Office de la Proprieté Canadian
Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2636419 C 2013/02/19

(11)(21) 2 636 419

(12 BREVET CANADIEN
CANADIAN PATENT
13) C

(86) Date de déepot PCT/PCT Filing Date: 2007/01/12

(87) Date publication PCT/PCT Publication Date: 200//07/26
(45) Date de délivrance/lssue Date: 2013/02/19

(85) Entree phase nationale/National Entry: 2008/07/07

(86) N° demande PCT/PCT Application No.: US 200//000982
(87) N° publication PCT/PCT Publication No.: 200//084431
(30) Priorité/Priority: 2006/01/13 (US11/331,754)

51) Cl.Int./Int.Cl. A67F 2/07 (2006.01)

(72) Inventeurs/Inventors:
CULLY, EDWARD H., US;
HARTMAN, CODY L., US;
NORDHAUSEN C?AIGT - US;
TITTELBAUGH, ERIC M., US;
VONESH, MICHAEL J., US

(73) Proprietaire/Owner:
GORE ENTERPRISE HOLDINGS, INC., US

(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : FILTRE DE CONDUIT SANGUIN AMOVIBLE
(54) Title:. REMOVABLE BLOOD CONDUIT FILTER

(57) Abrégée/Abstract:
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maintained In a relatively open state with only minimal interference from the members making up the filter device so that blood flow
can be maintained at a relatively normal rate. Concentrically surrounding the inner zone Is the intermediate zone, to which captured
emboll are directed out of the bloodstream passing primarily through the inner zone. Finally, concentrically surrounding the
Intermediate zone Is the outer zone adjacent to the vessel wall. This Is also intended to be kept free of emboli, so that emboli in the
bloodstream immediately adjacent the vessel wall are directed away from the wall by the filter design and into the intermediate
zone, thereby avoiding the accumulation of emboli adjacent the vessel wall that might otherwise result in stenosis. The blood filter is
Intended primarily for use as an inferior vena cava filter, although it can be made In a range of sizes allowing its use In blood vessels
and particularly venous vessels of differing diameters. The filter is preferably removable.
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(57) Abstract: The present invention relates to a non-evertable blood filter that divides the transverse cross sectional area of a
@ venous vessel into three annular regions or zones. The inner zone, the region immediately surrounding the longitudinal axis of the
& vessel, is maintained in a relatively open state with only minimal interference from the members making up the filter device so that
—— . . . . . . . . . .
[~ blood flow can be maintained at a relatively normal rate. Concentrically surrounding the inner zone is the intermediate zone, to which
& captured emboli are directed out of the bloodstream passing primarily through the inner zone. Finally, concentrically surrounding
& the intermediate zone is the outer zone adjacent to the vessel wall. This is also intended to be kept free of emboli, so that emboli in
N (he bloodstream immediately adjacent the vessel wall are directed away from the wall by the filter design and into the intermediate
zone, thereby avoiding the accumulation of emboli adjacent the vessel wall that might otherwise result in stenosis. The blood filter is
intended primarily for use as an inferior vena cava filter, although it can be made in a range of sizes allowing its use in blood vessels
and particularly venous vessels of differing diameters. The filter is preferably removable.
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TITLE OF THE INVENTION

REMOVABLE BLOOD CONDUIT FILTER

FIELD OF THE INVENTION

This application relates to a blood conduit filter for capturing blood clots within a
blood vessel, particularly within a venous vessel and still more particularly within the inferior

vela Cava.

BACKGROUND OF THE INVENTION

The migration of blood clot from the peripheral vasculature to the pulmonary arteries
and lungs is known as pulmonary embolism. Typically, these clots originate in the lower
limbs and migrate toward the heart and lungs. These clots can result from a variety of
éonditions such as trauma or deep vein thrombosis. If a clot is of sufficient size, it can
occlude the pulmonary arteries and interfere with blood oxygenation in the lungs. This
occlusion can result in shock or death. [ndividuals who experience a pulmonary embolism
have a high likelihood of experiencing subsequent embolic events.

In these cases, blood thinning medications, e.qg., anticoagulants such as heparin and
warfarin sodium, or antiplatelet drugs such as aspirin, are given to the patient to prevent
another embolic event. The utility of these medical therapies is limited because they may
not be able to be administered to patients following surgery or stroke or for those patients
presenting with a high risk of internal bieeding. Additionally, these medications are not
always effective at preventing recurrent embolic events.

Therefore, surgical methods were developed in an effort to reduce the likelihood of
pulmonary embolism recurrence by physically blocking the blood clot from migrating to the
pulmonary artery and lungs. Since the inferior vena cava transports blood from the lower
limbs to the heart, this vessel was a common site of surgical intervention. One method of
treatment involved reducing the size of the inferior vena cava by application of ligatures or
clips around the vessel. This prevented the migration of large clots from the lower
vasculature to the heart. However, this required an extensive open surgical procedure with
associated abdominal incision and general anesthesia. The effects of the surgical procedure
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coupled with lengthy recovery times led to complications such as vessel thrombosis and
lower extremity swelling; thereby aggravating the condition of the patient.

To avoid this invasive surgical approach, less invasive catheter-based approaches
have been developed. These involve the placement of filter devices in the inferior vena
cava. These filters are inserted under local anesthesia through the femoral vein in the
patient’s leg, the nght jugular vein in the patient’s neck or the subclavian vein in the patient's
arm. Using standard catheter techniques, the filters are then advanced intravascularly to the
inferior vena cava where they are deployed and expanded against the vessel wall. These
filters interrupt the migration of blood clots from the lower extremities to the heart and lungs.
Once trapped in the filter, flow of blood around the clot helps to dissolve the embolic load in
the device.

Previous filters take various forms. One type of filter is comprised of coiled or looped
wires such as disclosed in U.S. Patents 5,893,869 and 6,059,825. Another type of filter
consists of legs with free ends having anchors for embedding and stabilizing in the vessel
wall. Examples of these filters are disclosed in U.S. Patents 4,688,553; 4,781,173:
4,832,055; 5,059,205; 5,984,947 and 6,007,558. Finally, filters that incorporate a means for
removal are disclosed in U.S. Patents 5,893,869; 5,984,947 and 6,783,538. US patent
6,635,070 describes a temporary filter device that is removed by everting a portion of the
filter structure to allow it to be withdrawn into a catheter device.

Several factors need to be considered in designing filters for use in the venous
system. To prevent migration to the heart, the filter must be securely anchored to the
adjacent vessel wall. However, filter anchoring must be accomplished in an atraumatic
fashion so as to avoid vessel wall damage and perforation of the neighboring descending
aorta and bowel. The area of contact with the vessel wall should be minimized in order to
avoid vessel wall hypertrophy and caval stenosis. In addition, the filter must be capable of
collapsing to an acceptable delivery profile to allow atraumatic intravascular delivery to the
inferior vena cava. Additionally, the filter should direct blood clots away from the vessel wall
to avoid vena cava thrombosis. Finally, it is preferred that such a filter device be removable
from the implant site.

Three key shortcomings of current vena cava filter designs include: (1) inability or
difficulty of filter removal, (2) non-optimal flow characteristics resulting in flow stasis, flow
stagnation and filter occlusion and (3) caval stenosis. From a clinical perspective, there are
many Instances in which it would be desirable to place a venous filter in a patient on a
prophylactic basis and then remove the filter when it is no longer required, e.g. young trauma
patients, obese patients, or neurosurgical patients. In addition, current venous filters do not
exhibit an optimized flow pattern in the presence of clot. It would be advantageous to
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develop a filter that distributes captured clot in such a way as 1o minimize significant central
(mid-line, or about the longitudinal axis of the vessel) flow disturbances and avoid clot
contacting the vessel wall. Finally, the hypertrophic tissue response in the regions of the
vessel wall contacted by the filter device not only inhibits filter removal but aiso causes

stenosis of the vena cava. This vessel stenosis can lead to thrombosis of the vena cava.
SUMMARY OF THE INVENTION

The present invention relates to a blood conduit filter (preferably a vena cava filter)
that divides the transverse cross sectional area of a blood vessel (such as the inferior vena
cava) into three annular regions or zones. The inner zone, the region immediately
surrounding the longitudinal axis of the vessel, is maintained in a relatively open state with
only minimal interference from the members making up the inner filter element (a clot
deflector assembly) so that blood flow about the longitudinal axis (mid-line) of the vessel can
be maintained substantially uninterrupted. Concentrically surrounding the inner zone is the
intermediate zone, to which captured emboli are directed out of the bloodstream passing
primarily through the inner zone. Finally, concentrically surrounding the intermediate zone IS
the outer zone adjacent to the vessel wall. This outer zone is intended to be maintained as a
high flow region which is kept free of emboli. Emboli in the bloodstream immediately
adjacent the vessel wall are directed away from the wall by the filter design and into the
intermediate zone, thereby avoiding the accumulation of emboli adjacent the vessel wall that
might otherwise lead to stenosis or stricture of the vessel. :

The blood filter is intended primarily for use as a vena cava filter, although it can be
made in a range of sizes alldwing its use in vessels of various diameters. The filter is also
preferably made to be removable with the use of flexible anchoring hooks.

The blood filter comprises multiple strut elements that extend outwardly and
rearwardly from a center located along the longitudinal axis of the device. Preferably, some
or all of the strut elements include an outwardly-directed flexible anchoring hook located
some distance from the rearward end of the strut component.

Additionally, the device also includes a clot diverter component that includes multiple
strut elements that also emanate from the device center. These diverter strut elements
alternate radially around the device with the filter strut elements. They also extend outwardly
and rearwardly from the center, but after reaching about half of the overall device maximum
diameter, they turn back toward the longitudinal center line of the device and again converge
at this longitudinal axis some distance rearward of the center from which they began. The
clot diverter constructed in this fashion has elements spaced closely enough together to
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move clots outward from the longitudinal axis of the blood vessel and thus maintain this
iInner zone portion of the vessel open to blood flow.

The filter of the present invention is preferably made from a superelastic, highly
flexible material such as nitinol. This material allows for strong and flexible struts and results
in a device that may be easily compacted to a small diameter for insertion into a tubular
delivery device such as a catheter tube. The filter device may be loaded into one end of a
delivery catheter in either direction, depending on whether it is delivered distally or
proximally to the impiant site. When delivered to a desired site in the vasculature, the filter
device is easily deployed by simply pushing it out of the end of the delivery catheter and
allowing it to self-expand. It may be inserted into the vasculature at several different
locations (e.g., a femoral vein, the right jugular vein or the subclavian vein).

The use of nitinol for the manufacture of the device allows for the device to be readily
compacted for withdrawal from the vasculature into a retrieval catheter. The design of the
struts results in a strong and non-evertable design, meaning that during retrieval the device
Is not everted back into itself but instead is collapsed diametrically and withdrawn into a
catheter in the direction of the filter center component (i.e., in a proximal direction for a filter
implanted in the venous system).

The filter device is most preferably made by cutting lengths of nitinol tubing, for
example, by laser cutting. Devices constructed from a single nitinol tube, multiple tubes or
combinations of tubes and wires might be used to implement the invention. Various other
materials, alone or in combination inciuding in combination with nitinol, may be used to
construct these filter devices. These other materials may include, without limitation, various
stainless steels and various polymeric materials including shape memory polymers.

A retrieval tool useful for retrieving the filter is also described; this too! can also be
used for the retrieval or transport of various other devices. The design of the tool also allows
it to be used as a temporary in vivo filter.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic representation of a tfransverse view of a blood conduit indicating the
three annular zones that blood flow is divided into by the blood filter of the present
invention.

Figure 2 is a side cross sectional view of the blood filter in use in a blood conduit.

Figure 3 is a perspective view of the blood filter of the present invention.
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Figure 4 is a perspective view of a longitudinal cross section of the blood filter of the present

invention.
Figure 5 is a side view of the longitudinal cross section of the blood filter of the present

invention.

Figure 6 is an end view of the blood filter of the present invention.

Figures 7A and 7B describe a snare type retrieval tool intended to allow removal of the blood
filter.

Figures 8A and 8B show the use of the snare type retrieval tool as a temporary blood filter.

Figures 9A-9C show the use of the snare type retrieval tool to remove an implanted blood
filter.

DETAILED DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic representation of a transverse view of a blood conduit 10
indicating the three annular zones 14, 15 and 16 that blood flow is divided into by the biood
filter of the present invention. These are referred to respectively as the inner, intermediate
and outer zones.

Figure 2 is a side cross sectional view of the blood filter 20 in use in a blood conduit
10. Filter 20 when implanted into a blood vessel 10 shares a common longitudinal axis 13
with the blood vessel 10. The filter 20 comprises multiple filter struts or filter elements 22
that emanate from the filter center 26. The filter struts 22 are made of wire-like maternials,
meaning that they are of small cross-section in comparison to their substantially greater
lengths. This small cross-section may be round, elliptical, square, rectangular or otherwise
as desired. For definition purposes, consistent with the use of the filter 20 in a venous
application such as an inferior vena cava, filter center 26 is located at the proximal end 30 of
the filter device 20, while the opposite end of the filter struts or filter elements 22 that
emanate from the filter center 26 terminate at the distal end 32 of the filter 20.

Filter 20 further includes multiple clot deflector struts or elements 24 that also
emanate from filter center 26. These clot deflector struts 24 alternate radially about the
circumference of the filter device 20 with the filter struts 22. The clot deflector struts 24
extend outward radially only a portion of the inside diameter of the blood vessel 10 and then
return to the filter device longitudinal axis 13 as they move rearwardly away from the filter
center 26, until these clot deflector struts 24 again converge at the distal center 28, located
along the longitudinal axis 13 some distance distally from filter center 26.
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Blood flow in vessel 10 is indicated by arrows 11. Dimension arrows 14, 15 and 16
respectively define (as noted above for Figure 1) the inner, intermediate and outer zones. It
is seen how the combination of the filter struts 22 and clot deflector struts 24 allow blood flow
in the inner zone 14 as the struts 24 of the clot deflector assembly 25 are sufficiently closely
spaced to deflect blood clots of a size large enough to be of concern outwardly from this
inner zone 14. The combined arrangement of clot deflector struts 24 and filter struts 22
result in accumulation of clot in intermediate zone 15, represented by toroidal shape 15 in
Figure 2. Filter struts 22 outside of the inner zone 14, in the region of the intermediate zone
15, are adequately close together to capture large blood clots as they are pushed in a
proximal direction by blood flow. As these filter struts 22 extend distally and outwardly to
contact the luminal surface 12 of vessel 10, they diverge sufficiently to loose their
effectiveness as clot filters and define outer zone 16 by allowing blood to flow unimpeded
through the outer zone 16.

Blood filter 20 is preferably anchored to the wall of vessel 10 by flexible anchoring
hooks 29 as will be further described. These flexible anchoring hooks 29 are preferably
located at some distance proximal to the distal end the filter strut 22 to which they are
attached.

Figure 3 is a perspective view of blood filter 20, while Figure 4 is a longitudinal cross
section of the perspective view of Figure 3. These views describe a filter having six filter
struts 22 alternating with six clot deflector struts 24. Flexible anchoring hooks 29 are shown
in the preferred location some distance proximal to the distal end 32 of filter struts 22. ltis
apparent that a variety of filter anchoring hook arrangements are possible. Each filter strut
22 may be provided with one hook 29 as shown, or alternatively a pair of hooks 29 with one
located on each side of filter strut 22. In another alternative, hooks 29 may be provided only
on aiternate filter struts 22, so that only three hooks 29 are provided for a filter 20 having six
filter struts 22. In another alternative, when each filter strut 22 is provided with a pair of
hooks 29, the pair of hooks 29 is located at a different distance from the distal end 32 than is
the pair of hooks 29 of the adjacent filter struts 22. This allows the pairs of hooks 29 on
adjacent filter struts 22 to be offset axially from each other and aids in allowing for a minimal
filter diameter when the device is in a compacted state within a delivery catheter.

Hooks 29 are preferably located some distance proximal of the distal end 32 of filter
struts 22. The base of a hook 29 may be located, for example, at a distance from distal end
of about Tmm, 1.5mm, 2mm, 2.5mm, 3mm, 3.5mm, 4mm, 4.5mm, 5mm, 5.5mm, é6mm,
6.5mm, 7mm, 7.5mm, 8mm, 8.5mm, 9mm, 9.5mm, 10mm or greater. Not having the hook
29 located at the distal end 32 of a filter strut 22 avoids excessive penetration of hooks 29
into the vessel wall. Locating the hooks 29 as shown provides some length of filter strut 22
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on either side of hook 29 and thereby provides supporting contact area of strut 22 on either
side of hook 29 that prevents excessive penetration of hook 29 which could interfere with
later retrievability of filter 20. This hook position also assures that contact with the vessel
wall is maintained over a wide range of vessel diameters. It is further noted that the distal
ends 32 of filter struts 22 may optionally be flattened to provide greater width and surface
area at distal end 32. Likewise, the distal ends 32 (flattened or not) may be provided with
radiopaque plating or radiopaque inserts to enhance visualization of filter 20 during and
following implantation.

The longitudinal cross section of the perspective view of Figure 4 and the longitudinal
cross sectional side view of Figure 5 show how the filter device 20 may be made from two
nitinol tubes. The filter struts 22 emanate from a common length of tubing, the filter center
26, here designated 260 as the outer tubular portion of the filter center 26. The inner filter
center 26i is the common point from which the clot deflector struts 24 emanate. These clot
deflector struts 24 re-converge at the distal center 28. It is apparent how the clot deflector
assembly 25 is made by longitudinally cutting through the wall of a length of tubing at a
number of evenly spaced intervals that corresponds with the number of intended clot
deflector struts 24. The ends of the tubing are left uncut to create filter center 26i and distal
Center 28. Cutting may be accomplished by various known means including laser cutting. A
suitable nitinol tubing for clot deflector assembly 25 intended for use with filter sirut assembly
23 described further below has an outside diameter of about 1.3mm and a wall thickness of
about 0.2mm. Six lengthwise cuts through the wall of this tubing provide clot deflector struts
24 of about 0.2mm width. Following cutting, the individual clot deflector struts 24 are bent
outwardly from the paosition they held in the precursor tube by the application of axial
compression to the lengthwise cut tube.

The filter struts 22 may be cut (e.g., laser cut) from an outer tube, of which only one
tubular end remains after cutting, at filter center 260 (which, as shown is an outer tube that
fits tightly and concentrically around one end of the inner tube forming the clot deflector
struts at 26i). A preferred way of manufacturing this filter strut component allows the making
of a pair of filter strut assemblies 23, wherein a length of tubing sufficiently long to make two
filter strut assemblies 23 is used. A suitable nitinol tubing (for example) is of 2.2mm
diameter with a 0.35mm wall thickness. A sufficient length is left at each end of this length of
tubing to provide a filter center 260 at each end. The length between these two ends is then
cut longitudinally through the wall of the tubing at (for example) six evenly spaced intervals
(l.e., at 60 degree intervals around the circumference of the tube for six filter struts; using the
tubing described above cut into six struts results in a strut width of about 0.45mm). When
these longitudinal cuts are complete, the lengthwise cut tubing is cut in half transversely at
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the mid-point of the length to provide two filter strut assemblies 23; the transverse cut

becomes the distal end 32 of each of the two resulting filter strut assemblies 23. Following
the transverse cutting step, the individual filter struts 22 are bent outwardly from the position
they held previously in the precursor tube to a shape as desired for use as the filter strut
assembly 23 of the blood filter 20. One method of accomplishing this is to force the
transversely cut end against the point of a conical form, thereby flaring the struts outward.

Figures 3-5 also show a preferred method of providing anchoring hooks 29. As
shown, the hooks 29 are made by cutting through the thickness of a strut 22 at the intended
location for hook 29 (region 31). This cut is made in the same direction as the previous cuts
made through the precursor tube wall to create the filter struts 22. The cut is begun
transversely into the width of the strut 22 to a dimension equal to the desired thickness of
hook 29. When the cut is sufficiently deep into the width of strut 22, the cut turns 90 degrees
and continues parallel to the length of the strut 22 for a distance equal to the desired length
of hook 29, at which point the cut is complete. The strut 22 is then twisted axially 90
degrees in region 34 so that the cut surface of the strut 22 (region 31) faces outwardly as
necessary to contact the luminal surface 12 of a vessel wall. The thin segment of matertal
resulting from the cut is then bent upward so that its free end, the point of hook 28, is
directed outwardly as shown to face a vessel wall. The base of hook 29 remains integral
with the material of filter strut 22. The resulting hook 29 is flexible and offers adequate
anchoring without substantially interfering with subsequent removability of the filter 20.

Other angular orientations for hooks 29 (other than about 90 degrees to filter strut 22)
may also prove advantageous. For example, it is possible to fold hook 29 back on itself to
the extent that it is pointing proximally or at some desired angle between a proximal direction
and 90 degrees to the strut. Likewise, the hook 29 may be provided to point distally if
desired.

While further shaping of the pointed tip of anchor hooks 29 is not required, hooks 29
may be modified to any configuration desired by a variety of known metal forming
techniques. One such method involves simply cutling the tip at any desired angle with
cutting pliers to create a sharp point at the tip of hook 29.

After the filter strut assembly 23 and the clot deflector assembly 25 are fitted
concentrically together at the filter center 26, they are permanently joined together to create
essentially a one-piece filter device by a suitable method such as by welding. Welding
together of the inner 26i and outer 260 filter center tubes may be accomplished at the
proximal tip of the filter 20 where the ends of both tubes 260 and 26i are exposed.

The filter device is heat treated as necessary following forming steps. The filter strut
assembly 23 and clot deflector assembly 25 may be separately heat treated prior to being
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welded together as it is believed that the subsequent welding will not adversely affect the
previous heat treatment. A preferred nitinol heat treatment results in an A; of 37°C.

Figure 6 is a proximal end view (i.e., looking in a distal direction) of the blood filter 20
that further describes the above-mentioned aspects.

It is also noted that all surfaces or selected surfaces of blood filter 20 may be
beneficially provided with coatings of various types, including bioabsorbable coatings.
Coatings, for example, may allow for the delivery of various drugs to the adjacent tissues.
This could aid in minimizing the tissue response and resulting tissue overgrowth of the
struts. Examples of useful coatings are described in WO 02/026281 and WO 2004/012783.

Coaxial catheters may be used to effect retrieval of devices of various types including
blood filters of the present invention, as shown by the perspective view of the catheter
delivery and retrieval system illustrated by Figures 7A and 7B. A funnel-shaped wire mesh
snare 91 is provided affixed to the distal end of a first catheter 93, which is delivered to the
retrieval site by an outer, coaxial catheter 95. Extending the inner catheter 93 beyond the
distal end of the outer catheter 95 allows the snare 91 to be deployed, allowing its distal end
to self-expand to a larger diameter at which it may be used to capture a device such as
blood filter 20. Withdrawing inner catheter 93 back into outer catheter 95 forces snare 91
back to a smaller diameter, thereby retaining a captured device within snare 91. This share
91 may also be included as a portion of the catheter delivery system enabling acute retrieval
of a filter device 20 if that should be desired at a time following deployment of device 20.

Snare 91 may be made of a variety of filamentary materials: superelastic nitinol wire
Is preferred for the self-expanding characteristic desired for best performance of snare 91.
The snare 91 may be of woven or braided construction, but may also be made using a
filament winding method. The filament used to make the snare may optionally be provided
with a coating or covering material over the surface of the filament (e.g., ePTFE tape
helically wrapped over the filament surface). Likewise, snare 91 may also be provided with a
covering (e.g., ePTFE film) in the fashion of a covering over a stent to achieve a stent-graft.

Snare devices 91 of this type may be desirably used as temporary venous filters.
Figure 8A shows such a snare 91 used as a temporary inferior vena cava filter with a
delivery catheter 95 serving as a temporary indwelling catheter. Figure 8B shows snare
devices 91 of this type used as temporary filters in the inominate 10i and subclavian 10sc
arteries during surgery involving the aortic arch 10a.

Figure 9A shows a snare device 91positioned to retrieve a removable blood filter 20.
Catheter 95 is inserted into the vasculature via a suitable access point and moved into
appropriate position to effect the retrieval. Snare 91 is extended from catheter 95 until it IS
positioned about the filter center 26. Catheter 95 is moved distally while catheter 93 is
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maintained in position to hold the mouth of snare 91 about filter center 26; distal movement
of catheter 95 with respect to catheter 93 causes snare 91 to be drawn into catheter 85 and
results in closing of snare 91 about filter center 26 as shown by Figure 9B. Figure 9C shows
how continued distal movement of catheter 95 with respect to catheter 93 continues further
withdrawal of snare 81 into catheter 95 while snare 91 retains its grip on filter center 26,
resulting in filter 20 also being diametrically collapsed and withdrawn into catheter 95. When
filter 20 is fully collapsed and withdrawn into catheter 95, catheter 95 may be withdrawn from
the vasculature along with filter 20.

While particular embodiments of the present invention have been illustrated and
described herein, the present invention should not be limited to such illustrations and

descriptions. It should be apparent that changes and modifications may be incorporated and
embodied as part of the present invention as described herein.
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We claim:

1. A blood filter adapted for deployment in a blood vessel having a wall,
comprising a non-everting filter frame having a longitudinal axis and having at
least first and second zones in annular relationship with a third, inner zone that is
disposed about the longitudinal axis, the first, outer zone adjacent to the wall of
the blood vessel, the second, intermediate zone adapted for collection of blooa
clots, and the third, inner zone allowing for continuing blood flow through the filter
substantially uninterrupted by blood clots collected in the intermediate zone,
wherein said filter frame further comprises a filter center located on the
longitudinal axis at a proximal end of the filter and multiple filter struts extending
radially outward from the filter center in a distal direction of a length sufficient to
allow distal ends of said filter struts to contact the wall of said blood vessel, said
filter struts being spaced radially apart from each other, and aiso having multiple
clot deflector struts that also extend radially outward from the filter center in a
distal direction for a distance insufficient to allow them to contact the wall of said
blood vessel, said clot deflector struts being spaced radially apart from each

other and located radially between pairs of adjacent filter struts.

2. The blood filter according to claim 1 wherein the multiple filter struts are

arranged to form a substantiaily conical shape.

3. The blood filter according to claim 1 wherein the inner zone is defined by

the clot deflector struts arranged to have a substantially conical shape.

4. The blood filter according to claim 1 wherein the inner zone Is defined by
said clot deflector struts collectively arranged to form an assembly having
opposing ends of substantially smaller diameter than a middle region between

the opposing ends.

S. The blood filter according to claim 1 wherein the filter comprises wire-like

filter elements.

11
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6. The blood filter according to claim 1 wherein the filter does not occlude
blood flow therethrough.
7. The blood filter according to claim 1 wherein at least a portion of the filter

frame comprises nitinol.

8. The blood filter according to claim 1 wherein the filter is configured for use

as a vena cava filter.

9. The blood filter according to claim 1 wherein the filter consists of a single

piece.

10. The blood filter according to claim 1 wherein the filter consists of two

pleces.

11. The blood filter according to claim 1 wherein the filter has a smaller
compacted diameter for insertion into and passage through a first portion of a
body conduit and a larger expanded diameter for location of the filter within a

second portion of the body conduit.

12.  The blood filter according to claim 1 wherein the filter is removable from a

body conduit at a time subsequent to implantation within the body conduit.

13. A filter adapted for deployment in a blood vessel for entrapment of blood
clots that comprises a non-everting filter having a center flow zone wherein blood
flow through the center flow zone is preserved even with accumulation of blood

clots In the filter.

14.  The filter according to claim 13 that further includes an outer flow zone

wherein blood flow through the outer flow zone is preserved.
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