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Abstract

A vessel filter having a first region having a first set of struts (15) forming a mounting
portion and a filter portion having a converging region (32) at a first portion to direct particles
toward the center of the filter. The mounting portion 1s flared in the expanded position to
have a transverse dimension increasing toward second portion oppostite the first portion. A
second set of struts (17) forms a second mounting portion flared 1n the expanded position. A
plurality of spaced apart struts (40) extend between the first and second regions. The second

set of struts may form a second filter portion.
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VEIN FILTER

BACKGROUND
Technical Field

This application relates to a vascular filter and more particularly to a vein filter for

capturing blood clots within the vessel.

Background of Related Art

Passage of blood clots to the lungs is known as pulmonary embolism. These clots

typically originate in the veins of the lower limbs and can migrate through the vascular
system to the lungs where they can obstruct blood flow and therefore interfere with
oxygenation of the blood. Pulmonary embolisms can also cause shock and even death.

In some instances, blood thinning medication, e.g. anticoagulants such as
Hepann, or sodium warfare can be given to the patient. These medications, however,
have limited use since they may not be able to be administered to patients after surgery or
stroke or given to patients with high risk of internal bleeding. Also, this medication
approach 1is not always effective in preventing recurring blood clots.

Therefore, surgical methods to reduce the likelihood of such pulmonary
embolisms by actually blocking the blood clot from reaching the lungs have been
developed. One surgical method of treatment involved major surgery where the size of
the vessel lumen was restricted by placement of ligatures or clips around the vein, e. g. the
inferior vena cava which transports blood from the lower portion of the body to the heart
and lungs. This prevented passage of dangerously large blood clots through the vein to
the lungs. However, this approach is an invasive surgical procedure, requiring an
abdominal incision and general anesthesia and frequently causing vessel threcmbosis and
lower extremity swelling. Also, there is a lengthy patient recovery time and additional
hospital and surgeon expenses associated with this major surgery. In fact, oftentimes, the
patients requiring the surgery are unhealthy and the major surgery and general anesthesia
poses a risk in and of itself.

To avoid such invasive surgery, less invasive surgical techniques have been

developed. These involve the placement of a mechanical barrier in the inferior vena

cava. These barriers are in the form of filters and are typically inserted through either the
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femoral vein in the patient’s leg or the right jugular vein in the patient’s neck or arm
under local anesthesia. The filters are then advanced Intravascularly to the inferior vena

cava where they are expanded to block migration of the blood clots from the lower

portion of the body to the heart and lungs.

These prior filters take various forms. One type of filter 1s composed of coiled
wires such as disclosed in U.S. Patent nos. 5,893,869 and 6,059,825. Another type of
filter consists of legs with free ends having‘ anchors for embedding in the vessel wall to
hold the filter. These filters are di.sclosed, for example, in U.S. Patent nos. 4,688,553,
4,781,173, 4,832,055, and 5,059,205, 5,984,947 and 6,007,558. Another type of filter is
disclosed in U.S. Patent no. 6,214,025 consisting of wires twisted together to form a
cylindrical anchoring portion cdnfonning to the inner vessel wall surface to exert a radial
torce and a conical filtering portion.

Several factors have to be considered in designing vein filters. One factor is that
the filter needs to be securely anchored within the vessel wall, while avoiding traumatic
engagement and damage to the wall as well as damage to the neighboring abdominal
aorta. Another factor is that the filter must be collapsible to a sufficiently small size to be
easily maneuvered and atraumatically advanced intravascularly to the inferior vena cava
or other target vessel. Thirdly, the filter should direct the blood clots to the center of the
vessel to improve dissolution of the clot within the vessel by the blood flow.

It would be advantageous to provide a vein filter that satisfies the foregoing
- parameters. Namely, such vein filter would advantageously have sufficient anchoring
force to retain the filter within the vessel while providi ng' atraumatic contact with the

vessel wall, would have a minimized insertion (collapsed) profile to facilitate delivery

| through the vascular system to the surgical site, and would enable migration of the
captured blood clots to the center of the vessel. Moreover, it would also be advantageous
to provide a filter that could simplify insertion through the femoral or the right jugular
vein or arm 1nto the inferior vena cava.

Additionally, the need for a vein filter in many patients is temporary. In these
instances it would be advantageous to provide a vein filter that satisfies the foregoing
factors and in addition could be readily removed from the patient. It would further be

advantageous if the filter could be removed minimally invasively, e.g. intravascularly.
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In addition, in certain applications, it would be advantageous to provide a filter

that satisfies the above cniteria plus provides a backup for blood clots that could bypass

the filtering region.

SUMMARY

The present invention overcomes the problems and deficiencies of the prior art.

The present invention provides a vessel filter movable between a collapsed position for
~delivery to the vessel and an expanded position for placement within the vessel. The first
region of the filter has a first mounting portion and a first filter portion having a first
converging region at a first portion to direct particles toward the center of the filter. The
first mounting portion is flared in the expanded position to have a transverse dimension
increasing in a direction away from the first portion. The second region has a second
mounting portion and a second filter portion having a second converging region at a
second portion to direct particles toward the center of the filter. The mounting portion is
flared in the expanded position to have a transverse dimension increasing in a direction
away from the second portion. A plurality of spaced apart struts extend between the first
~ and second converging regions.
In one embodiment, one or more of the struts terminates in a vessel engaging
“hook. In one embodiment, the filter is formed from a laser cut tube and composed of
shape memory material. A first set of spaced apart struts preferably forms the first
j""Inounti:ng portion and a second set of spaced apart struts preferably forms the second
 mounting portion.

In one embodiment, the first region includes a retrieval region including a hook
having a cutout exposing an internal annular surface dimensioned to receive a portion of
a retnieval sheath.

In one embodiment, adjacent struts of the mounting portion(s) are interconnected.
In another embodiment, adjacent struts of the filter portion(s) are interconnected. In
another embodiment, both the adjacent struts of the mounting portion(s) and of the filter
portion(s) are interconnected.

The present invention also provides a vessel filter comprising a body cut from a

tube and having a first region and a second region. The filter is movable between a

collapsed position for delivery to the vessel and an expanded position for placement
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within the vessel. The first region of the filter has a first set of spaced apart struts
forming a first filter portion having a first converging region and a first flared region for
mounting the filter. The second region is formed by a second set of spaced apart struts
forming a second filter portion having a second converging region and a second flared
region for mounting the filter. The second set of struts is positioned distal of the first set
of struts. The first and second set of struts are connected by at least one longitudinaily
extending strut and both sets of struts are oriented in a first direction.

The first flared region and the second flared region may include vessel engaging
members to enhance retention of the filter. The sets of struts can be radially offset.

In one embodiment, the adjacent struts are joined by a connecting strut. Adjacent
struts in one or both of the filter portions could be joined by an interconnecting strut.
Adjacent struts in one or both of the flared regions could also or alternatively be joined.

The present invention also provides a vessel filter movable between a collapsed
position for delivery to the vessel and an expanded position for placement with the
vessel. The vessel filter has a first region with a first set of struts having a first mounting
portion and a first filter portion opening in a first direction and having a first converging

region at a first portion to direct particles toward the center of the filter. The second

region of the filter has a second set of struts having a second mounting portion and a
- second filter portion opening in the first direction and having a second converging region
at a second portion to direct particles towards the center of the filter. The second

converging region is axially spaced from the first converging region. Adjacent struts of

the first set of struts are interconnected by strut portions extending towards one another.
In one embodiment, adjacent struts of the second set of struts are interconnected by strut
portions extending towards one another. In one embodiment, the first set of struts is
radially offset from the second set of struts.

The present invention also provides a vessel filter movable between a collapsed
- position for delivery to the vessel and an expanded position for placement within the
vessel. The first region of the filter has a first set of struts forming a first mounting
portion and a first filter portion opening in a first direction. The filter portion has a
converging region at a first portion to direct particles toward the center of the filter and

the mounting portion is flared in the expanded position to have a transverse dimension
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increasing toward a second portion opposite the first portion. The second region has a
second set of struts forming a second mounting portion flared in the expanded position
and opemng 1n the first direction. A plurality of spaced apart struts extend between the
first and second regions. |

In one embodiment, one or more of the struts terminates in a vessel engaging
hook. In one embodiment, the filter is formed from a laser cut tube and composed of
shape memory material. In one embodiment, adjacent struts of the filter portion of the
first set of struts are mnterconnected.

In one embodiment, the second region includes a retrieval region including a hook
having a cutout exposing an internal annular surface dimensioned to receive a portion of
a retrieval sheath.

The present 1nvention also provides a vessel filter comprising a body, cut from é
tube, having a first region and a second region and movable between a collapsed position
for delivery to the vessel and an expanded position for placement within the vessel. The
first region of the filter has a first set of spaced apart struts forming a first filter portion
having a first converging region and a first mounting region for mounting the filter. The
second region is formed by a second set of spaced apart struts forming a second mounting
region for mounting the filter. The second set of struts are positioned distal of the first sét
of struts. The first and second set of struts are connected by at least one longitudinal-ly
extending strut and both sets of struts are oriented in a first direction.

One or more of the struts may include vessel engaging members to enhance
retention of the filter. In one embodiment, adjacent struts are joined by a connecting

strut.

The present invention also provides a vessel filter movable between a collapsed
position for delivery to the vessel and an expanded position for placement within the
vessel. The first region has a first set of struts having a first mounting portion and a first
filter portion opening in a first direction and having a first converging region at a first
portion to direct particles toward the center of the filter. The second region has a second
set of struts having a second mounting portion. Adjacent struts of the first set of struts

- are mterconnected by strut portions extending towards one another. In one embodiment,

struts of the first set of struts terminate in vessel engaging members.
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BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiment(s) of the present disclosure are described herein with

reference to the drawings whereln:

Figure 1 1s a perspective view of a first embodiment of the vein filter of the
present invention having two filter ponioné, the filter shown in the collapsed

configuration;

Fi gure 2 1s an enlarged side view of a portion of the vein filter of Figure 1;

Figure 3 is a perspective view of the vein filter of Figure 1 in an expanded
cdnﬁguration;

Figure 4 1s a side view of the vein filter of Figure 3 in the expanded configuration;

Figure 5A 1s a front view of the vein filter of Figure 3 in the expanded

configuration;
Figure 5B is an enlarged view of the retrieval hook of Figure 1;

Figure 6 is a perspective view of an alternate embodiment of the vein filter of the

present invention shown in the expanded configuration;

Figures 7A and 7B are perspective and side views, respectively, of another
alternate embodiment of the vein filter of the present invention shown in the expanded
configuration; .

Figure 8 1s a perspective view of another alternate embodiment of the vein filter
~of the present invention shown in the expanded configuration;

Figures 9, 10, and 11 illustrate delivery and placement of the vessel filter of

‘Figure 1 in the inferior vena cava wherein Figure 9 illustrates initial insertion of the

delhivery sheath through the femoral vein, Figure 10 illustrates the delivery.sheat'h being

advanced toward the inferior vena cava just below (upstream) the juncture of the renal

artenies, and Figure 11 illustrates the delivery sheath fully withdrawn to place the filter in

the expand=d placement configuration in the inferior vena cava;

Figure 12 is a perspective view of another alternate embodiment of the vein filter
of the present invention having a filter portion and two mounting portions, the filter

shown 1n the collapsed configuration;

Figure 13 is an enlarged side view of a portion of the vein filter of Figure 12;
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Figure 14 1s a p'erspective view of the vein filter of Figure 12 in an expanded

configuration;

Figure 15 is a side view of the vein filter of Figure 14 in the expanded
configuration;
Figure 16A is a front view of the vein filter of Figure 14 in the expanded

configuration;

Figure 16B is dn enlarged view of the retrieval hook of Figure 12;

Figure 17 is a perspective view of another alternate embodiment of the vein filter

of the present invention shown in the expanded configuration:

Figure 18 is a perspective view of another alternate embodiment of the vein filter
of the present invention shown in the expanded configuration;

Figure 19 is a perspective view of another alternate embodiment of the vein filter
of the present invention shown in the expanded configuration; and

Figures 20, 21 and 22 illustrate delivery and placement of the vessel filter of
Figure 12 in the inferior vena cava wherein Figure 20 illustrates initial insertion of the
delivery sheath through the femoral vein, Figure 21 illustrates the delivery sheath being
advanced toward the inferior vena cava just below (upstream) the juncture of the renal
arteries, and Figure 22 illustrates thé delivery sheath fully withdrawn to place the filter in

the expanded placement configuration in the inferior vena cava.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Turning now to the drawings, wherein like reference numerals identify similar or
like components throughout the several views, the vein filter of the present invention is
described for placement within the inferior vena cava to capture blood clots or other
particles which could otherwise pass to the lungs.

The filter 1s movable from a low pfoﬁle collapsed configuration to facilitate
msertion through the delivery sheath to a larger expanded placement confi guration to-

enable atraumatic engagement with the vessel walls to secure (mount) the filter within the

inferior vena cava.
In some embodiments herein, (Figures 1-11) the filter has two substantially bell-
shaped regions, each including a filtering region (portion/section) and a flared mounting

(anchoring) region (portion/section). As described in more detail below, each hiltering
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portion has inwardly directed struts, terminating in a converging region, thereby directing
particles toward the central axis of the filter. By directing the particles to the center and
trapping them at the center, they will be exposed to greater blood flow than if trapped at
the edges ot the filter thereby, improving dissolution of the particles. By providing two
hitering portions, particles that bypass the first filtering portion can be captured by the

second filtering portibn. The flared mounting portion provides less contact area than a
straight region, resulting in less tissue ingrowth to facilitate removal of the filter if
desired. The flare also reduces the chance of vessel distortion if inserted into a curved
vena cava.

In other embodiments herein (Figures 12-22), the filter has a substantially bell-
shaped region having a filtering region (portion/section) and a flared mounting
(anchoring) region (poﬁion/section). As described in more detail below, the filtering
portion has inwardly directed struts, terminating in a converging region, thereby directing
particles toward the central axis of the filter to provide the advantages discussed herein.
To enhance mounting of the filter, a second mounting region is provided axially spaced
from the bell-shaped region. This second region provides a stabilizing portion to help
center the filter and limit tilting.

Turming now to details of the filter of a first embodiment of the present invention
and with initial reference to Figures 1 and 2, the filter is designated. generally by
reference numeral 10 and is shown in a collapsed configuration for delivery. Filter 10 is
- preferably formed from a single tube 11. In a preferred embodiment, the filter 10 is
' composed of shape memory material, such as Nitinol, a nickel titanium alloy, or elgiloy,

however, other materials such as stainless steel are also contemplated. A plurality of

cutouts 12 are formed in the filter 10, preferably by laser cutting although other

techniques are contemplated. In the illustrated embodiment, six elongated cutouts are

formed n the first region 15 and in the second region 17, creating two pairs of six strips

or struts 30, 50 of substantially uniform width separated by the cutouts 12. The first set
of struts 30 thus extends from tubular portion 18 and the second set of struts 50 extends
from tubular portion 19. Longitudinal struts 40 extend between tubular portions 18 and

19, thus connecting the two sets of struts (see Figure 3).
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The collapsed configuration of filter 10 reduces the overall profile to facilitate
delivery to the site. The diameter of filter 10 in the collapsed configuration is represented

by reterence D1 and preferably is about 2mm and more preferably about 1.7mm. Other
dimensions are also contemplated. The filter is thus preferably dimensioned for insertion
through a 6 French delivery system or 6 French catheter. The diameter or transverse
dimensions of the filter in the expanded placement conﬁgurations 1s greater than the
diameter or transverse dimension D1 in the collapsed (delivery) configuration.

Figures 3-5 illustrate the expanded placement configuration of the filter 10. As
noted above, filter 10 has a first set of struts 30 and a second set of struts 50, each
forming bell-shaped regions in the expanded configuration. The struts 30 and 50 at one
end each have a filtering region 32, 52 having a converging region 34, 54, respectively.
At the opposing end, the struts 30, 50 each have a flared region 35, 55. In larger vessels,
the filter can expand to a diameter or transverse dimension D2 shown in Figure 4. In
‘smaller vessels, the filter expands to a smaller diameter than in larger vessels. Diameters
(or transverse dimensions) preferably range from about 18 mm to about 32mm,
depending on the internal diameter of the vessel wall as will be explained in more detail
below. Other dimensions are also contemplated.

By providing two sets of struts, two levels of filtration are provided as the second
set of struts acts as a backup. To enhance the backup function, the second set of struts is
preferably offset with respect to the first set of struts. That is, each strut 50 is about 30
degrees out of phase (longitudinal alignment) from a corresponding strut 30. Thus,
preferably, the elongated struts 30 and 50 are identical except for their radial offset.
Although shown about 30 degrees out of phase, other spacing is also contemplated.

Struts 30 are spaced apart as shown and extend at an angle away from the
longitudinal axis L of filter 10 in region 35 to provide a flare. Preferably, this angle or
taper 15 about 10 degrees, although other dimensions are contemplated. In the filtering
region 32, beginning at an intermediate portion of the ﬁlfer (the transition between the
regions 35, 32) the struts 30 extend inwardly to the longitudinal axis at an angle to the
respective tubular portion 18 thereby forming an angle with the longitudinal axis. That

is, filtering section 32 extends from the flared region toward the central longitudinal axis

L of the filter 10 and converges at portion 34 into tubular portion 18.  For clarity, not all
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of these sections of each strut 30, 50 are labeled in the drawings, ‘it being understood that
the non-labeled struts have the same configurations.

Struts 50, in the illustrated embodiment, are identical to struts 30. That 1S, Struts
50 are spaced apart as shown and extend at an angle preferably about 10 degrees (other
dimensions are contemplated) away from the longitudinal axis L of filter 10 to provide a
flare. In the filtering region 52, beginning at an intermediate portion, the struts 50 extend
mwardly toward the longitudinal axis at an angle to the tubular portion 19, thereby

forming an angle with the longitudinal axis.

In the 1illustrated embodiment, when expanded, the six struts 50 and the six struts
30 are shown spaced approximately 60 degrees apart. It is also contemplated that a fewer
or greater number of struts could be provided and spacing other than 60 degrees be
provided.

In the expanded placement configuration, a portion of the each elongated strut 30
and 50 has an outer surface 31, 51 respectively, for engagement with the vessel wall to
retain the filter 10 in position in the vessel. This region is angled with respect to the
longitudinal axis. The outer surface 31, 51 of struts 30, 50 could be roughened to
enhance engagement. Alternatively, a plurality of cutouts, atraumatic tabs, barbs or other -
- penetrating members (not shown) can extend from the outer surface 31, 51 of one or
more of the struts to engage the vessel wall to retain the filter.

As can be appreciated, the tubular portion 11 connects the struts 30 and 50. As
shown 1n Figure 3, since six cutouts are foﬂned, six elongated struts 40 extend from
tubular portion 18 to tubular portion 19, thereby connecting the regions 15 and 17. In the

alternate embodiment of Figure 6, some of the longitudinal struts have been removed so

that only two longitudinal struts 40° extend between tubular portions 18’ and 19°. This
reduces the amount of material which is placed in the body. It is also contemplated that a
fewer or greater number of longitudinal struts could be provided in these embodiments.
Otherwise, filter 10° is identical to filter 10 and has been labeled with “prime”
designations to illustrate the corresponding parts with Figure 3. For clarity, not all the

parts have been labeled.
Reterning back to Figures 3 and 4, each of the struts 30, 50 terminates in a hook

60, 70, respectively, which extend substantially perpendicular from the strut. This

10
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arrangement 1s achieved by torquing the struts 30, 50 at the respective region 37, 57 (or

along an extended length of the strut) so the hook portions bend out of the plane. The
hooks 60, 70 of filter 10 lie in the plane of the connecting end strut region 37, 57 aligned

with the width surface “w” of the region. The hooks can alternatively be formed or

placed on fewer than all the struts.

In the illustrated embodiment, the hooks of filter 10 in each region 15, 17 are of
two different sizes. More specifically, in first region 15, a first set of hooks 60a is larger
than a second set of hooks 60b. Preferably, when formed in a laser cut tube, hooks 60a
are formed so that they occupy a region equivalent to the transverse dimension of two
adjacent struts. For example, in the collapsed configuration, hook 60a occupies a region
(dimension) of four connecting struts while smaller hook 60b would only occupy the
region (dimension) of two connecting struts. Smaller hooks 60b are spaced axially
mwardly with respect to larger hooks 60a to minimize the collapsed profile (transverse
dimension) of the filter when collapsed for insertion. In this preferred embodiment,
smaller hooks 60b occuw the space created by the larger hooks 60a so they can be
considered as nesting within larger hooks 60a (see Figure 2). Stated another way, each
hook 60b has an outer surface 67 which conforms (follows the cdntour) to an inner
surface 69 of a hook 60a. The penetrating tips 62a, 62b of hooks 60a, 60b, respectively,
penetrate the tissue to retain the filter, preferably temporarily. Hooks 70a, 70b of region
- 17 are 1dentical to hooks 60a, 60b, respectively, having outer surface 77, inner surface 79,
and penetrating tips 72a, 72b

The hooks or other vessel engaging structure can be placed on both sets of struts
30, 50 or alternatively be placed only on struts 30 or only on siruts 50 or placed on fewer
than all the struts of the particular set of struts.

A recess or cutout can also be provided at the tubular end portion to receive a
snare or other device for removal. In the preferred embodiment, a hook 92 at tubular

portion 18 is illustrated and is configured to receive a snare.

Hook 90 has a curved hook 92 at the proximalmost end. Hook 92 is configured to
receive a retrieval snare or other retrieval device. A portion of the wall of the hook 90 is
cut out to expose the annular interior surface 94 (see Figure 5B). That is, being formed

from a laser cut tube, a wall portion is removed to expose curved inner wall surface 94,

i1
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This annular interior surface 94 extends from radiused region 95 to proximalmost edge

96. The interior surface 94, for ease of explanation, can be considered to have an interior
surface 94a at the radiused region 95 and an interior surface 94b at the hook 92. The
interior surface 94b accommodates a portion of a tubular snare sheath. That is, the outer
wall of the snare sheath (tube) can partially fit within the cut out region 93. This enhances
removal as the snare pulls the filter hook into collinear arrangement with the sheath tube.
The radiused region 95, spaced axially (distal) from the hook 92, includes a radiused or
curved edge defined by radiused side walls 99a, 99¢ and a top wall 99b. The angled side

walls 99a, 99¢ form camming surfaces to direct the hook 90 and filter into the retrieval

sheath.

Figures 7A and 7B illustrate an alternate embodiment of the filter of the present
invention. In this embodiment, the struts of filter 100 are interconnected at the filtering
region. This creates closed geometric shapes at the filtering region to enhance the clot
capturing capability of the filter. Also, by providing the interconnection more forward
(downstream) in the filter, i.e. in the filtering region (filtration zone), rather than in the
mounting region as described below with respect to the embodiment of Figure 8, linear
movement of the filter is facilitated to enhance removal of the filter.

Bell-shaped filter 100 has a filtering region (portion/section) 119 and a flared

anchoring (mounting) region (portion/section) 121 in first region 112 and a filtering
region (portion/section) 129 and anchoring (mounting) region (portion/section) 131 in
second region 115. The mounting regions 121, 131, are of greater transverse dimension
than the respective filtering regions 119, 129. Flared regions 121 and 131 are preferably
at an angle of about 10 degrees with respect to the longitudinal axis of the filter, although

other angles are contemplated. In these flared regions 121, 131 the transverse dimension
increases towards the anchoring end of the filter 100 so that as in the other embodiments
disclosed herein, the end of the filter at regions 119, 129 have a smaller transverse
dimension than at the opposing end at the respective flared regions 121, 131, The filtering
region 119 extends from the flared region 121 toward the longitudinal axis of the filter
100 and converges at portion 132 into tubular portion 118. The filtering region 129
extends from flared region 131 toward the longitudinal axis and converges at portion 151

into tubular portion 149. Longitudinally extending struts 130 connect the two sets of

12
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axially spaced struts 114, 154. Providing fewer longitudinal struts 130 is also

contemplated.

Filtering region 119 preferably has six struts 114 curving outwardly from tubular
portion 118. Each filter strut or strut portion 114 extends radially from tubular portion
118 and divides into two connecting filter struts or strut portions 114a, 114b (preferably
of equal width) that angle way from each other (in different directions) to extend to the
connecting strut portion of an adjacent strut 114 Thus, connecting strut portion 114a of
one strut 114 mterconnects with the connecting strut portion 114b of an adjacent strut at
jomning or connecting region 114d. This forms closed geometrié shapes 125, preferably
substantially diamond shaped in configuration. For clarity, not all of the identical parts |
are labeled in the drawing. In the illustrated embodiment, preferably six struts are
provided forming twelve interconnecting struts, however a different number of struts and
- closed geometric shapes can be provided. Also, fewer than all of the struts could be -
interconnected. Although preferably the struts 114 (and 154 described below) divide into
connecting struts 114a, 114b of half the width of the undivided strut 114, the struts can

bifurcate to form connecting struts of other dimensions.

After convergence of strut portions 114a, 114b at joining region 114d, it
transitions into elongated mounting strut portions 114c which form flared mounting or
anchoring region 121. The length of the strut portions 114c in the anchoring region 121
- can vary, with increased/decreased length increasing the flexibility/rigidity of the struts.
The thickness of the strut portions can also vary to affect flexibility/rigidity.
Interconnecting struts are preferably also provided on struts-154 in second region

115. The struts 154 and interconnecting struts or strut portions 154a, 154b in the
illustrated embodiment are identical to struts 114 and interconnecting struts 114a, 114b of

first region 112. Thus, they join at region 154d, form closed geometric shapes 155 and
have mounting strut portions 154¢ extending from joining region 154d.

Preferably, the strut portions 114c, 154c terminate in hooks 140a, 140b and 160a,

160b similar to hooks 60a, 60b and 70a, 70b, respectively, of Figure 3. That is, the hooks
lie in the plane of the respective struts 114c¢, 154¢ and hooks 140a are larger than hooks
140b, and hooks 160a are larger than hooks 160b. The larger hooks are formed so they

occupy a region equivalent to the transverse dimension of two adjacent struts. Smaller

13
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hooks 140b, 160b nest within larger hooks 140a, 160a as described above in conjunction
with hooks 60a, 60b and 70a, 70b. Note that smaller hooks 140b, 160b are spaced axially

(inwardly) of hooks 140a, 160a, as well as spaced axially with respect to each other (as in
hooks 60b and 70b). Other hook designs could alternatively be provided.

Although interconnecting struts are shown on both sets of filter struts,
alternatively they can be provided on only one set. Also, alternatively not all struts are
interconnected. |

Filter 100 can also preferably have a retrieval hook, such as hook 115 formed in
‘tubular portion 118 which is identical to hook 92 of Figure 1.

Figure 8 illustrates an alternate embodiment of the filter, designated by reference
numeral 210. Filter 210, having a first set of struts 214 and a second set of struts 234, 1s

similar to filter 10 except for anchoring regions 221, 241. That 1s, like filter 10, filter 210

has two filtering regions 219, 239 which extend from the flared anchoring regions 221,

241, and extend toward the central longitudinal axis of the filter 210 and converge at
portions 222, 242, into tubular portions 218, 219, respectively. Filter 210 preterably has
a retrieval hook, such as hook 250, which is identical to hook 92 of Figure 1, although
other hooks are contemplated. For clarity, not all of these sections of each strut 214, 234
are labeled in the drawing, it being understood that the non-labeled struts have the same
configurations. The flared regions, as in filter 10, are each of an angle preferably about
10;”, although other angles are contemplated.
' The region 225 of filter 210 where the struts 214 interconnect (Join) and the
region 245 where struts 234 interconnect differ from filter 10. In filter 210, the struts 214
are interconﬁected by connecting strut portions 214a, 214b that curve outwardly away
' from the central axis and then inwardly toward each other. The connecting struts are
joined to connecting struts of adjacent struts at region 225. Thus, closed geometric
shapes 228 are formed as shown. Six such closed geometric shapes 228 are preferably
formed, each connecting adjacent struts, although fewer closed shapes are contemplated
if fewer than all the struts are interconnected.

Thus, stated in other words, each strut 214 bifurcates or divides into two

connecting strut portions 214a, 214b which initially extend outwardly from each other.

As each strut extends outwardly, the strut portion 214a joins the strut-portion 214b of an
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adjacent strut at region 225. After this joined region 225, the strut portions 214a and

214b which emanate from the same strut extend into hook regions and terminate in hooks

229a, 229b, similar to hooks 60a, 60b of Figure 3.

Similarity, each strut 234 bifurcates or divides into connecting strut portions 234a,
234b forming closed geometric shapes 238. The connecting struts 234a, 234b are joined
at region 245 and extend into hook regions, terminating in hooks 249a, 249b similar to
hooks 229a, 229b.

Although shown divided irito equally dimensioned struts, as described above with
respect to the Figure 7 embodiment, the struts can bifurcate into connecting struts of
varying dimension.

In the placement (expanded) configuration, each filter of the present invention
moves towards its memorized position and the extent it returns to its fully memorized
posttion will be dependent on the size of the vessel in which the filter is inserted. (The
larger the vessel, the closer the filter comes to returning to its fully memorized position.)

To enable movement between an expanded and collapsed configuration, the filter
tube of the embodiments described herein is preferably made of shape memory metal
- matenal, such as Nitinol, a nickel titanium alloy. The memorized cdnﬁguration of the -
filter 10 is shown in Figure 3. To facilitate passage of the filter 10 through the lumen of
the delivery sheath 100 (shown in Figure 9 in conjunction with the method of isertion)

and 1nto the vessel, cold saline is injected into the delivery sheath or catheter 100 and

around the filter 10 in its collapsed position within the delivery sheath 100. This shape
memory matenial characteristically exhibits rigidity in the austenitic state and more

flexibility in the martensitic state. The cold saline maintains the temperature dependent

filter 10 in a relatively softer condition as it is in the martensitic state within the sheath.
This facilitates the exit of filter 10 from the sheath 100 as frictional contact between the
filter 10 and the inner surface of the sheath would otherwise occur if the filter was
maintained in a rigid, i.e. austenitic, condition.

Once ejected from the delivery sheath or catheter 100, the filter is no longer

cooled and is exposed to the warmer body temperature, which causes the filter 10 to

return towards its austenitic memorized configuration. Filters 10, 100 and 210 as well as

filter 300, 400, 500 and 500°, operate in a similar manner.
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Figs. 9-11 illustrate delivery and placement of the filter 10, by way of example, in
the inferior vena cava. Delivery catheter 100 is inserted through the femoral vein “f and
advanced through the iliac arteries into the inferior vena cava:. Delivery catheter would
be withdrawn once the tip of the sheath is adjacent the structure so that withdrawal of the
sheath would place the filter in the desired location of Fig. 11. Tubing 104 and valve
assembly 106 enable saline injection. Delivery catheter 100 is withdrawn to enable filter
10 to be warmed by body temperature to transition to the expanded placement
configuration. The other filters described herein could be inserted in the same manner. -
This enables blood clots or other particles to be directed to the center of the filter section
by the angled struts. Thus the direction of insertion, e.g. upstream or downstream
direction, will determine how the filter is to be positioned in the delivery catheter.

Figures 12-22 illustrate alternate embodiments of the filter of the present
nvention having a single filtering portion and two mounting portions.

Turning first to the embodiment of Figures 12-16, and with initial reference to
Figures 12 and 13, the filter is designated generally by reference numeral 310 and is
shown in a collapsed configuration for delivery. Filter 310 is preferably formed from a
single tube 311. In a preferred embodiment, the filter 310 is composed of shape memory |
material, such as Nitinol, a nickel titanium alloy, or elgiloy; however, other materials
such as stainless steel are also contemplated. The memorized configuration of the filter
310 1s shown in Figure 14. A plurality of cutouts 312 are formed in the filter 310,
preferably by laser cutting although other techniques are contemplated. In the illustrated
embodiment, six elongated cutouts are formed in the first region 315 and in the second

region 317, creating two pairs of six strips or struts 330, 350, respectively, separated by

the cutouts 312. Preferably the struts in each set are of substantially uniform width. The
second set of struts 350, used for anchoring or mounting the filter, thus extends from
tubular portion 318 and the first set of struts 330, used for filtering and additional
anchoring, extends from tubular portion 318. Longitudinal struts 340 extend between

tubular portions 318 and 319, thus connecting the two sets of struts (see Figure 14).
The collapsed configuration of filter 310 reduces the overall profile to facilitate

delivery to the site. The diameter of filter 310 in the collapsed configuration is

represented by reference Pl and preferably is about 2mm and more preferably about
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1.7mm. Other dimensions are also contemplated.  The filter is thus preferably
dimensioned for insertion through a 6 French delivery system or 6 French catheter. The

diameter or transverse dimensions of the filter in the expanded placement configurations
18 greater than the diameter or transverse dimension P1 in the collapsed (delivery)
configuration.

Figures 14-16 illustrate the expanded placement configuration of the filter 310.

As noted above, filter 310 has a first set of struts 330 forming a bell-shaped region in the
expanded configuration. The struts 330 have a filtering region 332 having a converging
region 334. At the opposing end, the struts 330 have a flared region 335. In larger
vessels, the filter can expand to a diameter or transverse dimension shown in Figure 15.
In smaller vessels, the filter expands to a smaller diameter than in larger vessels.
Diameters (or transverse dimensions) preferably range from about 18 mm to about 32

mm, depending on the internal diameter of the vessel wall as will be explained in more

detail below. Other dimensions are also contemplated.
Struts 330 are spaced apart as shown and extend at an angle away from the

longitudinal axis L of filter 310 in region 335 to provide a flare. Preferably, this angle or

taper 1s about 10 degrees, although other dimensions are contemplated. In the filtering
- region 332, beginning at an intermediate portion of the filter (the transition between the °
regions 335, 332) the struts 330 extend mwardly to the longifudinal axis at an angle to the
. .Tespective tub.ular portion 319 thereby forming an angle with the longitudinal axis. That °
- 18, filtering section 332 extends from the flared re gion toward the central longitudinal axis
L1 of'the filter 310 and converges at portion 334 into tubular portion 319. For clarity, not
all of these sections of each strut 330 are labeled in the drawings, it being understood that
the non-labeled struts have the same confi gurationé.

Struts 350 are spaced apart as shown and extend at an angle preferably about 60
degrees (other dimensions are contemplated) away from the longitudinal axis L1 of filter
310. The struts 350 extend outwardly from the longitudinal axis at an angle to the tubular
- portion 318, thereby forming an angle with the longitudinal axis, and then curve
outwardly at a lesser angle to provide mounting portions. The struts 350 are preferably

flared. The struts 350 can have an elongated mounting surface to engage the vessel wall.
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In the embodiment of Figure 14, the struts 350 terminate in blunt tips 354. In this
embodiment, the radial force of the struts 350 helps to retain the filter and helps prevent

tilting and promote self-centering. In an alternate embodiment, the struts 350 can
terminate in vessel engaging hooks. These are described below for example In the
embodiment of Figure 19, although such hooks can be placed on any of the filter
embodiments described herein to enhance retention.

In the illustrated embodiment, when expanded, the six struts 350 and the six struts
330 are shown spaced approximately 60 degrees apart. It is also contemplated that a
fewer or greater number of struts could be provided and spacing other than 60 degrees be
provided. The struts 350 can also be radially offset from the struts 330, e.g., by 30
degrees. It is also contemplated that struts 350 can have a larger transverse dimension
than struts 330. |

In the expanded placement configuration, a portion of each elongated strut 330
and 350 has an outer surface 331, 351 respectively, for engagement with the vessel wall
to help retain the filter 10 in position in the vessel. This region is angled with respect to
the longitudinal axis. The outer surface 331,351 of struts 330, 350 could be roughened to
enhance engagement. Alternatively, a plurality of cutouts, atraumatic tabs, barbs or other - -
penetrating members (not shown) can extend from the outer surface of one or more of the
struts to engage the vessel wall to retain the filter.

As can be appreciated, the tubular portion 311 connects the struts 330 and 350.
As shown 1n Figure 14, two elongated struts 340 extend from' tubular portion 318 to
tubular portion 19, thereby connecting the regions 315 and 317. This can be achieved by
removing some of the lon gitudinal struts during manufacturing, This reduces the amount
of material, which is placed in the body. Alternatively, six longitudinal struts formed by
the six cutouts could connect the regions 315 or 31 7, or a different number of struts could
be provided.

With continued reference to Figures 14 and 15, each of the struts 330 terminates
1n a hook 360a, 360b which extends substantially perpendicular from the strut. This
arrangement is achieved by torquing the struts 330 at the respective region 337 (or along
an extended length of the strut) so the hook portions bend out of the plane. The hooks

360a, 360b of .ﬁlter 310 lie in the plane of the end of the strut region, aligned with the
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width surface “wl1” of the region. The hooks can alternatively be formed or placed on

fewer than all of the struts.
In the illustrated embodiment, the hooks of filter 310 in region 317 are of two

different sizes as in the hooks 70a, 70b described above. That 1S, a first set of hooks 360a
is larger than a second set of hooks 360b and are preferably formed in a laser cut tube.
Hooks 360a, 360b are preferably identical to hooks 70a, 70b of the embodiment of Fi gure
1, e.g., hook 360a occupies a region of two struts, smaller hooks 360b are spaced axially
inwardly with respect to larger hooks 360a and nest within larger hooks 360a (see Figure
13) as each hook 360b has an outer surface 367 which conforms to an inner surface 369
of a hook 360a. The penetrating tips 362a, 362b of hooks 360a, 360b, respectively,
penetrate the tissue to rétain the filter, preferably temporarily.

It should be appreciated that the hooks or other vessel engaging structure can be
placed on both sets of struts 330, 350 or alternatively be placed only on struts 330 or only
on struts 350 or placed on fewer than all the struts of the particular set of struts.

A recess or cutout can be provided at the tubular end portion 318 to receive a
snare or other device for removal. In the preferred embodiment, a hook 392 at tubular -
- portion 318 is illustrated and is configured to receive a snare.

Hook 390 in a preferred embodiment is identical to hook 90 of Figure 1. That is,

1t has a curved hook 392 to receive a retrieval snare or other retrieval device of an annular

nterior surface 394 (see Figure 16B), extending from radiused region 395 to

_ proximalmost edge 396 and having an interior surface 394a at the radiused region 395 -
and an interior surface 394b at the hook 392. The outer wall of the snare sheath (tube)
can partially fit within the cut out region 393 to enhance removal as described above with
respect to hook 90 into collinear arrangement with the sheath tube. The radiused side
walls 399a, 399¢ adjacent top wall 399b form camming surfaces like walls 99a, 99¢ of
hook 90.

Figure 17 illustrates an alternate embodiment of the filter of the present invention.
In this embodiment, the struts of filter 400 are interconnected at the filtering region. This

creates closed geometric shapes at the filtering region to enhance the clot capturing

capability of the filter. Also, by providing the interconnection more forward
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(downstream) within the first region 412, ie. in the filtering region (filtration zone),

linear movement of the filter is facilitated to enhance removal of the filter.

Filter 400 has a filtering region (portion/section) 419 and a flared anchoring
(mounting) region (portion/section) 421 in first region 412, forming a bell shape. The
mounting region 421 is of greater transverse dimension than the respective filtering
region 419. Flared region 421 is preferably at an angle of about 10 degrees with respect
to the longitudinal axis of the filter, although other angles are contemplated. In this
flared region 421, the transverse dimension increases towards the anchoring end of the
region 412 so that as in the other embodiments disclosed herein, the end of the filter at
region 419 has a smaller transverse dimension than at the opposing end at the respective
flared regions 421. The filtering region 419 extends from the flared region 421 toward
the longitudinal axis of the filter 400 and converges at portion 432 into tubular portion
429. Longitudinally extending struts 430 connect the two sets of axially spaced struts
414, 454. Providing fewer longitudinal struts 430 is also contemplaied.

Filtering region 419 preferably has six struts 414 curving outwardly from tubular
portion 429. Each filter strut or strut portion 414 extends radially from tubular portion
429 and divides into two connecting filter struts or strut portions 414a, 414b (preferably
of equal width) that angle away from each other (in different directions) to extend to the
connecting strut portion of an adjacent strut 414. Thus, connecting strut portion 414a of

- one strut 414 nterconnects with the connecting strut portion 414b of an adjacent strut at
~ joining or connecting region 414d. This forms closed geometric shapes 425, preferably
substantially diamond shaped in configuration. For clarity, not all of the identical parts
are labeled in the drawing. In the illustrated embodiment, preferably six struts are
provided forming twelve interconnecting struts, however a different number of struts and
closed geometric shapes can be provided. Also, fewer than all of the struts could be

interconnected. Also, although preferably the struts 414 divide into connecting struts
414a, 414b of half the width of the undivided strut 414, the struts can bifurcate to form

connecting struts of other dimensions. It is also contemplated that fewer than all of the

struts can be interconnected.

After convergence of strut portions 414a, 414b at joining region 4144, it

transitions into elongated mounting strut portions 414¢ which form flared mounting or
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-anchoring region 421. The length of the strut portions 414c¢ in the anchoring region‘ 421

can vary, with increased/decreased length increasing the tflexibility/rigidity of the struts.
The thickness of the strut portions can also vary to affect flexibility/rigidity. .
Struts 454 of filter 400 are preferably identical to struts 350 of Figure 14. Thus,
struts 454 extend outwardly from the longitudinal axis at an angle to the tubular portion
418 thereby forming an angle with the longitudinal axis, and then curve outwardly at a

lesser angle to provide mounting portions. The struts 454 are preferably flared and have

blunt ends 453.
Preferably, the strut portions 4!46 terminate in hooks 440a, 440b identical to

hooks 360a, 360b of Figure 14. That is, the hooks lie in the plane of the respective struts
414c and hooks 440a are larger than hooks 440b. The larger hooks are formed so they

occupy a region equivalent to the transverse dimension of two adjacent struts. Smaller
hooks 440b nest within larger hooks 440a as described above in conjunction with hooks
70a, 70b and 360a, 360b. Note that smaller hooks 440b are spaéed axially (inwardly) of
. hooks 440a as well as spaced axially with respect to éach other as in hooks 160b. Other
hook designs could alternatively be provided. Struts 454 could also optionally terminate
in hooks similar to hooks 440a and/or 440b (or other vessel engaging structure) instead of
blunt tip 453 as in the embodiment of Figure 17.

Filter 400 can also preferably have a retrieval hook, such as hook 415 formed in
~ tubular portion 418 which is identical to hook 390 of Figure 12.

Figure 18 illustrates another alternate embodiment of the filter, designated by
reference numeral 500. Filter 500, having a first set of struts 514 and a second set of
struts 534, 1s similar to filter 110 except for filtering region 519. That is, like filter 110,
filter 500 has a filtering region 519, which extends from the flared anchoring region 521
and extends toward the central longitudinal axis of the filter 500, with struts 514
converging at portion 522 into tubular portion 531. The flared region, as in filter 110, is
at an angle preferably about 10°, although other angles are contemplated. Struts 534 are
identical to struts 454 of Figure 17 and preferably have blunt tips 535. For clarity, not all
of these sections of each strut 514, 534 are labeled in the drawing, it being understood
that the non-labeled struts have the same configurations. Filter 500 preferably has a
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retrieval hook, such as hook 550, which is identical to hook 390 of F 1igure 12, although

other hooks are contemplated.
The region 519 of filter 500 where the struts 514 interconnect (Join) differs from

filter 400. In filter 500, the struts 514 bifurcate into connecting strut portions 514a, 514b
that angle away from each other. The connecting struts are joined to connecting struts of

adjacent struts at joining region 523. Thus, closed geometric shapes 528 are formed as
shown. Six such closed geometric shapes 528 are preferably formed, each connecting
adjacent struts, although fewer closed shapes are contemplated if fewer than all the struts
are interconnected. Thus, stated in othgr words, as in the embodiment of Figure 17, each
strut 514 bifurcates or divides into two connecting strut portions 514a, 514b which
imtially extend outwardly from each other. As each strut extends outwardly, the strut
portion 514a joins the strut portion 514b of an adjacent strut at region 523. However,
after convergence of strut portions 514c, 514d at Joining region 523, it bifurcates into
connecting . strut or strut portions 514c, 514d that angle away from each other.
Connecting struts 514c, 514d of adjacent struts are Joined at region 524, thus forming six .
closed geometric shapes 526. Strut portions S14¢ extend frdm Joined region 524 and -
transition into hook regions and terminate in hooks 229a, 529b, preferably identical to
hooks 360a, 360b of Figure 14.

Although shown divided into equally dimensioned struts; as with the other

embodiments described herein, the struts can bifurcate into connecting struts of varying

dimension.

In the alternate embodiment of Figure 19, filter 500’ s identical to filter 500 of
Figure 18 except for the provision of hooks 570a, 570b on struts 534’. These hooks
570a, 570b provide additional retention of the filter 500°. The hooks 570a, 570b are
preferably identical to hooks 529a, 529b, respectively, of Figure 18. Since the other

features are identical to filter 500, corresponding parts are provided with “prime”

designations. For clarity, not all parts are labeled.
Note the designations of longitudinal, angled, curved, bowed, connected, joined

connecting strut, interconnected, etc. in the illustrated embodiments described herein

refer to the same integral strut and are divided into such regions for ease of

understanding.
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T'o facilitate passage of the filter 310 through the lumen of the delivery sheath 700

(shown in Figure 9 in conjunction with the method of insertion) and into the vessel, cold
saline 1s injected into the delivery sheath or catheter 700 and around the ﬁlter 310 n its
collapsed position within the delivery sheath 700 as described above with respect to filter
10. The cold saline maintains the temperature dependent filter 310 in a relatively softer
condition as it is in the martensitic state within the sheath to facilitate the exit of filter 310
from the sheath 700 in the same manner as filter 10 described above as frictional contact
between the filter 310 and the inner surface of the sheath would otherwise occur if the
filter was maintained in a rigid, i.€. austenitic, condition. Once ejected from the delivery
sheath or catheter 700, the filter is no longer cooled and is exposed to the warmer body
temperature, which causes the filter 310 to return towards its austenitic memorized
configuration,.

In alternate embodiments of the foregoing filters, the strut width can vary, For
example, the struts can be wider at the flared region than at the filtering portion. This is
preferably achieved by removing material to create the thinner portions. These thinner
porﬁons increase the flexibility of the filter for forming the angled and curved portions
upon deployment. Alternatively, the filter can have struts which are thinner, rather than
wider, at the flared region than at the angled and curved regions of the filtering portion.
This would provide more stability at the curved regions. The adjustment of the widths is

designed to strike a balance between stability and ﬂéxibility of the various regions of the
filter. Thus, other width variations are contemplated such as making multiple width
changes within each strut and/or in different struts.

The filter 310 (and other filters described herein) can be inserted through the
jugular vein in the neck of the patient or through the femoral vein in the leg of the patient

or the arm. The hilters can also be placed in the superior vena cava. ¥t can also be

removed from access through the inferior vena cava or throu gh the internal jugular vein.
Figs. 20-31 illustrate delivery and placement of the filter 3 10, by way of example,

in the inferior vena cava. Delivery catheter 700 is inserted through the femoral vein “f”

and advanced through the iliac arteries into the inferior vena cava. Delivery catheter

would be withdrawn once the tip of the sheath is adjacent the structure so that withdrawal

of the sheath would place the filter in the desired location of Figure 22. Tubing 404 and
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valve assembly 406 enable saline injection. Delivery catheter 700 is withdrawn to enable
filter 310 to be warmed by body temperature to transition to the expanded placement
configuration. The other filters described herein could be inserted i the same manner.
This enables blood clots or other particles to be directed to the center of the filter section
by the angled struts. Thus the direction of insertion, e.g. upstream or downstream
direction, will determine how the filter is to be positioned 1n the delivery catheter.

To facilitate removal of the foregoing filters from the vessel, cold saline can be
injected onto the implanted filter or within the retrieval sheath to change the temperature
of the filter to move it to a relatively softer condition to facilitate the filter being drawn
into the retrieval sheath. That is, injection of cold saline will cause the filter to approach
its martensitic state, bringing the filter to a more flexible condition. The flexible
condition facilitates the collapse and withdrawal of the filter into the retrieval sheath by

decreasing the frictional contact between the filter and the inner surface of the retrieval

sheath.

While the above description contains many specifics, they are exempi'i~ﬁcati0ns )
of preferred embodiments. For example, the filters can be inserted in other regions of
the body. Also, any of the aforedescribed filters can have mounting sections of varying
thickness. The foregoing filters can be made of materials other than shape memory
material. The scope of the claims should not be limited by the preferred embodiments

set forth herein, but should be given the broadest interpretation consistent with the

*description as a whole.
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The embodiments of the present invention for which an exclusive property or privilege is claimed are

defined as follows:

1. A vessel filter comprising a first region and a second region, the filter movable between a
collapsed position for delivery to the vessel and an expanded position for placement within the vessel,
the first region having a first set of struts and having a first mounting portion and a first filter portion
opening in a first direction and having a first converging region at a first portion to direct particles
toward the center of the filter, the second region having a second set of struts having second mounting
portion and a second filter portion opening in the first direction and having a second converging
region at a second portion to direct particles toward the center of the filter, the second converging
region being axially spaced from the first converging region, and adjacent struts of the first set of

struts are interconnected by strut portions extending towards one another.

2. The vessel filter of claim 1, wherein adjacent struts of the second set of struts are

interconnected by strut portions extending towards one another.

3. The vessel filter of claim 1, wherein the first set of struts is radially offset from the second set
of struts.
1, A vessel filter comprising a first region and a second region, the filter movable between a

collapsed position for delivery to the vessel and an expanded position for placement within the vessel,
the first region having a first set of struts forming a first mounting portion and a first filter portion
opening in a first direction, the filter portion having a first converging region at a first portion to direct
particles toward the center of the filter, the mounting portion being flared in the expanded position to
have a transverse dimension increasing toward a second portion opposite the first portion, the second
region having a second set of struts forming a second mounting portion being flared in the expanded

position and opening in the first direction, a plurality of spaced apart struts extending between the first

and second regions.

5. The vessel filter of claim 4, wherein the filter is formed from a laser cut tube and composed of

shape memory material.

0. The vessel filter of claim 4, wherein struts of the first set of struts terminate in a vessel

engaging hook.

7. The vessel filter of claim 4, wherein struts of the second set of struts terminate in a vessel

engaging hook.
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8. The vessel filter of claim 7, wherein struts of the first set of struts terminate in a vessel
engaging hook.
9. The vessel filter of claim 6, wherein each of the vessel engaging hooks lies in a common

plane with the respective strut.

10. The vessel filter of claim 4, wherein at least two adjacent struts of the first set of struts are

interconnected by strut portions extending towards one another.

11. The vessel filter of claim 5, wherein at least two adjacent struts of the first set of struts are

interconnected by strut portions extending towards one another.

12. The vessel filter of claim 10, wherein the at least two adjacent struts interconnect at a first

joining region and then bifurcate into two interconnecting struts, wherein interconnecting struts of

adjacent struts join at a second joining region.

13. The vessel filter of claim 4, wherein the struts extending between the first and second regions

are substantially parallel to a longitudinal axis of the filter.

14. The vessel filter of claim 4, wherein the second region further includes a retrieval region, the
retrieval region including a hook having a cutout exposing an internal annular surface, the annular

surface dimensioned to receive a portion of a retrieval sheath.

15. The vessel filter of claim 14, wherein the retrieval region includes a radiused region having

- first and second curved surfaces extending distally inwardly.

16. A vessel filter comprising a first region and a second region, the filter movable between a
collapsed position for delivery to the vessel and an expanded position for placement within the vessel,
the first region having a first set of struts and having a first mounting portion and a first filter portion
opening in a first direction and having a first converging region at a first portion to direct particles

toward the center of the filter, the second region having a second set of struts having a second

mounting portion, and adjacent struts of the first set of struts are interconnected by strut portions

extending towards one another.

17. The vessel filter of claim 16, wherein struts of the first set of struts terminate in vessel

engaging members.
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