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METHOD AND APPARATUS FOR STENT DELIVERY

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application Serial No.
62/404,102 filed October 4, 2016 entitled Methods For Delivering and Using a Stent,

which is hereby incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] Typically, stents are tubular devices that are delivered into a patient’s
vascular system via a catheter or similar delivery device. Stents can be used to treat
a variety of different conditions, including stenosis and aneurysms. When used to treat
stenosis (narrowing of a vessel), the stent is used to press against thrombus and open
a vessel to allow normal blood flow. When used to treat aneurysms, low-porosity
stents can be used to limit blood flow to a vessel (so-called flow-diversion stents) to
promote clotting of the aneurysm and reduce the risk of aneurysm rupture.
Alternatively, the stent can be used as a scaffold to keep other embolic material (such

as embolic coils) within the aneurysm.

[0003] When a stent is deployed in a generally linear portion of a vessel, stent
delivery is typically straightforward. For example, a distal end of a delivery catheter is
advance near a desired delivery location and the outer sheath is withdrawn, allowing
the stent to expand within the vessel. Even in these linear vessel situations though,
stent delivery can still be challenging due to variables such as the size of the stent,
size of the delivery catheter, and size of the vessel. Often, when the stent must be
deployed at or near a tortuous or heavily curved portion of a vessel, a self-expanding
stent may have difficulty properly deploying. For example, Figure 1 illustrates a self-
expanding stent 12 (e.g., such as that described in U.S. Pat. No. 9,439,791,
incorporated herein by reference in its entirety) being deployed in a heavily curved
portion of a vessel 10. While the catheter 14 releases the stent 12, it forms a flat or
collapsed portion 12A against the outer curved surface of the vessel 10. Figure 2
illustrates a second flat or collapsed portion 12A formed against the outer surface of a

second curve of the vessel 10 as the stent 12 is further expanded. When collapsed

-1



WO 2018/067727 PCT/US2017/055183

portions 12A occur, the physician’s only alternative is to attempt to rotate the catheter

14 and/or partially retract and re-deploy the stent 12.

SUMMARY OF THE INVENTION

[0004] The present invention is directed to a method, apparatus, and kit for
assisting the expansion of a self-expanding stent, especially within highly curved or

tortuous blood vessels.

[0005] One embodiment is directed to a stent delivery device comprising an
elongated pusher having a self-expanding mesh portion at its distal end. The mesh
portion preferably includes one or more mesh bulbs connected to each other by a
reduced-diameter region. Optionally, different areas of the mesh portion, such as a
middle region of the bulbs, can have a more densely braided portion have a higher

pic-per-inch.

[0006] In one embodiment, the mesh portion is disposed on a core wire that
extends from a distal end of the pusher. The mesh portion can slide longitudinally on
the core wire, a proximal end can be fixed to the core wire or pusher, or a distal end

can be fixed to the core wire.

[0007] The mesh portion can contain one bulb portion or can contain a plurality of
bulb portions (e.g., between 2 and 10 or more). Further the bulb portions can have a
variety of different shapes, such as spherical, spheroid, elongated cylindrical, conical,

or diamond shape.

[0008] In one embodiment the core wire can terminate at the distal end of the
pusher or partway within the first bulb portion. By not extending all the way through
the mesh portion, the assistance device may be more flexible to accommodate a

higher degree of vessel curvature.

[0009] In one embodiment, structural wire members extend between bulbs and
over the reduced diameter region. These structural wire members help capture clots

or other debris dislodged during a stent delivery procedure.
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[0010] In one embodiment, a distal protection device is included at the distal end
of the device. The distal protection device can include a relatively larger expandable
mesh bulb containing a filter or similar structure to catch any material dislodged during
stent deployment. The distal protection device can be braided integrally with the mesh

portion or can be a separate structure connected near a distal end of the core wire.

[0011] The present invention is also directed to a method of deploying a stent,
comprising exposing a distal portion of a stent within a curved region of a vasculature,
expanding the mesh portion of a stent assistance device within the stent so as to apply
radial expansion force to an interior of the stent, fully deploying the stent, and then

withdrawing the stent assistance device.

[0012] The present invention is also directed to a kit comprising a catheter, a
pusher within the catheter, a self-expanding mesh portion attached to a distal end of

the pusher, and a stent disposed over the mesh portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] These and other aspects, features and advantages of which embodiments
of the invention are capable of will be apparent and elucidated from the following
description of embodiments of the present invention, reference being made to the

accompanying drawings, in which:

[0014] Fig. 1 illustrates a stent being deployed in a tortuous portion of a blood

vessel.

[0015] Fig. 2 illustrates the stent of Fig. 1 being further deployed in the tortuous

portion of the blood vessel.

[0016] Fig. 3 illustrates one embodiment of a stent assistance device in an

expanded configuration, according to the present invention.

[0017] Fig. 4 illustrates a distal end of the stent assistance device of Fig. 3 within a

stent, according to the present invention.
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[0018] Fig. 5 illustrates the stent assistance device of Fig. 3 within a stent,

according to the present invention.

[0019] Fig. 6 illustrates the stent assistance device of Fig. 3 assisting deployment

of a stent within a tortuous vasculature.

[0020] Fig. 7 illustrates the stent assistance device of Fig. 3 assisting further

deployment of the stent of Fig. 6.

[0021] Fig. 8 Illustrates another embodiment of a stent assistance device,

according to the present invention.

[0022] Fig. 9 illustrates another embodiment of a stent assistance device having a

plurality of mesh bulbs, according to the present invention.

[0023] Fig. 10 illustrates a plurality of different possible shapes for the mesh bulbs

of the present invention.

[0024] Fig. 11 illustrates another embodiment of a stent assistance device having
a core wire that terminates within a proximal location of the mesh portion, according

to the present invention.

[0025] Fig. 12 illustrates the stent assistance device of Fig. 11 within a stent,

according to the present invention.

[0026] Fig. 13 illustrates a proximal bulb of the stent assistance device of Fig. 11,

according to the present invention.

[0027] Fig. 14 illustrates a distal tip of the stent assistance device of Fig. 11,

according to the present invention.

[0028] Fig. 15 illustrates a stent assistance device having wire frame members

between bulbs, according to the present invention.

[0029] Fig. 16 illustrates a stent assistance device having a distal protection device

attached to its mesh portion, according to the present invention.
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[0030] Fig. 17 illustrates a stent assistance device having a distal protection device

separate from its mesh portion, according to the present invention.

DESCRIPTION OF EMBODIMENTS

[0031] Specific embodiments of the invention will now be described with reference
to the accompanying drawings. This invention may, however, be embodied in many
different forms and should not be construed as limited to the embodiments set forth
herein; rather, these embodiments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the invention to those skilled in the
art. The terminology used in the detailed description of the embodiments illustrated in
the accompanying drawings is not intended to be limiting of the invention. In the

drawings, like numbers refer to like elements.

[0032] The presentinvention is generally directed to devices that can be expanded
within an interior passage of a self-expanding stent 12 during deployment to provide
additional expansion force that helps the stent 12 radially expand and to maintain that
radially expanded state. This added expansion force can be particularly helpful in
highly tortuous vessels 10 that tend to force the stent 12 to form collapsed portions

12A, as shown and discussed with regard to Figures 1 and 2.

[0033] Please note for Figures 3 and onwards, unless indicated otherwise, anything
to the right in the Figures is considered distal (in the direction of the patient/patient
vasculature) while anything to the left in the Figures is considered proximal (in the

direction away or outside of the patient/patient vasculature).

[0034] Figure 3 illustrates an expandable stent assistance device 100 according to
one embodiment of the present invention. The stent assistance device 100 can be
thought of as the distal part of a broader delivery system or pusher used to
mechanically push or mechanically deliver a stent 12. The stent assistance device
100 includes a pusher body 112 having an elongated cylindrical shape culminating
with a radiopaque (e.g., tantalum) marker band 109 and a stationary or fixed core wire

104 which is exposed distal to pusher body 112.
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[0035] In one embodiment, the core wire spans a lumen of pusher body 112 where
only a distal section of core wire 104 is exposed. In another embodiment, core wire
104 is attached to a distal end of pusher body 112. The core wire 104 includes a fixed
radiopaque marker band 107. In one example, the stent 12 can include a number of
proximally placed flared ends or loops with enlarged marker coil regions and one or
more of the flared end or loops sit within marker bands 109 and 107 — at location 104A
—to hold the stent during delivery. The enlarged marker coil region maintains the stent
flare/loop pinned between marker bands 107 and 109. Marker bands 107, 109 may
be sized about 0.0135 inches in diameter while core wire 104 is about 0.003 inches in
diameter. The stent adopts a first, collapsed configuration when sheathed within a
delivery catheter 14 - best shown in Figures 4-5. When the pusher body 112 is pushed
past the distal end of the catheter 14 or when catheter 14 is retracted, the stent
expands to its heat-set expansile shape. When the stent is fully pushed from the
catheter 14 the pinned stent loops/flares will expand such that they are no longer held
at location 104A. Similar stents and delivery systems/configurations can be seen in

the previously incorporated U.S. Pat. No. 9,439,791.

[0036] The stent assistance device 100 further includes a mesh portion 102 which
sits along core wire 104. The purpose of this mesh portion is to provide additional,
outward radial force on the stent 12 to help the stent 12 expand and to maintain that
expanded shape during the procedure. The mesh portion 102 is formed from a
plurality of wires and is heat set into an expansile shape such that the mesh portion

self-expands upon being freed from the overlying delivery catheter 14.

[0037] Preferably, the mesh portion 102 is braided and heat-set to form one or more
bulbs 102A (e.g., 2 bulbs as shown in Figure 3 — or more bulbs are also possible),
wherein each bulb is connected by a reduced diameter portion 102B. The mesh
portion includes a number of crimp points (proximal crimp point 108, distal crimp point
106). The crimp points 106, 108 can be created by crimping the wire by itself, welding,
adhering or by using a metal band (e.g., a radiopaque marker band). In various
embodiments, the crimp points 106/108 can either float/slide over the core wire 104 or

are fixed to the core wire 104, in a manner that will be explained below.
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[0038] The mesh portion 102 can be woven in a variety of different configurations.
For example, 12, 16, 24, 36, or 48 wires can be woven together in a 1x1, 1x2, or other

wire configurations.

[0039] The porosity or size of the openings of the mesh portion 102 in its expanded
configuration can vary over the length of the mesh portion 102. In the embodiment
shown in Figure 3, the radially centered portion 102C of the bulbs 102A have a lower
porosity (i.e., a higher number of wires or higher pics-per-inch). This creates a
stronger, more reinforced area of the mesh portion 102 that can potentially provide a
higher outward radial force and be less likely to entangle with the wires of the stent 12

when the stent contacts mesh portion 102.

[0040] Other embodiments may have other parts of the mesh portion 102
strengthened in this manner, such as the ends of the bulbs 102A or the reduced
diameter regions 102B. In one embodiment, the wires of the mesh portion 102 are
comprised of nitinol and have a diameter of the range of about 0.001 to 0.0015 inches.
Radiopaque (e.g. tantalum) wires may also be included in the mesh to augment
visualization as well as to provide regions of increasing stiffness in the braid to further
enhance the contact force against the overlying stent 12. Drawn-filled tubing with a

nitinol jacket and tantalum core, or vice-versa, may also be used.

[0041] The mesh portion 102 can be created in a number of different ways. For
instance, a mandrel with bulbed regions shaped similar to bulbs 102A and reduced
diameter regions shaped similar to region 102B can be used to create the mesh portion
shape. Either the wires can be woven on the mandrel and then heat set to impart the

shapes, or a pre-woven mesh cylinder can be placed over the mandrel and heat set.

[0042] Alternatively, a mandrel with a consistent cylindrical diameter can be used,
where the mesh portion is first woven over said mandrel. The mesh portion 102 is
then be taken off of the mandrel and ties or marker bands are selectively applied at
locations to create the reduced diameter regions 102B. A subsequent heat treatment

is then be applied to impart the shape shown in, for instance, Figure 3.
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[0043] In one embodiment, core wire 104 maintains a fixed position relative to the
other components of the pusher body 112. Crimp point 108 is fixed to core wire 104
while crimp point 106 slides or floats longitudinally over said core wire 104. Since
braided mesh structures tend to foreshorten in length as they radially expand, the
longitudinally slideable crimp point 106 allows the distal end of the mesh portion 102

to move proximally as it is exposed from the catheter 14 and begins to radially expand.

[0044] If a stent 12 is far oversized compared to the vessel, there is high radial
force against the vessel wall which could cause the stent 12 to get stuck. This could
also result in the mesh portion 102 becoming stuck, since it might also be oversized
relative to the vessel and therefore may become stuck in the vessel or to the stent
wires. To avoid scenarios where the mesh portion 102 becomes stuck in an expanded
shape, the core wire can include a fixed marker band 110 between the two crimp points
106, 108 where fixed marker band 110 acts as a backstop to make sure crimp point

106 cannot foreshorten too far proximally.

[0045] Alternative embodiments are also possible, including configurations where
either one of crimp point 106, 108 is fixed/slidable, or scenarios where crimp points
106, 108 are both fixed or both slidable. To enable a slidable crimp point, the crimp
point inner diameter would have to be at least slightly larger than the core wire
diameter. In one example the core wire would be about 0.003 inches in diameter while
any sliding crimp point would have an inner diameter of about 0.005-0.006 inches. To
create a fixed crimp point, in one example, a crimping tool, adhesive, or welding can

be used to mechanically affix the crimp point to core wire 104.

[0046] Core wire 104 can be comprised of a nitinol wire. As seen best in Figure 4,
the distal end of core wire 104 includes a relatively soft distal tip 114, for example, that
is composed of tantalum or platinum wire coiled around an underlying nitinol wire. The
tantalum or platinum coiled wire would aid in visualization so that a user can tell where
the distal end of wire 104 is positioned, while the coil would provide increased flexibility
so that when portion 114 hits a vessel wall it will not get stuck against the vessel wall.
The soft distal tip 114 can have a pre-set J-shape as shown in Figure 4, or can be

meld-able such that a user can impart this J-shape over a provided mandrel. The
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angled J-shape is particularly useful in navigating the system through vessel
bifurcations. This distal tip may eliminate the need for a separate guidewire to track

the catheter and stent to the target treatment area.

[0047] Figures 4-5 generally show how the stent 12 would adopt its expanded
configuration when delivered and how the mesh portion can aid in keeping the stent
propped open. In Figure 4, stent 12 is just being released from catheter 14 where the
distal portion of the stent 12 is adopting its expanded shape. In Figure 5, mesh portion
102A is expanded against the proximal part of stent 12 and helps keep the stent open
by providing a scaffolding force against the proximal portion of stent 12. In Figure 5,
the mesh portion either utilizes only one bulb 102A, or the stent 12 is only partially
deployed such that a limited amount of the stent is exposed which corresponds to only

a distal part of the mesh portion 102.

[0048] In operation, as seen in Figures 6 and 7, the distal end of the catheter 14 is
advanced at or adjacent to the region that the physician desires to deploy the stent 12.
The catheter 14 is then either retracted from the stent 12 or the stent 12 is pushed
outwards from the catheter’s internal passage. As the stent 12 is deployed around a
curved portion of the patient’'s vessel 10, the mesh portion 102 and particularly the
beads 102A radially expand and push outwardly from within the stent 12 propping the

stent open as shown in Figure 7.

[0049] Catheters often include a radiopaque marker band which is located 3
centimeters from their distal tip so that the user can line up a marker band located
somewhere along the delivery pusher determine the location of the proximal end of a
stent is. In this respect, the physician can judge when the stent is fully deployed or
almost fully deployed based on the pusher’'s longitudinal position. Figure 3 and the
earlier description described marker band 109 which is connected to pusher body 112,
and marker band 107 along core wire 104. Either of these markers can be aligned
with the catheter 3-centimeter marker to determine that the stent is completely
deployed or almost completely deployed. Once the stent 12 is fully deployed, pusher
body 112 is proximally retracted, causing the mesh portion 102 to move back into the

passage of the catheter 14.
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[0050] In some embodiments, the core wire 104 is freely movable relative to the
body of the pusher body 112. This movable core wire 104 can allow a physician to
manually control the expansion and/or contraction of the mesh portion 102, depending

on the configuration of the crimp points 106 and 108.

[0051] For example, Figure 8 shows such an embodiment of a stent assist device
120 in which the core wire 104 can move independently of pusher body 112 to
selectively increase the radius of the mesh bulb portions 102A to augment the radial
push force against the overlying stent 112. In this embodiment, pusher body 112
includes a lumen extending along its length and opening at its proximal and distal
ends. The core wire 104 can be pushed and pulled independently of the pusher body
112 through this lumen, allowing the proximal end of core wire 104 to be manipulated

independently of pusher body 112 by a user/physician.

[0052] Proximal crimp point 108 is fixed either to pusher body 112 or to core wire
104. If proximal crimp point 108 is fixed to core wire 104 (rather than fixed to pusher
body 112), said proximal crimp point 108 is placed relatively close to the pusher body
112 such that when the core wire is retracted the crimp point will immediately abut
pusher body 112, preventing any further proximal movement of mesh portion 102.
Distal crimp point 106 is longitudinally movable over core wire 104. The core wire 104
includes another fixed distal marker band 122 which is distal of mesh crimp point 106,
where said fixed distal marker band 122 is fixed to the core wire. When the
user/physician retracts core wire 104, distal marker band 122 will contact crimp point
106 and since crimp point 106 can slide, this causes crimp point 106 to move
proximally inwards which would increase the radial profile of mesh portion 102A as
mesh portion 102 longitudinally contracts due to the push force supplied by distal
marker 122. In this way, the user may selectively augment the radial expansion force
applied to the stent by being able to independently control the diameter of mesh bulb
102A. Marker band 110, like in the embodiment of Figure 3, provides a backstop

surface to limit how much distal crimp point 106 can float.

[0053] Another alternative embodiment is similar to the device 120 of Figure 8.

However, in this embodiment, the pusher body 112 lumen is larger than crimp points
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106, 108 such that all or part of mesh portion 102 can be retracted within pusher body
112 by proximally pulling the core wire 104. Proximal crimp point 108 can slide over
core wire 108 while distal crimp point 106 is fixed to core wire 104. Retracting core
wire 104 causes the proximal crimp point 108 to enter delivery pusher body 112.
Further retraction of core wire 104 can cause mesh portion 102 to also enter pusher
body 112 (the ability to do so would depend on how oversized the inner diameter of
pusher body 112 is compared to mesh portion 102); however, even an ability to get
the proximal part of mesh portion 102 within pusher body 112 would allow the user to

customize how much of the mesh portion 102 would contact the overlying stent.

[0054] In one example, the core wire adopts a first, retracted configuration where
all or a portion of mesh portion 102 is housed within pusher body 112. The user then
delivers the stent 12, and if there are tracking issues where the stent 12 is stuck at a
tortuous bend where a portion of the stent won’t open, the user may then push the
core wire distally so that the mesh portion 102 is exposed and the mesh bulb sections
102A contact the stent 12 to push it open. This is primarily enabled by the ability of
proximal crimp point 108 to slide in this embodiment, since this will allow the mesh

portion 102 to longitudinally expand and thus radially contract.

[0055] Alternatively, this functionality is also possible if proximal crimp point 108 is
fixed to core wire 104 but distal crimp point 106 is slidable relative to core wire 104.
In this arrangement, when core wire 104 is retracted within pusher body 112, the
proximal crimp point 108 will enter pusher body 112 and then as more of the mesh
portion 102 is retracted within pusher body 112, the mesh portion 102 will longitudinally
expand pushing the slidable distal crimp 106 distally which in turn facilitates the
continued radial contraction/longitudinal expansion of mesh portion 102. In contrast,
if both crimp points 106, 108 were fixed, mesh portion 102 would have a relatively
fixed shape and it would be difficult to get a radially compressed/longitudinally

expanded shape to fit within pusher body 112.

[0056] Figure 9 illustrates a stent assistance device 130 that has six bulbs 102A
instead of the two bulbs generally shown in the previous stent assistance device

embodiments of the previous Figures. It is contemplated that many bulbs 102A can be
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included as part of the mesh portion (e.g., 1, 2, 3, 4, 5,6, 7, 8, 9, or 10+ bulbs). The
number, length, and diameter of these bulbs 102A may be selected to correspond to

the length and expanded diameter of the particular stent 12 that it is being used with.

[0057] In addition to various numbers of bulbs 102A, the bulbs 102A can have a
variety of different shapes (e.g., either all bulbs have the same shape or a mixture of
shapes are present). Figure 10 illustrates example bulb shapes that include a
spherical shape 132, a spheroid 133, an elongated cylinder 134, a proximally-
increasing conical shape 135, a proximally-decreasing conical shape 136, or a
diamond-like shape 137 with proximally and distally decreasing tapered conical
portions. These shapes can be imparted to a mesh portion 102 by braiding the mesh
portion 102 on a mandrel having the desired shapes (e.g., a mandrel with the same
shape as the mesh shapes in Figure 10) and then later heat set to impart the shape
when expanded. Alternately, these shapes can be created by braiding the mesh 102
on a mandrel with a uniform consistent shape (e.g. cylindrical), heat setting the shape
on the mandrel, removing the mesh portion 102, and then either tying off portions of
the shape or placing marker bands selectively around portions of the shape to adopt

the shapes shown in Figure 10.

[0058] Previous embodiments discussed a core wire 104 which spanned the
entirety of mesh portion 102, where the mesh portion sat directly over core wire 104.
Alternative embodiments can utilize core wire 104 that terminates at a location
proximal of the distal end of the mesh portion 102. This earlier termination point can
provide the mesh portion a degree of independence to conform to the tortuous

conditions of the vasculature to further aid in promoting full stent expansion.

[0059] For example, Figures 11, 12, 13, and 14 illustrate another embodiment of a
stent assistance device 140 in which the core wire 104 terminates within mesh portion
102 or proximal to it. Looking to Figure 11, the core wire 104 a core wire tip section
142 is located within the first, proximal-most bulb 102A. In one example, the core wire
tip 142 can be platinum or tantalum wire coiled around either a nitinol wire or the distal
end of the core wire 104. In another example, the core wire 104 terminates within the

body of the pusher body 112, leaving only core wire tip 142 (e.g., coiled platinum or
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tantalum wire around a nitinol wire) exposed within the first, proximal-most bulb 102A.
This tip section 142 can be seen in the magnified view of Figure 13. The proximal end
of mesh portion 102 is fixed directly to the body of pusher body 112 or immediately
adjacent the body of pusher body 112 via proximal crimp point 108.

[0060] Optionally, the distal end of the mesh portion 102 may include a distal tip
114 connected to it, similar to previously described embodiments, in order to provide
a guiding surface under the stent 12 as well as to provide a soft vessel contact surface
to aid in placing the stent 12 without providing vessel trauma. As best seen in Figure
14, the distal tip 114 includes an underlying nitinol wire that has a proximal laser-
welded ball 114A within the distal-most mesh bulb 102A. A coil 114B of tantalum or
platinum wire is wound over the nitinol wire and the distal-most portion of the mesh
portion 102. A coil 114C of platinum or tantalum wire is also wound over the nitinol
wire, being inter-wound with a portion of the tantalum/platinum coil 114B and
extending along the remaining distal length of the nitinol wire. Optionally, an adhesive
or weld can be applied to the distal end of the tip 114. Additionally, portions of the

underlying nitinol wire can be flattened or otherwise shaped.

[0061] Often, once a stent is deployed within a patient, thrombi can dislodge and
move downstream, leading to further complications downstream in the vasculature.
The following discussion are directed to embodiments that help collect or trap thrombi

dislodged during a stent deployment procedure.

[0062] Figure 15 illustrates an embodiment of a stent assistance device 150
utilizing mesh portion 102 where wire frame members 152 extend between the
expanded bulbs 102A. These wire frame members 152 can provide further structural
support to the bulbs 102A and can help catch/capture blood clots that may form during
a procedure. These wire frame members 152 are preferably composed of wire that is
the same diameter or larger than that making up the mesh portion 102 and are
attached to either the wires of the mesh portion 102, to the underlying core wire 104,
or a combination of each, such that the wire frame members 152 expand and contract

with the mesh portion 102.
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[0063] In one embodiment (shown in Figure 15), four equidistant wire frame
members 152 are used; each of which form an outwardly arced shape when expanded
that are similar in diameter to the bulbs 102A. However, the wire frame members 152
can alternately have a spiral shape around the mesh portion 102, a linear shape

between bulbs 102A, or similar geometric shapes.

[0064] Figures 16-17 show stent assistance device embodiments having a distal
mesh element that captures dislodged thrombi. In Figure 16, a stent assistance device
160 utilizes a mesh portion 102 having a relatively larger mesh bulb 162 that contains
a concave filter 164 that acts as distal protection during a procedure, capturing blood
clots, thrombus, or other debris that may be dislodged during the deployment of the
stent 12. The concave filter 164 may be composed of a fine mesh, fabric, polymer
film, or similar known filter materials. Additionally, other shapes of the filter 164 are
also possible, such as a circular plane. The larger mesh bulb 162 can be woven from
the wires of the mesh portion 102, forming an interconnected mesh structure. During
a procedure, the mesh bulb 162 can be distally advanced past the stent 12 (or
deployed prior to the stent 12) such that it is expanded prior to the stent 12 contacting

the vessel.

[0065] Alternately, as seen in the device 166 in Figure 17, the mesh bulb 162 can
be fixed near a distal end of the core wire 104, separate from the mesh portion 102.
This position may allow the physician to more easily deploy the bulb 162 and filter 164
prior to or at the very start of the deployment of the stent 12. This separate mesh bulb
162 can be configured to slide longitudinally on the core wire 104 or can be locked in

place from sliding.

[0066] The embodiments disclosed herein have utilized a common delivery pusher
body 112 used to deliver a stent 12 and a mesh portion 102. Other embodiments can
utilize a stent 12 which is connected to a first, elongated delivery pusher that has a
passage therethrough. A second pusher body 112 for the stent assistance device can
be positioned within the first pusher, allowing the user to move the stent and stent

assistance devices separately and independently.
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[0067] It should be understood that the present invention is also directed to a kit
comprising an introducer tube, a pusher body 112 disposed within the introducer tube,
any of the stent assistance embodiments described in this specification attached to
the pusher body 112, and a stent located near a distal end of the introducer tube and
over a mesh portion 102 of the pusher body 112. In use, the physician can connect
the introducer tube to the proximal hub of a catheter 14 and then advance the pusher

(including the mesh portion 102) and the stent 12 into the catheter 14.

[0068] While the present invention has been described in terms of separate
components, such as a pusher body 112, a core wire 104, and a mesh portion 102, it
should be understood that one or more of these components may also be considered

a pusher, a stent assistance system, or a stent assistance device.

[0069] Although the Iinvention has been described in terms of particular
embodiments and applications, one of ordinary sKkill in the art, in light of this teaching,
can generate additional embodiments and modifications without departing from the
spirit of or exceeding the scope of the claimed invention. Accordingly, it is to be
understood that the drawings and descriptions herein are proffered by way of example
to facilitate comprehension of the invention and should not be construed to limit the

scope thereof.
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What is claimed is:

1. A stent delivery device comprising:
an elongated pusher body;

a mesh portion connected to a distal end of said elongated pusher body and

further having a compressed configuration and a radially-expanded configuration; and,

a stent engaged with said elongated pusher body and disposed over said mesh
portion;
wherein said mesh portion radially expands against an interior of said stent

during deployment of said stent from a catheter.

2. The stent delivery device of claim 1, wherein said mesh portion comprises in its
radially-expanded configuration a first bulb shape, a second bulb shape, and a

reduced-diameter shape between said first bulb shape and said second bulb shape.

3. The stent delivery device of claim 1, wherein said pusher body further
comprises a core wire; wherein at least a portion of said core wire is exposed from a
distal end of said pusher body; said mesh portion being disposed around said core

wire.

4. The stent delivery device of claim 1, wherein a proximal end of said mesh
portion is connected at a distal end of said elongated pusher body and wherein a core
wire extends from said elongated pusher body, into said mesh portion, and terminates

within a proximal-most bulb of said mesh portion.

. The stent delivery device of claim 2, further comprising a plurality of structural
wires extending between said first bulb shape and said second bulb shape, and

located over said reduced-diameter shape.

6. The stent delivery device of claim 3, wherein said mesh portion longitudinally

slides on said core wire.
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7. The stent delivery device of claim 3, wherein a distal end of said mesh portion
slides on said core wire and wherein a proximal end of said mesh portion is

longitudinally fixed relative to said core wire.

8. The stent delivery device of claim 3, wherein a proximal end of said mesh

portion is fixed to a distal end of said pusher body.

9. The stent delivery device of claim 3, further comprising a marker band fixed on

said core wire and positioned within said mesh portion.

10.  The stent delivery device of claim 3, where said mesh portion further comprises
a third bulb shape located distal of said first bulb shape and said second bulb shape;
said third bulb shape having an expanded diameter larger than said first bulb shape
and said second bulb shape; and said third bulb shape further having a filter disposed

within an interior of said third bulb and configured to filter blood for particles.

11.  The stent delivery device of claim 3, further comprising a third mesh bulb shape
located distal of and spaced apart from said first bulb shape and said second bulb
shape; said third bulb shape having an expanded diameter larger than said first bulb
shape and said second bulb shape; and said third bulb shape further having a filter

disposed within an interior of said third bulb and configured to filter blood for particles.

12. A stent delivery kit, comprising:

an introducer tube having a passage therethrough;

a stent being compressed and positioned in said passage near a distal end of
said introducer tube;

an elongated pusher body disposed within said passage of said introducer tube;

a mesh portion having a compressed configuration and a radially-expanded
configuration; said mesh portion being positioned within an interior of said stent such
that as said stent is exposed from a distal end of a catheter, said mesh portion radially

expands so as to provide radial force against said interior of said stent.
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13.  The stent delivery kit of claim 12, wherein said mesh portion comprises in its
radially-expanded configuration a first bulb shape, a second bulb shape, and a

reduced-diameter shape between said first bulb shape and said second bulb shape.

14. The stent delivery kit of claim 12, further comprising a core wire, at least a
portion of which is exposed at a distal end of said elongated pusher body; said mesh

portion being disposed around said core wire.

15.  The stent delivery kit of claim 12, wherein said mesh portion comprises in its

radially-expanded configuration a plurality of bulb shapes.

16.  The stent delivery kit of claim 15, wherein said plurality of bulb shapes each
have a shape selected from: a sphere, a spheroid, an elongated cylinder, a cone, or a

shape with a proximally increasing and proximally decreasing conical shape.

17. A method of deploying a stent, comprising:
advancing a distal end of a catheter near a curved portion of a vessel;
exposing a distal portion of a stent; and,

expanding a mesh portion within said stent so as to exert outward radial force

on said stent.

18. The method of claim 17, further comprising retracting a pusher body connected

to said mesh portion so as to retract said mesh portion within said catheter.

19. The method of claim 18, wherein said expanding said mesh portion further

comprises expanding a first bulb and a second bulb of said mesh portion.
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