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VASCULAR FILTER

TECHNICAL FIELD
[0001] The present disclosure relates generally to filters configured to be

disposed within a body lumen. More particularly, the present disclosure relates to
filters or similar devices that may be configured to capture blood clots within the
vasculature, such as within the inferior vena cava.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] The embodiments disclosed herein will become more fully apparent from

the following description and appended claims, taken in conjunction with the
accompanying drawings. These drawings depict only typical embodiments, which
will be described with additional specificity and detail through use of the
accompanying drawings in which:
[0003] Figure 1 is a perspective view of a filter.
[0004] Figure 1A is a detail view, taken through line 1A-1A, of a portion of the
filter of Figure 1.
[0005] Figure 2 is a side view of the filter of Figure 1, disposed within a body
lumen.
[0006] Figure 3 is an end view of the filter of Figures 1 and 2, disposed within the
body lumen of Figure 2.
[0007] Figure 4 is a perspective view of the filter of Figure 1, partially disposed
within a catheter.
[0008] Figure 5 is a perspective view of the filter of Figure 1, partially disposed
within the catheter of Figure 4.
[0009] Figure 6 is a perspective view of filter of Figure 1 in a pre-expanded state.
[0010] Figure 7 is a perspective view of another embodiment of a filter.
[0011] Figure 8 is a side view of the filter of Figure 7, disposed within a body
lumen.
[0012] Figure 9 is an end view of the filter of Figures 7 and 8, disposed within the
body lumen of Figure 8.

DETAILED DESCRIPTION
[0013] A filter may be configured to be disposed within the vasculature to capture

or trap material within a body lumen. For example, a filter may be configured to trap
blood clots in the vasculature. In some embodiments, a filter may be disposed within
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the inferior vena cava and be configured to inhibit pulmonary embolism.
Furthermore, a filter may be configured to be removable.

[0014] Though many of the examples provided herein may refer to a filter
disposed within the inferior vena cava, the present disclosure is applicable to a
variety of filters configured to be disposed elsewhere within the vasculature or within
other body lumens.

[0015] It will be readily understood that the components of the embodiments, as
generally described and illustrated in the figures herein, could be arranged and
designed in a variety of configurations. Thus, the following more detailed description
of various embodiments, as represented in the figures, is not intended to limit the
scope of the disclosure, but is merely representative of various embodiments. While
the various aspects of the embodiments are presented in drawings, the drawings are
not necessarily drawn to scale unless specifically indicated.

[0016] The phrases “connected to,” “coupled to,” and “in communication with”
refer to any form of interaction between two or more entities, including mechanical,
electrical, magnetic, electromagnetic, fluid, and thermal interaction. Two
components may be coupled to each other even though they are not in direct contact
with each other. For example, two components may be coupled to each other
through an intermediate component.

[0017] The terms “proximal” and “distal” refer to opposite ends of a medical
device. As used herein, the proximal end of a medical device is the end nearest a
practitioner while the practitioner is placing or manipulating the device, while the
distal end is the opposite end. For example, the proximal end of a filter refers to the
end nearest the practitioner when the filter is disposed within, or being deployed
from, a deployment device. For consistency throughout, these terms remain
constant in the case of a deployed filter, regardless of the orientation of the filter
within the body.

[0018] Figure 1 is a perspective view of a filter 100. The filter 100 of Figure 1
comprises an axial member, such as the central tubular portion 105 coupled to
multiple legs 110, 120. In this embodiment, the tubular portion 105 may be
understood as a central structural component that ties the other components
together. Moreover, the tubular portion 105 of Figure 1 may also be understood to
define a tubular surface running along the central axis of the filter. In the
embodiment of Figure 1, the tubular portion 105 includes the two circumferential
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rings at each end of the filter (the portions marked 105 in Figure 1) and the tubular
surface is a hypothetical surface extending between the rings. This tubular surface
is not a component of the filter 100, but rather is an imaginary surface defining a
central portion of the filter 100, referenced here for convenience in describing the
structure of the filter. For example, in the embodiment of Figure 1, portions of the
legs — for example, portions 118 and 128, discussed later — may be described as
lying on the tubular surface of the filter 100. Thus, as used herein, the tubular
portion 105 refers to the structural tubular components of the filter 100 while the
tubular surface refers to an imaginary surface extending between the tubular
portions.

[0019] Furthermore, the tubular portion 105 and the tubular surface may be used
to define a central axis of the filter 100. The “axis” of the filter, as used herein, refers
to the longitudinal centerline of the filter; this axis corresponding to the longitudinal
axis of the tubular surface. Some embodiments may not include tubular portions
such as portion 105 or have a readily identifiable tubular surface. In such
embodiments, the center axis of the filter may still be understood as a line through
the center of the filter. In some embodiments, the filter may be configured such that
the center axis of the filter is designed to be disposed substantially along the center
axis of a lumen in which the filter is deployed.

[0020] In the following description, components of the filter 100 may therefore be
described with reference to the tubular portion 105, the tubular surface, and/or the
axis of the filter. (That is, a component may be described as extending radially
outward from the axis of the tubular surface, or positioned along the longitudinal
direction of the tubular surface, for example.) Again, notwithstanding this method of
description, other embodiments within the scope of this disclosure may or may not
include an identifiable tubular portion such as portion 105. Disclosure provided in
connection with components of filters having tubular portions is applicable to
analogous or substantially analogous components of filters without tubular portions.
[0021] In the embodiment of Figure 1, tubular portion 105 is coupled to a proximal
hook 103 adjacent the proximal end 101 of the filter 100 and a distal hook 104
adjacent the distal end 102 of the filter. In some embodiments, one or both of the
proximal hook 103 and the distal hook 104 may be used in retrieving or repositioning
the filter 100. In other embodiments, a filter may include only one hook at either the
proximal 101 or distal 102 end of the filter 100.
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[0022] Filter 100 also includes a first set of legs 110, which includes six legs (A,
B, C, D, E, and F) in the illustrated embodiment. In other embodiments the first set
of legs 110 may consist of more or fewer legs, for example, from three to nine legs or
from five to seven legs, specifically three, four, five, seven, eight, or nine legs.
Likewise, while in the embodiment of Figure 1 each leg of the first set of legs 110
has substantially the same shape as the other legs of the first set of legs 110, in
other embodiments legs within a set of legs may have differing shapes. Further,
though in the embodiment of Figure 1 the legs of the first set of legs are substantially
evenly spaced around the center axis of the filter 100, in other embodiments the legs
may be irregularly spaced.

[0023] In the illustrated embodiment, the legs A, B, C, D, E, F of the first set of
legs 110 are substantially identical in size and shape. Thus, disclosure provided in
connection with one leg is equally applicable to the other legs. Specifically, certain
features of the first set of legs 110 are disclosed below in connection with leg A.
This disclosure is equally applicable to legs B, C, D, E, and F. Furthermore,
reference numerals shown in the Figures in connection with one leg may be used to
refer to the analogous component or portion of another leg, though for clarity in the
drawings, each component of each leg is not labeled.

[0024] Leg A of the first set of legs 110 of the filter 100 of Figure 1 may comprise
a first portion 111, a second portion 114, and a transition portion 118. The first
portion 111 may have an inner segment 112 coupled to the tubular portion 105 of the
filter 100 and an outer segment 113 coupled to the second portion 114 of leg A. The
second portion 114 may have an outer segment 115 coupled to the first portion 111
and an inner segment 116 coupled to the transition portion 118. In the illustrated
embodiment, the first portion 111 and the second portion 114 are coupled to each
other at an apex 117. As explained above, because each leg of the first set of legs
110 is identical to the others, the reference numerals used in connection with leg A
are also applicable to the components of the other legs. For example, though 117 is
used above to refer to the apex of leg A specifically, 117 can also be used to indicate
the other apexes of the first set of legs 110 as well.

[0025] Leg A may be configured such that the first portion 111, from the inner
segment 112 to the outer segment 113, extends radially outward from the axis of the
filter 100. Analogously, the second portion 114, from the outer segment 115 to the
inner segment 116, may extend radially inward toward the axis of the filter 100.
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Further, the transition portion 118 may couple the second portion 114 to the tubular
portion 105. In certain embodiments, including the one illustrated, the transition
portion 118 is disposed substantially parallel to the axis of the filter 100. In other
embodiments the transition portion 118 may be relatively longer or shorter than
shown in the illustrated embodiment, including embodiments where there is no
transition section at all and the second portion 114 couples directly to the tubular
portion 105. Furthermore, the transition section 118 need not be parallel to the axis
of the filter 100, for example, it may be disposed radially outward from the tubular
surface, including embodiments where the transition section is closer to the axis of
the filter 100 near the tubular portion 105 than it is near the second portion 114.
Regardless of whether the legs of the filter include a transition portion, in some
embodiments portions of the legs which are curved may be comprised of curves
having a generally sinusoidal configuration, for example, smooth curves.

[0026] The filter 100 may be configured such that the apexes 117 of each leg of
the first set of legs 110 are sufficiently displaced from the center axis of the filter 100
that the apexes 117 contact the lumen wall when the filter 100 is disposed within
such a lumen.

[0027] The filter 100 of Figure 1 also comprises a second set of legs 120,
including legs G, H, I, J, K, and L. Like the first set of legs 110, in other
embodiments the second set of legs 120 may include more or fewer than six legs, for
example from three to nine legs or from five to seven legs. Furthermore, in some
embodiments a filter may be configured with a different number of legs in the first set
of legs 110 than in the second set of legs 120.

[0028] The legs of the second set of legs 120 of the embodiment of Figure 1 are
substantially identical to the legs of the first set of legs 110, but located at a different
position along the tubular surface. Thus, the disclosure provided in connection with
the first set of legs 110 is equally applicable to the second set of legs 120 and vice
versa. For example, leg G of the second set of legs comprises a first portion 121,
having an inner segment 122 and an outer segment 123, a second portion 124
having an outer segment 125 and an inner segment 126, a transition portion 128,
and an apex 127. These components are analogous to the similarly named
components of the first set of legs 110. Further, each leg of the second set of legs
120 is, in certain embodiments, substantially identical to the others, thus disclosure

applicable to leg G is equally applicable to the other legs of the second set of legs
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120. As with the first set of legs 110, in other embodiments the second set of legs
120 may include legs that are not identical in size, shape, or position.

[0029] In the embodiment of Figure 1, the apexes 117 of the first set of legs 110
are each located at substantially the same longitudinal position along the axis of the
filter 100. Similarly, the apexes 127 of the second set of legs 120 are also located in
substantially the same longitudinal position along the filter axis as each other. In
some embodiments the apexes 117 of the first set of legs 110 may be displaced a
distance along the longitudinal axis of the filter 100 from the apexes 127 of the
second set of legs 120. In the illustrated embodiment, this displacement is labeled
as distance “X.” In some embodiments, distance X may be configured to maintain
the position of a filter substantially in the center of a body lumen. For example, in
some instances, a relatively greater distance, X, between the two sets of apexes
117, 127 may increase the stability of the filter within the lumen and minimize the
degree to which the filter can rotate out of axial alignment with the lumen. In some
embodiments distance X may be from about 0.200 inches to about 1.000 inches.
[0030] The first set of legs 110 and the second set of legs 120 may be configured
to filter fluid flowing past the filter 100. In some embodiments, portions of the legs
110, 120 may be configured to define radially expanding filtering surfaces, such as
frustoconical surfaces. For example, the filter 100 of Figure 1 may be described as
having at least four filtering zones, a zone corresponding to each of four radially
expanding surfaces: (1) a frustoconical surface defined by the first portions 111 of
the first set of legs 110; (2) a frustoconical surface defined by the second portions
114 of the first set of legs 110; (3) a frustoconical surface defined by the first portions
121 of the second set of legs 120; and (4) a frustoconical surface defined by the
second portions 124 of the second set of legs 120. A clot or other object disposed
within a fluid stream would necessarily have to pass each of these zones in order to
pass a filter disposed within a body lumen.

[0031] Moreover, in embodiments such as that in Figure 1, each of the filtering
zones is offset from the other filtering zones in the longitudinal direction of the filter
100. In some instances, such as instances where multiple clots are caught in
different filtering zones, this may allow increased fluid flow around the clots, as
compared to the potential “bottleneck” effect of multiple clots caught in a filter without

longitudinally offset filtering zones.
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[0032] In some embodiments, such as the embodiment of Figure 1, each leg of
the first and second sets of legs comprises a barb 130 coupled to each leg near the
apex 117 of each leg. Figure 1A is a detail view, taken through line 1A-1A of one
barb 130 and apex 117. In these embodiments, the barb 130 is integrally formed
from the material of the leg. Further, in such embodiments, the barb 130 is cut from
a central portion of the leg, meaning the barb is formed by a generally “U-shaped”
cut in the leg, which cut does not intersect the edges of the leg. In other
embodiments the barb may be cut from another part of the leg or be comprised of a
separate piece of material coupled to the leg. In alternative embodiments, the barb
may be in the form of a spur of leg material; in these embodiments, the barb may be
formed by cutting the leg only part way through, as in the barb of a fish hook. As
further explained below, barbs 130 may be configured to extend into a body lumen
wall, in order to minimize migration of the filter within the lumen.

[0033] Thus, according to a further embodiment of the invention, there is
disclosed a device for location within a body lumen, comprising a leg and a barb 130,
wherein the barb 130 may be cut from a central portion of the leg, meaning the barb
is formed by a generally “U-shaped” cut in the leg, which cut may not intersect the
edges of the leg.

[0034] While in the embodiment of Figure 1, each leg of the first set of legs 110
and each leg of the second set of legs 120 is coupled to a barb 130, in other
embodiments barbs may only be located on either the first set of legs 110, only the
second set of legs 120, or only certain individual legs of the first 110 or second 120
sets of legs.

[0035] In the illustrated embodiment, the barbs 130 are oriented such that the
barbs 130 associated with the first set of legs 110 face the opposite direction from
the barbs 130 associated with the second set of legs 120. Specifically, in the
illustrated embodiment, the barbs 130 associated with the first set of legs 110 are
oriented such that each barb 130 extends from the leg toward to the distal end 102
of the filter 100. The barbs 130 associated with the second set of legs 120 extend
toward the proximal 101 end of the filter 100. In some embodiments, filters with bi-
directional barbs 130, meaning filters with some barbs oriented in opposite directions
than other barbs (as described above) may be configured to prevent migration of the
filter 100 in either direction along a body lumen. In other words, each barb 130 may
be configured to generally prevent migration of the filter 100 in the direction the barb
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130 is oriented; thus, filters with bi-directional barbs 130 may be configured to resist
migration in both directions.

[0036] Figure 2 is a side view of filter 100 disposed within a body lumen 50. In
the drawing of Figure 2, the body lumen 50 is shown as a cross section, while the
filter 100 is shown in perspective. In the illustration of Figure 2, the second set of
legs 120 appears to contact the lumen 50 while the first set of legs 110 does not; this
is due to the circumferential offset of the legs and the cross sectional view. Both
sets of legs 110, 120 contact the lumen 50 wall in the illustrated embodiment. See
also Figure 3. The filter 100 is disposed within the body lumen 50 such that the filter
100 is substantially coaxially aligned with the body lumen 50. Figure 2 illustrates
how distance X, the longitudinal displacement of the apexes 117 of the first set of
legs 110 with respect to the apexes 127 of the second set of legs 120, may affect the
stability of the filter 100 in some instances. Contact between both the first set of legs
110 and the second set of legs 120 of the filter 100 and the lumen 50 may tend to
keep the filter 100 centered within the body lumen 50. The displacement, X, of the
two sets of legs 110, 120 may minimize the degree to which the filter 100 can pivot
on the contact between either set of legs 110, 120 and the lumen 50. Thus, the
migration of either the proximal 101 or distal 102 end of the filter 100 toward the
body lumen 50 wall may be prevented or minimized. Accordingly, in the event that a
medical practitioner wishes to remove or relocate the filter 100, the hooks 103, 104
may remain spaced from the inner wall of the body lumen 50 and be readily
accessible to the practitioner. Furthermore, in some applications the tendency of the
filter 100 to remain centered within the lumen 50 may maintain the relative positions
and orientations of the filtering zones within the lumen 50.

[0037] Figure 2 also illustrates how, when deployed within a body lumen 50, the
barbs 130 of the filter 100 may extend into the body lumen 50 wall, further stabilizing
the filter 100.

[0038] Figure 3 is a front view of filter 100 disposed within a body lumen 50. As
with Figure 2, the filter 100 is not shown in cross section; instead it is shown in
perspective, while the lumen 50 is shown in cross section. In the embodiment of
Figure 3, each of the legs A, B, C, D, E, F of the first set of legs 110 is evenly spaced
around the center axis of the filter 100. Likewise, each of the legs G, H, |, J, K, L of
the second set of legs 120 is also evenly spaced around the center axis of the filter
100. Furthermore, in the embodiment of Figure 3, the legs of the second set of legs
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120 are offset from the legs of the first set of legs 110, such that each leg of the
second set of legs 120 is equally spaced between adjacent legs of the first set of
legs 110 around the axis of the filter 100. In other embodiments, the first set of legs
110, the second set of legs 120, or both may not be evenly spaced or evenly offset.
[0039] Figure 4 is a perspective view of filter 100, partially disposed within a
catheter 140. In some instances, the legs 110, 120 may be contracted and the filter
100 disposed within a catheter 140 or other delivery/retrieval device or sheath. In
some embodiments, this may be accomplished by coupling a snare 145 disposed
within the catheter 140 to one of the hooks 103, 104 of the filter 100. The filter 100
may then be drawn into the catheter 140 by displacing the snare 145 with respect to
the catheter 140. This displacement may bring the first set of legs 110 and the
second set of legs 120 into contact with the catheter 140, thereby causing the legs to
fold down as the filter 100 is drawn into the catheter 140.

[0040] In the illustrated embodiment, the filter 100 is drawn into the catheter such
that the first set of legs 110 is pushed toward the center axis of the filter 100. As
illustrated by the arrows, interaction of the catheter 140 with the second set of legs
120 will further cause the second set of legs 120 to fold as the filter 100 is drawn into
the catheter 140. In some instances the interaction of the catheter 140 with the legs
110, 120 may cause the legs to fold such that portions of either or both sets of legs
110, 120 are disposed beyond one of the hooks 103, 104 of the filter 100 when the
filter is fully inside the catheter 140. For example, as indicated by the arrows, in the
embodiment of Figure 4, portions of the second set of legs 120 will fold up beyond
the distal hook 104 of the filter 100 when the filter 100 is fully within the catheter 140.
[0041] The filter 100 may be drawn into the catheter 140 in order to use the
catheter 140 to place the filter 100 within a body lumen of a patient. Furthermore,
the filter 100 may be partially or fully drawn back into the catheter 140 after the filter
100 is placed within the body lumen, in order to move the filter 100 within the body
lumen, or to completely remove the filter 100 from the body lumen. The filter 100
may therefore be configured to be removably or permanently disposed within a body
lumen of a patient.

[0042] In some embodiments, the legs 110, 120 and barbs 130 may interact such
that the barbs 130 tends to become aligned with the legs 110, 120 as the filter 100 is
drawn into a catheter 140. Specifically, in the embodiment of Figure 4, the catheter
140 is acting on the first portion 121 of the second set of legs 120, causing the first
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portion 121 to move into a position parallel with the axis of the filter 100. In some
embodiments the barb 130, first portion 121 and second 124 portions of the legs
120, and the apex 127 of the legs may be configured such that, as the legs 120 are
drawn into the catheter 140, the barb 130 tends to align with a portion of the legs
120, and moves into a position parallel to the axis of the filter 100. In such
embodiments, the barbs 130 may be configured such that it does not interfere with
the catheter 140 when the filter 100 is drawn into the catheter 140.

[0043] Similarly, the barb 130 associated with the first set 110 of legs may
likewise be configured to align with the legs 110 as the legs are drawn into a catheter
140. In the embodiment of Figure 4, the first set of legs 110 is sufficiently within the
catheter 140 such that the barbs 130 associated with the first set of legs 110 are
aligned with a portion of the first set of legs 110. Embodiments utilizing barbs 130
configured to align with a portion of the legs 110, 120 may include embodiments with
bi-directional barbs. Moreover, barbs 130 configured to align with a portion of the
legs 110, 120 may avoid the tendency of barbs 130 aligned opposite a catheter 140
from engaging the catheter 140 during retrieval.

[0044] In some embodiments, the filter 100 may be comprised of a shape
memory alloy, for example nitinol. Thus, the filter 100 may be comprised of a
material which, is first “set” in a particular shape when the filter 100 is being
manufactured, then tends to return to that shape if it is subsequently deformed. The
filter 100 may be “set” in the expanded configuration, or the shape generally shown
in Figures 1-3. Drawing the filter 100 into a catheter 140, as shown in Figure 4, may
thus temporarily compress the legs 110, 120 within the catheter 140, though the filter
100 may be configured to return to the expanded shape upon deployment from the
catheter 140. Thus, a filter may be configured with radially expanding legs which are
elastically compressible into a position substantially parallel with the axis of the filter.

[0045] In some embodiments the filter 100 may be configured such that, when the
fiter 100 is deployed from a catheter 140, one set of legs 110, 120 engages the
lumen walls before the other set of legs 110, 120.

[0046] Figure 5 is a perspective view of the filter 100 of Figure 1, partially
disposed within the catheter 140 of Figure 4. As indicated by the arrows, in Figure 5,
the filter 100 is being deployed from the catheter 140. In some embodiments, the
filter 100 may be configured to deploy such that one set of legs 110, 120 expands
before the other set of legs 110, 120. For example, in Figure 5, the second set of
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legs 120 is fully expanded, while the first set of legs 110 is still partially contained
within the catheter 140. Thus, in the illustrated embodiment, the second set of legs
120 (and its associated barbs 130) may contact the wall of a body lumen prior to the
first set of legs 110 when the filter 100 is deployed. Analogously, in some instances
the filter may be oriented in the opposite direction within the catheter 140, with the
first set of legs 110 exiting the catheter prior to the second set of legs 120 as the
fiter 100 is deployed. In such instances, the first set of legs 110 may contact the
body lumen wall before the second set of legs 120.

[0047] Filters configured such that one set of legs 110, 120 contact the lumen
wall prior to a second set of legs 110, 120 may stabilize the filter 100 during
deployment. For instance, during deployment, interaction of the legs 110, 120 with
the catheter 140 may tend introduce a biasing force between the filter 100 and the
catheter 140. For example, in the embodiment of Figure 5, the interaction of the first
portion 121 of the second set of legs 120 and the catheter may tend to push the
catheter 140 off the filter 100 as the legs 120 expand. Similarly, as the first set of
legs 110 expands from the catheter 140 they may also exert a biasing force on the
catheter 140. These biasing forces may make the filter 100 difficult to position during
deployment as the biasing forces may cause the filter 100 to “jump” or erratically shift
as it is deployed. However, in embodiments where one set of legs 110, 120 engage
the lumen wall prior to the other set of legs 110, 120, contact between the legs 110,
120 and the lumen wall may stabilize the filter 100 and thus minimize the potential
for improper placement of the filter 100 due to movement caused by biasing forces.
[0048] Figure 6 is a perspective view of filter 100 in a pre-expanded state. The
filter 100 may be integrally formed from a single tube of material, for example, a tube
of memory alloy. The shape of each component may first be cut, for example, by
laser cutting, and any excess material subsequently removed. The components may
then be formed, and set, into the desired shape of the filter. Figure 6 illustrates the
filter 100, formed from a single tube of material after the tube has been cut and the
excess material removed, but before shaping. The tubular portion 105, the first set
of legs 110, the second set of legs 120, and the barbs 130 all lie on the same
cylinder — the tube from which they were formed — prior to shaping. Figure 6 also
illustrates the proximal 103 and distal 104 hooks of the filter 100.

[0049] Figure 7 is a perspective view of another embodiment of a filter that can, in
certain respects, resemble components of the filter described in connection with
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Figures 1 — 6. It will be appreciated that all the illustrated embodiments may have
analogous features. Accordingly, like features are designated with like reference
numerals, with the leading digits incremented to “2.” (For instance, the filter is
designated “100” in Figure 1 and an analogous filter is designated as “200” in Figure
7.) Relevant disclosure set forth above regarding similarly identified features thus
may not be repeated hereafter. Moreover, specific features of the filter and related
components shown in Figure 7 may not be shown or identified by a reference
numeral in the drawings or specifically discussed in the written description that
follows. However, such features may clearly be the same, or substantially the same,
as features depicted in other embodiments and/or described with respect to such
embodiments. Accordingly, the relevant descriptions of such features apply equally
to the features of the filter of Figure 7. Any suitable combination of the features, and
variations of the same, described with respect to the filter and components illustrated
in Figures 1 — 6, can be employed with the filter and components of Figure 7, and
vice versa. This pattern of disclosure applies equally to further embodiments
depicted in subsequent figures and described hereafter.

[0050] The filter 200 of Figure 7 comprises an axial member, such as the central
tubular portion 205, coupled to a first set of legs 210 and a second set of legs 220.
In the embodiment of Figure 7, the filter 200 may define a hypothetical tubular
surface extending between the tubular portions 205 adjacent the proximal 201 and
distal 202 ends of the filter 200.

[0051] The filter 200 may comprise a first 210 and second 220 set of radially
expanding legs which extend out from the tubular surface of the filter 200. In the
illustrated embodiment, the legs of the first 210 and second 220 sets of legs are
coupled to the axial member 205 adjacent the proximal 201 and distal 202 ends of
the filter 200. Each leg of the first set of legs 210 may include an apex 217,
displaced radially outward from the tubular surface and positioned between the
proximal 201 and distal 202 ends of the filter 200. Similarly, each leg of the second
set of legs 220 may define similar apexes 227. In some embodiments, barbs 230
may be coupled to some or all of the legs at the apexes 217, 227.

[0052] In some embodiments the filter 200 may be configured with bi-directional
barbs, again, meaning barbs 230 positioned on different legs, which may be oriented
in opposite directions. In the illustrated embodiment the barbs 230 associated with
the first set of legs 210 are oriented in a different direction than the barbs associated
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with the second set of legs 220. In other embodiments, barbs 230 located on
different legs of the same set of legs (210 and/or 220) may be oriented in opposing
directions.

[0053] In contrast to the embodiment of Figures 1 — 6, it is noted that the filter 200
of Figure 7 does not have portions of the legs 210, 220 disposed along the tubular
surface of the filter 200. In other words, the filter 200 may not have transition
portions such as portions 118 and 128 of filter 100. In other embodiments a filter
may include transition portions.

[0054] In some embodiments, the filter 200 of Figure 7 may be formed in a similar
manner to the filter 100 of Figures 1 — 6, with the additional characteristic that the
legs 210, 220 of the filter 200 travel around a portion of the circumference of the
tubular surface as well as along the axial direction of the filter 200. In such
embodiments, the legs 210, 220, may partially “twist” around the central axis of the
filter 200. For example, in some embodiments the filter 200 may be substantially
identical to the filter 100 of Figures 1 — 6, except that the proximal 201 and distal 202
ends are rotated (with respect to each other) about the central axis of the filter 200.
Such twisting of the ends 201, 202 of the filter may result in the legs (which may be
coupled to the axial member adjacent both the proximal 201 and distal 202 ends)
following a twisting, or helical, path along the axial direction of the filter 200. In some
embodiments, this rotation may be a permanent feature of the filter, meaning that the
filter’'s natural shape (or the shape of the filter when unconstrained by external
forces) includes this rotation of the proximal 201 and distal 202 ends and helically
shaped legs 210, 220.

[0055] Figure 8 is a side view of filter 200 disposed within a body lumen 70. Like
the view of Figure 2, in Figure 8 the body lumen 70 is shown as a cross section,
while the filter 200 is shown in perspective. This view illustrates how the rotation of
the proximal 201 and distal 202 ends with respect to each other may offset portions
of the same legs about the circumference of the filter 200.

[0056] The apexes 217, 227 of the first 210 and second 220 sets of legs may be
displaced from each other a distance, such as distance X', along the longitudinal axis
of the filter 200. In embodiments where the proximal 201 and distal 202 ends of the
filter are twisted or rotated with respect to each other, the distance X’ may or may not
be constant around the circumference of the filter 200. Like distance X of filter 100,
X' may be from about 0.200 inches to about 1.000 inches in some embodiments.
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[0057] Figure 9 is an end view of the filter of Figures 7 and 8, disposed within the
body lumen of Figure 8. Figure 9 illustrates how the rotation of the proximal 201 and
distal 202 ends may cause the legs of the filter to “twist” around a portion of the
circumference of the filter as the legs 210, 220 run from one end of the filter 200 to
the other. As shown by a comparison of Figures 9 and 3, this “twisting” may alter the
end profile of the filter 200 as compared to filter 100. In some embodiments, the
twisting or rotation of the ends 201, 202 may thus create a relatively more tortuous
flow path through the filter 200, and may thereby provide desired filtering capabilities
for certain applications.

[0058] The examples and embodiments disclosed herein are to be construed as
merely illustrative and exemplary, and not a limitation of the scope of the present
disclosure in any way. It will be apparent to those having skill in the art with the aid
of the present disclosure that changes may be made to the details of the above-
described embodiments without departing from the underlying principles of the
disclosure herein. It is intended that the scope of the invention be defined by the

claims appended hereto and their equivalents.
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Claims
1. A filter for a body lumen, comprising:
an axial member having a first set of expandable legs and a second set
of expandable legs,
each leg of the first set of expandable legs comprising:

a first portion, having an inner segment coupled to the axial
member and an outer segment configured to be radially expandable
from the axial member, and

a second portion, having an outer segment coupled to the outer
segment of the first portion and an inner segment coupled to the axial
member, the outer segment of the second portion configured to be
radially expandable from the axial member,

wherein the first portion is coupled to the second portion at a
first apex; and
each leg of the second set of expandable legs comprising:

a first portion, having an inner segment coupled to the axial
member and an outer segment configured to be radially expandable
from the axial member, and

a second portion, having an outer segment coupled to the outer
segment of the first portion and an inner segment coupled to the axial
member, the outer segment of the second portion configured to be
radially expandable from the axial member,

wherein the first portion is coupled to the second portion at a
second apex; and
wherein a plurality of the first apexes of the first set of legs are spaced

apart from a plurality of the second apexes of the second set of legs a
distance parallel to a longitudinal axis of the axial member, when the first and

second sets of legs are expanded.

2. The filter of claim 1, wherein the inner segments of the first and second
portions of the first set of legs and the inner segments of the first and second
portions of the second set of legs extend radially outward from the axial

member when the legs are expanded.
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The filter of claim 1, further comprising a plurality of barbs coupled to the first
and second sets of expandable legs.

The filter of claim 3, wherein the plurality of barbs are coupled to the first and
second sets of legs adjacent the first and second plurality of apexes.

The filter of claim 3, wherein the barbs associated with the first set of legs are
oriented in a different direction than the barbs associated with the second set

of legs.

The filter of claim 3, wherein the plurality of barbs are integrally formed with
the first and second sets of legs.

The filter of claim 6, wherein the plurality of barbs are formed from center

portions of the first and second sets of legs.

The filter of claim 3, wherein each barb is configured to align with a portion of
the leg to which the barb is coupled, when the legs are drawn into a catheter.

The filter of claim 1, wherein the axial member comprises a tube.

The filter of claim 9, wherein the filter is integrally formed from the material of
the tube.

The filter of claim 10, wherein the filter is cut from a tube of memory alloy.
The filter of claim 1, wherein the inner segments of the second portions of the
first set of legs and of the second set of legs are coupled to the axial member

by intermediate transition portions.

The filter of claim 12, wherein the transition portions are disposed
substantially parallel to a central axis of the filter.
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The filter of claim 12, wherein the transition portions are coupled to the axial
member at a proximal or distal end of the filter.

The filter of claim 1, wherein the first set of legs is configured to engage a
body lumen wall before the second set of legs when the filter is deployed.

The filter of claim 1, wherein the inner segments of the first portions of the first
and second sets of legs are offset around a portion of a circumference of the
filter from the inner segments of the second portions of the first and second
sets of legs.

A filter for a body lumen, comprising:

an axial member integrally formed with, and having, a plurality of legs
forming a first set of expandable legs and a plurality of legs forming a second
set of expandable legs,

each leg of the first set of expandable legs comprising:

a first portion, having an inner segment coupled to the axial
member and an outer segment configured to be radially expandable
from the axial member, and

a second portion, having an outer segment coupled to the outer
segment of the first portion and an inner segment coupled to the axial
member, the outer segment of the second portion configured to be
radially expandable from the axial member,

wherein the first portion is coupled to the second portion at a
first apex, the first portion and the second portion both extending
radially inward from the first apex when the first set of legs are
expanded; and
each leg of the second set of expandable legs comprising:

a first portion, having an inner segment coupled to the axial
member and an outer segment configured to be radially expandable
from the axial member, and

a second portion, having an outer segment coupled to the outer
segment of the first portion and an inner segment coupled to the axial
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member, the outer segment of the second portion configured to be
radially expandable from the axial member,
wherein the first portion is coupled to the second portion at a
second apex, the first portion and the second portion both extending
radially inward from the second apex when the second set of legs are
expanded; and
wherein a plurality of the first apexes of the first set of legs are spaced
apart from a plurality of the second apexes of the second set of legs a
distance parallel to a longitudinal axis of the axial member, when the first and

second sets of legs are expanded.

The filter of claim 17, wherein,

each leg of the first set of expandable legs further comprises a
transition portion disposed substantially parallel to the axial member, the
transition member coupled to the inner segment of the second portion of each
leg and to the axial member, and

each leg of the second set of expandable legs further comprises a
transition portion disposed substantially parallel to the axial member, the
transition member coupled to the inner segment of the second portion of each

leg and to the axial member.

The filter of claim 17, wherein,

a plurality of the first portions of the first set of legs define a first radially
expanding surface when the first set of legs is expanded,

a plurality of the second portions of the first set of legs define a second
radially expanding surface when the first set of legs is expanded,

a plurality of the first portions of the second set of legs define a third
radially expanding surface when the second set of legs is expanded, and

a plurality of the second portions of the second set of legs define a
fourth radially expanding surface when the second set of legs is expanded.

The filter of claim 19, wherein one of the first and second radially expanding

surfaces intersects one of the third and fourth radially expanding surfaces.
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21. The filter of claim 19, wherein each surface is a frustoconical surface.

22. The filter of claim 17, wherein the filter is integrally formed from a tube of

memory alloy.

23. Thefilter of claim 17, further comprising a plurality of barbs coupled to the first

and second sets of expandable legs.

24. The filter of claim 23, wherein the plurality of barbs are formed from center
portions of the first and second sets of legs.

25. The filter of claim 23, wherein the barbs associated with the first set of legs
are oriented in a different direction than the barbs associated with the second
set of legs.

26. The filter of claim 17, wherein the first set of legs is configured to engage a
body lumen wall before the second set of legs when the filter is deployed.

27. The filter of claim 17, wherein the inner segments of the first portions of the
first and second sets of legs are offset around a portion of a circumference of
the filter from the inner segments of the second portions of the first and
second sets of legs.

28.  Afilter for a body lumen, comprising:

a first set of expandable legs, each leg of the first set of legs having a
first end and a second end; and

a second set of expandable legs, each leg of the second set of legs
having a first end and a second end;

wherein the first ends of the first set of legs are circumferentially offset
about a longitudinal axis of the filter from the second ends of the first set of
legs and the first ends of the second set of legs are circumferentially offset
about a longitudinal axis of the filter from the second ends of the second set of
legs.
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29. The filter of claim 28, further comprising an axial member, wherein the first
ends of the first and second sets of legs are coupled to the axial member
adjacent a proximal end of the filter and the second ends of the first and
second sets of legs are coupled to the axial member adjacent a distal end of
the filter.

30. The filter of claim 29, wherein each leg of the first and second sets of legs
define an apex located between the first and second ends of the leg.

31.  The filter of claim 30, wherein the apexes associated with the first set of legs
are displaced from the apexes associated with the second set of legs a
distance along an axial direction of the filter.

32. The filter of claim 30, further comprising a plurality of barbs each barb coupled

to an apex.

33. The filter of claim 32, wherein the barbs associated with the first set of legs
are oriented in a different direction than the barbs associated with the second

set of legs.

34.  The filter of claim 32, wherein each barb is configured to align with a portion of
the leg to which the barb is coupled, when the legs are drawn into a catheter.

35. A medical device comprising a filter according to claim 1 disposed within a
catheter.

36. A method of filtering clots or other matter in a body lumen, comprising:
obtaining the filter described in claim 1, and
disposing the filter within the body lumen of a patient.

37. The method of claim 36, wherein the filter is removably disposed within the
body lumen.

38. The method of claim 36, wherein the body lumen is the vasculature.
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The method of claim 36, wherein the body lumen is the inferior vena cava.

The method of claim 36, wherein the inner segments of the first portions of the
first and second sets of legs are offset around a portion of a circumference of
the filter from the inner segments of the second portions of the first and

second sets of legs.

A method of deploying a filter, comprising:

inserting a filter into a body lumen, the filter comprising a first set of
legs, each leg coupled to an axial member of the filter at a first and a second
end of the leg, and a second set of legs, each leg coupled to the axial
member at a first and a second end of the leg;

deploying a first set of legs of the filter;

contacting the body lumen with the first set of legs;

deploying a second set of legs of the filter;

stabilizing the filter by contact between the first set of legs and the body
lumen while deploying the second set of legs; and

contacting the body lumen with the second set of legs after contacting
the body lumen with the first set of legs.

The method of claim 41, wherein stabilizing the filter comprises minimizing

shift of the filter while the second set of legs deploys.

The method of claim 41, wherein contact between the first set of legs and the
body lumen partially opposes a biasing force between the second set of legs

and a deployment device.

A filter for a body lumen, comprising:
an axial member comprising first and second ends and a longitudinal
axis;
a plurality of legs, each of the plurality of legs comprising first and
second ends, wherein the first end of each of the plurality of legs is attached
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to the first end of the axial member, and the second end of each of the
plurality of legs is attached to the second end of the axial member;

wherein each of the plurality of legs compressibly extends radially form
the axial member to an apex;

wherein at least two of the apexes are spaced longitudinally from one
another.

The filter of claim 44, further comprising a barb extending from the apexes.

The filter of claim 44, wherein each of the plurality of legs comprises a

sinusoidal curve.

The filter of claim 44, wherein each of the plurality of legs is elastically
compressible to a position substantially parallel with a longitudinal axis of the

axial member.
The filter of claim 44, wherein the first ends of the plurality of legs are offset

from the second ends of the plurality of legs about a portion of a

circumference of the filter.
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