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METHODS, SYSTEMS, AND DEVICES FOR PROVIDING EMBOLIC
PROTECTION AND REMOVING EMBOLIC MATERIAL
BACKGROUND OF THE INVENTION

1. The Field of the Invention

The present invention relates generally to the field of percutaneous medical
filters, and more specifically, to vascular embolic protection devices that are
configured for percutaneous insertion into a body lumen of a patient.

2. The Relevant Technology

Human body lumens often become occluded or blocked by plaque, thrombi,
other deposits, or material that reduce the blood carrying capacity of the vessel.
Should the blockage occur at a critical place in the circulatory system, serious and
permanent injury, and even death, can occur. To prevent this, some form of medical
mtervention is usually performed when significant occlusion is detected.

Several procedures are now used to open these stenosed or occluded body
lumens 1n a patient caused by the deposit of plaque or other material on the walls of
the body lumens. Angioplasty, for example, is a widely known procedure wherein an
inflatable balloon is introduced into the occluded region. The balloon is inflated,
dilating the occlusion, and thereby increasing the intraluminal diameter.

Another procedure is atherectomy. During atherectomy, a catheter is inserted
into a narrowed artery to remove the matter occluding or narrowing the artery, i.e.,
fatty material. The catheter includes a rotating blade or cutter disposed in the tip
thereof. Also located at the tip are an aperture and a balloon disposed on the opposite
side of the catheter tip from the aperture. As the tip is placed in close proximity to the
fatty material, the balloon is inflated to force the aperture into contact with the fatty
material. When the blade is rotated, portions of the fatty material are shaved off and
retained within the interior lumen of the catheter. This process is repeated until a
sufficient amount of fatty material is removed and substantially normal blood flow is
resumed.

In another procedure, stenosis within arteries and other body lumens is treated
by permanently or temporarily introducing a stent into the stenosed region to open the
lumen of the vessel. The stent typically has a substantially cylindrical tube or mesh
sleeve made from such materials as stainless steel or nitinol. The design of the

material permits the diameter of the stent to be radially expanded, while still
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providing sufficient rigidity such that the stent maintains its shape once it has been
enlarged to a desired size.

Unfortunately, such percutaneous interventional procedures, 1.e., angioplasty,
atherectomy, and stenting, often dislodge material from the vessel walls. This
dislodged material can enter the bloodstream, and may be large enough to occlude
smaller downstream vessels, potentially blocking blood flow to tissue. The resulting
ischemia poses a serious threat to the health or life of a patient if the blockage occurs
in critical tissue, such as the heart, lungs, kidneys, or brain, resulting in a stroke or
ifarction.

In general, existing devices and technology have a number of disadvantages
including high profile, difficulty using multiple parts and components that result in an
involved procedure, manufacturing complexity, and complex operation of the device
or system.

SUMMARY OF THE EXEMPLARY EMBODIMENTS OF THE INVENTION

Exemplary embodiments of the present invention illustrate vascular embolic
protection devices that are configured for percutaneous insertion into a body lumen of
a patient. The exemplary embodiments can be used with any surgical procedure
requiring the use of a percutaneous device. Such procedures can include, by way of
example and not limitation, angioplasty, atherectomy, and/or the introduction of a
stent into a body lumen of a patient.

One or more of the configurations of the embolic protection device can meet
criteria for both guide wires and embolic protection devices. For instance, it is
desirable that a guide wire 1s steerable. Consequently, embodiments of the embolic
protection device can be inserted into any body lumen of a patient and manipulated
and steered by a physician to traverse the tortuous anatomy of the patient to a lesion
or occlusion. Such body lumens can include, but are not limited to, a coronary artery,
carotid arteries, renal arteries, b&pass grafts, the superficial femoral artery, the arteries
of the upper and lower extremities, cerebral vasculature, etc.

To assist the physician with the above-recited endeavor, one or more
configurations of the embolic protection device can include a shapeable, soft, distal -
tip. In addition, the embolic protection device is capable of translating rotational
movement or force applied to the proximal end thereof substantially equally to the
distal end. In other words, with the embolic protection device positioned within a

vessel of the patient, as a physician rotates the proximal end of the embolic protection
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device, the distal end of the embolic protection device rotates substantially
simultaneously with the movement of the proximal end. This is typically defined as
having a one-to-one torqueability.

Further, some embodiments of the exemplary embolic protection device can
be kink resistant and capable of receiving a variety of different coatings to improve
lubricity, have anti-thrombogenic properties, and/or reduce platelet aggregation.
These coatings can include, but are not limited to, a hydrophilic coating, a heparinized
coating, PTFE, silicone, or other coating known to those skilled in the art in light of
the teaching contained herein.

In one exemplary embodiment, the embolic protection device can include a
guide member having a distal end, a proximal end, and a lumen extending from the
distal end to the proximal end. Additionally, the embolic protection device can
include a filter assembly coupled to the guide member and having a proximal end and
a distal end. The mechanism can have a plurality of struts, at least one of the struts
being biased to extend outwardly. Each strut can be made from, by way of example
and not limitation, stainless steel, metals, alloys, composites, plastics, polymers,
synthetic materials, shape memory materials, combinations thereof, or other materials
that allow the struts to perform one or more of the functions described herein.

The filter assembly can further include a filter media adapted to filter material
from a blood stream coupled to at least two of the plurality of struts. The filter media
can have an open proximal end and a closed distal end. A distal end of at least one
strut can move independently of the other struts even with the filter material
surrounding the struts.

The filter media of the device can be configured to capture material of a
variety of sizes and enable removal of the captured material. To achieve this, filter
media pore sizes and shapes can be selected based upon the size of material to be
captured. The material to be captured can include but is not limited to, particulates,
thrombi, any atherosclerosis or plaque material dislodged during a procedure, or other
foreign material that may be introduced into the vasculature of the patient. The filter
media can also be made from, by way of example and not limitation, a woven or
braided plastic or metallic mesh, a perforated polymer film, a shape memory material,
combinations thereof, or other material that is capable of capturing material within
tlowing blood, while allowing the blood to flow through the pores or apertures
thereof.
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The embolic protection device can also include a sleeve, at least partially
surrounding the plurality of struts and the filter media, for restraining the filter device
in a collapsed position during an insertion procedure. The embolic protection device
can also include additional loops surrounding the struts to aid in restraining the filter
device. In exemplary embodiments, the embolic protection device can also include a
tether member or wire that secures both the sleeve and the additional loops.

The embolic protection device can be inserted into the body lumen of a patient
in a collapsed position. Since at least one of the struts is biased to extend outward
when the filter assembly is in an open position, the filter can then be deployed by at
least partially removing the tether wire, thus releasing both the sleeve and the loops.
In some embodiments, the tether wire can be completely removed.

An additional aspect of the embolic protection device is that the device can
include one or more radiopaque markers attached to the struts, the filter media, and/or
the guide member. These radiopaque markers enable the embolic protection device to
more easily be seen on an X-ray or other device for viewing the interior of an object.

These and other objects and features of the present invention will become
more fully apparent from the following description and appended claims, or may be
learned by the practice of the invention as set forth hereinafter.

~ BRIEF DESCRIPTION OF THE DRAWINGS

To clarity further the above and other advantages and features of the present
invention, a more particular description of the invention will be rendered by reference
to specific embodiments thereof that are illustrated in the appended drawings. It is
appreciated that these drawings depict only typical embodiments of the invention and
are therefore not to be considered limiting of its scope. The invention will be
described and explained with additional specificity and detail through the use of the
accompanying drawings in which:

Figure 1 1llustrates an exemplary configuration of an embolic protection
device;

Figure 2 illustrates a schematic representation of a filter media of the embolic
protection device of Figure 1;

Figure 3 is a more detailed representation of the exemplary configuration of
the embolic protection device of Figure 1;

Figure 4 illustrates a schematic representation of a side view of a distal end of

the embolic protection device of Figure 1 in a closed configuration;
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Figure 5 illustrates a schematic perspective view of a portion of a constraining
mechanism of the embolic protection device of Figure 1;

Figure 6 illustrates a schematic representation of a cross-sectional side view of
a guide member of the embolic protection device of Figure 1;

Figure 7 illustrates a schematic representation of a cross-sectional side view of
a distal end of the guide member of the embolic protection device of Figure 1;

Figure 8 illustrates an exemplary configuration of an embolic protection
device cooperating with a capture catheter;

Figure 9 illustrates an exemplary configuration of an embolic protection
device at least partially cooperating with the capture catheter;

Figure 10 illustrates an exemplary configuration of an embolic protection
device further cooperating with the capture catheter;

Figure 11 illustrates an exemplary configuration of an embolic protection
device being captured by the capture catheter;

Figure 12 illustrates a proximal end and a distal end of the capture catheter of
the present invention as it cooperates with the embolic protection device of Figure 1;

Figure 13 illustrates a schematic cross-sectional side view of the capture
catheter cooperating with the embolic protection device of Figure 1;

Figure 14 illustrates the proximal end and the distal end of the capture catheter
of the present invention as it cooperates with the embolic protection device of Figure
1;

Figure 15 illustrates the proximal end and the distal end of the capture catheter
as 1t further cooperates with the embolic protection device of Figure 1; and

Figure 16 illustrates the proximal end and the distal end of the capture catheter
of the present invention as it substantially captures the embolic protection device of
Figure 1.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

The present invention generally relates to percutaneous embolic protection
devices, systems, and methods of using the same. Embodiments of the present
invention can be utilized in association with devices, systems, and methods for
inserting an embolic protection device, such as but not limited to, a vascular embolic
protection device, within any body lumen of a patient. The device can be easily

inserted into a body lumen and deployed to capture potential embolic material. The
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device can then be captured and removed without reintroducing any of the captured
embolic material back into the body lumen.

Figure 1 is a side view of a distal end of an exemplary embolic protection
device 100. Embolic protection device 100 is capable of being inserted into any body
lumen of a patient and function as a guidewire or exchange wire for other medical
components or devices, such as, but not limited to, catheters, stents, balloons,
atherectomy devices, or other components or devices that can be exchanged using a
guidewire. Further, embolic protection device 100 can be used to filter particulates,
as will be described in more detail hereinafter, thereby acting as an embolic protection
device to provide embolic protection during a procedure.

The embolic protection device 100 includes an emboli capturing mechanism,
such as a filter assembly 110, connected to the distal end of a guide wire, guide tube,
or guide member 102. Illustratively, the term “guide member” can refer to a member
that can be completely solid, such as a guidewire, a member that partially includes a
lumen therein, or a member that includes a lumen extending from a proximal end to a
distal end thereof, such as a hypo-tube. Consequently, the term “guide member” can
include or encompass a guidewire or a hypo-tube that 1s configured to perform the
functions described herein.

Guide member 102 can be fabricated from a variety of materials. For
example, guide member 102 can be fabricated from shape memory materials. Shape
memory materials are well known 1n the art for their ability to enable devices to
assume one or more shapes depending on specific physical parameters to which the
shape memory material may be exposed. A device constructed of one or more shape
memory materials can be configured to transition from an initial shape to a secondary
shape when the shape memory material 1s exposed to a known triggering condition.
Examples of triggering conditions include specific predetermined temperatures, a
specified pH, and other environmental conditions.

Shape memory materials suitable for use in fabrication of guide member
102, as well as other parts which will be discussed below, include, but are not limited
to, shape memory polymers, shape memory metals, such as nitinol, and other
materials both natural and synthetic. Several shape memory polymer materials may
be suitable for fabrication of guide member 102. These materials include but are not
limited to: polyurethane; polycycloocetene; cross-linked polyethylene; thermoplastics

such as shape memory polyurethanes, polyethylene, polynorborene polymers and
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copolymers and blends thereof with styrene elastomer copolymers, such as Kraton,
and cross-linked transpolyoctylene rubber; cross-linked polyisoprene; styrene
butadiene copolymers; bioabsorbable shape memory polymers such as
polycaprolactone, copolymers, and/or PLLA PGA copolymers, PMMA; Azo-dyes,
Zwitterionic and other photo chromatic materials.

Alternatively, guide member 102 can be fabricated from steel, metals, metal
alloys, composites, plastics, polymers, synthetic materials, or combinations thereof.
Optionally, guide member 102 can be covered with a variety of different coatings,
such as, but not limited to, coatings to improve lubricity or having anti-thrombogenic
properties, reduce platelet aggregation, hydrophilic coatings, a heparinized coating,
PTFE, silicone, or combinations thereof.

[Mustratively, guide member 102 can have an outside diameter of between
about 0.010 inches to about 0.035 inches, between about 0.014 inches to about 0.018
inches, or between about 0.010 inches to about 0.018 inches. In one configuration,
the outside diameter of guide member 102 is about 0.014 inches. Similarly, when
cuide member 102 includes a lumen, the diameter of a lumen of guide member 102
can range from about 0.004 inches to about 0.029 inches or between about 0.008
inches to about 0.014 inches. In one configuration, the diameter of the lumen 1s about
0.008 inches.

Filter assembly 110 includes a filter basket 112 connected to a filter media
114. The filter basket 112 includes a body 122 with a plurality of resilient struts 116
extending from body 122 toward a distal end of embolic protection device 100. The
distal ends of the struts 116 can remain detached one from another and so can move
independently of one another, while such movement is at least partially constrained
by filter media 114 attached to struts 116.

The struts 116 can be integrally formed with body 122. For instance, filter
basket 112, including struts 116 and body 122, can be formed from a shape memory
material tube, where a distal end of the tube can be cut to form struts 116. In another
configuration, struts 116 attach to a separate body 122, such as a tube, forming part ot
filter basket 112, i.e., a proximal end of filter basket 112. In this latter case, struts 116
are attached to the separate body 122 using one or more of a variety of conventional
attaching techniques, such as, but not limited to, an interference fit, adhesive, welding,

soldering, solvent bonding, radio frequency or ultrasonic bonding, or a combination of
these.
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In addition to the above, struts 116 can attach to filter media 114 through a
variety of techniques. For instance, struts 116 extend towards a distal end of embolic
protection device 100 within an interior of filter media 114. In another configuration,
struts 116 extend towards a distal end of embolic protection device 100 so that filter
media 114 can be disposed within the basket formed by struts 116, 1.e., an exterior of
filter media 114 attaches to an interior surface of struts 116. In still another
configuration, struts 116 can pass through filter media 114 one or more times between
a proximal end and a distal end of filter media 114. Therefore, filter media 114
attaches to an exterior surface, an interior surface, or a combination of both the
interior and exterior surfaces of each strut 116, such as when struts 116 are
interwoven with filter media 114. In one exemplary embodiment, filter media 114
can attach to only the interior surfaces of struts 116. The struts 116 prevent damage
to filter media 114 during capture, because a capture catheter moves along struts 116
rather than sliding over filter media 114. This prevents damage to filter media 114
that can result in filter media rupture and escape of captured emboli.

Suitable materials for constructing the struts 116 of filter basket 112, body
122, and/or filter basket 112 itself, include, but are not limited to, stainless steel,
metals, alloys, composites, plastics, polymers, synthetic materials, shape memory
materials, combinations thereof, or other materials that allow struts 116 to perform
one or more of the functions described herein. The individual struts 116 can be heat
set to shape, biasing them in the open position shown in Figure 1. In one
embodiment, one of struts 116 may have an atraumatic tip formed at the end thereof.

With continued reference to Figures 1 and 2, a proximal, open end of filter
media 114, having a generally conical or frustoconical form, attaches to one or more
struts 116 of filter basket 112 by adhesive, thermal bonding or solvent bonding. A
distal end of filter media 114 attaches to distal tip 104 at or about a point 107. Such
attachment occurs with a mechanical fastener, such as a wire coil, adhesive, or a
combination of both. This point 107 can also be built up with an amount of adhesive
that provides a taper from the diameter of a coiled spring 108 of distal tip 104 to that
of the constrained filter basket 112. The taper at point 107 may also be made from a
pre-molded polymer material.

The distal end of guide member 102 can be inserted into filter basket 112 and
held in place with an interference fit, adhesive, welding, soldering or a combination of

these. Other methods of connecting the proximal end of struts 116 to guide member
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102 include ultra violet curable adhesives, acrylics, cyanoacrylates, solvent bonding,
radio frequency or ultrasonic bonding, and the like.

The distal tip 104 of embolic protection device 100 is made from a core
member or wire 106, which can be ground to a shape that influences the flexibility of
the tip, and coiled spring 108 that can be soldered or welded to core wire 106. For
instance, guide member 102 can be disposed within a proximal portion or lumen of
filter basket 112, while distal tip 104 can be inserted into a portion of or all of the
remaining distal lumen of filter basket 112 and can be held in place by an interference
fit, adhesive, welding, soldering or a combination of these.

In one embodiment, filter assembly 110 has parts inherent or added to aid in
its radiopacity. This coil 108 of distal tip 104 can be made from a radiopaque
material. Bands 120 of a radiopaque material can be added to at least one of struts
116 of filter basket 112. The bands, 120, may be made from cut tubing of a
radiopaque material, or optionally be made from a section of helically wound coil of a
radiopaque material. Optionally, a band 124 of radiopaque material, similar to band
120, can also be added at the proximal junction of filter basket 112 and guide member
102. This band 124 can optionally surround at least a portion of body 122 and can be
encapsulated in an adhesive filet to provide a smooth transition in outer diameters. .
The radiopaque substances can include, but not limited to, barium sulphate, bismuth
subcarbonate, titanium dioxide, combinations thereof, or other radiopaque substances.

Figures 2 and 3 show the construction of exemplary filter media 114 from
multiple pieces of generally flat cut polymer film 113. A pattern of holes, pores, or
apertures 119 can be cut in each flat piece of filter media 114 to allow for filtration
during use. The outer edges 115 of two pieces of film 113 can be bonded together
making a two-layer membrane that can be opened at the un-bonded edge 117 to create
filter media 114, shown in Figures 1 and 3. Various methods and manners are known
to bond two pieces of polymer film. For instance, adhesive, ultra violet curable
adhesives, acrylics, cyanoacrylates, solvent bonding, radio frequency or ultrasonic
bonding, or a combination of these.

Although reference is made to use of a polymer film as filter media 114, one
skilled in the art will understand that various materials can be used to form filter
media 114. For instance, filter media 114 can be fabricated from a variety of different
materials, such as, but not limited to, a woven or braided plastic or metallic mesh, a

perforated polymer film, a shape memory material or mesh, combinations thereof, or
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other material that can be capable of capturing material within flowing blood, while
allowing the blood to flow through the pores or apertures thereof. Consequently, the
manner by which edges are bonded together may also vary based upon the materials
used to form filter media 114. Generally, filter media 114 can be fabricated from a
variety of materials so long as the filter media is capable of being packed within filter
basket 112, and optionally floating in the blood flow or stream passing through the
body lumen within which it can be inserted, and being biocompatible.

Filter media 114 can have a variety of differently sized holes or pores 119
ranging from about 50 microns to about 200 microns, from about 60 microns to about
180 microns, or from about 75 microns to about 150 microns. The pores can have a
variety of different configurations. For instance, the pores can be circular, oval,
polygonal, combinations thereof, or other configurations known to one skilled in the
art 1n light of the teaching contained herein. In one configuration, filter media 114
can mclude pores that are differently sized and configured. Consequently, a major or
minor axis of each pore can have a variety of different sizes ranging from about 50
microns to about 200 microns, from about 60 microns to about 180 microns, or from
about 75 microns to about 150 microns. Generally, the pore size can vary as needed,
so long as the pores are sized (1) so that the pores do not compromise blood flow
through the filter, 1.e., prevent or severely restrict blood flowing through the filter, and
(11) collect material that could potentially occlude smaller downstream vessels,
potentially blocking blood flow to tissue or result in stroke or infarction. In addition
to the above, filter media 114 can be coated with a hydrophilic coating, a heparinized
coating, PTFE, silicone, combinations thereof, or various other coatings as know or
desired by one skilled in the art in light of the teaching contained herein.

Also shown in Figure 3 are features 138 that are cut into the profile of struts
116 to provide location points for a plurality of loops 132 and/or radiopaque marking
bands 120. These features 138 can include notches, grooves, or other structures that
aid with placing loops 132 and radiopaque marking bands 120.

With reference now to Figure 4, before filter assembly 110 is deployed, struts
116 are maintained 1 a constrained or undeployed position by a restraining
mechanism or constraining mechanism 118. Only one strut 116, shown in dotted
lines, 1s depicted as being within restraining or constraining mechanism 118 for
clarity and ease of explanation. The restraining mechanism or constraining

mechanism 118 can use a combination of a first constraining mechanism 130 and a
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second constraining mechanism 136 to limit movement of struts 116. Generally, first
constraining mechanism 130 and second constraining mechanism 136 can collectively
or individually be referred to and/or function as restraining mechanism or
constraining mechanism 118.

The first constraining mechanism 130 includes a plurality of loops of material
132 or loops 132 attached to or surrounding one or more of the struts 116. In one
exemplary embodiment, loops 132 are attached to a single strut 116 at multiple
attachment points 133. In between each attachment point 133 are loops 132. In some
exemplary embodiments, loops 132 can be suture material. Alternately, loops 132
can be wire, an elastomeric material and any other material capable of securing struts
116 1n a closed position. When in a closed position, loops 132 are held together by a
tether member or wire 140. Tether wire 140 can also be a suture material, a‘ thin
metal wire, or other wire-like material.

This tether wire 140 can also cooperate and form part of second constraining
mechanism 136 that constrains struts 116 and filter media 114 (Figure 1). The second
constraining mechanism 133 can include a sleeve of polymer material 134 and the
tether wire 140 and functions to restraining movement of struts 116 until tether wire
146 is disengaged from sleeve 134. For simplicity in discussion, sleeve 134 is not
shown 1n Figures 1-3, but 1t will be understood that sleeve 134 can remain attached to
filter assembly 110 following removal of tether wire 140.

As shown in Figure 4, a proximal end of sleeve 134 can attach to one or more
struts 116. Optionally, sleeve 134 can attach to a proximal end of filter basket 112
and/or a distal end of guide member 102. The distal end of sleeve 134 is incorporated
into the distal bond of filter media 114 (Figure 1) to core wire 106, illustrated by
dotted lines, at point 107. The mtermediate portions of filer media 114 (Figure 1) are
selectively maintained together so as to apply a restraining force of strut 116 wherein
tether wire 140 can be stitched or interwoven through sleeve 134.

The actuating mechanism (not shown) cooperates with restraining device 118
to selectively release restraining device 118 when filter assembly 110 is deployed, as
will be discussed in more detail hereinafter. Restraining device 118 provides two
examples of means for restraining the deployment of filter assembly 110 until an
operator desires to deploy the filter. Sleeve 134 is held in place with tether wire 140
can be one example of such means. Loops 132 provide an additional means of

restraining filter assembly 110.
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Figure 4 clearly shows the loops 132 of constraining mechanism 130. The
material forming loops 132 surrounds one or more of struts 116, such that when loops
132 are generally aligned, the material forming loops 132 applies a constraining force
against struts 116. This constraining force is maintained by tether wire 140. The wire
140 passes through loops 132 when in the constrained position. Compressing struts
116 radially inwardly is the combination of loops 132, sleeve 134 pulled around filter
media 114 (Figure 1), and tether wire 140 threaded through loops 132 and stitched
through sleeve 134.

The tether wire 140 terminates, in this exemplary configuration, within the

quantity of adhesive at point 107, which provides a taper from the diameter of the
coiled spring 108 of distal tip 104 to that of the constrained filter basket 112.
Alternatively, tether wire 140 can terminate proximal to a distal end of embolic
protection device 100, outside of the adhesive. In either case, when a proximal force
is applied to tether wire 140, the end of wire 140 disengages {rom and is pulled
through the stitched holes in sleeve 134 and loops 132.

To release struts 116 of filter basket 112, thereby allowing struts 116 to
expand outwardly and deploy filter media 114, tether wire 140 can be moved
proximally to remove tether wire 140 from engaging with loops 132. By removing
the restraining force supplied by tether wire 140, sleeve 134 opens and loops 132 no
longer prevent struts 116 from expanding outwardly. Consequently, moving tether
wire 140 in a proximal direction, and optionally completely removing tether wire 140
from embolic protection device 100, releases the forces applied by sleeve 134 and
loops 132 in preventing struts 116 from moving outwardly.

[lustratively, Figure 5 depicts one exemplary method of constructing sleeve
134 that constrains the distal portion of filter basket 112, struts 116, and filter media
114. The struts 116 and filter media 114 are shown as a compressed and bundled
assembly 110 with sleeve 134 surrounding assembly 110. In this configuration,
sleeve 134 can be made from a film of polymer. The sleeve 134 is stitched closed
with tether wire 140, as shown. The flaps 142 of sleeve 134 that remain after
stitching can be either cut or folded down onto an area 144, (only one side shown) and
secured in place with adhesive or wrapped entirely around sleeve 134 and bonding the
flaps 142 to each other using adhesive or thermal bonding.

Other embodiments are contemplated for constructing a restraining

mechanism or constraining mechanism 118 for restraining or constraining struts 116
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of filter basket 112 before filter media 114 1s deployed. Such mechanisms are
described in United States Patent Application No. 10/186,275, filed June 28, 2002,
and entitled “Methods, System, And Devices for Providing Embolic Protection and
Removing Embolic Material,” and United States Patent Application Serial No.
10/290.099, filed November 7, 2002, and entitled “Methods, Systems, and Devices
for Delivering Stents,” which applications are incorporated herein by reference.

Figure 6 illustrates a representative sectional view of the length of the guide
member 102. The distal segment 146 has an outer diameter modified to reduce the
stiffness of this segment and has a different diameter distal tip 148, which can be
sized to create a tight bond with body 122 of filter basket 112, which was shown and
discussed in Figure 1. This distal segment 146 has an outer surface coated with a
lubricous material to reduce friction during use. The main body 150 of guide member
102 can also be coated with a lubricious material to reduce friction during use. The
proximal segment 152 of guide member 102 has an outer diameter reduced as well to
allow an actuation handle 154 to fit over proximal segment 152, while not increasing
the net outer diameter of embolic protection device 100 to be larger than that of main
body 150 of guide member 102. The tether wire (not shown) extends through an
inner lumen 160 of guide member 102 to'a proximal end 156 of actuation handle 154
where it connects to handle 154 either in a welded, crimped, or soldered joint 158,
which provides a closed proximal end.

Although handle 154 is depicted as being a “female” type component, i.e., that
receives another component, and proximal segment 152 is depicted as a “male” type
component, i.e., that is inserted into another component, one skilled in the art will
understand that handle 154 can be a “male” type component and proximal segment
152 can be a “female” type component. Further, handle 154 and proximal segment
152 can each have structures that function as a “male” type component or a “female”
type component.

Figure 7 shows a detailed cross section of the joints between guide member
102, filter basket 112, and core wire 106 of distal tip 104. An aperture 164 1s cut into
a sidewall of the proximal end of filter basket 112, 1.e., the tubular body 122 of filter
basket 112. This aperture 164 forms part of a path for tether wire 140 to extend from
its attachment point at actuation handle 156 (Figure 6), through lumen 160 of guide
member 102, and back out to the side wall of filter basket 112, where it cooperates
with loops 132 (Figure 4) and/or sleeve 134. In addition, a sloped transition portion
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162 is placed at a proximal end of filter basket 112 to ease the transition between the
diameters of filter basket 112 and guide member 102. The transition portion of 162
can be an adhesive, such as an ultraviolet curable acrylic, an epoxy, a pre-molded
polymer, or other structure or material to provide the desired transition. In another
embodiment, tether wire 140 may be disposed on the outer surface of guide member
102 from a proximal end thereof towards a distal end thereof. Further, core wire 106
can include an aperture through which passes tether wire 140, before tether wire 140
cooperates with loops 132 and/or sleeve 134.

Exemplary embodiments of the present invention also relate to a capture
mechanism for capturing filter assembly 110 after it has been deployed and after the
embolic debris has been captured in filter media 114. One exemplary capture
mechanism can be a capture catheter 200, illustrated with respect to Figures 8 through
16.

Figure 8 depicts a distal tip of capture catheter 200 in cooperation with filter
assembly 110. The distal end of capture catheter 200 has a tip 201 through which a
lumen extends. This lumen facilitates the insertion of guide member 102 of embolic
protection device 100 therein. This tip 201 1s configured to function as a stop for
capture catheter 200. By having a lumen whose diameter 1s smaller than a proximal
end of filter assembly 110, capture catheter 200 1s prevented or stopped from passing
filter assembly 110 and causing particulates to be forced out of filter assembly 110.
Although tip 201 1s illustrated as being tapered, one skilled in the art will appreciate
that non-tapered configurations are also possible.

A capture sleeve 202 surrounds tapered tip 201 of capture catheter 200. The
distal end of this capture sleeve 202 contains a radiopaque marker, such as, but not
limited to, a cut tubing band 204. The capture sleeve 202 can slide over and extend
past tapered tip 201. This enables sleeve 202 to extend around filter assembly 110
and cause struts 116 to collapse, thereby trapping the particulates and emboli within
filter assembly 110.

Figures 8 through 11 show a sequence of filter assembly 110 being captured
by capture sleeve 202 that telescopes over tapered tip 201. Figure 9 shows capture
sleeve 202 extended distally over tapered tip 201 almost to engage struts 116 of filter
assembly 110. Before capture sleeve 202 1s moved distally, a proximal portion of
capture catheter 200 and a proximal portion of device 100 are held in reference one to

another thereby preventing inadvertent movement of capture catheter 200 relative to
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device 100 during deployment of capture sleeve 202. The proximal portion of capture
catheter 200 and the proximal portion of device 100 can be held “wire-on-wire” by
way of a clamp, a hemostasis valve associated with capture catheter 200 or otherwise
used during the procedure, by the physician, by a hemostat selectively mounted to or
forming part of capture catheter 200 and/or device 100, or some other clamping
means for maintaining the relative position of one structure to another structure, 1.e.,
the relative position of the proximal end of capture catheter 200 and the proximal end
of device 100.

In Figure 10, capture sleeve 202 has extended further to collapse struts 116
and enclose proximal opening of filter media 114. As capture sleeve 202 engages
with struts 116, and prior to engaging filter media 114, capture sleeve 202 causes a
proximal end of filter media 114 to collapse to prevent migration of collected emboli
into the body lumen. Stated another way, before emboli can escape from within an
interior of filter media 114 under the forces exerted by capture sleeve 202, capture
sleeve 202 closes the proximal end of filter media 114 by causing struts 116 to move
toward each other. This can be aided through curvature of struts 116 and position of
filter media 114 or struts 116. For instance, the more acute the angular orientation of
a proximal end of struts 116 relative to a longitudinal axis of guide member 102, the
more quickly the proximal end of filter assembly 110 closes. Further, the more acute
the angular orientation of a proximal end of struts 116 relative to a longitudinal axis
of guide member 102, the lesser the longitudinal displacement of capture catheter 200
needed to close the proximal end of filter assembly 110. Various angular orientations
are possible based upon the particular configuration of device 100 and the speed
desired to close filter assembly 110.

To completely capture filter media 114, and the collected emboli, capture
sleeve 202 can be moved in the distal direction. The capture catheter 202 can be
moved distally until filter media 114 of filter assembly 110 is completely
encapsulated by capture sleeve 202, as illustrated in Figure 11.

Figure 12 shows a mechanical actuator 210 at a proximal end of capture
catheter 200. The mechanical actuator 210 includes a plunger 212 disposed within a
barrel 214. The plunger 212 connects by a control wire (not shown) through a lumen
(not shown) of the hollow, metallic, catheter shaft 216 to capture sleeve 202 at the
distal end of capture catheter 200, which is inserted in a guide catheter 205 as capture
catheter 200 would be used clinically. The barrel 214 of actuator 210 1s connected by



CA 02538336 2006-03-08

WO 2005/027779 PCT/US2004/029681

10

15

20

25

30

16

luer fittings 224 to catheter shaft 216. A figure or image 226 depicting the shape of
filter assembly 110 is printed or attached to barrel 214 of actuator 210. In conjunction
with a reference marker 236 that indicates the distal end of plunger 212, actuator 210
provides a visual reference that correlates the position of plunger 212 with respect to
the position of capture sleeve 202 and the actual filter assembly 110. A luer fitting
218 is provided to allow catheter shaft 216 and capture sleeve 202 to be aspirated
prior to use. This is accomplished through a hole (not shown) in catheter shaft 216
near position 220 internal to luer fitting 218. A valve or seal 222 disposed proximal
to luer fitting 218 prevents fluid from going into actuator barrel 214 during the
aspiration process.

Figure 13 is a partial sectional view of the interfaces between the proximal and
distal components of capture catheter 200. A tube 228, which connects catheter shaft
216 to tapered tip 201, is bonded to a distal end of catheter shaft 216 to facilitate rapid
exchange of capture catheter 220 over guide member 102. Alternately, tube 228 can
have a length similar to the length of capture catheter 200, where an over the wire
exchange is to occur. This tube 228 provides a lumen through which extends guide
member 102 of filter assembly 110. A control member or wire 232, which is attached
at the proximal end to plunger 212 (Figure 13), connects to a tubing section 234
through one of a variety of bonding or connecting techniques, such as, but not limited
to, adhesives, welds, solders, fasteners, or combinations thereof. This tubing section
234 connects, in turn, to capture sleeve 202 through adhesives, welds, solders,
fasteners, or combinations thereof. The tubing section 234 is further secured in place
by external bands 236 on both the proximal and distal sides of capture sleeve 202.
The telescoping action of capture catheter 200 is accomplished by pressing on plunger
212 that pushes capture sleeve 202 distally with respect to the parts that are connected
to barrel 214, catheter shaft 216, tube 228, and tapered tip 201. For instance, moving
plunger 212 causes control wire 232 to move distally. Since control wire 232 1s
attached to tubing section 234, which is connected to capture sleeve 202, movement
of control wire 232 distally moves tubing section 234 and capture sleeve 202 distally.
The reverse is also possible.

Figures 12 and 14-16 show the sequence of using capture catheter 200 with
embolic protection device 100. In Figure 12, filter basket 112 of filter assembly 110
is brought next to tapered tip 201 of capture catheter 200 by inserting guide member
102 of filter assembly 110 through the lumen in tapered tip 201. In Figure 14, plunger
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212 is depressed with respect to barrel 214 until capture sleeve 202 is just proximal to
struts 116 of filter assembly 110. The reference mark 236 provides a correlation
between the distal end 238 of capture sleeve 202 and embolic protection device 100
and the figure 226 on barrel 214 of capture actuator 210.

In Figure 15, plunger 212 has been pressed until reference mark 236 aligns
with a proximal end of figure 226 on barrel 214, illustrating a proximal end of filter
media 114. This point corresponds with capture sleeve 202 enclosing the proximal
opening of filter media 114. Figure 16 shows plunger 212 completely depressed.
Capture sleeve 202 has now completely encapsulated filter assembly 110 save distal
tip 104, which is still visible.

Additional description relating to capture catheter 200 of the present invention
can be found in United States Patent Application Serial No. 10/832,565, filed on April
27. 2004, and entitled “Slidable Capture Catheter”, which disclosure 1s herein
incorporated by reference 1n its entirety.

The present invention may be embodied in other specific forms without
departing from its spirit or essential characteristics. The described embodiments are
to be considered in all respects only as illustrative and not restrictive. The scope of
the invention is, therefore, indicated by the appended claims rather than by the
foregoing description. All changes which come within the meaning and range of

equivalency of the claims are to be embraced within their scope.
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CLAIMS

What is claimed 1s:
1. A filter device for percutaneous insertion into a blood vessel during a
procedure, the filter device comprising:

(a) a guide member comprising a distal end, a proximal end, and a lumen
extending from the distal end to the proximal end;

(b)  filtering means for filtering material from a blood stream, said means
being coupled to said guide member and having a proximal end and a distal end;

(c) a first restraining means for restraining said filtering means; and

(d)  a second restraining means for restraining said filtering means, said
second restraining means cooperating with said first restraining means.

2. The filter device of claim 1, wherein said filtering means comprises:

(a) a plurality of struts extending from said distal end of said guide
member, at least one of said plurality of struts being biased to extend outwardly, and a
distal end of at least one strut of said plurality of struts moving independently of the
other struts of said plurality of struts; and

(b) a filter media coupled to at least two of said plurality of struts, said
filter media comprising a plurality of pores configured to filter material from a blood
stream.

3. The filter device of claim 2, wherein said first restraining means comprises a
sleeve at least partially surrounding said plurality of struts and said filter media.

4, The filter device of claim 3, wherein said sleeve is secured at a distal end to at
least one of said struts and a core member.

5. The filter device of claim 3, wherein said sleeve is secured at a proximal end
to at least one of said struts.

6. The filter device of claim 3, wherein said sleeve is releasably secured with a
tether wire, said tether wire passing through a plurality of openings in said sleeve, said
tether wire being at least partially releasable by an operator to allow deployment of
said filter.

7. The filter device of claim 6, wherein said second restraining means comprises
at least two loops, said loops passing in opposite directions around a plurality of said
struts to hold said filter in a desired position.

8. The filter device of claim 7, wherein said tether wire secures said loops around

said plurality of struts.
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9. The filter device of claim 2, wherein said filter media comprises at least one of
a woven plastic mesh, a braided plastic mesh, a woven metallic mesh, a braided
metallic mesh, a perforated polymer film, and a shape memory material mesh.

10.  The filter device of claim 2, wherein said plurality of pores are at least one of
circular, oval and polygonal in shape.

11.  The filter device of claim 10, wherein said pores are sized and configured to
allow blood to flow through said filter media while blocking an occlusive material.

12.  The filter device of claim 11, wherein said pores are between 50 and 200
micrometers in diameter.

13.  The filter device of claim 1, wherein said guide member is steerable through

the blood vessel.

14.  The filter device of claim 13, wherein said guide member further includes a

soft tip at said distal end.

15. A filter device for percutaneous insertion into a blood vessel during a

- procedure, the filter device comprising:

(a) a guide member comprising a distal end, a proximal end, and a lumen

extending from the distal end to the proximal end;

(b) a filter assembly for filtering material from a blood stream, said filter

assembly being coupled to said guide member and having a proximal end and a distal

end;

(¢)  a first restraining device for selectively restraining said filter assembly;
and

(d) a second restraining device for selectively restraining said filter
assembly.
16.  The filter device of claim 15, wherein said filter assembly further comprises:

(a) a plurality of struts extending from said distal end of said guide
member, at least one of said plurality of struts being biased to extend outwardly, and a
distal end of at least one strut of said plurality of struts moving independently of the

other struts of said plurality of struts; and
(b)  a filter media coupled to at least two of said plurality of struts, said

filter media selectively filtering material from a blood stream and having an open

proximal end and a closed distal end.
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17.  The filter device of claim 16, wherein said first restraining device comprises a
sleeve at least partially surrounding said plurality of struts and said filter.

18. The filter device of claim 17, wherein said sleeve 1s secured at a distal end to
said distal end of said guide member.

19.  The filter device of claim 17, wherein said sleeve 1s secured at a proximal end
to at least one of said struts.

20.  The filter device of claim 17, wherein said sleeve is releasably secured with a
tether member, said tether member passing through a plurality of openings in said
sleeve.

21.  The filter device of claim 20, wherein said second restraining device
comprises at least two loops, said loops passing in opposite directions around a
plurality of said struts to hold said filter in a desired position.

22.  The filter device of claim 21, wherein said tether wire secures said loops
around said plurality of struts.

23. A method for capturing an embolic protection device having an emboli
capturing mechanism that is disposed within a body lumen of a patient, the method
comprising:

(a) a step for positioning a distal end of a capture catheter at a proximal
end of the emboli capturing mechanism, the capture catheter having a capture sleeve
that extends over a distal tip of the capture catheter when activated;

(b) a step for fixing a relative position of the capture catheter to the

embolic protection device; and

(c) a step for activating the capture catheter to slide the capture sleeve over

the distal tip and substantially enclose the emboli capturing mechanism of the embolic

protection device.

24.  The method as recited in claim 23, wherein the step for positioning comprises
sliding the capture catheter along a guide member of the embolic protection device
until movement of a distal end of the capture catheter 1s prevent by a proximal end of

the emboli capturing mechanism.

25.  The method as recited in claim 23, wherein the step for fixing comprises a step
for holding a portion of the capture catheter against a portion of the embolic

protection device.
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26. The method as recited in claim 25, wherein the step for fixing further
comprises a step for preventing movement of the capture catheter relative to the
embolic protection device during the step for activating.

27.  The method as recited in claim 25, wheremn the step for fixing further
comprises a step for clamping the capture catheter relative to the embolic protection
device.

28.  The method as recited in claim 27, wherein the step for clamping further
comprises a step for clamping the capture catheter relative to the embolic protection
device using at least one of a hemostat, a hemostat valve, and a clamping means for
maintaining the relative position of one structure to another structure.

29.  The method as recited in claim 23, wherein the step for activating comprises at
step for moving a control member attached to the capture sleeve 1n a distal direction
to move the capture sleeve in the distal direction.

30. The method as recited in claim 29, further comprising a step for moving a
plunger disposed at a proximal end of the capture catheter, the plunger being
connected to the control member.

31.  The method as recited in claim 30, further comprising a step for moving the
plunger within a barrel and relative to a visual representation of the emboli capturing

mechanism depicted upon the barrel.
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