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patient's femoral vein and a method for retrieving the filter through the pa-
tient's femoral vein. The filter includes a plurality of struts (20) hav— ing con-
nected ends attached together along a longitudinal axis, a shaft (30) disposed
along the longitudinal axis and having a first end (32) disposed with the con-
nected ends of the struts, a first cuft (40) slidably disposed on the shaft, and a
second cuff (50) disposed over the struts and connected to the first cuff.
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FEMORAL REMOVAL VENA CAVA FILTER

BACKGROUND

[0001] The present invention relates to medical devices. More particularly, the
invention relates to a removable intravascular filter that can be removed from the vena
cava of a patient through the patient’s jugular or femoral vein.

[0002] Filtering devices that are percutaneously placed in the vena cava have been
available for a number of years. A need for such filtering devices arises in trauma
patients, orthopedic surgery patients, neurosurgery patients, or in patients having medical
conditions requiring bed rest or non-movement. Patients having such medical conditions
face an increased risk of thrombosis in the peripheral vasculature, wherein thrombi break
away from the vessel wall, risking downstream embolism or embolization. For example,
depending on the size, such thrombi pose a serious risk of pulmonary embolism wherein
blood clots migrate from the peripheral vasculature through the heart and into the lungs.
[0003] Historically, vena cava filters were considered to be permanent implants and
remained implanted in the patient for life. More recently, removable vena cava filters
have been developed. These filters may be removed from the patient’s vena cava after
the condition or medical problem that required the device has passed.

[0004] The benefits of vena cava filters, and particularly removable vena cava filters,
have been well established, but improvements may be made. For example, the vast
majority of the removable vena cava filters currently on the market must be removed
through the patient’s jugular vein. In some instances, however, removal through the
patient’s femoral vein is preferable to removal through the jugular vein. For example,
filters sometimes shift or become stuck in a patient’s vena cava. The ability to retrieve
such troublesome filters from a different access point can increase the likelihood that they
will be removed successfully. In addition, jugular retrieval requires that a retrieval sheath
be advanced through the patient’s heart, which is contraindicated in some cases. Finally,
scarring at the access point is less noticeable when retrieval is initiated through the
femoral vein.

[0005] It has been a challenge to design a vena cava filter suitable for removal

through a patient’s femoral vein.
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SUMMARY OF INVENTION

[0006] The present invention generally provides an intravascular filter suitable for
deployment in a patient’s vena cava and retrieval via the patient’s jugular or femoral vein.
The invention also provides a method for retrieving the intravascular filter from the
patient’s vena cava through the patient’s femoral vein.

[0007] Inone embodiment, the present invention provides an intravascular filter
having an expanded state for capturing thrombi in a patient’s blood vessel and a
collapsed state for removal from the patient’s vasculature. The filter includes a plurality of
struts, a shaft disposed along the longitudinal axis, a first cuff slidably disposed on the
shaft, and a second cuff disposed over the struts and connected to the first cuff. Each
strut has a connected end, a free end, and a filtering portion disposed between the
connected end and the free end. The connected ends of the struts are attached together
along the longitudinal axis, and the struts generally extend in a second direction from the
connected ends to the free ends. The shaft has a first end disposed with the connected
ends of the struts and a second end. The shaft extends in the second direction from the
first end to the second end. The first cuff has a first position and a second position along
the shaft, and the second position is disposed in the second direction from the first
position. The second cuff has a third position and a fourth position over the struts. The
second cuff is disposed in the third position when the first cuff is in the first position and in
the fourth position when the first cuff is in the second position. When the second cuff is in
the third position, the second cuff is disposed in a first direction relative to the filtering
portions of the struts. The second cuff is disposed over the filtering portions of the struts
when the second cuff is in the fourth position. Thus, the filter may be in the expanded
state when the first cuff is in the first position and is in the collapsed state when the first
cuff is in the second position.

[0008] In another embodiment, the present invention provides a method for retrieving
an intravascular filter from a patient’s vena cava through the patient’s femoral vein. The
method involves percutaneously inserting a retrieval assembly into the patient’s
vasculature through the patient’s femoral vein. The retrieval assembly includes a retrieval
sheath, a first control member, and a second control member. In a second step, the
method involves advancing the retrieval assembly through the patient’s vasculature to a
retrieval position proximal to an intravascular filter constructed in accordance with the
present invention in the patient’s vena cava. In a third step, the method involves

contacting the shaft with the first control member to stabilize the intravascular filter. In a
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fourth step, the method involves attaching the second control member to the first cuff. In
a fifth step, the method involves retracting the second control member proximally to move
the first cuff in the second direction along the shaft such that the second cuff slides over
the filtering portions of the struts to collapse the intravascular filter. In a sixth step, the
method involves advancing the retrieval sheath distally over the intravascular filter. In a
seventh step, the method involves removing the retrieval assembly and the intravascular
filter from the patient’s vasculature.

[0009] Further objects, features, and advantages of the present invention will become
apparent from consideration of the following description and the appended claims when
taken in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Fig. 1ais a side view of an intravascular filter in an expanded state in
accordance with the principles of the present invention.

[0011] Fig. 1bis a side view of the intravascular filter of Fig. 1a illustrating the
intravascular filter with its struts omitted in order to show details of the intravascular filter
that are obscured by the struts in Fig. 1a.

[0012] Fig. 2ais a side view of an intravascular filter in a collapsed state in
accordance with the principles of the present invention.

[0013] Fig. 2bis a side view of the intravascular filter of Fig. 2a illustrating the
intravascular filter with its struts omitted in order to show details of the intravascular filter
that are obscured by the struts in Fig. 2a.

[0014] Fig. 3is an end view of the intravascular filter of Figs. 1a-b and 2a-b
illustrating one configuration of a shaft and stop making up part of the filter.

[0015] Figs. 4a-b are environmental views illustrating the delivery of an intravascular
filter to a patient’s vena cava.

[0016] Fig. 5is a flow chart depicting a method of retrieving an intravascular filter
from a patient’s vena cava through the patient’s femoral vein in accordance with the
principles of the present invention.

[0017] Fig. 6 is an exploded view of a retrieval assembly for retrieving the
intravascular filter of the present invention from a patient’s vena cava through the

patient’s femoral vein.
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[0018] Fig. 7 is an environmental view of the retrieval assembly of Fig. 6 extending to
a retrieval position proximal to the intravascular filter of the present invention. Most of the
struts of the filter have been omitted from the drawing for the sake of clarity.

[0019] Fig. 8 is an environmental view of the retrieval assembly of Fig. 6 and the filter
of the present invention in which a first control member of the retrieval assembly is
contacting a shaft of the filter to stabilize the filter during retrieval. Most of the struts of
the filter have been omitted from the drawing for the sake of clarity.

[0020] Fig. 9is an environmental view of the retrieval assembly of Fig. 6 and the filter
of the present invention in which a second control member of the retrieval assembly is
attached to a first cuff of the filter during retrieval. Most of the struts of the filter have
been omitted from the drawing for the sake of clarity.

[0021] Fig. 10 is a cross-sectional view of a stop on a shaft of a filter in accordance
with one embodiment of the present invention.

[0022] Fig. 11 is an environmental view of the retrieval assembly of Fig. 6 and the
filter of the present invention in which the filter has been moved to the collapsed state by
moving a second cuff over the struts of the filter. Most of the struts of the filter have been
omitted from the drawing for the sake of clarity.

DETAILED DESCRIPTION

[0023] The present invention generally provides an intravascular filter suitable for
deployment in a patient’s vena cava and retrieval via the patient’s jugular or femoral vein.
The invention also provides a method for retrieving the intravascular filter from the
patient’s vena cava through the patient’s femoral vein.

[0024] Figs. 1a-b and 2a-b illustrate an intravascular filter 10 in accordance with the
principles of the present invention. The filter 10 has an expanded state (Fig. 1a) for
capturing thrombi in a patient’s blood vessel (e.g., in the patient’s vena cava) and a
collapsed state (Fig. 2a) for removal from the patient’s vasculature.

[0025] The filter 10 comprises a plurality of struts 20, a shaft 30, a first cuff 40
disposed on the shaft 30, and a second cuff 50 disposed over the struts 20 and
connected to the first cuff 40. For the sake of clarity, certain elements of the filter 10 have
been omitted from Figs. 1a-b and 2a-b. More specifically, the first cuff 40 has been
omitted from Figs. 1a and 2a. The struts 20 have been omitted from Figs. 1b and 2b.
[0026] In the following description of the filter 10, reference will be made to a first

direction and a second direction. The first and second directions will be understood to be
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the directions indicated by the arrows A and B, respectively, in Fig. 1a. In subsequent
figures, the same understanding of the first and second directions will apply, even if the
arrows A and B do not appear in the subsequent figures.

[0027] Referring again to Fig. 1a, each of the struts 20 has a connected end 21, a
free end 22, and a filtering portion 23 disposed between the connected end 21 and the
free end 22. The connected ends 21 of the struts 20 are attached together along a
longitudinal axis X of the filter 10. The struts 20 generally extend in a second direction
(indicated by arrow B in Fig. 1a) from the connected ends 21 to the free ends 22.
[0028] The filter 10 may have any suitable number and configuration of struts 20
without falling beyond the scope or spirit of the present invention. For example, the struts
20 of the filter 10 may be configured as described in any of US Publication No.
2005/0267513 A1, US Publication No. 2007/0005095 A1, US Patent No. 7,972,353, US
US Patent No. 7,625,390, US Patent No. 7,699,867, US Publication No. 2006/0069406
A1, and US Patent No. 5,133,733, all of which are incorporated herein by reference in
their entireties.

[0029] In one embodiment, shown in Fig. 1a, the plurality of struts 20 may include a
plurality of primary struts 20a and a plurality of secondary struts 20b freely spaced
between the primary struts 20a. Each primary strut 20a has a primary strut connected
end, a primary strut free end 22a, and a primary strut filtering portion 23a disposed
between the primary strut connected end and the primary strut free end 22a. Each
primary strut filtering portion 23a extends arcuately along the longitudinal axis X and
linearly radially to define an arcuate segment 24a. The arcuate segment 24a includes a
first curved portion 25a and a second curved portion 26a. The first curved portion 25a
extends from the primary strut connected end away from the longitudinal axis X, and the
second curved portion 26a extends from the first curved portion 25a toward the
longitudinal axis to the primary strut free end 22a. The primary strut free ends 22a may
include anchoring hooks 27a, which may be integral with the arcuate segment 24a and
have the same thickness as the arcuate segment 24a.

[0030] Each secondary strut 20b has a secondary strut connected end, a secondary
strut free end 22b, and a secondary strut filtering portion 23b disposed between the
secondary strut connected end and the secondary strut free end 22b. Each secondary
strut extends freely from the secondary strut connected end to the secondary strut free
end 22b, avoiding contact with primary struts 20a and other secondary struts 20b when
the filter 10 is in the expanded state. Each secondary strut filtering portion 23b extends

5
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arcuately along the longitudinal axis X and linearly radially and includes a first arc 25b
and a second arc 26b. The first arc 25b extends from the secondary strut connected end
away from the longitudinal axis X. The second arc 26b extends from the first arc 25b
toward the longitudinal axis X and terminates at the secondary strut free end 22b.
Preferably, the secondary strut free ends 22b do not include anchoring hooks.
[0031] Preferably, the struts 20 are formed of a superelastic material, stainless steel
wire, Nitinol, cobalt-chromium-nickel-molybdenume-iron alloy, cobalt-chrome alloy, or any
other suitable superelastic material that will result in a self-opening or self-expanding
filter.
[0032] Referring again to Figs. 1a-b and 2a-b, the shaft 30 is disposed along the
longitudinal axis X of the filter 10. The shaft 30 has a first end 32 and a second end 32.
The first end 32 is disposed with the connected ends 21 of the struts 20, and the shaft 30
extends in the second direction from the first end 32 to the second end 34.
[0033] The second end 34 of the shaft 30 may be disposed in the first direction
relative to, in the second direction relative to, or relatively even with the free ends 22 of
the struts 20 along the longitudinal axis X. Preferably, the second end 34 of the shaft 30
is disposed in the first direction relative to the free ends 22 of the struts 20, i.e., the shaft
30 is preferably shorter than the struts 20.
[0034] The shaft 30 may have a round cross-sectional shape. However, the shaft 30
may also have any other suitable cross-sectional shape without falling beyond the scope
or spirit of the present invention.
[0035] The shaft 30 may be constructed from any material known in the art to be
suitable for deployment in a patient’s vasculature and is preferably constructed from the
same material as the struts 20.
[0036] In some embodiments, the filter 10 may include a hub 70 disposed along the
longitudinal axis X. The hub may house the first end 32 of the shaft 30 and the
connected ends 21 of the struts 20. The shaft 30 extends in the second direction from
the hub 70 to the second end 34, while the struts 20 extend in the second direction from
the hub to the free ends 22. A jugular retrieval hook 72 may extend in the first direction
from the hub 70.
[0037] As shown in Figs. 1b and 2b, the first cuff 40 is slidably disposed on the shaft
30. As noted above, the first cuff 40 is not shown in Figs. 1a and 2a for the sake of
clarity. The first cuff 40 may have any shape suitable for receiving and sliding along the
shaft 30 without falling beyond the scope or spirit of the present invention. In some

6
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embodiments, the first cuff has a substantially cylindrical shape, and the shaft 30 passes
through the volume of the cylinder.

[0038] The first cuff 40 has a first position 42 (Fig. 1b) and a second position 44 (Fig.
2b) along the shaft 30. The second position 44 is disposed in the second direction from
the first position 42. In other words, the first position 42 of the first cuff 40 is closer to the
first end 32 of the shaft 30, while the second position 44 of the first cuff 40 is closer to the
second end 34 of the shaft 30. The first cuff 40 may be constructed from any material
known in the art to be suitable for deployment in a patient’s vasculature and is preferably
constructed from the same material as the struts 20 and the shaft 30.

[0039] A femoral retrieval hook 46 may be disposed with the first cuff 40. The
femoral retrieval hook 46 preferably allows the first cuff 40 to be pulled in the second
direction along the shaft 30. The femoral retrieval hook 46 may have any structure
suitable to achieve this function. For example, as shown in Fig. 1b, the first cuff 40 may
have a hook end 45 oriented in the second direction. The femoral retrieval hook 46 may
extend in the second direction from the hook end 45 of the first cuff 40. Alternatively, the
femoral retrieval hook 46 may be disposed on the side of the first cuff 40. The femoral
retrieval hook 46 may be attached to the first cuff 40 by any means known in the art or
may be unitarily formed with the first cuff 40.

[0040] As shown in Figs. 1a-b and 2a-b, the second cuff 50 is disposed over the
struts 20 and is connected to the first cuff 40. The second cuff 50 may have any shape
suitable for receiving the struts 20. For example, the second cuff 50 may have a
cylindrical shape defining a second cuff lumen 55 that receives the struts 20. The second
cuff 50 may also have a leading end 56 oriented in the second direction and a trailing end
58 oriented in the first direction. The second cuff 50 may be constructed from any
material known in the art to be suitable for deployment in a patient’s vasculature and is
preferably constructed from the same material as the struts 20 and the shaft 30.

[0041] The second cuff 50 may be connected to the first cuff 40 by any means known
in the art. Preferably, the second cuff 50 is rigidly connected to the first cuff 40, such that
any movement of the first cuff 40 in the first or second direction along the shaft 30 results
in an equal amount of movement of the second cuff 50 in the same direction. For
example, one or more connectors 60 may extend from the second cuff 50 to the first cuff
40, passing between two struts 20. Each connector 60 may comprise a wire segment
and may attach to the second cuff 50 at the leading end 56 and to the first cuff 40 at the
end opposite the hook end 45, i.e., at the connector end 43. Any suitable number of

7
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connectors 60 may be present. Preferably, at least two connectors 60 are present. The
connectors may be constructed from any suitable material and preferably are constructed
from the same material as the first and second cuffs 40 and 50.

[0042] The second cuff has a third position (Figs. 1a-b) and a fourth position (Figs.
2a-b) over the struts. Because the second cuff 50 is connected to the first cuff 40, the
position of the second cuff 50 depends on the position of the first cuff 40.

[0043] When the first cuff 40 is in the first position 42 (Fig. 1b), the second cuff 50 is
in the third position 52. The second cuff 50 is disposed in the first direction relative to the
filtering portions 23 of the struts 20 when the second cuff 50 is in the third position 52.
For example, the second cuff 50 may be disposed over the connected ends 21 of the
struts 20, with the connected ends 21 disposed in the second cuff lumen 55, when the
second cuff 50 is in the third position 52. If the filter 10 includes a hub 70, the second cuff
50 may be disposed coaxially over the hub 70 when the second cuff 50 is in the third
position 52. Thus, when the first cuff 40 is in the first position 42, and the second cuff 50
is in the second position 52, the second cuff 50 does not constrain the struts 20 along the
longitudinal axis X, and the filter 10 may be in the expanded state unless otherwise
constrained to the collapsed state (Fig. 1a).

[0044] When the first cuff 40 is in the second position 44 (Fig. 2b), the second cuff 50
is in the fourth position 54. In the fourth position, 54, the second cuff 50 is disposed over
the filtering portions 23 of the struts 20. Thus, when the first cuff 40 is in the second
position 44, and the second cuff 50 is in the fourth position 54, the filtering portions 23 of
the struts 20 are constrained in the second cuff lumen 55 along the longitudinal axis X,
and the filter 10 is in the collapsed state (Fig. 2a).

[0045] As shown in Figs. 1a-b and 2a-b, the shaft 30 may have a stop 80 disposed at
its second end 34. The stop 80 prevents the first cuff 40 from sliding off of the shaft 30.
The stop 80 may comprise one or more cross members 82. Each cross member 82 may
have two ends 84 and a midpoint 86. The second end 34 of the shaft 30 may adjoin each
cross member 82 substantially at the midpoint 86 of the cross member 82. In order to
prevent the first cuff 40 from sliding off of the shaft 30, it will be understood that the
lengths of the cross members 82 will preferably be greater than the diameter of the first
cuff 40.

[0046] Referring now to Fig. 3, the stop 80 may comprise two cross members 82
intersecting each other and the second end 34 of the shaft 30 substantially at their
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midpoints 86. In this embodiment, the cross members 82 may intersect each other
substantially at right angles, such that the stop 80 has an X-shape.

[0047] In the following discussion of the deployment and retrieval of the filter 10, the
terms “proximal” and “distal,” and derivatives thereof, will be understood in the frame of
reference of a medical practitioner deploying or retrieving the filter 10. Thus, “proximal’
refers to locations closer to the practitioner, and “distal” refers to locations further from the
practitioner (i.e., deeper in the patient’s vasculature).

[0048] The filter 10 may be deployed in a patient’s vena cava using techniques well
known to those having ordinary skill in the art. A delivery tube is percutaneously inserted
into the patient's vasculature and is advanced through the vasculature until the distal end
of the delivery tube is at the location of deployment in the patient’s vena cava. A wire
guide is preferably used to guide the delivery tube to the location of deployment.

[0049] Referring to Figs. 4a-b, the filter 10 may be delivered through a delivery tube
90 inserted into the patient’s femoral vein (Fig. 4a) or jugular vein (Fig. 4b). The shaft 30,
first cuff 40, and second cuff 50 have been omitted from Figs. 4a-b for the sake of clarity
and because these elements of the filter 10 are not used in the deployment of the filter
10. However, it will be understood that the first and second cuffs 40 and 50 will
preferably be in the first and third positions 42 and 52, respectively, during delivery of the
filter, so that the filter can self-expand to the expanded state in the patient’s vena cava
upon deployment from the delivery tube 90.

[0050] For femoral vein delivery (Fig. 4a), the filter 10 is inserted through the proximal
end of the delivery tube 90 with the jugular retrieval hook 72 leading and the free ends 22
of the struts 20 trailing. For jugular vein delivery (Fig. 4b), the filter 10 is inserted through
the proximal end of the delivery tube 90 with the free ends 22 of the struts 20 leading and
the jugular retrieval hook 72 trailing. A pusher wire (not shown) may be fed through the
proximal end of the delivery tube 90, pushing the filter 10 through the delivery tube 90
until the filter 10 exits the distal end of the delivery tube 90 at the location of deployment.
[0051] After the risk of embolization has passed, the filter 10 may be removed from
the patient’s vena cava. For example, the filter 10 may be removed through the patient’s
jugular vein using procedures that are well known to those having ordinary skill in the
relevant art. For example, the filter 10 may be removed through the patient’s jugular vein
using the method described in US Patent No. 7,625,390, the entire contents of which are
incorporated herein by reference.
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[0052] Referring now to Fig. 5, the present invention provides a method 500 for
retrieving an intravascular filter from a patient’s vena cava through the patient’s femoral
vein. The method 500 is most useful for the retrieval of the intravascular filter 10
described above with reference to Figs. 1a-b, 2a-b, and 3, but it may be used for the
retrieval of any intravascular filter without falling beyond the scope or spirit of the present
invention.

[0053] The method 500 involves the use of a retrieval assembly 100, as illustrated in
Fig. 6. The retrieval assembly 100 includes a retrieval sheath110, a first control member
120, and a second control member 130. The retrieval sheath 110 has a proximal sheath
end 114, a distal sheath end 116, and a sheath lumen 112 formed therethrough.
Preferably, the first control member 120 is a tubular member having a proximal tube end
124, a distal tube end 126, and a tube lumen 122 formed therethrough. Preferably, the
second control member 130 comprises an elongate member 132 having a proximal
access end 133 and a distal control end 135. More preferably, the second control
member 130 further comprises a snare loop 134 attached to the distal control end 135 of
the elongate member 132.

[0054] In use, the first and second control members 120 and 130 are preferably
disposed in the sheath lumen 112 of the retrieval sheath 110. Thus, in some preferred
embodiments, the first and second control members 120 and 130 may be disposed in a
side by side relationship in the sheath lumen 112 of the retrieval sheath 110. More
preferably, where the first control member 120 is a tubular member as described above,
the first control member 120 is disposed in the sheath lumen 112 of the retrieval sheath
110, and the second control member 130 is disposed in the tube lumen 122 of the first
control member 120.

[0055] As indicated in box 501, the method 500 comprises percutaneously inserting
the retrieval assembly 100 into the patient’s vasculature through the patient’s femoral
vein. The components of the retrieval assembly 100 may be inserted into the patient’s
vasculature in any order, or simultaneously, without falling beyond the scope or spirit of
the present invention. For example, the first and second control members 120 and 130
may be disposed in the sheath lumen 112 of the retrieval sheath 110, and the entire
retrieval assembly 100 may be inserted into the patient’s vasculature simultaneously.
Alternatively, the retrieval sheath 110 may be inserted into the patient’s vasculature, and
then the first and second control members 120 and 130 may be inserted into the sheath
lumen 112 of the retrieval sheath 110. The components of the retrieval assembly 100

10
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may be inserted into the patient’s vasculature in any other order without falling beyond
the scope or spirit of the present invention.

[0056] As indicated in box 502, and as illustrated in Fig. 7, the method 500 further
comprises advancing the retrieval assembly 100 through the patient’s vasculature to a
retrieval position P proximal to the filter 10. As described above in connection with the
step of inserting the retrieval assembly 100 into the patient’s vasculature, the components
of the retrieval assembly 100 may be advanced through the patient’s vasculature in any
order, or simultaneously, without falling beyond the scope or spirit of the present
invention.

[0057] Asindicated in box 503, and as illustrated in Fig. 8, the method 500 further
comprises contacting the shaft 30 of the filter 10 with the first control member 120 to
stabilize the filter 10. Preferably, the first control member 120 contacts the second end
34 of the shaft 30 so that the second control member 120 does not interfere with the
movement of the first cuff along the shaft 30. The first control member 120 may contact
the second end 34 of the shaft 30 in any manner suitable to stabilize the filter 10. For
example, the first control member 120 may abut against the second end 34 of the shaft
30, attach onto the second end 34 of the shaft 30, or contact the shaft 30 in any other
manner suitable to stabilize the filter 10.

[0058] As discussed above, some embodiments of the filter 10 comprise a stop 80
disposed at the second end 34 of the shaft. The stop 80 may comprise one or more
cross members. For example, the stop 80 may comprise two cross members defining an
X-shape. In these embodiments, the step of contacting the shaft 30 of the filter 10 with
the first control member 120 may comprise abutting the first control member 120 against
the stop 80, against the one or more cross members, or against the two cross members.
[0059] As indicated in box 504, and as illustrated in Fig. 9, the method 500 further
comprises attaching the second control member 130 to the first cuff 40. As discussed
above, the filter 10 may include a femoral retrieval hook 46 disposed with the first cuff 40
(Figs. 1a-b and 2a-b). Thus, if the second control member includes a snare loop 134, the
step of attaching the second control member to the first cuff 40 involves placing the snare
loop 134 over the femoral retrieval hook 46.

[0060] The step of attaching the second control member 130 to the first cuff 40 will
preferably be performed while the first control member 120 is in contact with, and
stabilizing, the shaft 30. In some embodiments, the first control member 120 will be

abutted against the stop 80 at the second end 34 of the shaft 30. Thus, it is necessary to
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avoid disturbing the abutting relationship of the first control member 120 and the stop 80
when attaching the second control member 130 to the first cuff 40.

[0061] If the second control member 130 is disposed in the sheath lumen 112 of the
retrieval sheath 110, but not in the tube lumen 122 of the first control member 120, the
step of attaching the second control member 130 to the first cuff 40 generally will not
disturb this abutting relationship. For example, the second control member 130 will be
advanced distally out of the sheath lumen 112 towards the filter 10. The elongate
member 132 of the second control member 130 will simply slide past the abutted first
control member 120 and stop 80 until the snare loop 134 reaches the femoral retrieval
hook 46 on the first cuff 40.

[0062] On the other hand, if the second control member 130 is disposed in the tube
lumen 122 of the first control member 120, it is necessary to advance the second control
member 130 out of the distal tube end 126 of the first control member 120 while the distal
tube end 126 of the first control member 120 is abutted against the stop 80. As illustrated
in Fig. 10, this may be accomplished where the stop 80 comprises one or more cross
members 82. As discussed above, the one or more cross members 82 span the diameter
of the first control member 120 without completely blocking the opening into the tube
lumen 122 at the distal tube end 126 of the first control member 120.

[0063] Fig. 10 illustrates a cross-sectional view of the stop 80 abutted against the first
control member 120. As shown in Fig. 10, if the stop 80 comprises two cross members
82, the distal tube end 126 of the first control member 120 may abut against the cross
members 82, such that the cross members 82 span the diameter of the first control
member 120, and the ends 84 of the cross members 82 extend outwardly beyond the
diameter of the first control member 120. In this embodiment, the two cross members 82
of the stop 80 allow four openings from the tube lumen 122 of the first control member
120. Thus, the second control member 130 may be advanced distally out of the first
lumen 122 through any of these four openings to attach to the first cuff.

[0064] As indicated in box 505, and as illustrated in Fig. 9, the method 500 further
comprises retracting the second control member 130 proximally (i.e., in the direction of
the arrow R) to move the first cuff 40 in the second direction along the shaft 30. As the
first cuff 40, moves in the second direction along the shaft 30, the connected second cuff
50 moves in the second direction over the struts 20. As the second cuff 50 slides over
the filtering portions 23 of the struts 20, the second cuff 50 forces the struts 20 to move
toward the longitudinal axis, collapsing the filter 10. More specifically, the leading end 56

12
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of the second cuff 50 contacts the outer surface of the struts 20 and forces the struts 20
to move toward the longitudinal axis. As the filtering portions 23 of the struts 20 move
toward the longitudinal axis and the second cuff 50 moves in the second direction, the
struts 20 are received in the second cuff lumen 55. With the filtering portions 23 of the
struts 20 constrained along the longitudinal axis, the filter 10 is in the collapsed state
(Figs. 2a and 11).

[0065] As indicated in box 506, and as illustrated in Fig. 11, the method 500 further
comprises advancing the retrieval sheath 110 distally in the direction of the arrow M over
the filter 10. When the filter 10 is in the collapsed state, as shown in Fig. 11, the filter 10
can be accommodated in the sheath lumen.

[0066] As indicated in box 507, the method 500 further comprises removing the
retrieval assembly and the filter from the patient’s vasculature. With the filter safely
stowed in the sheath lumen, the risk of damage to the vasculature during the removal of
the filter is minimized.

[0067] While the present invention has been described in terms of certain preferred
embodiments, it will be understood that the invention is not limited to the disclosed
embodiments, as those having skill in the art may make various modifications without

departing from the scope of the following claims.
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CLAIMS

1. An intravascular filter having an expanded state for capturing thrombi in a patient’s
blood vessel and a collapsed state for removal from the patient’s vasculature, the filter
comprising:

a plurality of struts, each strut having a connected end, a free end, and a filtering
portion disposed between the connected end and the free end, the connected ends of the
struts being attached together along a longitudinal axis, the struts generally extending in a
second direction from the connected ends to the free ends;

a shaft disposed along the longitudinal axis, the shaft having a first end disposed
with the connected ends of the struts and a second end, the shaft extending in the
second direction from the first end to the second end;

a first cuff slidably disposed on the shaft, the first cuff having a first position and a
second position along the shaft, the second position being disposed in the second
direction from the first position; and

a second cuff disposed over the struts and connected to the first cuff, the second
cuff having a third position and a fourth position over the struts, the second cuff being
disposed in the third position when the first cuff is in the first position and in the fourth
position when the first cuff is in the second position, the second cuff being disposed in a
first direction relative to the filtering portions of the struts when the second cuff is in the
third position, the second cuff being disposed over the filtering portions of the struts when
the second cuff is in the fourth position, such that the filter may be in the expanded state
when the first cuff is in the first position and is in the collapsed state when the first cuff is
in the second position.

2. The intravascular filter of claim 1, further comprising a femoral retrieval hook

disposed with the first cuff.

3. The intravascular filter of claim 1, further comprising one or more connectors

extending from the first cuff to the second cuff.

4. The intravascular filter of claim 1, wherein each of the first and second cuffs has a

substantially cylindrical shape.
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5. The intravascular filter of claim 1, further comprising:

a hub disposed along the longitudinal axis, the hub housing the first end of the
shaft and the connected ends of the struts, the shaft extending in the second direction
from the hub to the second end, the struts extending in the second direction from the hub
to the free ends; and

a jugular retrieval hook extending in the first direction from the hub.

6. The intravascular filter of claim 5, wherein the second cuff is disposed coaxially

over the hub when the second cuff is in the third position.

7. The intravascular filter of claim 1, wherein the shaft has a stop disposed at its

second end to prevent the first cuff from sliding off of the shaft.

8. The intravascular filter of claim 7, wherein the stop comprises one or more cross
members, each cross member having two ends and a midpoint, the second end of the
shaft adjoining each cross member substantially at the midpoint of the cross member.

9. The intravascular filter of claim 8, wherein the stop comprises two cross members,
the cross members adjoining each other and the second end of the shaft substantially at

their midpoints, such that the stop has an X-shape.

10. The intravascular filter of claim 1, wherein the plurality of struts comprises:

a plurality of primary struts, each primary strut having a primary strut connected
end, a primary strut free end, and a primary strut filtering portion disposed between the
primary strut connected end and the primary strut free end, each primary strut filtering
portion extending arcuately along the longitudinal axis and linearly radially to define an
arcuate segment, the arcuate segment including a first curved portion and a second
curved portion, the first curved portion extending from the primary strut connected end
away from the longitudinal axis, the second curved portion extending from the first curved
portion toward the longitudinal axis to the primary strut free end, the primary strut free end
including an anchoring hook, the anchoring hook being integral with the arcuate segment
and having the same thickness as the arcuate segment; and

a plurality of secondary struts freely spaced between the primary struts, each
secondary strut having a secondary strut connected end, a secondary strut free end, and
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a secondary strut filtering portion disposed between the secondary strut connected end
and the secondary strut free end, each secondary strut freely extending from the
secondary strut connected end to the secondary strut free end avoiding contact with other
secondary struts and primary struts, each secondary strut filtering portion extending
arcuately along the longitudinal axis and linearly radially, each secondary strut filtering
portion including a first arc and a second arc, the first arc extending from the secondary
strut connected end away from the longitudinal axis, the second arc extending from the
first arc toward the longitudinal axis and terminating at the secondary strut free end
without a hook.

11. A method for retrieving an intravascular filter from a patient’s vena cava through
the patient’s femoral vein, the method comprising:

percutaneously inserting a retrieval assembly into the patient’s vasculature
through the patient’s femoral vein, the retrieval assembly comprising a retrieval sheath, a
first control member, and a second control member;

advancing the retrieval assembly through the patient’s vasculature to a retrieval
position proximal to the intravascular filter in the patient’s vena cava, the intravascular
filter comprising:

a plurality of struts, each strut having a connected end, a free end, and a
filtering portion disposed between the connected end and the free end, the connected
ends of the struts being attached together along a longitudinal axis, the struts generally
extending in a second direction from the connected ends to the free ends;

a shaft disposed along the longitudinal axis, the shaft having a first end
disposed with the connected ends of the struts and a second end, the shaft extending in a
second direction from the first end to the second end;

a first cuff slidably disposed on the shaft; and

a second cuff disposed over the struts and connected to the first cuff;

contacting the shaft with the first control member to stabilize the intravascular
filter;

attaching the second control member to the first cuff;

retracting the second control member proximally to move the first cuff in the
second direction along the shaft such that the second cuff slides over the filtering portions
of the struts to collapse the intravascular filter;

advancing the retrieval sheath distally over the intravascular filter; and
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removing the retrieval assembly and the intravascular filter from the patient’s

vasculature.

12. The method of claim 11, wherein the shaft has a stop disposed at its second end;
and wherein said contacting the shaft with the first control member to stabilize the

intravascular filter comprises abutting the first control member against the stop.

13. The method of claim 12, wherein the stop comprises one or more cross members,
each cross member having two ends and a midpoint, the second end of the shaft
adjoining each cross member substantially at the midpoint of the cross member; and
wherein said abutting the first control member against the stop comprises abutting the

first control member against the one or more cross members.

14. The method of claim 13, wherein the stop comprises two cross members, the
cross members adjoining each other and the second end of the shaft substantially at their
midpoints, such that the stop has an X-shape; wherein said abutting the first control
member against the stop comprises abutting the first control member against the two

cross members.

15. The method of claim 11, wherein the intravascular filter further comprises a
femoral retrieval hook disposed with the first cuff; wherein the second control member
comprises an elongate member having a snare loop at its distal end; and wherein said
attaching the second control member to the first cuff comprises placing the snare loop
over the femoral retrieval hook.
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