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Biodegradable filter and support frame

INCORPORATION BY REFERENCE
All publications and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference.

FIELD
Embodiments of the invention relate generally to endoluminal filters and

method of filtering embolic material within a blood vessel.

BACKGROUND

Various endoluminal implants, such as stents and vena cava filters, are placed
within a body lumen to treat or prevent various diseases or conditions. In certain situations,
the need for the implant is temporary or of a limited duration that is known before the
implant is introduced into the body. For example, a patient may be at high risk for pulmonary
embolism following a cardiovascular surgical procedure for a limited duration. During this
period of high risk, it would be desirable to provide embolic protection using a vena cava
filter. However, after the high risk period has passed, the filter is no longer needed and can be
removed. One way to remove the filter is through a surgical procedure, but such a surgical
procedure involves risk of an adverse event during and after the surgical procedure, pain

during recovery, and the costs associated with performing the procedure.

SUMMARY OF THE DISCLOSURE

It is an object of the invention to provide alternatives for removing implants
such as endoluminal filters after they are no longer needed in the body.

According to a first aspect of the invention, this object is realized by an
endoluminal filter comprising:

a first support member;

a material capture structure attached to the first support member;

wherein the material capture structure is made of a biodegradable material.
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When the endoluminal filter is no longer needed to filter embolic material within a blood
vessel, the material capture structure can degrade and practically be removed by
biodegradation within the blood vessel, and only the first support member remains attached
to the vessel wall, therefore significantly decreasing resistance to blood flow within the
vessel. The advantage is that no mechanical removal of the endoluminal filter is required
through surgical intervention after the endoluminal filter has no longer clinically relevant
function.

In an embodiment, the endoluminal filter further comprises a second support
member, wherein the first end of the second support member is attached to the first end of the
first support member, and the material capture structure is attached to the second support
member. This configuration is advantageous for deployment of the endoluminal filter in the
blood vessel. In a further embodiment the second end of the second support member is
attached to the second end of the first support member, the first and second support members
forming a frame. The endoluminal filter may be of a configuration where the first and second
support members form a crossover. A first loop may be formed between the first support
member and the second support member, and a second loop may be formed between the first
support member and the second support member. The first support member may be fixed to
the second support member at the crossover point. Alternatively, the first support member
may not crossover the second support member. The first support member and the second
support member may be formed from a single wire.

In yet another embodiment of the endoluminal filter the first support member
is made of similar or different biodegradable material than the material capture structure. In a
further embodiment the second support member is made of similar or different biodegradable
material than the material capture structure, and the first and second support members are
made of similar biodegradable material.

In the embodiments of the endoluminal filter the biodegradable material is at
least one of a biodegradable metal, a biodegradable metal alloy and a biodegradable polymer.
Examples of biodegradable metals and alloys are: magnesium, iron, magnesium alloy, iron
alloy. Examples of biodegradable polymers are: polylactide (PLA), polyglycolide (PGA),
poly(lactide-co-glycolide) (PLGA), poly(e-caprolactone), polydioxanone, polyanhydride,
trimethylene carbonate, poly(3-hydroxybutyrate), poly(g-ethyl glutamate), poly(DTH
iminocarbonate), poly(bisphenol A iminocarbonate), poly(ortho ester), polycyanoacrylate,
and polyphosphazene, poly(e-caprolactone), polydioxanone, trimethylene carbonate, and

polyanhydride.
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In yet another embodiment, the endoluminal filter comprises a plurality of
anchor elements attached to the first support member. Additionally, a plurality of anchor
elements may be attached to the second support member. The anchor elements improve
deployment of the endoluminal filter into the blood vessel by securing it to the lumen of the
blood vessel. In a further embodiment, the plurality of anchor elements is made of similar or
different biodegradable material than the material capture structure. After the frame is at least
partially incorporated into the wall of the blood vessel, the plurality of anchor elements are
removed by biodegradation. The mechanical securing of the endoluminal filter by the anchor
elements causes temporal trauma to the vessel wall, which can heal after biodegradation of
the anchor elements.

In an embodiment, the biodegradable material is configured to degrade within
a body within a predetermined time period. The predetermined time period may be chosen by
the type of clinical application. In an embodiment, the frame is configured to have a longer
biodegradation time period than the material capture structure, thereby allowing degrading of
the material capture structure first, and subsequently the supporting frame. This can be
achieved by appropriate choices of biodegradable materials as well as by choosing design
parameters of the endoluminal filter components such as thickness, shape and pattern. The
material capture structure may have a variable thickness that results in a predetermined rate
of degradation for the material capture structure. In an exemplary embodiment, the material
capture structure is thinner in the center of the vessel lumen and thicker towards perimeter of
the vessel lumen, allowing a faster biodegradation in the center and a slower biodegradation
towards the attachment of the material capture structure to the frame formed by the first and
second support members. In this way the material capture structure remains attached to the
frame till the latest moment of the biodegradation, while in the center of the lumen it opens
up to unimpeded blood flow due to faster biodegradation.

In a second aspect of the invention an endoluminal filter is presented, the
endoluminal filter comprising a frame of a plurality of elongate members and a plurality of
anchor elements attached to the frame, wherein the plurality of anchor elements is made of a
biodegradable material. The plurality of elongate members may be made of a biodegradable
magnesium alloy or of other biodegradable materials disclosed in the invention. Additionally,
the endoluminal filter may further comprise a material capture structure disposed across the
frame. In a further embodiment, the plurality of anchor elements is configured to be removed

by biodegradation after the frame is at least partially incorporated into a wall of the blood
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vessel. Securing the endoluminal filter by the anchor elements causes temporal trauma to the
vessel wall, which is allowed to heal after biodegradation of the anchor elements.

In a third aspect of the invention a method of filtering embolic material from a
blood vessel is provided, the method comprising:

placing an endoluminal filter according to the invention into the blood vessel;

filtering the blood vessel of embolic material with the endoluminal filter for at
least a predetermined time period; and

stopping filtration within the blood vessel after the predetermined time period
has elapsed by allowing the biodegradable material of the endoluminal filter to degrade
within blood vessel. The advantage is that no mechanical retrieval of the endoluminal filter is
required through surgical intervention after the endoluminal filter has no longer clinically
relevant function.

In a further embodiment, the method comprises allowing the endoluminal
filter to become incorporated into the wall of the blood vessel before removal of the
biodegradable material by biodegradation.

Additional aspects and advantages of the invention will become more apparent
from the following detailed description, which may be best understood with reference to and

in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of the invention are set forth with particularity in the claims
that follow. A better understanding of the features and advantages of the present invention
will be obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings of which:

FIGs. 1A-1H illustrate various prior art filters;

FIGs. 2A-2C illustrate the response of a filtering device to changes in lumen
size;

FIGs. 3-5 illustrate the interaction of a structural member with a lumen wall;

FIGs. 6A-8D illustrate various aspects of the structural members in a filtering
device;

FIGs. 9A and 9B illustrate various aspects of a generally planer support frame;

FIGs. 10A and 10B illustrate various aspects of a non-planer support frame;
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FIGs. 11-13C illustrate various aspects of and configurations for material
capture structures;

FIGs. 14-14C illustrate various aspects of a filtering device having three
support frames;

FIG. 15 illustrates planes of symmetry for filtering devices;

FIGs. 16A and 16B illustrate the response of a filtering device when contacted
by debris flowing in a lumen;

FIGs. 17-19 illustrate alternative filtering device aspects having different sized
support frames and structural member lengths;

FIGs. 20-24 illustrate various alternative filtering device ends and structural
member joining techniques;

FIGs. 25-27C illustrate various alternative retrieval features;

FIGs. 28 A-28C illustrate various techniques of joining or forming retrieval
features;

FIG. 29 illustrates a filtering device with a retrieval feature positioned within a
lumen.

FIGs. 30-53D illustrate several alternatives techniques for joining material
capture structures to support frames and forming filtering structures;

FIGs. 54A-65F illustrate several alternative filtering structures;

FIGs. 66 and 67 illustrate various filtering device configurations;

FIGs. 68A - 74D illustrate various techniques related to the delivery, recovery
and repositioning of filtering devices;

FIGs. 75A - 78F illustrate several exemplary methods of using a filtering
device;

FIGs. 79-82 illustrate several alternative filtering device configurations
adapted for the delivery of pharmacological agents; and

FIGs. 83A -87 illustrate several filtering device prototypes.

FIG. 88 is a perspective view of an endoluminal filter having three tissue
anchors;

FIGs. 89A and 89B illustrate individual filter components that may be
assembled into the final version illustrated in FIG. 89C,;

FIG. 89C is a perspective view of a final assembled filter;

FIGs. 90A and 90B illustrate proximal and distal filter ends with the tips of the

elongated members modified to form fixation elements;
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FIG. 90C is a perspective view of a filter assembly using the proximal distal
end of FIGs. 90A and 90B,;

FIG. 91 is a perspective view of a filter device performed by joining the device
illustrated in FIG. 90A with the device illustrated in FIG. 90B;

FIG. 92 illustrates a fixation element formed in the end of an elongate body;

FIGs. 93A and 93B are perspective and cross section views respectively of a
prior art fixation element having a transition section and a reduced diameter section;

FIG. 94 illustrates an embodiment of a filter structure proximal end formed
from a single wire;

FIG. 95 illustrates an embodiment of a filter structure proximal end formed
from a single wire with fixation elements from FIG. 104A;

FIGs. 96 and 97 illustrate filter devices with fixation elements in use within a
lumen with the filtering structure in an upstream (FIG. 96) and downstream (FIG. 97)
positions;

FIG. 98 illustrates a fixation element engaged with the side wall of lumen;

FIG. 99 illustrates a support frame without a material capture structure
showing the placement and orientation of various fixation elements;

FIG. 100 illustrates the placement of the fixation elements about mid-distance
between the ends and the crossover;

FIG. 101 illustrates the placement of fixation elements similar to FIG. 100
with additional of fixation elements positioned near the crossover and the ends;

FIG. 102 illustrates more than one fixation element positioned at the same
location along the filtering device;

FIGs. 103A, 103B and 103C illustrate positioning of a fixation element on the
elongate body (FIG. 103A) or to one side of the elongate body (FIGS. 103B and 103C);

FIGs. 104A and 104B illustrate a double ended fixation element (FIG. 104A)
and attachment of a double ended fixation element to an elongate body (FIG. | 04B);

FIG. 104C illustrates a double ended fixation element with different tip
orientations attached to an elongate body;

FIGs. 105 and 106 illustrate tissue anchor embodiments having an end raised
above the support member;

FIG. 107A illustrates a tissue anchor attached to a tube that is attached to a

support member;
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FIG. 107B illustrates a plurality of the tissue anchors illustrated in FIG. 107A
positioned along a pair of support structures;

FIG. 108 illustrates tissue anchors formed in a tube that is placed over an
elongate body or other portion of a filtering device;

FIG. 109 illustrates tissue anchors formed by cutting into an elongate body;

FIG. 110 illustrates a perspective view of tube with a surface modified to
provide tissue engagement features;

FIGs. 111 A and 111B illustrate alternative fixation features that may be
mounted on, in or through the wall of a tube;

FIG. 112 is a perspective view of a tube based fixation element having a raised
spiral form;

FIG. 113 illustrates a perspective view of one end of a filtering device where
the retrieval feature includes a tissue engagement feature;

FIG. 114 illustrates a perspective view of one end of a filtering device where
the retrieval feature terminates within the securing or attachment feature;

FIG. 115 illustrates a perspective view of one end of a filtering device where
the retrieval feature terminates within the securing or attachment feature and the end of an
elongate support structure is formed into a tissue engagement element;

FIG. 116A illustrates a perspective view of one end of a filtering device where
the ends of elongate bodies pass through the securing or attachment feature and are formed
into a retrieval feature and a tissue engagement element;

FIG. 116B is a section view through the securing or attachment feature shown
in FIG. 116A;

FIG. 116C is a section view through the securing or attachment feature of FIG.
16A where separate tissue engagement and retrieval features are provided rather than formed
in the ends of the elongate support structures;

FIG. 117A and 117B illustrate perspective and bottom up views respectively
of one end of a filtering device where the end of one elongate body pass through the securing
or attachment feature and is formed into a retrieval feature and a tissue engagement element
is formed in a portion of the securing or attachment feature;

FIG. 118 is a perspective view of a separate tissue engagement feature that is
joined to a filtering device using the securing or attachment feature;

FIG. 119 illustrates an alternative embodiment of the tissue engagement

element of FIG. 98 with the addition of a hollowed tip portion;
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FIG. 120 illustrates an alternative embodiment of the tissue engagement
element of FIGs. 93A and 93B with the addition of a hollowed tip portion;

FIGs. 121 and 122 illustrate alternative embodiments of the tissue engagement
elements of FIGs. 111A and 111B with the addition of a hollowed tip portion;

FIGs. 123A and 123B illustrate a perspective view of a filter device within a
lumen and positioned for deployment where the filter device is stowed in a deployment
sheath (FIG. 123A). The filter device is shown in phantom in the view illustrated in FIG.
123B;

FIGs. 124A-124E illustrate an exemplary positioning and filter deployment
sequence;

FIGs. 125A-C illustrate one approach and recovery sequence for retrieving a
deployed filtering device;

FIGs. 126 A-D illustrate one approach and recovery sequence for retrieving a

deployed filtering device.

DETAILED DESCRIPTION

There remains a clinical need for improved endoluminal filter devices and
methods. Improved endoluminal filter devices provide effective filtration over a range of
lumen sizes and are easy to deploy into and retrieve from a lumen. In addition, improved
endoluminal filter devices minimize thrombosis formation or tissue ingrowth on the device
and are resistant to migration along the lumen. Embodiments of the filter devices of the
present invention provide many and in some cases all of the features of improved
endoluminal filters and have a number of uses such but are not limited to: embolic protection,
thrombectomy, vessel occlusion, and tethered or untethered distal protection. Additional
description of these filters is disclosed in U.S. Patent Publication No. 2013/0012981, PCT
Publication No. W0O2013/106746, U.S. Provisional Patent Application No. 61/785,204, and
U.S. Provisional Patent Application No. 61/785,955, each of which is herein incorporated by
reference in its entirety.

Several embodiments of the present invention provide improved filtration
devices that are durable, provide effective and nearly constant filter capacity over a range of
lumen sizes and are easily delivered and removed from a lumen via either end of the device.
Additionally, embodiments of the present invention can be delivered into and retrieved from
a lumen using minimally invasive surgical techniques. One aspect of an embodiment of the

present invention is the construction of support structure elements using a shape memory
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material. The shape memory material may have a pre-shaped form that ensures the support
elements are uniformly collapsible and, when deployed, provides a pre-defined range of
controllable force against the lumen wall without use of hooks or barbs. Alternatively, hooks
barbs, or other fixation elements or devices may be used in conjunction with an embodiment
of a filtering device as described below.

The elongate support structure elements are configured to collapse and expand
with natural vessel movements while maintaining constant apposition with the vessel wall.
One result is that the support structure shape and size track to vessel movements. As a result,
the filter density and capacity of embodiments of the present invention remain relatively
independent of changes in vessel size. Moreover, the self-centering aspect of the support
structure ensures the filtration device provides uniform filtration across the vessel diameter.
As such, embodiments of the present invention provide generally constant filtration capacity
of the device is maintained across the entire vessel lumen and during vessel contractions and
expansions.

Uniform filter capacity is a significant improvement over conventional devices.
Conventional devices typically have a filter capacity that varies radially across a lumen. The
radial variation in filter capacity usually results from the fact that conventional filtration
elements have a generally wider spacing at the periphery of the lumen and closer spacing
along the central lumen axis. The result is that larger emboli can escape along the lumen
periphery. During vessel expansions and contractions, the radial variations in filter capacity
are exacerbated in conventional devices.

Another advantage of some embodiments of the present invention is that when
released from a constrained state (i.e., within a delivery sheath), the device assumes a pre-
determined form with elongate support members that extend along and self-center the device
in the vessel. These elongate support members exert atraumatic radial force against the vessel
wall to prevent or minimize device migration. In some embodiments, radial forces generated
by the elongate support members work in cooperation with hooks, barbs or other fixation
devices to secure the device within the vessel. Hooks, barbs or other fixation devices or
elements may be used as an added precaution against migration of the filtering device while
in a lumen. When device retrieval is initiated, the uniformly collapsible form of the elongate
support members causes the elongate support members to pull away from the vessel wall as
the device is being re- sheathed. The movement of the elongate members away from the
vessel wall facilitates the atraumatic removal of the device from the vessel wall. Additionally,

in those embodiments having hooks, barbs or other fixation devices or elements, elongate
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member movement during retrieval also facilitates withdrawal of the fixation elements from
the lumen wall.

Additional embodiments of the present invention may include a retrieval
feature on one or both ends of the device. The use of retrieval features on both ends of the
device allows deployment, repositioning and removal of the device to be accomplished from
either end of the device. As a result, the use of retrieval features on both ends of the device
enables either antegrade or retrograde approaches to be used with a single device. The
retrieval feature may be integral to another structural member or a separate component. In
some embodiments, the retrieval feature is collapsible and may have a curved shape or a

generally sinusoidal shape. Additional aspects of retrieval features are described below.

General Principals and Construction

FIG. 2A illustrates an embodiment of a filtering device 100 of the present
invention positioned within a lumen 10. The lumen 10 is cut away to show the position of
filter 100 deployed into within a lumen and in contact with the lumen wall. The filter 100
includes a first elongate member 105 and a second elongate member 110. The elongate
members are joined to form ends 102, 104. The elongate members cross but are not joined to
one another at crossover 106. In one embodiment, the elongate members have first and
second sections. First sections extend between the end 102 and the crossover 106 and the
second sections extend from the crossover 106 to the second end 104. While some
embodiments contact the lumen in different ways, the illustrated embodiment has the ends
102, 104 against one side of the lumen interior wall while the crossover 106 contacts the
other side of the lumen interior wall with the elongate bodies in constant or nearly constant
apposition along the lumen interior wall between the ends 102, 104.

Material (i.e., thrombus, plaque and the like) flowing through the lumen 10 of
a size larger than the filtering size of the material capture structure 115 is captured between
or cut down by the filaments 118. In the illustrated embodiment of FIG. 2A, the material
capture structure 115 is supported by a rounded frame formed by the elongate members 105,
110 formed between the end 102 and the crossover 106. Another rounded frame formed
between the crossover 106 and the second end 104 and could also be used to support a
material capture structure of the same or different construction and filter capacity of the a
material capture structure 115. As such, a material removal structure supported by one
rounded frame may be configured to remove material of a first size and the material removal

structure supported the other rounded frame may be configured to remove material of a
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second size. In one embodiment, the material removal structure in the upstream rounded
frame removes larger size debris than material removal structure in the downstream rounded
frame. Also illustrated in FIGs. 2A-2C is how the filter cells 119 that make up the material
capture structure is 115 maintain their size and shape relatively independent of movement of
the first and second structural members 105, 110 over a physiological range of vessel
diameters.

FIGs. 2B and 2C illustrate how the elongate support structure elements of
embodiments of the present invention are configured to collapse and expand with natural
vessel movements while maintaining constant apposition with the vessel wall. FIGs. 2A, 2B
and 2C also illustrate how devices according to embodiments of the present invention are
both radially and axially elastic. In response to vessel size changes, ends 102, 104 move out
as the vessel size decreases (FIG. 2B) and then move in as the vessel size increases (FIG. 2C).
In addition, the device height "h" (measured from the lumen wall in contact with ends 102,
104 to crossover) also changes. Device height "h" changes in direct relation to changes in
vessel diameter (i.e., vessel diameter increases will increase device height "h"). As such,
device height ("h") in FIG. 2C is greater than device height ("h") in FIG. 2A which is in turn
greater than the device height ("h") in FIG. 2B.

FIGs. 2A, 2B and 2C also illustrate how a single sized device can be used to
accommodate three different lumen diameters. FIG. 2C illustrates a large lumen, FIG. 2A a
medium sized lumen and FIG. 2B a small sized lumen. As these figures make clear, one
device can adapt to cover a range of vessel sizes. It is believed that only 3 device sizes are
needed to cover the range of human vena cava interior diameters that range from
approximately 12-30 mm with an average interior diameter of 20 mm. Also illustrated is the
static or nearly static filter capacity of the material capture structure 115. In each different
vessel size, the material capture structure 115, the filaments 118 and filter cell 119 maintain
the same or nearly the same shape and orientation within the support frame formed by the
elongate bodies. These figures also illustrate the dynamic shape changing aspect of the device
that may also be used to accommodate and conform to vessel irregularities, tortuosity, flares
and tapers and while remaining in opposition to the wall. Because each elongate body may
move with a high degree of independence with respect to the other, the loops or support
frames formed by the elongate bodies can also independently match the shape/diameter of the
lumen section in which it is placed.

FIGs. 3, 3A and 3B illustrate the device 100 deployed into the lumen 10. As
illustrated in FIG. 3, the device 100 is oriented in the lumen with the ends 102, 104 along one
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side of the interior vessel wall with the crossover 106 on the opposite side. FIG. 3 illustrates
an embodiment of a device of the present invention that is shaped to fit within the lumen 10
without distending the lumen. In FIG. 3A the elongate bodies 105, 110 are in contact but are
not joined at crossover 106. In FIG. 3B the elongate bodies 105, 110 cross one another at
crossover 106 but are separated (i.e., by a gap "'g").

FIGs. 4 and 5 illustrate how aspects of the device design can be modified to
increase the radial force applied against the interior wall of lumen 10. Devices having
increased fixation force may be useful for some applications, such as vessel occlusion or for
distal protection when a large amount of debris is expected. If a device is not intended to be
retrieved (i.e., permanently installed into a lumen) then high radial force design devices may
be used to ensure the device remains in place and distention may be used to trigger a
systemic response (i.e., a tissue growth response) in the lumen to ensure device ingrowth and
incorporation with the lumen interior wall. Filter device embodiments of the present
invention having low or atraumatic radial force are particularly useful in retrievable devices.
As used herein, atraumatic radial force refer to radial forces produced by a filtering device
embodiment that meets one or more of the following: radial forces high enough to hold the
device in place with little or no migration and without damaging or overly distending the
lumen interior wall; radial forces high enough to hold the device in place but while triggering
little or no systemic response for the vessel wall; or forces generated by device operation that
trigger reduced systemic response or a systemic response below that of a conventional filter.

In contrast to the device sized in FIG. 3 to minimize vessel distention, FIG. 4
illustrates a device 100 configured to exert greater radial force to a degree to cause lumen
wall to distend. FIGs. 4 and 5 illustrate lumen wall distention by the end 102 (distention 10b),
by the crossover 106 (distention 10a), and by the end 104 (distention 10c). Although not
shown in these figures, the elongate bodies would likely distend the lumen along their length
as well.

The radial force of a device may be increased using a number of design factors.

Radial force may be increased by increasing the rigidity of the elongate body
by, for example, using an elongate body with a larger diameter. Radial force may also be
increased when forming the shapes of the elongate bodies (i.e., during the heat treat/set
processes for Nitinol devices and the like), as well as in the material composition and
configuration.

Additional details of an embodiment of the support members 105, 110 may be
appreciated with reference to FIGs. 6A, 6B and 6C. FIGs. 6A, 6B illustrate the support
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members separately and then assembled together (FIG. 6C) about device axis 121. In general,
the device axis 121 is the same as the axis along the central of a lumen into which the device
is deployed.

For purposes of illustration, the support members 105, 110 will be described
with reference to a sectioned lumen shown in phantom having a generally cylindrical shape.
The support members may also be thought of as deployed within and/or extending along the
surface of an imaginary cylinder.

In the illustrative embodiments of FIGs. 6A, 6B and 6C, the support members
105, 110 are shown in an expanded, pre-defined shape. In one embodiment, the support
members are formed from MRI compatible materials. The support members contain no sharp
bends or angles to produce stress risers that may lead to fatigue issues, vessel erosion, and
facilitate device collapse. In some embodiments, each elongate member is conventionally
formed by constraining a shape memory material such as a shape memory metal alloy or
shape memory polymer on a cylindrical shaping mandrel that contains pins to constrain the
material into the desired shape. Thereafter, the material can be subjected to a suitable
conventional heat treatment process to set the shape. One or more planes of symmetry (i.e.,
FIG. 15) may be provided, for example, by forming both elongate members on a single
mandrel and at the same time. Other conventional processing techniques may also be used to
produce symmetrical filtering device embodiments. Additionally, retrieval features described
herein (if present) may be directly formed on the wire ends during support member
processing. In addition, multiple devices, in a series on a long mandrel, can be made using
these methods.

Examples of suitable shape memory alloy materials include, for example,
copper- zinc-aluminum, copper-aluminum-nickel, and nickel-titanium (NiT1 or Nitinol)
alloys. Nitinol support structures have been used to construct a number of working prototypes
of filter devices of the present invention as well as for use in ongoing animal studies and
human implants. Shape memory polymers may also be used to form components of the filter
device embodiments of the present invention. In general, one component, oligo(e-
caprolactone) dimethacrylate, furnishes the crystallizable "switching" segment that
determines both the temporary and permanent shape of the polymer. By varying the amount
of the comonomer, n-butyl acrylate, in the polymer network, the cross-link density can be
adjusted. In this way, the mechanical strength and transition temperature of the polymers can

be tailored over a wide range. Additional details of shape memory polymers are described in
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US Patent 6,388,043 which is incorporated herein by reference in its entirety. In addition,
shape memory polymers could be designed to degrade.

Biodegradable shape memory polymers are described in US Patent 6,160,084
which is incorporated herein by reference in its entirety.

It is believed that biodegradable polymers may also be suited to form
components of the filter device embodiments of the present invention. For example,
polylactide (PLA), a biodegradable polymer, has been used in a number of medical device
applications including, for example, tissue screws, tacks, and suture anchors, as well as
systems for meniscus and cartilage repair. A range of synthetic biodegradable polymers are
available, including, for example, polylactide (PLA), polyglycolide (PGA), poly(lactide-co-
glycolide) (PLGA), poly(e-caprolactone), polydioxanone, polyanhydride, trimethylene
carbonate, poly(-hydroxybutyrate), poly(g-ethyl glutamate), poly(DTH iminocarbonate),
poly(bisphenol A iminocarbonate), poly(ortho ester), polycyanoacrylate, and
polyphosphazene. Additionally, a number of biodegradable polymers derived from natural
sources are available such as modified polysaccharides (cellulose, chitin, dextran) or
modified proteins (fibrin, casein). The most widely compounds in commercial applications
include PGA and PLA, followed by PLGA, poly(e-caprolactone), polydioxanone,
trimethylene carbonate, and polyanhydride.

In some embodiments, biodegradable metals may be used to form various
components of the filter device, including the support structures, the anchors, the retrieval
feature and other parts of the frame. In some embodiments, the filter frame can be a stent,
Any of the filters described herein, including the prior art filters, can be made of
biodegradable metals. In some embodiments, the material capture structure can also be made
of a biodegradable metal, either in part or in total.

One advantage of using a biodegradable metal over a biodegradable polymer
in construction of the frame and support structure is that a biodegradable metal generally has
a higher structural strength than a biodegradable polymer. A stronger filter is less likely the
fracture prematurely during use or retrieval, if needed. A higher structural strength may also
be desirable to support a large load placed on the filter by the lumen wall. A biodegradable
metal filter may also be more easily visualized under fluoroscopy and other imaging
modalities, such as intravascular ultrasound (IVUS) imaging and optical coherence
tomography (OCT). A biodegradable metal filter may also exhibit enhanced elasticity as
compared to a biodegradable polymer filter, and therefore may be able to undergo a wider

range of elastic deformations, which may be important in certain anatomical locations such as
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the vena cava which undergoes substantial deformations over time. Other advantages of a
polymer filter include enhanced durability, pliability, and easier control of the radial force
exerted by the filter on the vessel wall which allows the filter to achieve circumferential
apposition more easily.

A variety of biodegradable metals may be suitable for use in a filter. For
example, magnesium, magnesium alloys, iron, and iron alloys may be used to fabricate the
filter.

Examples of magnesium alloys include magnesium-aluminum, magnesium-
rare earth, and magnesium-calcium based alloys. Examples of iron alloys include iron-
manganese alloys. Other examples of biodegradable metals can be found in H. Hennawan,
Biodegradable Metals (2012), which is herein incorporated by reference in its entirety.
Generally, the biodegradable alloy should not contain a metal or substance that imparts or
enhances corrosion resistance, such as chrome. However, to decrease the rate of degradation,
a small amount of corrosion resistant metal or substance can be included in the alloy, if
desired.

The rate of degradation may be controlled by the composition of the alloy, and
the time for 50 percent or 100 percent degradation of the filter can be controlled by both the
alloy composition and the amount of alloy used to create the components of the filter. In
some embodiments, to filter is designed to degrade within about 1, 2, 3, 6, 9, 12, 15, 18, 21, or
24 months after implantation. In some embodiments, certain portions of the filter, such as the
frame, the anchors, or the material capture structure, for example, can be designed to have
different rates of degradation, which can be controlled by material selection and/or diameter
or thickness of the component, with increased diameter or thickness leading to a longer time
for degradation. For example, in some embodiments, the material capture structure can be
designed to degrade evenly by making the ends of the material capture structure thicker than
the center of the material capture structure. In some embodiments, the anchors can be
designed to degrade after the frame of the filter has been incorporated into the vessel wall. In
some embodiments, the frame can exert enough force upon the vessel wall to promote
incorporation. Having the frame degrade within the vessel wall rather than the vessel lumen
reduces the fragmentation of the frame within the lumen, thereby reducing the likelihood that
frame fragments will cause complications in the vasculature. In some embodiments, the
material capture structure can be designed to degrade in about one month while the frame
degrades in 3 months. In some embodiments, the frame takes about two to three times longer

to degrade than the material capture structure.
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For example, a completely biodegradable filter may include a support structure
and other frame components made of a biodegradable metal or metal alloy, such as
magnesium or a magnesium alloy or iron or an iron alloy, and a material capture structure
made of biodegradable polymer, such as PLGA, PLA or PGA.

Another embodiment of a biodegradable filter has a frame that may or may not
be biodegradable that is paired with biodegradable anchors. The biodegradable anchors can
be made of a biodegradable polymer or a biodegradable metal that degrades more rapidly
than the frame, if the frame is biodegradable. As stated above, the anchors may be designed
to degrade after the frame has been incorporated into the vessel wall through tissue ingrowth.
After the frame has been incorporated into the vessel wall, the risk of filter migration is
greatly reduced and the need for the anchor is also reduced. At this point, the presence of
anchors can make filter removal more difficult and can cause additional trauma to the vessel
during the filter removal process. Making the anchors biodegradable solves these problems
by providing anchoring during the early phase after implantation until tissue incorporation,
and then degrading after incorporation to leave an anchorless frame. If the frame is not
biodegradable, the filter can remain indefinitely in the vessel until the filter is retrieved.

Alternatively, instead of making the anchors biodegradable, the attachment
mechanism that secures the anchor to the frame can be biodegradable. For example, a
biodegradable cuff, crimp and/or brazing material can be used to attach an anchor to the
frame. Use of a biodegradable filter is particularly suitable for providing temporary or short
term embolic protection during and/or after a cardiovascular intervention is performed, such
as a valve replacement or endovascular aneurysm repair procedure. In many cases, the risk of
embolism is greatest either during the procedure or for a period of time following the
procedure, such as 3, 6, 9 or 12 months after the procedure. After this period of time, it may
be desirable to remove the filter or have it degrade so that removal is unnecessary. As
described above, filter removal can be made easier and less traumatic by the use of
biodegradable anchors, or alternatively, removal can be made unnecessary by the use of
completely biodegradable anchors.

For example, as part of the cardiovascular intervention procedure, the
biodegradable filter can be placed in the inferior vena cava or other vessel before or after the
intervention is performed. After a predetermined time elapses after the procedure, the anchors
can degrade and the filter can subsequently be removed. Alternatively, if a completely
biodegradable filter is used, the filter simply degrades after at least a predetermined period of

time elapses, making removal unnecessary.
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While described as forming the support structures, it is to be appreciated that
other portions of the filter device may also be formed from shape memory alloys, shape
memory polymers, biodegradable metals, biodegradable metal alloys or biodegradable
polymers. Other filter device components that may also be formed from shape memory alloys,
shape memory polymers, biodegradable metals, biodegradable metal alloys or biodegradable
polymers include, for example, all or a portion of a retrieval feature, a material capture
structure or an attachment between a material capture structure and a support structure.
Additionally or alternatively, the devices described herein may have all or a pollion of their
components formed from medical grade stainless steel.

FIG. 6A illustrates the first support member 105 extending from an end 102 to
an end 104 along in a clockwise manner about the lumen interior wall (sectioned phantom
lines) and the device axis 121. The support member 105 extends from the end 102 in section
1 at the 6 o'clock position, up to the 9 o'clock position in section 2, the 12 o'clock position in
section 3, the 3 o'clock position in section 4 to the end 104 at the 6 o'clock position in section
5. The support member 105 has two sections 120, 122 on either side of an inflection point
124. The inflection point 124 is positioned at about the 12 o'clock position in section 3. The
radius of curvature of the sections 120, 122 may be the same or different. The cross section
shape of the support member 105 is generally circular but may have one or more different
cross section shapes in alternative embodiments.

FIG. 6B illustrates the second support member 105 extending from an end 102
to an end 104' along in a counter-clockwise manner about the lumen interior wall (sectioned
phantom lines) and the device axis 121. The support member 110 extends from the end 102’
in section 1 at the 6 o'clock position, up to the 3 o'clock position in section 2, the 12 o'clock
position in section 3, 9 o'clock position in section 4 to the end 104" at the 6 o'clock position in
section 5.

The support member 110 has two sections 130, 132 on either side of an
inflection point 134. The inflection point 134 is positioned at about the 12 o'clock position in
section 3. The radius of curvature of the sections 120, 122 may be the same or different. The
cross section shape of the support member 105 is generally circular but may have one or
more different cross section shapes in alternative embodiments.

FIG. 6C illustrates the crossover 106 and first and second support members
105, 110 joined together at the ends. The first sections 120, 130 form a rounded frame 126.
The angle 3 is formed by a portion of the lumen wall contacting end 102 and a plane

containing the frame 126 and is referred to as the take-off angle for the elongate members at



10

15

20

25

30

WO 2016/098004 PCT/IB2015/059651
18

end 102. In one alternative, the angle is formed by a portion of the lumen wall contacting end
102 and a plane containing all or a portion of one or both sections 120, 130. In yet another
alternative, the angle B is formed by a portion of the lumen wall contacting end 102 and a
plane containing all or a portion of end 102 and all or a portion of the crossover 106. Another
angle B is formed on end 104 as discussed above but in the context of end 104, a portion of
the lumen wall contacting end 104, sections 122, 132 and the rounded frame 128 as
illustrated in FIGs. 7A-7C. An angle formed by the support frames 126, 128 ranges generally
between 20 degrees to 160 degrees in some embodiments and generally between 45 degrees
to 120 degrees in some other embodiments.

FIG. 7A is a side view of section 130 in FIG. 6B, FIG. 7B is a top down view
of FIG. 6B and FIG. 7C is side view of section 132 in FIG. 6B. The angle 3 ranges generally
between 20 degrees to 160 degrees in some embodiments and generally between 45 degrees
to 120 degrees in some other embodiments. The angle o is formed by a portion of section 120,
a portion of section 130 and the end 102. Alternatively, the angle o is formed by the end 102
and tangents formed with a portion of the sections 120, 130. Another angle a is formed on
end 104 as discussed above but in the context of end 104, a portion of the lumen wall
contacting end 104 and sections 122, 132. The angle a ranges generally between 40 degrees
to 170 degrees in some embodiments and generally between 70 degrees to 140 degrees in
some other embodiments.

FIG. 7D illustrates a top down view of FIG. 6C. The angle ¢ is defined as the
angle between a portion of section 120 between the inflection point 124 and the end 102 on
one side and a portion of section 130 between the inflection point 134 and the end 102' on the
other side. The angle o is also defined as the angle between a portion of section 122 between
the inflection point 124 and the end 104 on one side and a portion of section 132 between the
inflection point 134 and the end 104' on the other side. The angle ¢ defined by sections 120,
130 may be the same, larger, or smaller than the ang]e a formed by the sections 122, 132. The
angle ¢ ranges generally between 10 degrees to 180 degrees in some embodiments and
generally between 45 degrees to 160 degrees in some other embodiments.

FIG. 7D illustrates an end view of FIG. 6C taken from end 102. The angle 0 is
defined as the angle between a plane tangent to a portion of section 120 and a plane
containing the end 102 that is also generally parallel to the device axis 121. An angle 6 may
also be defined as the angle between a plane tangent to a portion of section 130 and a plane

containing the end 102 that is also generally parallel to the device axis 121. The angle 6
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section 130. Similarly, an angle 6 may be defined as discussed above and using as the angle
between a plane tangent to a portion of section 122 or 132 and a plane containing the end 102
that is also generally parallel to the device axis 121. The angle 6 ranges generally between 5
degrees to 70 degrees in some embodiments and generally between 20 degrees to 55 degrees
in some other embodiments.

FIGs. 7F and 7G are perspective views of an alternative embodiment of the
device illustrated in FIG. 6C. In the embodiment illustrated in FIG. 7F and 7G, the support
member 110 crosses underneath and does not contact the support member 105 at the
crossover 106. The gap "g" between the support members is also illustrated in the FIG. 7G.

FIG. 8A illustrates the elongate body 105 with a generally circular cross
section. However, many other cross section shapes are possible and may be used such as, for
example, rectangular elongate body 105a (FIG. 8B), rectangular elongate body with rounded
edges (not shown), oval elongate body 105b (FIG. 8C) and circular elongate body with a
flattened edge 105¢ (FIG. 8D). In some embodiments, an elongate body will have the same
cross section along its length. In other embodiments, an elongate body will have different
cross sections along its length. In another embodiment, an elongate body has a number of
segments and each segment has a cross section shape. The segment cross section shapes may
be the same or different. The cross section shape of the elongate member is a factor used to
obtain the desired radial force along the elongate member. The material used to form the
elongate body (i.e., a biocompatible metal alloy such as Nitinol) may be drawn to have a
desired cross section shape, or drawn in one cross section shape and then treated using
conventional techniques such as grinding, laser cutting and the like to obtain the cross section
shape were desired.

FIGs. 9A, 9B illustrate an embodiment of a material capture structure 115
extended across a generally planar, rounded frame 126 formed by the support members. FIG.
9A is a slight perspective view of a side view of the device. In this embodiment, sections 120,
130 of the support members lie mostly within in a single plane (i.e, in a side view of FIG. 9A
section 110 is visible and blocks view of section 120) that also holds the rounded frame 126.
FIG. 9B is a perspective view showing the material capture structure 115 extended between
and attached to rounded frame 126. In this embodiment, the capture structure 115 extends
across and is attached to the first sections 120, 130. In this embodiment, the material capture
structure is a plurality of generally rectangular filter cells 119 formed by intersecting

filaments 118. Other types of filter structures are described in greater detail below and may
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also be supported by the support frames formed by the structural members. In some
embodiments such as FIG. 9A and 9B, the angle [3 may also define the angle between the
device axis and a plane containing a material capture structure.

The support frame 126 and the material capture structure 115 is not limited to
planar configurations. Non-planar and compound configurations, for example, are also
possible as illustrated in FIG. 10A and 10B. FIG. 10A is a side view of a non-planar
structural support 110" having another inflection point 134' between the inflection point 134
and the end 102. The structural support 110" has more than one different radius of curvature
between the end 102 and the crossover 106. In some embodiments, there could be more than
one radius of curvature between the end 102 and the inflection point 134' as well as be more
than one radius of curvature between the inflection point 134' and the inflection point 134. As
a result, section 130' is a section possibly having different shapes, a number of different
curvatures and at least one inflection point. As seen in FIG. 10B, the support structure 105" is
also non-planar with more than one different radius of curvature between the end 102 and the
inflection point 124. In some embodiments, there could be more than one radius of curvature
between the end 102 and the inflection point 124' as well as be more than one radius of
curvature between the inflection point 124" and the inflection point 124. As a result, section
120' is a section having different shapes, a number of different curvatures and one or more
inflection points. Similar non-planar configurations may be used on end 104. The material
capture structure 115' is adapted to conform to the shape of non-planar frame 126' to produce
a non-planar filter support structure.

FIG. 11 illustrates a material capture structure 115 that remains in a generally
planar arrangement between opposing portions of the support members 105, 110. In addition
to FIG. 10B above, other alternative non-planar capture structures are possible even if the
support frame is generally planar. FIG. 12A is a perspective view of a non-planar capture
structure 245 within a generally planar support frame formed by support members 105, 110.
Capture structure 245 is formed by intersecting strands, fibers, filaments or other suitable
elongate material 218 to form filter cells 219. The capture structure 245 is slightly larger than
the support frame dimensions resulting in a filter structure that is deformed out of the plane
formed by the support structure as illustrated in FIG. 12B.

The material capture structure 115 may be in any of a number of different
positions and orientations. FIG. 13 A illustrates an embodiment of a filter of the present
invention having two open loop support frames formed by support members 105, 110. Flow

within the lumen 10 is indicated by the arrow. In this embodiment, the material capture
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structure 115 is placed in the upstream open loop support structure. In contrast, the material
capture structure may be positioned in the downstream open loop support structure (FIG.
13B). In another alternative configuration, both the upstream and the downstream support
frames contain material capture structures 115. FIG. 13C also illustrates an embodiment
where a material capture structure is placed in every support loop in the device.

There are filter device embodiments having equal numbers of support frames
with capture structures as support frames without capture structures (e.g., FIG. 13A and 13B).
There are other embodiments having more support frames without capture structures than
there are support frames with capture structures. FIG. 14 illustrates a filter embodiment 190
having more support frames without capture structures than support frames with captures
structures. The filter device 190 has two support members 105, 110 that are positioned
adjacent to one another to form a plurality of support frames that are presented to the flow
within the lumen 10. Alternatively, the plurality of support frames positioned to support a
material capture structure across the flow axis of the device 190 or the lumen 10. The support
members are joined together at end 192 and have two inflection points before being joined at
end 194. The support members 1 05, 110 cross over one another at crossovers 106 and 196.
The support frame 191 is between end 192 and crossover 106. The support frame 193 is
between the crossovers 106, 196. The support frame 195 is between the cross over 196 and
the end 194.

In addition, the filter device 190 has a retrieval feature 140 on each end. The
retrieval feature 140 has a curved section 141 ending with an atraumatic tip or ball 142. The
retrieval feature 140 rises up above the lumen wall placing the ball 142 and all or a portion of
the curved section 141 into the lumen flow path to simplify the process of snaring the device
190 for retrieval or repositioning. Having a retrieval feature on each end of the device allows
the device 190 to be recovered from the upstream or downstream approach to the device in
the lumen 10. Various aspects of retrieval feature embodiments of the present invention are
described in greater detail below.

FIG. 14A illustrates the filter 190 imposed on a phantom cylinder having 7
sections. The retrieval features 140 have been omitted for clarity. The first support member
105 extends clock wise from end 192 about and along the axis of the device 121. The first
support member 105 crosses section 2 at the 9 o'clock position, section 3 and the crossover
106 at the 12 o'clock position, section 4 at the 3 o'clock position, section 5 and the crossover
196 at the 6 o'clock position, section 6 at the 9 o'clock position and section 7 and the end 194

at the 12 o'clock position. The second support member 110 crosses section 2 at the 3 o'clock
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position, section 3 and the crossover 106 at the 12 o'clock position, section 4 at the 9 o'clock
position, section 5 and the crossover 196 at the 6 o'clock position, section 6 at the 3 o'clock
position and section 7 and the end 194 at the 12 o'clock position. FIG. 14B illustrates an
alternative device embodiment 190a that is similar to the device 190 except that all support
frames formed by the elongate members is used to support a material capture structure. In the
illustrated embodiment, frames 191, 193 and 195 each support at material capture structure
115.

FIG. 14C illustrates an alternative configuration of filter 190. The filter device
190b is similar to device 190 and 190a and includes an additional support member 198
extending along the support member 105. In one embodiment, the additional support member
198 extends along the device axis 121, is positioned between the first and the second support
members 105, 110 and is attached to the first end 192 and the second end 194. In the
illustrative embodiment, the third support member 198 begins at end 192 and the 6 o'clock
position in section 1, crosses section 3 and the crossover 106 at the 12 o'clock position,
crosses section 5 and the crossover 196 at the 6 o'clock position, and ends at the 12 o'clock
position in section 7 at the end 194.

FIG. 15 illustrates the planes of symmetry found in some filter device
embodiments of the present invention. The filtering structure that would be supported by one
or both of the support frames is omitted for clarity. In one aspect, FIG. 15 illustrates an
embodiment of an endoluminal filter of the present invention having a support structure that
is generally symmetrical about a plane 182 that is orthogonal to the flow direction of the filter
or filter axis 121 and contains a crossover point 106 between two structural elements of the
support structure 105, 110. In another aspect, FIG. 15 illustrates an embodiment of an
endoluminal filter of the present invention having a support structure that is generally
symmetrical about a plane 184 that is parallel to the flow direction of the filter (i.e., axis 121)
and contains both ends of the support structure 102, 104. It is to be appreciated that some
filter device embodiments of the present invention may have either or both of the above
described symmetrical attributes. It is to be appreciated that the above described symmetrical
attributes are also applicable to the construction of embodiments of the material capture
structures alone or as installed in a filter.

FIG. 16A and 16B illustrate the response of a filter device 200 in response to a
piece of clot material 99 contacting the material capture structure 115. The direction of flow
and movement of the clot material 99 within lumen 10 is indicated by the arrows. The filter

device 200 is similar to the embodiments described above with regard to FIGs. 6A-7G with
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the addition of the retrieval features 240 added to the ends 102, 104. The retrieval feature 240
has a curved section with multiple curves 141 that terminate with an atraumatic end 242. The
multiple curves 141 are advantageously configured to collapse about a retrieval device (i.e., a
snare in FIGs. 71A, 71B) to facilitate device 100 capture during retrieval. In this illustrative
embodiment the multiple curves are generally shaped like a sinusoid and the end 242 is
shaped like a ball or a rounded tip.

It is believed that upon embolic entrapment, the force fluid flow acting on clot
material 99 is transmitted from the capture structure 115 to support frame 126 securing the
capture structure 115. The force acting on the support frame 126 and in turn the support
members 105, 110 urges the end 104 into the lumen wall. This action effectively fixes the
second support frame 128. The force acting on the support frame 126 causes the angle 3
associated with the support frame 126 to increase the support frame 126 wedges further into
the lumen wall.

FIGs. 17, 18, and 19 illustrate various alternative filter device embodiments
with support structures of different size and that may not be in contact with the lumen wall.
FIG. 17 illustrates a perspective view of a filter device 300 according to one embodiment of
the present invention. In this embodiment, elongate members 305, 310 are joined at ends 302,
304, to form frame 309 from end 302, sections 301, 303 and crossover 306 and frame 311
from end 304, sections 307, 308 and cross over 306. The frame 309 supports another
embodiment of a material capture according to the present invention. The illustrated material
capture structure 312 includes a plurality of strands 313 joined 314 to form a plurality of
filter cells 315. The strands 313 may be joined using processes described below (e.g., FIG.
53A-53D) or may be formed by extruding the desired shape and size filter cell 315 from a
material (e.g., FIG. 56).

FIG. 17 illustrates a so-called capacitor design because the elongate members
that form frame 311 are configured to expand and contract the size and shape of frame 311 in
response to changes in frame 309. This design feature allows an embodiment of the present
invention to accommodate a large range of sizing and diameter changes. FIG. 18 illustrates
an embodiment of the filter device 300 having a capture structure 350 having filter cells 354
formed by intersecting strands 352. FIG. 18 illustrates how inward movement of the frame
309 (indicated by the arrows) is corresponds to outward movement (indicated by the arrows)
in the frame 308.

FIG. 19 illustrates an alternative filter device embodiment where the second

frame is not closed. The filter device 340 includes support members 341, 343 that form a
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rounded support frame 344 to support the material capture device 115. The support members
341, 343 extend some distance beyond the cross over 342 but are not joined to form another
end. A portion 346 of the support member 343 is shown extending beyond the cross over 342.
The support members 341, 343 may extend for some distance along the device axis after the
cross over 342 and may follow the same or a different shape as the shape of the support
members in frame 309. The support members may extend along the device axis similar to
earlier described two loop embodiments but stop short of being joined at a second end (e.g.,
FIG. 87).

The ends of the filter devices of the present invention may be formed in a
number of ways. A portion of the support structures 105, 110 may be wound 180 around one
another (FIG. 20). In the illustrated embodiment, the wound portion 180 is used to form the
end 102. In another alternative, the filtering device is formed from a single support member
105 that loops back on itself. In the illustrative embodiment of FIG. 21, support member 105
is formed into loop 181 to form the end 102. In an alternative to loop 181, the loop may
contain a plurality of undulations (i.e., loop 181a in FIG. 22) or be formed into the shape of a
retrieval feature or other component of the filter device. In yet another alternative, a cover is
used to clamp, to join or otherwise bond the structural members together. In the illustrative
example of FIG. 23, a generally cylindrical cover 183 is used to join together members 105, 1
10. The cover 183 may use any conventional joining method to secure the support members
together such as adhesive, welding, crimping and the like. An alternative tapered cover 185 is
illustrated in the embodiment of FIG. 24. The tapered cover 185 has a cylindrical shape and a
tapered end 186. The tapered end 186 around the end having the tapered cover 185 and
facilitates deployment and retrieval of the device. In one embodiment, the cover 185 is made
of the same material as the structural member and/or the retrieval feature.

Some filter device embodiments of the present invention may include one
or more retrieval features to assist recapturing and partially or fully recovering a
deployed filter device. Retrieval features may be placed in any of a number of positions
on the device depending upon the specific filter device design. In one embodiment, the
retrieval device is positioned not only for ease of device recovery but also attached to the
device in such a way that pulling on the retrieval device actually facilities removal of the
device. In one embodiment, pulling on the retrieval device pulls the structural members
away from the lumen wall. These and other aspects of the cooperative operation of the

retrieval features during deployment and recapture will be described below with regard to

F1Gs. 72A-73D.
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Several alternative embodiments of retrieval devices of the present invention
are illustrated in FIGs. 25-27C. Fig. 25 illustrates a retrieval device 240 with a simple curve
241 formed in the end. Fig. 26 illustrates a retrieval device 240 with a curve 244 that is has a
sharper radius of curvature than the curve 241 in FIG. 25. FIG. 27A illustrates a retrieval
feature 140 having a curved section 141 with an atraumatic end 142. In the illustrative
embodiment, the atraumatic end 142 is a ball than may be added to the end of curve 141 or
formed on the end of the member used to form the feature 140. A ball 142 may be formed by
exposing the end of the curved section 141 to a laser to melt the end into a ball. FIG. 27B
illustrates a retrieval feature with a plurality of curved sections 241. In one embodiment, the
curved sections 241 have a generally sinusoidal shape. In another embodiment, the curved
sections 241 are configured to collapse when pulled on by a retrieval device like a snare (i.e.,
FIGs. 71A, 71B) FIG. 27C illustrates a retrieval feature 240 having a plurality of curved
sections 241 and a ball 142 formed on the end. In additional embodiments, retrieval features
of the present invention may include markers or other features to help increase the visibility
or image quality of the filter device using medical imaging. In the illustrative embodiment of
FIG. 27C, a radio opaque marker 248 is placed on the curved section 241. The marker 248
may be made from any suitable material such as platinum, tantalum or gold.

A cover placed about the ends may also be used to join a retrieval feature to an
end or two support members. A cover 183 may be used to join a retrieval feature 240 to a
support member 105 (FIG. 28A). In this illustrative embodiment, the support structure 105
and the retrieval feature 240 are separate pieces. A cover 183 may also be used to join
together two members 110, 105 to a retrieval featu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>