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(7) ABSTRACT

An apparatus includes a jet housing including an inlet and an
outlet, and a nozzle within the jet housing for injecting fluid
towards the outlet. A filter element is disposed on the inlet,
the filter element including openings for preventing particu-
late larger than a predetermined size from entering the inlet.
The jet housing is positioned within a blood vessel, and fluid
is injected from the nozzle towards the outlet to create a
vacuum at the inlet, thereby causing fluid downstream of the
outlet to flow retrograde through the vessel around the jet
housing into the inlet. The filter element prevents particulate
from entering the inlet, thereby effectively capturing the
particulate, which may be aspirated. Alternatively, a filter
element is used to filter particulate during a procedure. The
filter element everts from a tubular to an everted configu-
ration for capturing particulate.
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APPARATUS AND METHODS FOR CAPTURING
PARTICULATE MATERIAL WITHIN BLOOD
VESSELS

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] The present application is a division of U.S. patent
application Ser. No. 09/862,174 (Attorney Docket No.
19744P-002300US), filed May 21, 2001, the full disclosure
of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention.

[0003] The present invention relates generally to appara-
tus and methods for capturing particulate material within a
blood vessel or other body lumen, and more particularly to
apparatus and methods for capturing and/or removing par-
ticulate material, such as thrombus or other occlusive mate-
rial, released or removed from a treatment site, e.g., an
occlusion, within a blood vessel.

[0004] A number of endovascular procedures are presently
performed on patients with atherosclerotic disease and the
like to treat stenoses, occlusions, lesions, or other regions
within the patient’s blood vessels, such as within the coro-
nary, carotid or cerebral arteries. For example, an angio-
plasty procedure may be used to dilate a stenosis, or a
thrombectomy or atherectomy may be performed to open
severely occluded regions. Astent or other prosthesis may be
implanted to retain patency of a vessel, either alone or in
conjunction with these procedures.

[0005] One of the problems with these procedures, how-
ever, is that particulate, e.g., thrombus, atheroma, or other
embolic or occlusive material may be released from the wall
of the vessel during the procedure. If such particulate travel
downstream, they may become lodged or otherwise harm
the patient. For example, ischemic stroke may occur when
such emboli are released in the carotid or cerebral arteries
and travel to the patient’s brain.

[0006] To prevent or minimize damage from emboli, vas-
cular filters have been suggested that are generally mounted
on a device, such as a catheter, a guidewire, or a sheath.
These devices may be introduced within a blood vessel
downstream of a location being treated, and the filter on the
device deployed across the vessel to capture embolic mate-
rial released during a procedure, such as one of the proce-
dures above. Upon completion of the procedure, the filter
may be collapsed, trapping emboli therein, and then the
device may be removed from the patient.

[0007] Alternatively, procedures have been suggested that
involve deploying a balloon or other occlusive device down-
stream from a treatment site. The balloon may be expanded
to prevent blood flow, thereby trapping any emboli released
during the procedure. An aspirating catheter may be
advanced into the vessel upstream of the balloon, and
vacuum applied to remove the emboli before deflating and
removing the balloon. Because this procedure completely
blocks the vessel from fluid flow, the balloon may not be
inflated for extended periods of time without depriving
locations downstream of blood supply, which may be harm-
ful to the patient.
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[0008] Implantable filter devices have also been suggested
that may be deployed, expanded and released within vessels,
such as vena cava filters. These filter devices may not be
recovered, or may remain within the vessel for extended
periods of time, where they may eventually become
occluded with thrombus, clots, emboli and the like, which
may harm the patient.

[0009] Accordingly, apparatus and methods for capturing
and/or removing particulate material, such as thrombus or
occlusive material, within a blood vessel would be consid-
ered useful.

BRIEF SUMMARY OF THE INVENTION

[0010] The present invention is directed to apparatus and
methods for capturing particulate material within a blood
vessel or other body lumen, and more particularly to appa-
ratus and methods for capturing and/or removing particulate
material, such as thrombus or other occlusive material,
released or removed from a treatment site, e.g., an occlusion,
within a blood vessel.

[0011] In accordance with one aspect of the present inven-
tion, an apparatus is provided that includes a tubular member
or jet housing including an inlet and an outlet. The tubular
member has a cross-section substantially smaller than a
cross-section of a body lumen such that the tubular member
may be introduced into a body lumen generally parallel to a
natural direction of fluid flow within the body lumen such
that the outlet is oriented downstream of the inlet within the
body lumen. A nozzle is disposed within the tubular member
and oriented to inject fluid towards the outlet for generating
a vacuum at the inlet.

[0012] A filter element is disposed on the inlet, the filter
element including a plurality of openings having a prede-
termined maximum size for preventing particulate larger
than the maximum size from entering the inlet of the tubular
member. In one embodiment, the filter element may include
a filter mesh covering the inlet, the plurality of openings
including a plurality of pores in the filter mesh. In a second
embodiment, the filter element may be a tubular body
extending from the inlet, the tubular body including the
plurality of openings in its wall.

[0013] In addition, the apparatus may include an aspirat-
ing element for removing particulate captured by the filter
element. For example, the aspirating element may be a
catheter that is advanceable over the tubular member, the
catheter including a lumen for removing particulate captured
by the filter element.

[0014] In accordance with another aspect of the present
invention, a method is provided for capturing particulate
within a body lumen of a patient. A tubular member may be
positioned within a body lumen, the tubular member includ-
ing an inlet and an outlet, the inlet being located upstream
of the outlet within the body lumen. A jet of fluid may be
injected from within the tubular member towards the outlet,
the jet creating a vacuum at the inlet, the vacuum being
sufficient to cause fluid downstream of the outlet to flow
retrograde through the body lumen around at least a portion
of the tubular member into the inlet. A filter element may be
provided on the inlet, the filter element including a plurality
of openings having a predetermined maximum size for
preventing particulate larger than the maximum size from
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entering the inlet, thereby capturing the particulate at a
location upstream of the outlet of the tubular member.

[0015] The captured particulate may be removed from the
body lumen. For example, the particulate may be aspirated
from the location upstream of the outlet, e.g., by advancing
a distal end of a catheter into the body lumen to aspirate the
particulate into the catheter.

[0016] The method may be performed along with one or
more other interventional procedures at a location upstream
from the tubular member, the procedure releasing material
from a wall of the body lumen. For example, the procedure
may include diagnostic and/or therapeutic interventions,
such as thrombectomy, atherectomy, angioplasty, throm-
bolysis, endarterectomy, and/or stent delivery, such as
coated stent delivery, drug eluting stent delivery, and the
like.

[0017] In accordance with yet another aspect of the
present invention, an apparatus is provided that includes a
first elongate member including a distal portion having a
size for introduction into a body lumen and defining a
longitudinal axis. A tubular filter element is also provided
having first and second ends adjacent first and second
respective portions of the filter element. The first end is
substantially fixed to the distal portion of the first elongate
member, and the second end is movable axially with respect
to the distal portion of the first elongate member towards the
first end to evert the filter element. Preferably, the filter
element is biased to assume a predetermined configuration
programmed into a shape memory of the filter element
material when the filter element is everted, the second
portion being located substantially within the first portion in
the predetermined configuration.

[0018] In a preferred embodiment, the apparatus also
includes a second elongate member including a distal por-
tion to which the second end of the filter element is fixed.
The second elongate member is slidable along the first
elongate member for moving the first and second ends of the
filter element towards one another to cause the filter element
to evert. Preferably, the second elongate member includes a
lumen through which the first elongate member is slidably
received.

[0019] Similar to the previous embodiment, the apparatus
may also include an aspirating element having an inlet that
may be disposed within an interior of the filter element in the
predetermined configuration.

[0020] Inone embodiment, the filter element may define a
space between the first and second portions in the predeter-
mined configuration, and the first portion may include pores
therein that are substantially smaller than pores in the second
portion. The filter element may include one or more struts
extending from the second portion of the filter element to a
distal end of a second elongate member slidably disposed on
the first elongate member.

[0021] Preferably, the filter element is biased to assume an
expanded tubular configuration when the second portion of
the 5 filter element is removed from within the first portion.

[0022] To manufacture a filter element in accordance with
the present invention, an elongate tubular mesh or braid may
be provided having first and second ends, and first and
second portions adjacent the first and second ends, respec-
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tively. The tubular mesh may be shaped into an everted
configuration in which the second portion is disposed con-
centrically within the first portion. The tubular mesh may
then be heated to a predetermined temperature to program
the everted configuration into a shape memory of the tubular
mesh. After heating, the second portion may be removed
from within the first portion to dispose the tubular mesh in
a generally tubular configuration, the tubular mesh main-
taining the tubular configuration in a relaxed state.

[0023] First and second elongate members, e.g., coaxial
guidewires, may be attached to the first and second ends of
the tubular mesh, respectively. The first and second elongate
members may be movable axially with respect to one
another to move the first and second ends towards and away
from one another.

[0024] The filter element may be used to capture particu-
late within a body lumen, e.g., a blood vessel, at a location
downstream of a treatment site. The distal portion of the
elongate member may be advanced to a location within a
body lumen downstream of a treatment site, the tubular filter
element being disposed in a radially compressed configu-
ration. The first and second ends of the filter element may be
directed towards one another, whereupon the filter element
may automatically evert such that the second portion is
located substantially within the first portion, and an inter-
mediate portion between the first and second portions
expands to engage a wall of the body lumen.

[0025] Particulate passing along the body lumen may be
captured within the everted filter element, and the particulate
captured within the filter element may be aspirated. The first
and second ends of the filter element may then be moved
away from one another to remove the second portion from
within the first portion. The filter element may be collapsed
radially inward, and the filter element may be removed from
the body lumen.

[0026] Other objects and features of the present invention
will become apparent from consideration of the following
description taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1A is a side view of a first preferred embodi-
ment of an apparatus for hydro-dynamically capturing par-
ticulate within a blood vessel, in accordance with the present
invention.

[0028] FIG. 1B is a perspective view of a jet housing for
use with the apparatus of FIG. 1.

[0029] FIG. 2A is a side view of an alternative embodi-
ment of an apparatus for hydro-dynamically capturing par-
ticulate within a blood vessel, in accordance with the present
invention.

[0030] FIG. 2B is a detail of the apparatus of FIG. 2A.

[0031] FIGS. 3A-3C are cross-sectional views of a blood
vessel, showing a method for capturing particulate, in accor-
dance with the present invention.

[0032] FIG. 4 is a perspective view of a second preferred
embodiment of an apparatus for hydro-dynamically captur-
ing particulate within a blood vessel, in accordance with the
present invention.
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[0033] FIGS. 5A-5C are side views of a preferred embodi-
ment of an everting filter apparatus for capturing particulate
within a blood vessel, in accordance with the present inven-
tion.

[0034] FIGS. 6A and 613 are side views of an alternative
embodiment of an everting filter apparatus for capturing
particulate within a blood vessel.

[0035] FIGS. 7A and 7B are side views of another alter-
native embodiment of an everting filter apparatus for cap-
turing particulate within a blood vessel.

[0036] FIG. 8 is a perspective view of another embodi-
ment of a filter element for capturing particulate, in accor-
dance with the present invention.

[0037] FIGS. 9A and 9B are cross-sectional views of
another preferred embodiment of an expandable filter ele-
ment being used to capture particulate within a blood vessel,
in accordance with the present invention.

[0038] FIG. 10 is a cross-sectional view of a blood vessel,
showing an apparatus for capturing particulate during a
maceration procedure, in accordance with the present inven-
tion.

[0039] FIGS. 11A-11D show alternative embodiments of
devices that may create backflow for use with the apparatus
of FIG. 10.

[0040] FIG. 12 is a perspective view of another embodi-
ment of an apparatus for capturing particulate released
during a thrombectomy procedure.

DETAILED DESCRIPTION OF THE
INVENTION

[0041] Turning now to the drawings, FIGS. 1A and 1B
show a first preferred embodiment of an apparatus 10 for
capturing particulate, such as thrombus or occlusive material
within a blood vessel or other body lumen, in accordance
with the present invention. Generally, the apparatus 10
includes a jet housing 12 including an inlet 14 and an outlet
16, a jet nozzle 18 disposed within the jet housing 12, and
a filter element 20 on the inlet 14 of the jet housing 12.

[0042] The jet housing 12 has a cross-section substantially
smaller than a cross-section of a blood vessel or other body
lumen within which the jet housing 12 may be introduced,
as described further below. For example, the jet housing 12
may be a tubular segment 22, having a diameter of between
about one and five millimeters (1-5 mm) formed from
metals, such as stainless steel or Nitinol, or polymers, such
as polyamide, ABS, PEBAX, or PTFE. Preferably, the
tubular segment 22 includes a proximal end 24 and a distal
end 26 and a lumen 28 extending therebetween, thereby
defining a longitudinal axis 30. The distal end 26 may
include a tapered tip, as shown, and/or the distal end 26 may
be flexible or otherwise substantially a traumatic, e.g., to
facilitate advancement through a patient’s vasculature.
Optionally, one or more centering members (not shown)
may be provided that extend radially outwardly from the jet
housing 12, e.g., to maintain the jet housing 12 generally
concentrically within a body lumen.

[0043] The jet nozzle 18 is disposed within the jet housing
12 and is oriented to inject fluid towards the outlet 16 for
generating a vacuum at the inlet 14. Preferably, the jet nozzle
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18 includes an open distal end 32 of an elongate tubular
member 34, e.g., a catheter. The tubular member 34 includes
a proximal end (not shown) that may be disposed outside a
patient’s body and a lumen 36 that extends between the
proximal end and the distal end 32. The proximal end may
be coupled to a source of high pressure fluid (not shown),
e.g., thrombolytics, or other therapeutic agents, blood and/or
heparinized saline. For example, the source may be a pump
configured for delivering fluid at a pressure between about
one hundred and fifteen thousand pounds per square inch
(100-15,000 psi), and/or at a flow rate of up to about one
hundred cubic centimeters per minute (100 cc/minute).

[0044] The distal end 32 has a cross-section that is sub-
stantially smaller than the cross-section of the jet housing
12. For example, the distal end may have a diameter of up
to two millimeters (2 mm). The jet nozzle 18 is generally
fixed relative to the jet housing 12, e.g., connected by one or
more struts 38.

[0045] The filter element 20 is attached to or otherwise
disposed adjacent the inlet 14 of the jet housing 12. The filter
element 20 includes one or more pores, holes, or other
openings 40 having a predetermined maximum size for
preventing particulate larger than the maximum size from
entering the inlet 14 of the jet housing 12. In the embodiment
shown, the filter element 20 is a tubular body 42 including
a plurality of holes 40 in its wall 44. A proximal end 46 of
the filter element 20 may be tapered and/or closed to prevent
particulate larger than the maximum size from entering an
interior space 48 of the tubular body 42. The interior space
48 communicates directly with the inlet 14 of the jet housing
12, thereby providing a fluid path from the holes 40 through
the interior space 48 and the inlet 14 of the jet housing 12
to the outlet 16.

[0046] Preferably, the tubular body 42 is attached to or
otherwise extends from the proximal end 24 of the jet
housing 12, e.g., substantially parallel to the longitudinal
axis 30. The openings 40 may be distributed along the
tubular body 42 in a desired pattern, e.g., becoming pro-
gressively larger or smaller along the length of the tubular
body 42. The tubular body 42 may be formed from metals,
such as stainless steel or Nitinol, or polymers, such as
polyamide, ABS, PEBAX or PTFE, such that the tubular
body 42 is sufficiently flexible to facilitate introduction
through tortuous anatomy.

[0047] Alternatively, as shown in FIGS. 2A and 2B, the
filter element 201 may be a direct extension of the jet
housing 121, including holes 401 in the wall 441. The
tubular member 341 may extend along an inner surface of
the wall 441, and the jet nozzle 181 may extend from the
inner surface to a concentric location distal to the distal-most
holes 401. In a further alternative, the filter element 20 may
be a mesh, e.g., a braid of fibers or a sheet of material
including perforations or other pores formed therein (not
shown) that may cover or extend from the inlet 14. The pore
size of the mesh may prevent particulate larger than the
predetermined maximum size from passing through the
mesh into the inlet 14.

[0048] Turning to FIGS. 3A-3C, the apparatus 10 may be
used to capture particulate, e.g., thrombus and/or occlusive
material 94, passing along a predetermined location within
a blood vessel 90 or other body lumen. The apparatus 10 is
first advanced into the vessel 90 until the jet housing 12 is
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disposed downstream (with respect to natural flow within
the vessel 90) of a treatment site, such as occlusion 92. For
example, the apparatus 10 may be introduced into a patient’s
vasculature from a percutaneous entry site, €.g., at a periph-
eral vessel (not shown), such as a femoral or carotid artery
using conventional methods, and advanced into the vessel
90.

[0049] Preferably, the apparatus 10 is advanced over a
guidewire (not shown) that may have been previously placed
within the vessel 90 from the entry site. Initially, outside the
patient’s body, the guidewire may be backloaded through the
outlet 16 and through the lumen 36 of the tubular member
34, or through a separate guidewire lumen (not shown). The
distal end 26 of the jet housing 12 may then be directed into
the entry site and through the patient’s vasculature to the
vessel 90. Alternatively, the apparatus 10 itself may be a
guidewire. In a further alternative, the apparatus 10 may be
disposed within a distal end of a sheath or guide catheter (not
shown), the distal end of the sheath may be advanced into
the vessel 90, and the sheath may then be withdrawn to
expose the jet housing 12 within the vessel 90.

[0050] As shown in FIG. 3A, the apparatus 10 is posi-
tioned in an “antegrade” manner, i.e., the apparatus 10 is
advanced along the vessel 90 in the same direction as natural
blood flow. The jet housing 12 may be directed through the
treatment site 92 and positioned a predetermined distance
downstream from the occlusion 92, e.g., such that the filter
element 18 is located distally from the occlusion 92. Thus,
the outlet 16 and the jet nozzle 18 are both oriented
downstream within the vessel 90.

[0051] In an alternative embodiment, the apparatus 10
may be introduced in a “retrograde” manner, i.e., the appa-
ratus 10 may be advanced against the direction of natural
blood flow into the vessel 90 downstream from the occlusion
92 (not shown). In this embodiment, the jet nozzle 18 may
include a bend or “J” tip (not shown) to orient the fluid flow
from the jet nozzle 18 downstream within the vessel 90. In
this embodiment, the tubular member 34 terminating in the
jet nozzle 18 may pass through the outlet 16 into the jet
housing 12 (rather than through the inlet, as shown). The
filter element (not shown) may still extend towards the
occlusion 92 from the inlet 14 of the jet housing 12, i.c.,
opposite the tubular member.

[0052] Once the apparatus 10 is positioned at a desired
location, fluid, e.g., thrombolytics, or other therapeutic
agents, blood, and/or heparinized saline, may be injected
from the jet nozzle 18 in a downstream direction within the
jet housing 12, i.e., towards the outlet 16. Preferably, the
fluid is delivered at a relatively high pressure, e.g., between
about one hundred and fifteen thousand pounds per square
inch (100-15,000 psi), such that the pressure causes the fluid
to leave the open distal end 32 at a relatively high velocity.
This causes fluid to exit the outlet 16 of the jet housing 12
at a relatively high flow rate compared to a natural flow rate
for the vessel 90. This action generates a vacuum or rela-
tively low pressure at the inlet 14, causing fluid to flow into
the inlet 14 at a substantially increased flow rate. Preferably,
the inlet flow rate increases to such a degree that the vessel
90 upstream of the jet housing 12 cannot supply sufficient
fluid, thereby causing fluid to flow retrograde from the outlet
16 around the jet housing 12 and into the inlet 14, as
represented by exemplary arrows 91.
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[0053] With the filter element 20 extending from the inlet
14 of the jet housing 12, fluid must pass through the holes
40 to enter the inlet 14. The fluid may then pass through the
lumen 28 within the jet housing 12 and from the outlet 16.
Depending upon the flow parameters of the fluid injected via
the jet nozzle 18 (e.g., pressure and/or flow rate), fluid flow
around the apparatus 10 reaches a dynamic equilibrium.
While some fluid may continue to flow naturally from
upstream of the vessel 90, fluid also flows retrograde around
the jet housing 12, thereby providing sufficient fluid to
satisty the required flow rate through the jet housing 12 and
out the outlet 16. Thus, the balance of these two flows
(natural antegrade and jet-induced retrograde) creates a dead
zone or balance point 99 at which no fluid may flow
downstream and no fluid may flow upstream.

[0054] 1t will be appreciated by those skilled in the art that
the various dimensional and/or operational parameters of the
apparatus 10 may be used to obtain a desired predetermined
dead zone 99. For example, the ratio of the cross-sections or
diameters of the jet housing 12 and the vessel 90, the
pressure of the fluid injected via the jet nozzle 18, and the
like may be selected to create a desired flow pattern, e.g.,
using Bernoulli’s equation or other fluid mechanics prin-
ciples that are well known to those skilled in the art.

[0055] A procedure may then be performed at the treat-
ment site 92, which may involve the release of particulate or
other material 94 from the wall 98 of the vessel 90 (either
intentionally or unintentionally). For example, a device (not
shown) may be introduced into the lumen 90 to remove
unwanted tissue from the treatment site 92, such as throm-
bus, atheroma, or other occlusive material extending from
the wall 98 of the vessel 90. Devices that may used to
remove such unwanted tissue are disclosed in co-pending
application Ser. Nos. 09/005,217, filed Jan. 9, 1998, 09/540,
162, filed Feb. 15, 2000, 09/640,499 filed Aug. 16, 2000,
09/704,967 filed Nov. 1, 2000, 09/454,517, filed Dec. 6,
1999, 09/590,915, filed Jun. 9, 2000, 09/491,f401 filed Jan.
25, 2000, 09/820,301 filed Mar. 27, 2001, 09/823,652, filed
Mar. 30, 2001, 60/274,104 filed Mar. 7, 2001, and 09/820,
084 filed Mar. 27, 2001. The disclosure of these applications,
and any references cited therein, are expressly incorporated
herein by reference. Alternatively, other procedures may be
performed at the treatment site 92, such as angioplasty, stent
delivery, atherectomy, thrombectomy, and the like.

[0056] During the procedure, particulate 94 released from
the treatment site 92 may travel downstream within the
vessel 90 until it approaches the jet housing 12. Because of
the dead zone 99, the particulate 94 cannot pass distally
beyond the jet housing 12 without passing through the
lumen 28 of the jet housing 12. The filter element 20
prevents particulate 94 larger than the maximum size of the
holes 40 from entering the inlet 14. Thus, the holes 40 may
allow fluid to pass freely into the inlet 14, through the lumen
28, and from the outlet 16 back into the vessel 90, where it
may travel downstream and maintain substantially normal
blood flow. Particulate 94, however, remains captured adja-
cent the filter element 20, preventing the particulate 94 from
traveling downstream where it may cause substantial harm
to the patient, as shown in FIG. 3B.

[0057] The particulate 94 generally may tend to flow
downstream until they build up proximal to the dead zone
99. Consequently, the distal-most holes 40 in the filter
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element 20 may become occluded during the procedure. To
allow continued flow, the filter element 20 preferably
includes sets of holes 40 disposed along the filter element
20, as best seen in FIG. 1. If the distal-most holes 40 become
occluded, fluid may continue to pass through the more
proximal holes 40. Thus, if it is known that the procedure
may take a substantial time and/or may involve releasing a
significant amount of particulate, a filter element 20 having
a longer length may be provided to ensure that at least some
of the holes 40 remain substantially open in order to allow
fluid flow to continue.

[0058] Upon completion of the procedure, the particulate
94 may be removed from the vessel 90. For example, a distal
end 52 of an aspirating catheter 50 may be advanced into the
vessel 90 proximal to the dead zone 99. Preferably, the
aspirating catheter 50 has a lumen 54 that is sufficiently large
such that the catheter 50 may be advanced over the tubular
member 34 and/or over the filter element 20. A source of
vacuum may be coupled to a proximal end (not shown) of
the aspirating catheter 50, and the distal end 52 may be
advanced into sufficiently close proximity to the dead zone
99 to aspirate the particulate 94 into the aspirating catheter
50, as shown in FIG. 3C.

[0059] For extensive procedures, an aspirating catheter 50
may be advanced periodically over the tubular member 34 to
prevent excessive build-up of particulate 94, which may
substantially occlude the filter element 20 and prevent fluid
flow from continuing. In an alternative embodiment, the
aspirating catheter 50 may be advanced independently into
the vessel 90, e.g., over a separate guidewire.

[0060] Turning to FIG. 4, another embodiment of an
apparatus 110 is shown that may be used to capture particu-
late, similar to the embodiment described above. The appa-
ratus 110 includes an elongate tubular member 122, includ-
ing a proximal end (not shown), and a distal portion 112
terminating in a distal end 126. The tubular member 122 has
a cross-section that is smaller than a cross-section of a blood
vessel or other lumen within which the tubular member 122
is advanced, similar to the jet housing described above.

[0061] A proximal lumen 136 extends between the proxi-
mal end and the distal portion 112, thereby defining a
longitudinal axis 130. One or more septum walls 142, 144
are disposed within the tubular member 122 to substantially
isolate the proximal lumen 136 from a distal lumen 128
within the distal portion 112. The distal portion 112 of the
tubular member 122 includes an outlet 116 in the distal end
126, and an inlet 114 proximal to the outlet 116, e.g., in the
wall of the tubular member 122 proximal to the distal end
126. The distal lumen 128 provides a flow path between the
inlet 114 and the outlet 116.

[0062] The apparatus 110 may also include a filter element
120, e.g., a filter mesh including a plurality of pores or
openings 140, that extends over the inlet 114. Alternatively,
a plurality of holes (not shown) having a predetermined
maximum size may be provided in the wall of the distal
portion 112.

[0063] A jet nozzle 118 is provided in the tubular member
122 adjacent the inlet 114. Preferably, the jet nozzle 118 is
a tubular segment 134 having a cross-section that is sub-
stantially smaller than a cross-section of the tubular member
122. The tubular segment 134 extends between proximal and
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distal septum walls 142, 144 such that a distal opening 132
in the tubular segment 134, defining the jet nozzle 118,
communicates with or extends into the distal lumen 128.
Thus, the tubular segment 134 defines a flow path from the
proximal lumen 136 to the distal lumen 128. If desired, one
of the septum walls may be eliminated, although struts or
supports may then be needed to provide lateral stability of
the tubular segment 134.

[0064] During use, the apparatus 110 is advanced into a
blood vessel downstream of a treatment site, similar to the
embodiment described above. A source of fluid may be
connected to the proximal end of the tubular member 122,
and fluid may be delivered through the proximal lumen 136.
The fluid passes through the tubular segment 134, preferably
at a predetermined pressure, and out the jet nozzle 118 into
the distal lumen 128, thereby inducing a vacuum at the inlet
114 as the fluid exits the outlet 116. This may create a
retrograde flow pattern around the distal portion 112, similar
to the flow pattern around the jet housing 12 described
above. This flow pattern may generate a dead zone for
capturing particulate that are too large to pass through the
pores 140 of the filter element 120. Thus, the distal portion
112 behaves substantially similarly to the jet housing 12
described above.

[0065] A procedure may be performed upstream from the
distal portion 112, as described above, and released throm-
bus, occlusive material, or other particulate may be captured
between the dead zone and the filter element 120. The
captured particulate may be aspirated, e.g., by advancing an
aspirating catheter over the tubular member 122, or other-
wise removed from the vessel. Upon completion of the
procedure, the apparatus 110 may also be removed.

[0066] Turning to FIGS. 5A-5C, another preferred
embodiment of an apparatus 210 is shown for capturing
particulate, in accordance with the present invention. Gen-
erally, the apparatus 210 includes a pair of substantially
flexible guidewires or other elongate members 212, 214, and
a tubular filter element 216 having proximal and distal ends
218, 220 attached to respective distal ends 222, 224 of the
elongate members 212, 214. The guidewires 212, 214 are
slidable relative to one another for directing the filter ele-
ment 216 between a compressed configuration (FIG. 5A),
an expanded configuration (FIG. 5B), and an everted con-
figuration (FIG. 5C), as described further below.

[0067] The guidewires 212, 214 are preferably coaxial
with one another. The outer guidewire 212 has a lumen
therein (not shown) through which the inner guidewire 214
may be inserted, preferably such that the distal end 224 of
the inner guidewire 214 extends beyond the distal end 222
of the outer guidewire 212. The inner guidewire 214 is
preferably a single strand of wire, although alternatively, it
may include one or more strands wound helically around an
axial strand. The outer guidewire 212 may be a solid tube,
or alternatively, the outer guidewire 212 may include a
helically wound strand or multiple braided strands (not
shown). In a further alternative, a tubular member, such as
a guide catheter or sheath (not shown), may be used instead
of the outer guidewire 212. The guidewires 212, 214 may be
formed from conventional guidewire materials, e.g., braid-
reinforced polymers/composites, stainless steel, Nitinol, or
other metals, which may be coated, e.g., with PTFE, to
facilitate their sliding relationship.
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[0068] The filter element 216 includes proximal and distal
portions 226, 228 adjacent the proximal and distal ends 218,
220, respectively. The proximal and distal ends 218, 220
may be substantially closed and/or may be secured around
the distal ends 222, 224 of the respective guidewires 212,
214. The filter element 216 is a tubular mesh including a
plurality of pores, holes, or other openings 217 therethrough
having a predetermined maximum size. In a preferred
embodiment, the mesh is formed from a plurality of tubular
strands that are braided together in a predetermined manner.
Alternatively, the tubular mesh may be formed by cutting a
hole pattern in a sheet of material and rolling the sheet into
a tubular shape.

[0069] Preferably, the configuration of the filter element
216 is controlled by sliding the distal ends 222, 224 of the
guidewires 212, 214 axially relative to one another. For
example, the distal ends 222, 224 may be moved away from
one another, thereby subjecting the filter element 216 to
tension. This generally causes the mesh to move radially
inwards to the compressed configuration shown in FIG. 5A.
The first and second ends 222, 224 may be moved towards
one another until an expanded configuration, such as that
shown in FIG. 5B, is attained. This may define a first relaxed
state to which the filter element 216 may be biased to return
when free from external forces and before the filter element
216 is everted.

[0070] If the first and second ends 222, 224 are moved
even further closer together, the filter element 216 may
“evert,” i.e., the proximal portion 226 may enter and become
disposed within the distal portion 228. Preferably, the filter
element 216 has a shape memory programmed into the mesh
material, such that, as the filter element 216 everts, the
proximal portion 226 automatically becomes biased to a
predetermined configuration concentrically within the distal
portion 228. The filter element 216 defines a cavity 230 in
the everted configuration within which particulate (not
shown) may be captured. Thus, the filter element 216 may
have two configurations to which it is biased, one having an
elongated, noneverted shape, and one having an everted
shape.

[0071] During use, the filter element 216 may be con-
strained in the compressed configuration of FIG. 5A, e.g.,
by directing the distal ends 222, 224 of the guidewires 212,
214 away from one another, e.g., preferably by pulling the
outer guidewire 212 proximally. The filter element 216 may
be directed into a delivery apparatus, e.g., within a distal
portion of a catheter or sheath (not shown). The catheter may
include an actuator or other locking device (not shown) for
securing the guidewires 212, 214 relative to one another, i.c.,
to maintain the tension causing the filter element 216 to
assume the compressed configuration. The catheter may also
include an actuator or other locking device for securing the
filter element 216 in the everted or other open configuration.

[0072] The filter element 216, ¢.g., within the catheter is
advanced to a location within a blood vessel or other body
lumen downstream of a treatment site (not shown), similar
to the embodiments described above. The filter element 216
may be deployed, e.g., by retracting the distal portion of the
overlying catheter. The locking apparatus securing the
guidewires 212, 214 may be released, whereupon the filter
element 216 may become biased to assume the elongate
expanded configuration shown in FIG. 5B. Thus, the proxi-
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mal and distal ends 218, 220 of the filter element 216 may
move partially towards one another, thereby pulling the
distal ends 222, 224 of the guidewires 212, 214 closer
together. Alternatively, the guidewires 212, 214 may be
manipulated to expand the filter element 216.

[0073] Once the filter element 216 is disposed at a desired
position (which may be adjusted, if necessary, by pulling the
outer guidewire 212 to temporarily compress the filter
element 216), the first and second ends 218, 220 of the filter
element 216 may be directed towards one another. This
causes the filter element 216 to automatically evert such that
the proximal portion 226 is located substantially within the
distal portion 228, as shown in FIG. 5C. An intermediate
portion 231 between the first and second portions 226, 228
may expand to substantially engage a wall of the vessel.

[0074] A procedure may then be performed upstream of
the filter element 216, ¢.g., at an occlusion, lesion, or other
treatment site within the vessel, which may release particu-
late, as described with respect to the previous embodiments.
In a particularly preferred procedure, the filter element 216
is used during a thrombectomy or similar procedure using a
shearing and/or vibrating device (not shown), such as those
disclosed in the applications incorporated above. For
example, the device may include cooperating shearing mem-
bers (also not shown) that may be disposed within the
treatment site, €.g., an occlusion. The filter element 216 may
be coupled to the device, e.g., the apparatus 210 may be
extended from a lumen within the device and or may be
provided on a distal extension of the device. One or more
shearing members may be rotated relative to one another to
shear or macerate thrombus, occlusive material, and/or other
tissue from the treatment site.

[0075] Any particulate released during the procedure may
travel downstream and become captured within the cavity
230 defined by the filter element 216 in the everted con-
figuration. The pore size of the openings 217 in the filter
element 216 may be predetermined to capture only particu-
late that is large enough to create significant risks to the
patient if the particulate were free to travel downstream
beyond the filter element 216. For example, a pore size up
to three millimeters (3 mm) may be desirable.

[0076] At one or more times during the procedure, it may
be desirable to aspirate particulate captured within the filter
element, e.g., to prevent the cavity 230 from filling and
substantially occluding the vessel. An aspirating catheter or
other device may be advanced from upstream within the
vessel, and a distal end of the catheter may be directed into
the cavity 230 and a vacuum created to remove the particu-
late captured within the filter element 216.

[0077] Upon completion of the procedure, the distal ends
222, 224 of the guidewires 212, 214 may be moved away
from one another (e.g., by pulling the outer guidewire 212)
to move the first and second ends 218, 220 of the filter
element 216 away from one another and remove the proxi-
mal portion 226 from within the distal portion 228 of the
filter element 218. Once in an elongate tubular configuration
(e.g., FIG. 5B), the filter element 216 may be collapsed
radially inward, e.g., to the compressed configuration
(shown in FIG. 5A). A sheath or other device (not shown)
may be advanced over the filter element 216, and the filter
element 216 may be withdrawn from the vessel and from the
patient’s body.
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[0078] Turning to FIGS. 6A and 6B, an alternative
embodiment of a filter element 316 is shown that includes
proximal and distal portions 326, 328 having different pore
sizes. Preferably, the distal portion 328 has a plurality of
openings 319 therein that are substantially smaller than the
plurality of openings 317 in the proximal portion 326. When
the filter element 316 is everted (FIG. 6B), the proximal
portion 326 enters the distal portion 328, and the filter
element 316, similar to the embodiment described above.
Unlike the previous embodiment, however, in the everted
configuration to which the filter element 216 is biased, the
filter element 216 preferably defines a space 332 between
the proximal and distal portions 326, 328. When particulate
enters the cavity 330, particulate smaller than the openings
317 in the proximal portion 326 and larger than the openings
319 in the distal portion 328 may pass through the proximal
portion 326 and bedome captured in the space 332 within the
filter element 316.

[0079] In a further alternative, shown in FIGS. 7A and
7B, a filter element 416 may be provided that includes a
proximal portion 425, an intermediate portion 426, and a
distal portion 428. The proximal portion 425 may include a
plurality of struts for coupling the filter element 416 to an
outer guidewire, while the distal portion 428 may be coupled
to an inner guidewire 424, similar to the embodiments
described above. Alternatively, the proximal portion 425
may simply include relatively large openings to allow par-
ticulate to pass through the proximal portion 425. The
intermediate portion 426 preferably includes openings 417
defining a pore size that is substantially larger than a pore
size of openings 419 in the distal portion 428.

[0080] When the filter element 416 is everted, as shown in
FIG. 7B, the intermediate portion 426 becomes disposed
within the distal portion 428 to define a space 432 within the
filter element 416, similar to the previous embodiment.
Preferably, the filter element 416 is biased to assume a
predetermined everted configuration, such as that shown in
FIG. 7B. Similar to the previous embodiment, the filter
element 416 may allow particulate to enter the cavity 430,
and become captured within the space 432 between the
intermediate and distal portions 426, 428.

[0081] The use of these latter embodiments may follow
the methodology described for the filter element 216 shown
in FIGS. 5A-5C. Unlike the filter element 216, however,
aspiration may be eliminated or substantially reduced. For
example, aspiration may be used to remove relatively large
particulate, e.g., that are too large to pass through the
intermediate portions 326, 426. Once a procedure is com-
pleted, the filter elements 316, 416 may be returned to their
elongate configurations and collapsed, trapping the particu-
late within the spaces 332, 432 within the filter elements
316, 416. The filter elements 316, 416 may then be removed
from the vessel, substantially safely removing the captured
particulate with them.

[0082] In order to program or “teach” a filter element to
become biased to or “remember” a predetermined everted
configuration, a heat treatment process may be used. When
conventional tubular braid material is foreshortened, it natu-
rally expands. If foreshortening is continued, the braid may
bunch up, and/or may begin to invert upon itself. Generally,
this inverting occurs in a random manner that is generally
not repeatable. Thus, such devices are not biased to a
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predetermined everted configuration, but merely assume an
everted state that is difficult to predict each time the device
is everted.

[0083] In contrast, a filter device in accordance with the
present invention preferably becomes everted completely
and/or repeatably to assume a predetermined everted con-
figuration having a desired shape. Initially, an elongate
tubular mesh may be provided having first and second ends,
and first and second portions adjacent the first and second
ends, respectively. In a preferred embodiment, a braid of
tubular strands may be provided that defines the first and
second ends, which may be tapered and/or substantially
enclosed. The braid may provide a desired pore size, e.g.,
size of openings between the strands of the braid, that may
prevent particulate larger than the pore size from passing
through the openings, as is known to those skilled in the art.

[0084] The tubular braid may be physically constructed
using multiple braid configurations. Some of the variables
involved in forming a tubular braid include: total strand
count, number of pics per inch, and weave pattern. Standard
braids often use total strand counts in multiples of 8 ( i.e.
8,16,32,64,128, etc), and typically have a weave pattern of
“two-over, twounder.” Braids may become more flexible
when the pic count is increased. As explained above, as a
tubular braid is foreshortened from its elongate tubular
configuration, the braid expands and ultimately inverts. As
the braid is expanded, the density of fibers decreases as the
individual strands slide away from each other. Therefore, the
desired total strand and pic count may be determined from
the desired filter “pore size” in the tubular mesh’s largest
possible configuration. Any reduction in diameter of the
tubular mesh from this position may only reduce the equiva-
lent pore size so, that safety of the tubular mesh is maxi-
mized.

[0085] An exemplary tubular mesh may be a polyester
tubular material having a total strand count of sixty four (64)
and a pic count of thirty pics per inch (30 pics/in.). These
strands may be made from different materials and/or having
different geometric sizes. At its maximum diameter of
sixteen millimeters (16 mm), the maximum pore size may be
approximately 0.75 mmx0.75 mm square. As the tubular
mesh is forced to conform to a smaller diameter, e.g., of
eight millimeters (8 mm) the pore size may decrease
approximately fifty percent (50%). Because the area of a
parallelogram is equal to the product of its base and height,
as the height of the pores decreases, the area of the pore size
decreases by the same factor.

[0086] 1If the desired pore size is smaller than 0.75 mm
square, then the pic count and/or the strand count may be
increased until a desired pore size is achieved. However,
increasing the total strand count may also result in a larger
profile of the tubular braid in its relaxed configuration if the
diameter of the individual strands is not adjusted accord-

ingly.

[0087] Once a desired tubular mesh is selected and
formed, the tubular mesh may be shaped into an predeter-
mined everted configuration in which the second portion is
disposed concentrically within the first portion. For
example, the tubular mesh may be mounted to one or more
mandrels having shapes corresponding to the desired everted
configuration using methods known to those skilled in the
art.
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[0088] The tubular mesh may be heated to a predeter-
mined temperature for a predetermined time to set the
everted configuration or “program” the everted configura-
tion into a “memory” of the tubular mesh material. This may
include placing the mandrel and tubular mesh within an
oven, autoclave, or other apparatus and/or heating the man-
drel itself. After heating is completed, the tubular mesh may
be removed from the mandrel and cooled.

[0089] The second portion of the tubular mesh may be
removed from within the first portion to dispose the tubular
mesh in an elongate, generally axial configuration. Prefer-
ably, the heat treatment is such that the tubular mesh may
maintain the elongate configuration in a relaxed state when
free from external forces, rather than automatically everting
itself. Alternatively, the filter element may become biased to
always return to the everted configuration when in a relaxed
state.

[0090] In one preferred embodiment, the tubular mesh is
formed from plastic, e.g., polyester, nylon, or polyamide
and/or metal, e.g., Nitinol or stainless steel, or a combination
of metal and polymer. The tubular mesh may be made of
filaments having a flator rectangular cross-section in order to
facilitate a minimal profile in the compressed state. The
heating step generally involves heating the tubular mesh to
between about two hundred and eight hundred degrees
Celsius (200-800° C.), preferably at least about four hundred
degrees Celsius (400° C.) for between about five and one
hundred seconds (5-100 s), and preferably at least about
thirty seconds (30 s). These parameters may be adapted to
other polymers, using higher/lower temperatures and/or
longer/shorter heating times, as will be appreciated by those
skilled in the art.

[0091] In another preferred embodiment, the tubular mesh
may be formed from Nitinol or other shape memory alloy.
For such materials, the tubular mesh may be heated to
between about 350525° C. for a predetermined time.
Depending upon the apparatus and procedure used to heat
the tubular mesh, e.g., using salt pots, sand pots, and ovens,
the duration of the heat-treating process may vary. Alterna-
tively, the conditioning of the tubular mesh may be accom-
plished using physical manipulation, e.g., for annealed mate-
rials that are plastically deformable.

[0092] The first and second ends of the tubular mesh may
be attached to ends of respective guidewires. For example,
as described above, concentric guidewires may provided
with the distal end of the inner guidewire extending beyond
the distal end of the outer guidewire. The first and second
ends of the tubular mesh may be attached to the respective
ends of the guidewires by adhesive, crimping, soldering,
welding, and the like (alone or in combination).

[0093] Thus, the first and second guidewires may be
movable axially with respect to one another to move the first
and second ends towards and away from one another. As
described above, the tubular mesh may maintain an elongate
configuration in a first relaxed state when the guidewires are
free from tension. When the distal ends of the guidewires are
directed towards one another, the tubular mesh is everted,
causing the tubular mesh to assume the everted configura-
tion programmed into the tubular mesh material. The tubular
mesh may maintain the everted configuration until the
guidewires are used to return the tubular mesh to the
elongate configuration.
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[0094] In an alternative embodiment, the tubular mesh
may provide a structural framework that carries a porous
film or skin (not shown). For example, a tubular mesh may
be formed using the methods described above, e.g., from
metals and/or polymers. The tubular mesh may include
openings that are relatively large compared to a desired pore
size for a filter element. A porous skin may be formed on or
within the tubular mesh to provide a desired pore size that
may be substantially smaller than the openings in the tubular
mesh. Preferably, the porous skin is substantially flexible,
e.g., to accommodate movement of the tubular mesh
between tubular and everted configurations.

[0095] For example, the tubular mesh may be dipped one
or more times into a polyester or other heated or uncured
elastomer, causing the elastomer to extend across or other-
wise fill the openings between the strands in the tubular
mesh. Once the elastomer is cooled and/or otherwise cured
into a substantially continuous film of a desired thickness,
holes may be formed in the film, e.g., by laser drilling and
the like, to provide a desired pore size. Alternatively, a
porous film or other skin may be made that already includes
a plurality of holes providing a desired pore size. The porous
film may be attached to the tubular mesh, e.g., along an outer
or inner surface thereof, using an adhesive, sonic welding,
and the like.

[0096] Turning to FIG. 8, another embodiment of a filter
element 516 is shown that may be used in conjunction with
a device, such as the shearing apparatus described above
(not shown). Generally, the filter element 516 includes an
expandable collar 526 and a filter mesh 528 extending from
the collar 526. Preferably, the filter mesh 528, which may be
formed similar to the filter elements described above, tapers
from the collar 526 to a substantially closed end 530. An
elongate member, e.g., a tubular element 532, extends from
the closed end 530 of the filter mesh 528. Alternatively, an
elongate member, e.g., a guidewire or a tubular member,
may be connected directly to the collar 526.

[0097] Preferably, the collar 526 is an inflatable ring that
may be filled with fluid, such as saline, to expand the collar
526 from a collapsed state to one or more expanded states.
An inflation lumen 534 extends from the collar 526, e.g.,
along the filter mesh 528 to the tubular element 532. The
collar 526 may be an elastic balloon formed, for example,
from C-Flex, silicone, polyisoprene, latex, and the like,] that
is sufficiently flexible and resilient to allow expansion to one
or more expanded states. Alternatively, the collar 526 may
be formed from substantially inelastic material, e.g. PET,
that may expand to a predetermined size.

[0098] During use, the collar 526 may be deflated, and the
filter mesh 528 collapsed, e.g., by compressing or twisting
the collar 526 relative to the tubular element 532. A sheath
or other device (not shown) may be advanced over the filter
element 416 to constrain and/or protect the filter element
416. The filter element 416 may be advanced into a blood
vessel or other body lumen, e.g., to a location downstream
of a treatment site, similar to the embodiments described
above.

[0099] The collar 526 may then be expanded, e.g., by
delivering fluid through the tubular element 532, through the
inflation lumen 534 and into an interior of the collar 526.
Preferably, the collar 526 is expanded to substantially
engage a wall of the vessel, thereby requiring fluid flowing
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past the location to pass through the filter mesh 528. A
procedure may be performed, and particulate may be cap-
tured within the filter mesh 528. Aspiration may be per-
formed, if desired, to remove particulate captured by the
filter mesh 528.

[0100] Upon completing the procedure, the collar 526 may
be deflated, and the filter element 516 removed, using
procedures similar to those described above. If aspiration is
not used (or if particulate remains within the filter mesh 528,
it may be desirable to provide the collar 526 from resilient
material that is biased to close, thereby trapping particulate
within the filter mesh 528 before removing the filter element
516.

[0101] Turning to FIGS. 9A and 9B, yet another preferred
embodiment of an apparatus 610 is shown for capturing
particulate within a blood vessel 90. Generally, the apparatus
610 includes an elongate tubular member 612 having a distal
end 614 with an expandable filter element 616 disposed on
the distal end 614. The tubular member 612 includes an
inflation lumen 615 communicating with an interior of the
filter element 616. The tubular member may also include a
guidewire lumen (not shown) to facilitate advancing the
apparatus 610 over a guidewire (also not shown) into the
vessel 90.

[0102] The filter element 616 includes one or more annu-
lar rings or collar 626 and a gridwork of elements 628
disposed across an interior of the collars 626 to provide a
plurality of openings 630 in the filter element 616. In a
preferred embodiment, the elements 628 are spokes extend-
ing from a central hub 632 radially outward to the collars
626, as best seen in FIG. 9B. At least one, and preferably all,
of the elements 628 are tubular and include an interior in
communication with an interior of the collar 626. The
interior of the collar 626 and/or the elements 628 also
communicate with the inflation lumen 615 in the tubular
member 612, e.g., via the hub 632.

[0103] To form the filter element 616, a pair of flat sheets
(not shown) of flexible, and preferably elastic material, e.g.,
CFlex, silicone, poly-isoprene, latex, and the like, are pro-
vided that overly each other. Preferably, the sheets are
generally circular and have a diameter corresponding to a
desired expanded diameter of the filter element 616, ¢.g.,
between about one and forty millimeters (1-40 mm). A
plurality of holes are created in the sheets that correspond to
the openings 630 in the filter element 616 to provide the
collar 626 and the gridwork of elements or spokes 628.
Edges of the remaining material of the sheets are attached to
one another, thereby defining a space between the sheets that
is corresponds to the interior of the collar 626 and the
elements 628. In a preferred embodiment, the holes are
formed by laser cutting and the like, which may simulta-
neously seal the edges as the holes are formed. Alternatively,
the holes may be formed, e.g., by mechanical cutting,
chemical etching, and the like, and then the edges of the
sheets may be attached, e.g., using adhesives, sonic welding,
and the like. Alternatively, the two sheets may have a
cylindrical, triangular, conical, or other shape that may be
rolled or otherwise formed into a desired filter element.

[0104] The tubular member 612 may then be attached to
the resulting structure, e.g., at the central hub 630. The
inflation lumen of 615 the tubular member 612 may be
coupled to the interior of the filter element 616, e.g., by
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connecting a secondary tube (not shown) between the filter
element 616 and the tubular member 612. Alternatively, an
opening (not shown) may be created in one of the sheets,
e.g., at the central hub 630, and the tubular member 612 may
be connected to the filter element 616 around the hole,
thereby coupling the lumen 615 to the interior of the filter
element 616.

[0105] With the filter element 616 deflated, it may be
wrapped over the distal end 614 of the tubular member 612,
e.g., by simply lying the filter element 616 over the distal
end 614, and/or by twisting the filter element 616 relative to
the tubular member 612. If desired, a sheath or other device
(not shown) may be advanced over the collapsed filter
element 616 to constrain and/or protect the filter element
616 during delivery into a patient’s body.

[0106] As shown in FIG. 9A, similar to the embodiments
described above, the filter element 616, in its collapsed state,
may be introduced into a patient’s vasculature and advanced
into a blood vessel 90 at a location downstream from a
treatment site (not shown). The filter element 616 may be
deployed (e.g., by retracting an overlying sheath, not shown)
and fluid may be introduced via the lumen 615 into the
interior of the filter element 616 to expand the filter element
616. As the filter element 616 is inflated, the collar 626
expands to substantially engage the wall 98 of the vessel 90
and the elements 628 expand to provide a plurality of
openings 630 through which fluid may flow. Preferably, the
filter element 616 is formed from material that is sufficiently
elastic such that the collar 626 may be expanded to one of
a plurality of expanded states, e.g., to accommodate a range
of size of vessels. The elasticity of the filter element material
may be limited to prevent the openings 630 from expanded
beyond a desired maximum size.

[0107] A procedure may be performed upstream from the
filter element 616, which may release particulate 94 that may
travel downstream and become captured by the filter ele-
ment 616, as shown in FIG. 9B. Aspiration may be used one
or more times during the procedure to remove the captured
particulate, e.g., by advancing an aspirating catheter (not
shown) over the tubular member 612. Upon completing the
procedure, the filter element 616 may be deflated and
removed from the vessel 90.

[0108] In addition, or alternatively, the filter element 616
may be biased to fold proximally to the collapsed state
shown in FIG. 9A. For example, upon completing the
procedure, the filter element 616 may be deflated, causing
the filter element 616 to fold proximally and trap particulate
between the filter element 616 and the tubular member 612.

[0109] Turning to FIGS. 10 and 11A-11D, another
embodiment of an apparatus 710 is shown that may be used
to remove particulate from within a blood vessel 90 or other
body lumen. Generally, the apparatus 710 includes a treat-
ment device 712, a backflow device 714, and an aspirating
device 716. The treatment device 712 includes a treatment
element on its distal end 718. In the embodiment shown, the
treatment element is a shearing basket 720, such as that
disclosed in the applications incorporated above. Alterna-
tively, the treatment element may include an angioplasty
balloon and/or a stent (not shown), and the like.

[0110] The backflow device 714 includes a tubular mem-
ber 721 including a proximal end 722, a distal end 724, and
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a lumen 726 extending between the proximal and distal ends
722, 724. The backflow device 714 is cooperatively associ-
ated with the treatment device 712. In a preferred embodi-
ment, the backflow device 714 is slidably disposed within a
lumen (not shown) of the treatment device 714 such that a
distal end 724 of the backflow device 714 may be disposed
distally beyond the distal end 718 of the treatment device
712. Alternatively, the backflow device 714 may be deliv-
erable into a patient independently from the treatment device
712 (not shown).

[0111] The backflow device 714 includes one or more
openings 728 in its distal end 724 that communicate with the
lumen 726 extending proximally from the distal end 718 to
a proximal end 722. A source of fluid 730 may be coupled
to the proximal end 722 of the tubular member 721 for
delivering fluid at a desired pressure, and flow rate via the
lumen 726 to the openings 728. Preferably, the openings 728
have a predetermined configuration for causing fluid flowing
from the openings 728 to be directed proximally, i.c.,
towards the proximal end 822 of the backflow device 714.

[0112] Turning to FIG. 11A, a first embodiment of a distal
end 724 of the backflow device 714 is shown that includes
openings 728 shaped to create an umbrella-shaped flow
pattern. This may be accomplished by providing ramped
surfaces 729 within the distal end 724 of the tubular member
721. Alternatively, as shown in FIG. 11B, a deflector
member 740 may be provided on the distal end 724' of the
tubular member 721'. The deflector member 740 may
include proximally oriented ramped surfaces 742 for deflect-
ing fluid flowing from an outlet 728’ to create an umbrella-
shaped flow pattern. Alternatively, the deflector member 740
may have a configuration for creating an asymmetrical flow
pattern, e.g., including one or more radial zones of proximal
flow. In a further alternative, shown in FIG. 11C, multiple
banks of openings 728" may be provided along the distal end
724" of the tubular member 721" to enhance the proximal
flow pattern desired. In yet a further alternative, shown in
FIG. 11D, openings 728" may be provided that create a
proximal vortex flow pattern.

[0113] Returning to FIG. 10, the aspirating device 716
may be an aspirating catheter including a distal end 744 that
may be advanced into the vessel 90, a proximal end 746 that
may remain outside the patient’s body, and a lumen 750
extending therebetween. A source of vacuum 748 is coupled
to the proximal end 746 for creating a vacuum at the distal
end 744. In a preferred embodiment, the aspirating device
716 may be advanced over the treatment device 712. Alter-
natively, the aspirating device 716 may be advanced over the
backflow device 714 (e.g., if delivered separately from the
treatment device 712) or the aspirating device 716 may be
introduced independently from the other devices.

[0114] During use, the apparatus 710 is introduced into a
vessel 90, e.g., from a location upstream or downstream
from the treatment site 92, similar to the previous embodi-
ments. The backflow device 714 is positioned downstream
from the treatment element 720 and/or the treatment site 92,
while the distal end 744 of the aspirating catheter 716 is
disposed upstream from the backflow device 714. Fluid may
be introduced through the lumen 726 of the backflow device
714 to create a retrograde flow pattern out the openings 728.
To further enhance creating retrograde flow, a vacuum may
be generated at the distal end 744 of the aspirating catheter
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716 to create a net flow at the treatment site 92 that is
retrograde, and preferably into the lumen 750 of the aspi-
rating catheter 716.

[0115] A procedure may be performed at the treatment site
92, which may involve releasing particulate 94 from the wall
98 of the vessel 90. Because of the retrograde flow created
by the openings 728 in the backflow device 714, particulate
may not pass distally beyond the backflow device 714 and
travel downstream. In addition, because of the vacuum
created by the aspirating catheter 716, the particulate 94 may
be pulled into lumen 750 of the aspirating catheter 716, and
removed from the patient’s vasculature. Upon completing
the procedure, use of the backflow device 714 and the
aspirating catheter 716 may be discontinued, and the appa-
ratus 710 may be removed from the vessel 90.

[0116] Turning to FIG. 12, yet another embodiment of an
apparatus 810 is shown that may be used to perform a
procedure, e.g., a thrombectomy, within a blood vessel 90 or
other body lumen. Generally, the apparatus 810 is an elon-
gate member 812, preferably a tubular member, including a
shearing member 814, a mechanically aspirating pump 816,
and a filter element 818 on its distal end.

[0117] The mechanically aspirating pump 816 includes a
helical screw that may be rotated within the shearing mem-
ber 814, e.g., to generate a vacuum or otherwise remove
particulate at the distal tip 820. Additional information on
the structure and operation of the mechanically aspirating
pump 816 may be found in co-pending application Ser. No.
09/454,517, filed Dec. 6, 1999 and in PCT Publication No.
WO 01/19,444, published Mar. 22, 2001, the disclosures of
which are expressly incorporated herein by reference.

[0118] The filter element 818 may be an expandable frame
or mesh, such as that described above. The filter element 818
may be inflated to expand, as described above, or may be
mechanically expandable, e.g., by an actuator at a proximal
end (not shown) of the elongate member 812. In a further
alternative, the filter element 818 may be self-expanding.

[0119] During use, the apparatus 810 may be introduced
into a patient, and advanced into the blood vessel 90 until the
shearing member 814 is disposed adjacent a treatment site
92. The filter element 818 may be disposed within the vessel
90 downstream from the treatment site 92, e.g., by advanc-
ing a guidewire 822 carrying the filter element 818 from
within the elongate member 812. The filter element 818 may
be expanded across the lumen 90, e.g., to substantially
engage the wall 98.

[0120] A procedure may be performed at the treatment site
92, e.g., a thrombectomy, that may release particulate 94 into
the vessel 90. For example, the shearing member 8§14 may
be rotated or otherwise activated to shear thrombus or other
tissue from the wall 98 of the vessel 90. Alternatively, the
shearing member 814 may be replaced with other therapeu-
tic or diagnostic devices. For example, a device may be
provided to perform vibrational and/or mechanical dissolu-
tion of thrombus or other material on the wall 98. U.S. Pat.
Nos. 5,380,273, 5,498,236, and 5,713,848, and PCT Publi-
cation No. WO 96/39,955 disclose devices that may be
incorporated into the apparatus 810.

[0121] The filter element 818 may capture particulate 94
released during the procedure, similar to the embodiments
described above. At one or more times during the procedure
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and/or upon completing the procedure, the distal tip 820 may
be advanced towards the filter element 818 to aspirate
particulate 94 captured by the filter element 818 using the
mechanically aspirating pump 816. Alternatively, an aspi-
rating catheter (not shown) may be used instead of or in
addition to the mechanically aspirating pump 816.

[0122] Upon completing the procedure, the filter element
818 may be collapsed and/or returned into the elongate
member 812 and then the apparatus 810 may be withdrawn
from the vessel 90, moved to another treatment site (not
shown), and/or removed from the patient.

[0123] While the invention is susceptible to various modi-
fications, and alternative forms, specific examples thereof
have been shown in the drawings and are herein described
in detail. It should be understood, however, that the inven-
tion is not to be limited to the particular forms or methods
disclosed, but to the contrary, the invention is to cover all
modifications, equivalents and alternatives falling within the
spirit and scope of the appended claims.

What is claimed is:

1. An apparatus for capturing particulate within a body
lumen, comprising:

a tubular member comprising an inlet and an outlet, the
tubular member having a cross-section substantially
smaller than across-section of a body lumen such that
the tubular member may be introduced into a body
lumen generally parallel to a natural direction of fluid
flow within the body lumen such that the outlet is
oriented downstream of the inlet within the body
lumen;

a nozzle disposed within the tubular member and oriented
to inject fluid towards the outlet for generating a
vacuum at the inlet; and

a filter element on the inlet, the filter element comprising
a plurality of openings having a predetermined maxi-
mum size for preventing particulate larger than the
maximum size from entering the inlet of the tubular
member.

2. The apparatus of claim 1, further comprising an elon-
gate member extending from one end of the tubular member,
the elongate member having sufficient length that a proximal
end of the elongate member may be disposed outside of a
patient’s body, while the tubular member is disposed within
the body lumen.

3. The apparatus of claim 2, wherein the elongate member
comprises a lumen communicating with the nozzle for
delivering fluid from the proximal end of the elongate
member to the nozzle.

4. The apparatus of claim 3, further comprising a source
of fluid coupled to the proximal end of the elongate member
for delivering fluid via the lumen to the nozzle.

5. The apparatus of claim 1, wherein the inlet is in a
proximal end of the tubular member, and wherein the filter
element comprises a tubular body extending from the proxi-
mal end of the tubular member, the plurality of openings
being provided in a wall of the tubular body.

6. The apparatus of claim 1, wherein the filter element
comprises a filter mesh covering the inlet, the plurality of
openings comprising a plurality of pores in the filter mesh.
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7. The apparatus of claim 1, wherein the outlet is provided
in a distal end of the tubular member, and wherein the distal
end is tapered.

8. The apparatus of claim 1, further comprising an aspi-
rating element for removing particulate captured by the filter
element.

9. The apparatus of claim 8, wherein the aspirating
element comprises a catheter that is advanceable over the
tubular member, the catheter comprising a lumen for remov-
ing particulate captured by the filter element.

10. The apparatus of claim 9, wherein the aspirating
element comprises a mechanically aspirating pump coupled
to a distal end of a catheter for removing particulate via the
lumen captured by the filter element.

11. A method for capturing particulate within a body
lumen of a patient, the method comprising:

positioning a tubular member within a body lumen, the
tubular member comprising an inlet and an outlet, the
inlet being located upstream of the outlet within the
body lumen; injecting a jet of fluid from within the
tubular member towards the outlet, the jet creating a
vacuum at the inlet, the vacuum being sufficient to
cause fluid downstream of the outlet to flow retrograde
through the body lumen around at least a portion of the
tubular member into the inlet; and

providing a filter element on the inlet, the filter element
comprising a plurality of openings having a predeter-
mined maximum size for preventing particulate larger
than the maximum size from entering the inlet, thereby
capturing the particulate at a location upstream of the
outlet of the tubular member.

12. The method of claim 11, further comprising removing
the captured particulate from the body lumen.

13. The method of claim 12, wherein the removing step
comprises aspirating the particulate from the location
upstream of the outlet.

14. The method of claim 13, wherein the aspirating step
comprises advancing a distal end of a catheter into the body
lumen to aspirate the particulate into the catheter.

15. The method of claim 14, wherein the jet of fluid is
injected from a tubular element, the tubular element having
a distal end disposed within the tubular member proximate
the outlet.

16. The method of claim 15, wherein the catheter is
advanced over the tubular element to aspirate the particulate.

17. The method of claim 11, wherein the body lumen
comprises a blood vessel, and wherein the particulate com-
prises at least one of thrombus, atheroma, plaque, emboli,
and occlusive material.

18. The method of claim 11, further comprising releasing
occlusive material from a wall of the body lumen at a
location upstream from the inlet of the tubular member, the
captured particulate comprising material released from the
wall having a size larger than the maximum size.

19. The method of claim 11, further comprising perform-
ing a procedure at a location upstream from the tubular
member, the procedure releasing material from a wall of the
body lumen.

20. The method of claim 19, wherein the procedure
comprises at least one of thrombolysis, a diagnostic inter-
vention, vibrational dissolution, mechanical dissolution,
thrombectomy, atherectomy, angioplasty, and stent delivery.
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21. A method for manufacturing a filter element, the
method comprising:

providing an elongate tubular mesh having first and
second ends, and first and second portions adjacent the
first and second ends, respectively;

shaping the tubular mesh into an everted configuration in
which the second portion is disposed concentrically
within the first portion;

heating the tubular mesh to a predetermined temperature
to program the everted configuration into a shape
memory of the tubular mesh; and

removing the second portion from within the first portion
to dispose the tubular mesh in a generally tubular
configuration, the tubular mesh maintaining the tubular
configuration in a relaxed state.

22. The method of claim 21, wherein the tubular mesh
comprises polymeric material, and wherein the heating step
comprises heating the tubular mesh to at least two hundred
degrees Celsius for a predetermined time.

23. The method of claim 21, wherein the tubular mesh
comprises Nitinol, and wherein the heating step comprises
heating the tubular mesh to between about 350-525 degrees
Celsius for a predetermined time.

24. The method of claim 21, further comprising attaching
first and second elongate members to the first and second
ends of the tubular mesh, the first and second elongate
members being movable axially with respect to one another
to move the first and second ends towards and away from
one another.

25. The method of claim 24, wherein the second elongate
member comprises a tubular member within which the first
elongate member is slidably disposed.

26. A method for capturing particulate within a body
lumen of a patient using a tubular filter element on a distal
portion and second portions adjacent first and second respec-
tive ends of the filter element, the method comprising:

advancing the distal portion of the elongate member to a
location within a body lumen downstream of a treat-
ment site, the tubular filter element being disposed in a
radially compressed configuration;

directing the first and second ends of the filter element
towards one another, whereupon the filter element
everts such that the second portion is located substan-
tially within the first portion, and an intermediate
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portion between the first and second portions expands
to engage a wall of the body lumen; and

capturing particulate passing along the body lumen within
the everted filter element.
27. The method of claim 26, further comprising:

aspirating particulate captured within the filter element;

directing the first and second ends of the filter element
away from one another to remove the second portion
from within the first portion;

compressing the filter element radially inward; and

withdrawing the filter element from the body lumen.

28. The method of claim 26, wherein the advancing step
comprises directing the first and second ends of the filter
element away from one another to compress the filter
element radially inwards.

29. The method of claim 28, wherein the first and second
ends of the filter element are fixed to distal ends of first and
second elongate members, respectively, the first and second
elongate members being movable axially relative to one
another to evert the filter element.

30. The method of claim 29, wherein the first and second
elongate members are movable axially for applying tension
to the filter element to collapse the filter element to a radially
compressed configuration.

31. The method of claim 30, securing the first and second
elongate members relative to one another after applying the
tension, thereby constraining the filter element in the radi-
ally compressed configuration.

32. The method of claim 26, further comprising removing
the captured particulate from the body lumen.

33. The method of claim 32, wherein the removing step
comprises aspirating the particulate from the location
upstream of the outlet.

34. The method of claim 33, wherein the aspirating step
comprises advancing a distal end of a catheter into the body
lumen to aspirate the particulate into the catheter.

35. The method of claim 26, further comprising perform-
ing a procedure at a location upstream from the tubular
member, the procedure releasing material from a wall of the
body lumen.

36. The method of claim 35, wherein the procedure
comprises at least one of thrombolysis, a diagnostic inter-
vention, vibrational dissolution, mechanical dissolution,
thrombectomy, atherectomy, angioplasty, and stent delivery.
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