a profile
having a sharp edge, such as a square. The sharp end facilitates sloughing of cells
from the vessel wall when the filament is dragged across it. In some embodiments
the mesh may be used for the collection of clots. The clot may pass through the
mesh with the mesh in an expanded state and constrained within the mesh with the
mesh in the collapsed state.

[0032] FIG. 4 illustrates another embodiment of a cell collection device 400

having an expandable mesh 402. The cell collection device 400 is comprised of a
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first catheter 404 reinforced by a braid and a second catheter 408 disposed about the
first catheter 404. The second catheter 408 may be translated axially relative to the
first catheter 404. The second catheter 408 has a bore 410 with an inner surface 412
that faces an outer surface 414 of the first catheter 404.

[0033] The first catheter 404 is comprised of an inner layer 416, a braid layer
406, and an outer layer 418. The inner layer 416 and the outer layer 418 may be
polymers of the type generally known in the art for use in braided catheters. The
braid layer 406 comprises a plurality of filaments woven together to form a tubular
braid. The filaments may comprise materials such as stainless steel, nickel titanium
alloys, and stiff polymers. In some embodiment, a longitudinal member 500 may be
present. The longitudinal member 500 may comprise a filament, such as a suture,
attached to the distal end of the first catheter 404.

[0034] The first catheter 404 is divided into at least three sections. A braid
section 420 has a distal end 422 and a proximal end 424. A proximal section 426 is
located proximal to the braid section 420 and a distal section 428 is located distal to
the braid section 420. The proximal section 426 and the distal section 428 may each
comprise an unmodified portion of the first catheter 404. The braid section 420 is a
section of the first catheter 404 with the inner layer 418 and the outer layer 416
removed exposing the braid layer 406.

[0035] Similar to the previously described embodiments, when the braid section
420 is compressed axially, it will extend radially. Because the distal end 422 and
the proximal end 424 of the braid section 420 are constrained by the inner layer 418
and the outer layer 416, they will not expand compared to a middle of the braid

section 420. FIG. 5 illustrates the cell collection device 400 of FIG. 4 with the
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sheath 408 moved proximally, exposing the braid section 420 and with the distal
section 428 displaced proximally, and the braid section 420 expanded.

[0036] In some embodiments the braid layer 406 comprises a shape memory
material that is biased to extend outward radially. This bias may exist at the time the
first catheter 404 is manufactured, with the braid layer 406 being constrained to a
high energy state while the inner layer 418 and the outer layer 416 are formed
around the braid layer 406. In other embodiments the braid layer 406 has no bias
when the first catheter 404 is formed. A bias may then be applied to the braid layer
406 after the first catheter 404 is formed. For example, in some embodiments the
outer layer 416 and inner layer 418 of a braided catheter may be removed and then
the braid layer 406 may be expanded by axial compression. With the braid layer
406 in an expanded state, the braid section 420 may then be heat set so that the
expanded state is the low energy state of the braid section 420.

[0037] In some embodiments, the high energy state of the braid layer may be the
expanded position shown in FIG. 5. In such embodiments an elongated member 500
extends from a location proximal to the braid section 420 to a location distal to the
braid section 420. The elongated member is free to move axially in the proximal
section 426 and the braid section 420, but is axially constrained in at least the
proximal direction by the distal section 428. Movement of the elongated member
500 relative to the proximal section does not affect the proximal section, but causes
the distal section 428 to move proximally compressing the braid section 420. The
compression of the braid section 420 causes the braid layer 406 to expand, as shown
in FIG. 5.

[0038] FIG. 6a and 6b illustrate an alternative weave 600 that may be used for

the mesh of a cell collection device. The weave 600 is comprised of a first plurality

10



WO 2014/149941 PCT/US2014/021593

10

15

20

25

of filaments 602 winding helically in a first direction and a second plurality of
filaments 608 winding helically in a second direction and interwoven with the first
plurality of filaments 602. A plurality of wings 604 are woven into the weave. The
plurality of wings 604 each comprise a filament 606 that winds in the first direction
and then turns to wind in the second direction. This turn results in a corner 610 that
is not interwoven with in the weave 600. Because the corner 610 is not interwoven,
it may be biased outward, as shown in FIG. 6b. The outward bias of the corner 610
results in a mesh that is more aggressive at removing surface cells than a traditional
mesh.

[0039] FIG. 7a and 7b illustrate another alternative weave 700 that may be used
for the mesh of a cell collection device. The weave 700 is comprised of a first
plurality of filaments 702 winding helically in a first direction and a second plurality
of filaments 708 winding helically in a second direction and interwoven with the
first plurality of filaments 702. A plurality of wings 704 are woven into the weave
700. The plurality of wings 704 each comprise a filament 706 that winds in the first
direction and then turns to wind in the second direction. This turn results in a corner
710 that is not interwoven with in the weave 700. In addition to the corner 710 not
being interwoven, the filament may skip being interwoven with adjacent filament
712 and adjacent filament 714. Because the corner is not interwoven with the
adjacent filaments 712, 714, it may be biased outward farther than the weave of FIG.
6b as shown in FIG. 7b. The outward bias of the corner 710 results in a more
aggressive at removing surface cells than a traditional mesh.

[0040] FIG. 8 illustrates an example of the placement of a plurality of wings 800
on a mesh 802. FIG. 8a illustrates a side view and FIG. 8b illustrates a head on view

of the mesh 802. The plurality of wings may be arranged at regular intervals about

11
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the circumference of the mesh as shown in FIG. 8b such that they will scrape the
surface cells evenly. In other embodiments, it may be desirable to focus the cell
collection on a particular target area and the plurality of wings 802 may be arranged
to engage the target area. In some embodiments, a membrane 804 may be applied to
the plurality of wings 800 to aid in the collection of dislodged cells. The membrane
804 guides cells into the interior of the mesh 802 instead of passing through the
plurality of wings 800. In some embodiments, the membrane 804 may be applied to
locations other than the plurality of wings 800. In one embedment, the membrane
804 is applied to the plurality of wings 800 and to the surface of the mesh 802
except for where the plurality of wings 800 extend from the mesh 802. This
embodiment directs the cells dislodged by the plurality of wings 800wings into the
interior of the mesh 802, while the membrane 804 inhibits the cells from passing
through the mesh 802 outside of the area in which the plurality of wings 800 extend
from the mesh 802. One example of a material suitable for use as the membrane is a
silicone coating.

[0041] Embodiments of the invention include a method for manufacturing a cell
collection device. In the method a multilayer catheter having an inner layer, an
outer layer, and a braid comprised of a plurality of woven filaments disposed
between the inner layer and the outer layer is obtained. A cell collection portion of
the multilayer catheter is then identified. The outer layer and the inner layer of the
multilayer catheter are removed within the identified cell collection portion to
expose the braid. A sleeve is obtained having an inside diameter larger than an
outside diameter of the multilayer catheter. The sleeve is then positioned over the

exposed braid.

12
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[0042] In some embodiments the plurality of filaments are comprised of a shape
memory material. In such embodiment the cell collection portion may be
compressed axially causing the plurality of filaments to expand radially into an
expanded state. The plurality of filaments are then set to have a shape memory in
the expanded state. In some embodiments the sleeve may be slid over the outer
surface of the multilayer catheter compressing the plurality of filaments from the
expanded state to a unexpanded state wherein the sleeve provides a radial constraint
to the plurality of filaments

[0043] In some embodiments the plurality of filaments are formed of a shape
memory material and the braid has a low energy state with an outer diameter greater
than an outside diameter of the multilayer catheter. During manufacturing, the braid
is radially constrained by the outer layer in a high energy state.

[0044] In another embodiment an axial compression mechanism is obtained and
inserting in a lumen of the multilayer catheter. The axial compression mechanism
extends from a location distal to the cell collection portion to a location proximal to
the cell collection portion. The axial compression mechanism may comprise a
thread or in other embodiments may comprise a second catheter.

[0045] Embodiments of the invention have been primarily described in relation a
braided catheter and a sheath. It should be understood that various changes and
modifications to the presently preferred embodiments described herein will be
apparent to those skilled in the art. Such changes and modifications can be made
without departing from the spirit and scope of the present invention and without
diminishing its intended advantages. It is therefore intended that such changes and

modifications be covered by the appended claims.

13
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CLAIMS

What is claimed:

1. A cell collection device comprising:
an elongated member having a distal end, a proximal end, and an outside diameter;
5 amesh comprised of a plurality of interwoven filaments able to expand outward to a
deployed diameter greater than the outside diameter of the elongated
member, a first end of the mesh secured to the elongated member, and a
second end of the mesh secured to the elongated member, the first end of the
mesh being fixed axially and the second end of the mesh free to translate
10 axially along the elongated member; and
a sleeve disposed about the distal end of the elongated member, the sleeve having a
bore with an inside diameter greater than the outside diameter of the
elongated member and less than the deployed diameter, and being axially
slidable along the elongated member from a first position that radially
15 constrains the plurality of interwoven filaments to a first configuration and a
second position that does not radially restrain the plurality of interwoven
filaments allowing the plurality of interwoven filaments to expand to the

deployed diameter in a second configuration.

2. The cell collection device of claim 1, wherein the second end of the mesh is

20 crimped to a diameter greater than the outside diameter of the elongated member.

14
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3. The cell collection device of any of claims 1 to 2, wherein each of the
plurality of filaments is comprised of a material selected from the group consisting

of stainless steel, nickel titanium alloys, and a stiff polymers.

4. The cell collection device of any of claims 1 to 3, wherein the second end of
the mesh is distal to the first end of the mesh and the second end of the mesh moves

proximally when the sheath is moved to the second position.

5. The cell collection device of any of claims 1 to 3, wherein the second end of
the mesh is proximal to the first end of the mesh and the second end of the mesh

moves distally when the sheath is moved to the second position

6. The cell collection device of any one of claims 1 to 5, wherein at least one of

the filaments is self-biased outward to form a wing.

7. The cell collection device of any one of claims 1 to 6, further comprising a

membrane covering at least a portion of the mesh.

8. The cell collection device of any one of claims 1 through 7 wherein the
elongated member comprises an inner layer, an outer layer, and a braided layer
disposed between the inner layer and the outer layer, wherein the braided layer is

exposed at a distal portion of the elongated member thereby forming the mesh.

9. The cell collection device of any of claims 1 through 8 wherein the mesh is

self-biased to expand to the deployed configuration.

15
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10.  The cell collection device of any one of claims 1 through 8 wherein the mesh
has a first axially compressed position in which the filaments extend beyond the
outside diameter of the sleeve and a second uncompressed position in which the
filaments do not extend beyond the outside diameter of the sleeve, the cell collection
device further comprising a second elongated member disposed in the elongated
member that extends distally beyond the distal end of the elongated member wherein
the second elongated member has a first position in which the filaments do not
extend beyond the outside diameter of the proximal tubular member and a second
position that compresses the filaments axially causing them to extend beyond the

outside diameter of the sleeve.

11.  The cell collection device of any one of claims 1 through 10 further
comprising a stopper coupled to a distal end of the elongated member, the stopper

having an outside diameter greater than the inside diameter of the sleeve.

12. A method for manufacturing a cell collection device, the method comprising:

obtaining a multilayer catheter having an inner layer, an outer layer, and a braid
comprised of a plurality of woven filaments disposed between the inner layer
and the outer layer;

identifying a cell collection portion of the multilayer catheter;

removing the outer layer and the inner layer of the multilayer catheter within the cell
collection portion to expose the braid;

obtaining a sleeve having an inside diameter larger than an outside diameter of the
multilayer catheter; and

positioning the sleeve over the cell collection portion.

16
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13. The method of claim 12 wherein the plurality of filaments are comprised of a
shape memory material, the method further comprising axially compressing the cell
collection portion causing the plurality of filaments to expand outward into an
expanded state and setting the plurality of filaments to have a low energy state in the

expanded state.

14. The method of claim 12 further comprising obtaining an axial compression
mechanism and inserting the axial compress mechanism in a lumen of the multilayer
catheter, the axial compression mechanism extending from a location distal to the
cell collection portion to a location proximal to the cell collection portion, and
securing the axial compression mechanism to the multilumen catheter distal to the

cell collection portion.

15. The method of claim 14 wherein the axial compression mechanism

comprises one of a string and a second catheter.

17
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