
APPARATUS AND METHODS FOR REMOVING OBSTRUCTIVE
MATERIAL FROM BODY LUMENS FIELD OF THE INVENTION The
present invention relates generally to apparatus for
removing material within a body lumen of a patient.
More particularly, the present invention relates to
apparatus for removing or otherwise capturing thrombus
or other obstructive material from within a tubular
graft, blood vessel, or other body lumen, e.g., by
cutting, separating, and/or aspiration of material,
and to methods for making and using such apparatus.
BACKGROUND Flow within a blood vessel or other body
lumen within a patient's vasculature may become
constricted or ultimately interrupted for a variety of
reasons. For example, a vessel may gradually narrow
due to inflammation and/or cell proliferation. In
addition, thrombus may form due to such narrowing or
other flow problems within a vessel. For example, an
aorto-venous graft may be implanted in an arm of a
patient experiencing kidney failure, e.g., to
facilitate dialysis treatment. Such grafts may be a
fistula formed directly in the patient's body, e.g.,
through tissue between an adjacent artery and vein or
other vessels, may be a xenograft implanted between
two vessels, or may be a synthetic graft. Such grafts
only have a limited life cycle due to inflammation,
thrombus formation, and the like. Once such a graft
becomes sufficiently occluded or otherwise
deteriorates, a new graft must be implanted at a new
location for subsequent treatment. Some medical
procedures involve aspirating material from within a
body lumen. Although it may be desirable to provide a
relatively large aspiration lumen in a catheter or
other device to facilitate aspiration, many procedures
require the device to maintain a relatively small
profile, e.g., to provide desired tracking performance
and/or avoid damaging the passages through which the
device is directed. In such devices, relatively large
particles may obstruct the aspiration lumen of the
device, preventing further aspiration. Accordingly,
apparatus and methods for removing material from
aorto-venous grafts, blood vessels, or other body
lumens would be useful.SUMMARY 



The present invention is directed to apparatus for
removing material within a body lumen of a patient.
More particularly, the present invention is directed
to apparatus for removing or otherwise capturing
thrombus or other obstructive material within a
tubular graft, blood vessel, or other body lumen,
e.g., by cutting, separating, and/or aspiration the
material, and to methods for making and using such
apparatus. In accordance with a first embodiment, an
apparatus is provided for removing material within a
body lumen that includes an elongate tubular member
including a proximal end, a distal end sized for
introduction into a body lumen, and an aspiration
lumen extending between the proximal and distal ends;
a guide member extending from the distal end and
terminating in a distal tip, the guide member
comprising a track adjacent a track lumen extending
from the distal tip into the aspiration lumen; and an
obstruction clearing device deployable from the guide
member and retractable along the track. In an
exemplary embodiment, the obstruction clearing member
includes a core wire slidable within the track lumen
and one or more lumen clearing elements deployable
from the distal tip of the guide member when the core
wire is advanced relative to the guide member. The
lumen clearing element(s) may include an expandable
structure that is expanded from a contracted condition
within the guide member to an expanded condition when
deployed from the guide member, e.g., for engaging
material within a body lumen. The expandable structure
may be directable proximally along the track in the
expanded condition, e.g., when the core wire is
subsequently retracted relative to the guide member,
for drawing the lumen clearing element(s) and any
captured material into the aspiration lumen of the
tubular member. In addition, the guide member may
include an orifice, e.g., in a side wall thereof,
communicating with the track lumen, the orifice
located within the aspiration lumen such that, when
the core wire is retracted relative to the guide
member, the expandable structure is compressed
inwardly towards the contracted condition and the
lumen clearing element(s) are drawn through the
orifice into the track lumen. For example, the lumen
clearing element(s) may be oriented substantially
axially within the track lumen when the one or more
lumen clearing elements are drawn through the orifice
into the track lumen. 



When the core wire is subsequently advanced relative
to the guide member, the lumen clearing element(s) may
be directed through the track lumen in the contracted
condition until the lumen clearing element(s) are
redeployed from the distal tip of the guide member.In
accordance with another embodiment, a method is
provided for removing material within a body lumen of
a patient. A distal end of a tubular member may be
introduced into a body lumen, the tubular member
having a guide member extending distally from the
distal end. The tubular member may be positioned such
that the distal end is disposed adjacent material to
be removed and a distal tip of the guide member is
disposed beyond the material. One or more lumen
clearing elements may be deployed from the distal tip
of the guide member, each lumen clearing element
including an expandable structure that expands from a
contracted condition within the guide member to an
expanded condition when deployed from the distal tip.
The deployed lumen clearing element(s) may be
retracted along a track of the guide member to engage
material within the body lumen and draw the material
into a lumen of the tubular member. When the lumen
clearing element(s) are retracted along the track of
the guide member, the lumen clearing element(s) may be
retracted through an orifice into the guide member to
compress and/or draw the expandable structure(s) into
the guide member. If desired, the lumen clearing
element(s) may be redeployed from the distal tip of
the guide member after retracting the one or more
lumen clearing elements through the orifice into the
guide member. This process may be repeated as often as
desired to remove material from the body lumen.
Optionally, the material may be aspirated before or
while being drawn into the lumen of the tubular
member, e.g., to facilitate removing the material from
the body lumen. In addition or alternatively, the
material engaged by the lumen clearing elements may be
separated by the expandable structure into multiple
pieces, e.g., as the expandable structure is directed
into the tubular member lumen and/or compressed back
towards the contracted condition. In accordance with
still another embodiment, an apparatus is provided for
removing material within a body lumen that includes an
elongate tubular member including a proximal end, a
distal end sized for introduction into a body lumen,
and an 



aspiration lumen extending between the proximal and
distal ends; and a cutting head disposed within the
aspiration lumen adjacent the distal end. The cutting
head is reciprocable axially or otherwise movable
within the aspiration lumen for breaking up material
being aspirated into the aspiration lumen. In
accordance with yet another embodiment, a method is
provided for removing material within a body lumen of
a patient. A distal end of a tubular member may
beintroduced into a body lumen, the tubular member
including an aspiration lumen and a cutting head
disposed within the aspiration lumen near the distal
end. The tubular member may be positioned such that
the distal end is disposed adjacent material to be
removed and/or vacuum pressure may be applied to the
aspiration lumen to draw material within the body
lumen towards the distal end of the tubular member.
The cutting head may be activated, e.g., before,
after, or when the vacuum pressure is applied, to
cause the cutting head to reciprocate relative to the
distal end to macerate material drawn to the distal
end of the tubular member. The cutting head may break
the material into pieces sufficiently small to be
aspirated into the aspiration lumen by the vacuum
pressure. Other aspects 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 It will be appreciated that the exemplary
apparatus shown in the drawings are not necessarily
drawn to scale, with emphasis instead being placed on
illustrating the various aspects and features of the
illustrated embodiments. FIG. 1 is a side view of a
distal end of an exemplary embodiment of an apparatus
for capturing material within a body lumen, the
apparatus including a plurality of lumen clearing
elements deplovable along a track of a catheter. FIG.
2 is a cross-sectional view of a body lumen, showing
the apparatus of FIG. 1 positioned therein with the
lumen clearing elements deployed from the track within
the body lumen. FIGS. 3A-3G are cross-sectional views
of a body lumen showing a method for capturing
material from the body lumen using the apparatus of
FIGS. 1 and 2. 



FIG. 4 is a side view of a distal end of another
exemplary embodiment of an apparatus for capturing
material from within a body lumen that includes an
alternate configuration for a lumen clearing element.
FIG. 5 is a side of an exemplary embodiment of another
apparatus for capturing material within a body lumen
that includes a reciprocating cutting head deployable
from a catheter. FIGS. 6A-6D are cross-sectional views
of a body lumen showing a method for capturing
material within the body lumen using the apparatus of
FIG. 5.FIGS. 7A-7D are side views of alternative
embodiments of cutting heads that may be included in
the apparatus of FIG. 5. FIGS. 8A-8D are perspective
details of the cutting heads of FIGS. 7A-7D,
respectively, being deployed from a distal end of a
catheter. FIG. 9 is a cross-sectional view of a body
lumen showing an exemplary embodiment of a system for
capturing material from the body lumen that includes
the apparatus of FIG. 5 and an expandable device for
directing material within the body lumen towards the
apparatus. FIG. 10 is a side view of another exemplary
system for capturing material from a body lumen
including a sheath and a cutting assembly. FIG. 11 is
a cross-sectional view of a body lumen showing a
method for removing material from a body lumen using
the system of FIG. 10. DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS Turning to the drawings, FIGS. 1
and 2 show an exemplary embodiment of an apparatus 10
for removing, retrieving, and/or otherwise capturing
thrombus, objects, and/or obstructive material from
within a body lumen 90, such as a blood vessel,
aortovenous fistula, tubular graft, and the like.
Generally, the apparatus 10 includes a catheter,
sheath, or other tubular member 20, and an obstruction
clearing or retrieval device 40 including one or more
lumen clearing appendages or elements 50 carried by a
core wire, shaft, or other elongate member 42. In the
embodiment shown, the catheter 20 includes a proximal
end (not shown), a distal end 22, and a lumen 24
extending therebetween. In addition, the catheter 20 



includes a guide member 26 extending distally from the
distal end 22, e.g., attached to or integrally formed
with the distal end 24 of the catheter 20.
Alternatively, the guide member 26 may be movable
relative to the catheter 20, e.g., to allow the guide
member 26 to be advanced from and/or retracted into
the lumen 24 of the catheter 20 during use. The guide
member 26 includes a track lumen 28 that extends at
least partially from within the catheter 20, e.g.,
from within the lumen 24 to a distal tip 30 of the
guide member 26. The guide member 26 may terminate
within the distal end 24 of the catheter 20, e.g., at
a predetermined length therein corresponding to the
length of the lumen clearing element(s) 50 and/or the
region of the shaft 42 carrying the lumen
clearingelement(s) 50. Alternatively, the guide member
26 may extend substantially to the proximal end of the
catheter 20 (not shown). The guide member 26 may allow
the lumen clearing element(s) 50 to be deployed from
and/or drawn into the guide member 26 during use, as
described further below. For example, the guide member
26 may include a track or other feature for guiding
the lumen clearing element(s) 50 along the guide
member. In the embodiment show, the guide member 26
includes a slit 32 that extends from the catheter 20,
e.g., from within or adjacent the distal end 22, to
the distal tip 30 of the guide member 26. The slit 32
may be oriented inwardly towards the lumen 24 of the
catheter 20, e.g., to guide the lumen clearing
element(s) 50 into the lumen 24 of the catheter, as
described further below. The distal tip 30 of the
guide member 26 may be substantially atraumatic, e.g.,
rounded or otherwise shaped to reduce risk of damaging
walls of body lumens within which the apparatus 10 is
introduced. In addition, the distal tip 30 may include
a tapered entrance 34 communicating with the slit 32,
e.g., to guide the lumen clearing element(s) 50 into
the slit 32, as described further below. The guide
member 26 also includes an orifice 36, e.g., at an end
of the slit 32 opposite the tapered entrance 34, e.g.,
within the lumen 24 of the catheter 20. The orifice 36
may be sized and/or shaped to allow the lumen clearing
element(s) 50 to be drawn into the track lumen 28 of
the guide member 26, e.g., as described further below.
Optionally, the catheter 20 may include one or more
additional lumens (not shown) extending between the
proximal end and the distal end 22, e.g., for
delivering and/or 



aspirating fluid, for receiving a guidewire or other
rail (not shown), and the like. For example, in some
applications, it may be desirable to advance the
entire apparatus 10 over a guidewire or other rail
(not shown), e.g., by loading the guidewire through a
guidewire lumen (also not shown) disposed adjacent the
lumen 24, or through the lumen 24 itself. In addition,
or alternatively, a source of fluid, e.g., one or more
solvents or other therapeutic agents, a source of
vacuum, e.g., a syringe, a vacuum line, and the like,
may be coupled to the catheter 20, e.g., for
delivering or aspirating material through the lumen 24
or other lumen (not shown) in the catheter 20. For
example, the apparatus 10 may include a handle (not
shown) coupled to or otherwise on the proximal end of
the catheter 20, e.g., for manipulating the catheter
20 and/or the entire apparatus 10. The handle may
include one or more controls or actuators (also not
shown) for actuating the obstruction clearing device
40 and/or other componentsof the apparatus 10. In
addition, the handle may include one or more ports
(not shown) for coupling to a source of fluid and/or
vacuum. For example, one of the ports may communicate
with the lumen 24 and a vacuum line, syringe, or other
source of vacuum may be coupled to the port to allow
aspiration of material within or adjacent the lumen
24, e.g., as described further below. Exemplary
embodiments of handles that may be provided on the
apparatus 10 are disclosed in provisional application
Serial No. 61/078,330, filed July 3, 2008. With
continued reference to FIGS. 1 and 2, the core wire 42
of the obstruction clearing device 40 generally
includes a proximal end, e.g., within the proximal end
of the catheter 20 (not shown), and a distal end
terminating in a distal tip 46, e.g., defining a
longitudinal axis 44 for the apparatus 10. The core
wire 42 may be a substantially flexible elongate
member, e.g., a solid or hollow wire structure, having
sufficient length to extend from the proximal end of
the catheter 20 through and beyond the guide member
26. For example, the core wire 42 may have sufficient
length to extend from a target site within a patient's
body through the catheter 20 to a location outside the
patient's body. Alternatively, the core wire 42 may
extend to and be coupled to other components of the
apparatus 10 spaced apart proximally from the lumen
clearing element(s) 50. The core wire 42 may have
sufficient column strength to allow advancement of the
core wire 42 



through the catheter 20 without substantial risk of
buckling or kinking. For example, a distal region of
the core wire 42 may be relatively flexible and a
proximal region may be substantially rigid or
semi-rigid to facilitate advancement of the distal
region from the proximal end of the catheter 20. The
core wire 42 may be formed from a single wire strand,
multiple strands, a coiled wire structure, and the
like having a sufficiently small profile to be
slidably received in the catheter 20 and/or guide
member 26. In an exemplary embodiment, the proximal
end of the core wire 42 may be received within and/or
otherwise coupled to a handle (not shown). The handle
may be mounted or otherwise provided on the proximal
end of the catheter 20, as described above, and may
include an actuator, e.g., a slider control, button,
and the like (not shown) for directing the core wire
42 axially relative to the catheter 20, e.g., to
deploy and/or retract the lumen clearing element(s) 50
from the guide member 26, as explained further below.
The distal tip 46 of the core wire 42 may be
substantially atraumatic, e.g., rounded or otherwise
shaped to minimize risk of perforation and/or catching
during advancement from the guide member 26 within a
patient's body. Optionally, the distal tip 46 may
becovered by a coiled wire and/or a polymeric
covering, and/or may include a "J" or other curved tip
(not shown). With particular reference to FIG. 1, as
shown, the obstruction clearing device 40 includes a
plurality of the lumen clearing elements 50 for
capturing material within a body lumen. Although three
lumen clearing elements 50 are shown, it will be
appreciated that the apparatus may include fewer or
more elements, e.g., only one or two, or four or more,
as desired. Each lumen clearing element 50 may include
an expandable structure that may be compressed to
allow advancement through the track lumen 28 of the
guide member 26 and expanded to extend at least
partially across a body lumen. In the exemplary
embodiment shown in FIGS. 1 and 2, each lumen clearing
element 50 includes an enclosed hoop 52 coupled to an
arm 54 extending from the core wire 42. Each
respective hoop 52 and arm 54 may be integrally formed
together, for example, by forming the hoop 52 and arm
54 from a flat sheet, e.g., by laser cutting, die
cutting, stamping, and the like, by bending or
otherwise forming a wire into the hoop shape with one
end of the wire providing the arm 54 and the other end
attached to the arm 



52 to enclose the hoop 52, and the like. Each arm 54
may be attached at predetermined locations on the core
wire 42, e.g., spaced apart from one another by a
desired spacing, e.g., by bonding, welding, soldering,
and the like. For example, one end of each arm 54 by
attached to a side of the core wire 42 such that the
arms 54 are aligned axially with one another. The arms
54 may be spaced apart by a distance such that the
hoops 52 do not substantially overlap one another when
compressed to the contracted condition, e.g., to
reduce an overall profile of the lumen clearing
elements 50 when compressed into the track lumen 28 of
the guide member 26. One of each arm 54 may be
attached directly to the core wire 42. Alternatively,
a portion of each arm 54 may be wrapped at least
partially around the core wire 54 and/or each arm 54
may be attached to a collar or sleeve (not shown) that
may be attached to the core wire 54 such that the arms
54 are spaced apart and axially aligned with one
another. In an exemplary embodiment, the hoops 52
and/or arms 54 may be formed from elastic or
superelastic material. Thus, the hoops 52 may be
compressed radially inwardly to a contracted condition
(not shown) sufficiently small to be directed into and
along the track lumen 28 of the guide member 26, yet
resiliently expandable towards an expanded, relaxed
condition, as shown, in which the hoops 52 extend
transversely from the core wire 42. Exemplary
materials for the lumen clearing element(s) 50 include
metals, such asNitinol or stainless steel, polymers or
other plastics, or composite materials. The hoops 52
and/or arms 54 may be heat treated or otherwise set to
biased to the expanded condition yet resiliency
compressible to the contracted condition. In the
relaxed condition, the hoops 52 may have a circular or
elliptical shape, e.g., approximating a desired range
of diameters of body lumens to be treated using the
apparatus 10. For example, the hoops 52 may have a
size sufficient to extend substantially across a body
lumen 90 in the expanded condition, e.g., having a
diameter or minor elliptical axis between about two
and ten millimeters (2-10 mm) and/or a circumference
or other perimeter length between about six and thirty
millimeters (6-30 mm). In the relaxed condition, the
arms 54 may be biased to extend transversely relative
to the core wire 42 and longitudinal axis 44 at a
desired angle, e.g., between about thirty and ninety
degrees (30-90). As shown, in the relaxed condition,
the arms 54 and hoops 52 may extend away 



from the distal end 22 of the catheter 20, although,
alternatively, they may extend substantially
perpendicular to or towards the distal end 22, if
desired. The arms 54 may have a length relatively
smaller than the size of the hoops 52, e.g., between
about half to two millimeters (0.5-2.0 mm). Thus, the
arms 54 may simply provide flexible hinges to allow
the hoops 52 to be deployed from and retracted into
the track lumen 28 of the guide member 26. In the
contracted condition, each hoop 52 may be compressible
inwardly, e.g., such that side regions of the hoops 52
between the arm 52 and the outer region opposite the
arm 52 are directed towards one another. Thus, in the
contracted condition, the hoops 52 may have a
cross-section smaller than the diameter of the track
lumen 28 of the guide member 26, e.g., between about
half to two millimeters (0.5-2.0 mm), as described
further below. Also in the contracted condition, the
arms 54 may be bendable inwardly towards the core wire
42, e.g., such that the hoops 52 extend substantially
parallel to the longitudinal axis 44 to facilitate the
hoops 52 being received in and directed along the
track lumen 28 of the guide member 26, as described
further below. The hoops 52 may have a variety of
cross-sections or thicknesses, e.g., a circular
cross-section, which may provide a substantially
atraumatic shape to prevent damaging the wall of a
body lumen within which the element(s) 50 are
deployed. Alternatively, other cross-sections may be
provided along the entire perimeter of the hoops 52 or
only at desired regions, e.g., between the side and
outer regions, to provide one or more cutting edges,
e.g., to facilitate removing adherent material from
the wall of a body lumen withinwhich the element(s) 50
are deployed. For example, a single cutting edge may
be provided on each of the hoops 52 or multiple
cutting edges, e.g., extending along an outer or
leading edge of the hoops 52 or spirally around the
hoops 52, as desired. In addition or alternatively,
the thickness of the hoops 52 may be varied around
their perimeter to provide a variable flexibility to
different regions of the hoops 52, if desired.
Optionally, if desired, the lumen clearing element(s)
may include one or more additional features, e.g., to
facilitate capturing material therein and/or removing
adherent material from a wall of a body lumen being
treated. For example, FIG. 4 shows an alternative
embodiment of an lumen clearing element 50' that
includes a hoop 52' coupled 



to an arm 54' extending from a core wire 42, similar
to the previous embodiment. However, unlike the
previous embodiment, additional loops 56' are provided
on the hoop 52,' e.g., that extend from side regions
of the hoop 52.' The loops 56' may be substantially
symmetrical relative to the outer region of the hoop
52,' e.g., with one loop 56' on either side of the
outer region of the hoop 52,' as shown. Thus, in this
embodiment, the lumen clearing element 50' splits into
three separate loops around a midpoint of the hoops
52,' which may reduce spacing between the loops. This
embodiment may facilitate breaking up thrombus or
other material as it is contacted by the lumen
clearing element(s) 50' and/or drawn into the catheter
20, e.g., as described further below. During
manufacturing assembly or during preparation
immediately before use, the apparatus 10 is provided
with the obstruction clearing device 40 loaded into
the catheter 20, e.g., such that the lumen clearing
elements 50 are compressed into the contracted
condition within the track lumen 28 of the guide
member 26 (not shown, see generally FIGS. 3A-3B). For
example, during manufacturing, the guide member 26 may
be attached to the catheter 20 such that the guide
member 26 extends from the proximal end of the
catheter 20 beyond the distal end 22 of the catheter
20, as described above. Alternatively, the guide
member 26 may extend only a short distance into the
distal end 22 of the catheter 20. The catheter 20 may
include a co-extrusion or other tubular body that
includes both the lumen 24 and a guide lumen (not
shown), and the guide member 26 may be coupled to the
catheter 20 such that the track lumen 28 of the guide
member 26 communicates with the guide lumen. The
catheter 20 and/or guide member 26 may be constructed
as a single tubular component along their length or
may be formed from multiple tubular componentsattached
together, e.g., to provide a desired rigidity and/or
flexibility at difference regions along the length of
the catheter 20 and/or guide member 26. For example,
the proximal regions may be relatively rigid or
semi-rigid to facilitate advancement of the catheter
20 and/or guide member 26, while the distal regions
may be relatively flexible to facilitate advancement
through tortuous anatomy. To make the obstruction
clearing device 40, the lumen clearing elements 50 may



be formed and attached to the core wire 42, e.g., as
described above. The core wire 42 may be backloaded
into the lumen 28 of the guide member 26, e.g., until
a proximal end of the core wire 42 extends towards or
to the proximal end of the catheter 20. The proximal
end of the core wire 42 may be coupled to an actuator,
e.g., on a handle on the proximal end of the catheter
20. The core wire 42 may be directed proximally, e.g.,
using the actuator on the handle or before coupling to
the actuator, to draw the lumen clearing elements 50
into the lumen 28 of the guide member 26, thereby
compressing the lumen clearing elements 50 into the
contracted condition, similar to the method described
below for retracting the lumen clearing elements 50
during use. Optionally, if desired, the apparatus 10
may include one or more markers to facilitate
positioning and/or advancement of the apparatus 10
during use. For example, one or more radiopaque
markers may be placed on the obstruction clearing
device 40, e.g., on the core wire 42, hoops 52, and/or
arms 54. Alternatively, the lumen clearing elements 50
or components thereof may be formed from radiopaque or
other materials that may facilitate imaging the
apparatus 10 during use. For example, radiopaque
markers and/or materials may facilitate positioning or
otherwise imaging the apparatus 10 using fluoroscopy
or other x-ray imaging, e.g., when deploying and/or
actuating the basket device 40. Alternatively,
echogenic markers and/or materials may be provided to
facilitate imaging using ultrasound or similar imaging
techniques. Turning to FIGS. 3A-3G, an exemplary
method is shown for retrieving, removing, or otherwise
capturing material 92 within a body lumen 90, e.g.,
using an apparatus 10, which may be any of the
embodiments described herein, and not necessarily
limited to the embodiment shown and described below
with reference to FIGS. 1 and 2. The body lumen 90 may
be a blood vessel, e.g., a vein or artery, a graft,
e.g., an aorto-venous fistula, tubular xenograft, or
synthetic tubular graft, and the like. For example,
the body lumen 90 may be a passage communicating
between an adjacent artery and vein (not shown), e.g.,
in an arm or other region of a dialysis patient.
Alternatively, the body lumen 90 may be ablood vessel
within a patient's vasculature, e.g., a peripheral
vessel in a patient's leg, a cerebral vessel, and the
like. In a further alternative, the material 92 may be
a stone within a patient's urinary tract or other
foreign object to be removed from the patient's body. 



Optionally, the body lumen 90 may be accessed using
one or more additional instruments (not shown), which
may be part of a system or kit including the apparatus
10. For example, an introducer sheath, guide catheter,
or other tubular member (not shown) may be introduced
adjacent the target site where the material is to be
removed, or may be introduced elsewhere in the
patient's body to provide access to the patient's
vasculature or other passages communicating with the
body lumen 90. If the body lumen 90 is located in a
peripheral vessel of the patient, a percutaneous
puncture or cut-down may be created using a needle or
other instrument (not shown) at a peripheral location
(also not shown), such as a femoral artery, carotid
artery, or other entry site, and an introducer sheath
may be placed through the puncture at the peripheral
location to provide access. The apparatus 10 may be
advanced through the patient's vasculature from the
entry site, e.g., alone or with the aid of a guide
catheter, guidewire, and the like (not shown). For
example, to facilitate directing the apparatus 10 from
an entry site to the target body lumen 90, a guide
catheter, micro-catheter, or other tubular body may be
placed from the entry site to the body lumen 90 using
conventional methods. In addition or alternatively, a
guidewire (not shown) may be placed from the entry
site to the body lumen 90 if desired, e.g., if the
apparatus 10 includes a guidewire lumen in the
catheter 20 or core wire 42. Initially, as shown in
FIG. 3A, the apparatus 10 has been advanced into the
body lumen 90 such that the guide member 26 extends
through or otherwise beyond the material 90 being
captured. Optionally, one or more fluids may be
delivered into the body lumen 90, e.g., to facilitate
imaging and/or positioning the apparatus 10. For
example, radiopaque fluid may be delivered into the
body lumen 90 via the lumen 24 of the catheter 20 (or
via a lumen in the core wire 42 or the track lumen 28
of the guide member 26) to facilitate locating and/or
measuring the size of the material 92 using
fluoroscopy. Markers (not shown) on the apparatus 10
may facilitate positioning the guide member 26 and/or
distal end of the catheter 20 relative to the material
92 before the obstruction clearing device 40 is
deployed, e.g., to facilitate verifying that the
distal tip 30 of the guide member 26 is positioned
distal to the material 92.Optionally, at this point or
any time hereafter, a source of vacuum communicating 



with the lumen 24 of the catheter 20 may be activated
to aspirate the material 92 or segments thereof and/or
fluid into the lumen 24. In addition or alternatively,
the vacuum may be applied to maintain the material 92
adjacent the distal end 22 of the catheter 20, e.g.,
to prevent migration of the material 92 during
subsequent steps of the procedure. Turning to FIG. 3B,
the obstruction clearing device 40 may then be
deployed within the body lumen 90, e.g., such that the
lumen clearing elements 50 are disposed distally
beyond the material 92. As shown, the core wire 42 may
emerge first from the track lumen 28 beyond the distal
tip 30 of the guide member 26, and then the lumen
clearing elements 50 may become exposed, whereupon the
lumen clearing elements 50 may resiliently and
automatically expand to the expanded condition within
the body lumen 90, as shown in FIG. 3C. Because the
distal tip 30 of the guide member 26 is positioned
distally beyond the material 92, the lumen clearing
elements 50 are deployed well beyond the material 92,
which may reduce the risk of deploying the lumen
clearing elements 50 within or adjacent the material
92 and dislodging the material 92 or segments
prematurely. With further reference to FIG. 3D, the
obstruction clearing device 40 may then be retracted
relative to the catheter 20 and guide member 26. As
shown, as the core wire 42 is withdrawn back into the
track lumen 28 of the guide member 26, the arms 54 of
each successive lumen clearing element 50 may contact
the distal tip 30 and be guided by the tapered
entrance 34 into the slit 32. The slot 32 may be
sufficiently wide that the arms 54 pass freely into
and along the slot 32 with the hoops 52 remaining
deployed substantially in the expanded condition, as
shown. Thus, the hoops 52 may substantially surround,
engage, and/or otherwise capture the material 92
within one or more of the hoops 52, e.g., depending on
the length and/or size of the material 92. As shown in
FIG. 3E, as the obstruction clearing device 40 is
retracted further, the hoops 52 of the lumen clearing
elements 50 are pulled through the distal end 22 of
the catheter 20 into the lumen 24. As the outer region
of the hoops 52 enter the lumen 24, the material 92
may be cut or otherwise separated if it is too large
to be drawn into the lumen 24 in a single piece. The
smaller pieces may be drawn into the lumen 24 due to
aspiration provided by the vacuum within the lumen 24
and/or pulled in by the hoop 52 entering the 



distal end 22. If remaining pieces of the material 92
are too large to be drawn into the lumen 22, they may
remain immediately outside the distal end 22, e.g.,
due to the aspiration pressure, until the next hoop 52
engages and/or cuts the material 92 further.Thus,
multiple successive lumen clearing elements 50 may
facilitate breaking the material 92 into pieces
sufficiently small to be drawn into the lumen 24 by
aspiration. If desired, the material 92 may be
treated, e.g., at least partially dissolved,
macerated, and the like before, during, or after
withdrawal of the lumen clearing elements 50 into the
catheter 20. For example, a therapeutic agent may be
delivered into the body lumen 90 via the catheter 20
(e.g., through lumen 24 or another infusion lumen, not
shown), e.g., to at least partially dissolve or
separate thrombus or other relatively soft material
before being drawn into the lumen 24 of the catheter
20. Optionally, the hoops 52 of the lumen clearing
elements 50 may include one or more cutting edges (not
shown), which may facilitate separating the material
92 into multiple pieces. In addition or alternatively,
such cutting edge(s) may facilitate scraping a wall of
the body lumen 90, e.g., to remove adherent material
from the wall of the body lumen 90 and facilitate
capturing the material. As shown in FIG. 3F, the final
lumen clearing element 50 has been drawn into the
lumen 24, along with the captured material 92. As the
lumen clearing elements 50 enter the lumen 24, the
hoops 52 may be compressed inwardly towards the
contracted condition and/or the arms 54 may be bent to
accommodate receiving the hoops 52 within the lumen
24. As can be seen in FIG. 3G (and FIG. 1), the slit
32 in the guide member 26 communicates with the
orifice 36 within the distal end 22 of the catheter
20. The orifice 36 may be sufficiently large, e.g.,
wide to receive the hoops 52 therethrough, thereby
allowing the hoops 52 to be drawn through the orifice
36 into the track lumen 28. As this occurs, the lumen
clearing elements 50 may be compressed into the
contracted condition, e.g., oriented substantially
axially within the track lumen 28 of the guide member
26. In this orientation, if desired, the obstruction
clearing device 40 may be advanced distally again to
direct the lumen clearing elements 50 distally through
the track lumen 28 of the guide member 26, e.g., until
the lumen clearing elements 50 are deployed from the
distal tip of the guide member 26, as shown in FIGS.
3B and 3C. Thus, the steps shown in 



FIGS. 3B-3G may be repeated as many times as desired,
e.g., to capture additional pieces of material 92
within the body lumen 90. Optionally, the catheter 20
may be repositioned within the body lumen 90, e.g.,
advanced distally further into the body lumen 90 to
capture additional material (not shown) therein.
Because the lumen clearing elements may be retracted
and redeployed as often as desired, the obstruction
clearing device may include any number of lumen
clearingelements. For example, as shown in FIG. 4, the
obstruction clearing device 40' includes only one
lumen clearing element 50, which may be deployed and
then retracted repeatedly to break up and/or capture
material within a body lumen. The material may be
easily broken into pieces small enough to be drawn
into the lumen 24 of the catheter 20 by aspiration or
otherwise. Once all of the desired material has been
removed, the apparatus 10 (e.g., with the lumen
clearing element(s) withdrawn into the guide member
26) may be withdrawn from the body lumen and/or the
patient's body. The process may be repeated, as
desired, using the same apparatus 10 or a different
apparatus (not shown). For example, the obstruction
clearing device 40 may be withdrawn into the catheter
20 and then directed to another location within the
body lumen 90 or other elsewhere in the patient's
body, and then redeployed to capture additional
material, and the process may be repeated as often as
desired. Turning to FIG. 5, another embodiment of an
apparatus 110 is shown for removing material from a
body lumen. Generally, the apparatus 110 includes a
catheter, sheath, or other tubular member 120 and a
cutting assembly 140 disposed within the catheter 110.
In addition, the apparatus 110 includes a control
system 160, e.g., for moving the cutting element 140
relative to the catheter 120, and a vacuum source 170,
which may be disposed within a handle 180 of the
apparatus 110. Optionally, the apparatus 110 may
include a guide member and obstruction clearing device
(not shown), if desired, which may be used in
combination with the cutting assembly 140, e.g., with
the obstruction clearing device drawing material into
the catheter 120 and the cutting assembly 140 breaking
the material up to facilitate aspiration, as described
further below. The catheter generally 120 includes a
proximal end 121, a distal end sized for introduction
into a body lumen 122, and one or more lumens, e.g.,
an aspiration lumen 



124, extending between the proximal and distal ends
121, 122. Optionally, the catheter 120 may include one
or more additional lumens (not shown), e.g., a
guidewire lumen, a shaft lumen, and the like, if
desired. The catheter 120 may be constructed similar
to the previous embodiments, e.g., having a desired
length and/or flexibility for accessing a body lumen
within a patient's body to be treated. The relative
size of the catheter 120 and handle 180 shown in FIG.
5 are not to scale, but are merely intended to
illustrate the various components of the apparatus
110. In particular, the handle 180 has been shown
substantially larger than its actual size relative to
the catheter 120 to facilitate identification of the
components within the handle 180.The cutting assembly
140 generally includes a cutting head 142 disposed
adjacent the distal end 122 of the catheter 120 and a
drive shaft 144 extending proximally from the cutting
head 142, e.g., to the proximal end 121 of the
catheter 120, as shown. The cutting head 142
terminates in a rounded tip 146 and includes one or
more teeth 148, e.g., along a side edge of the cutting
head 142. The cutting head 142 has a width smaller
than the diameter of the aspiration lumen 124, e.g.,
slightly smaller than the aspiration lumen 124 such
that the cutting head 142 is free to move axially
within the aspiration lumen 124 with minimal lateral
movement. Alternatively, the cutting head 142 may have
a width substantially smaller than the aspiration
lumen 124 and may be movable along one side of the
catheter wall, e.g., with the teeth 148 oriented
inwardly towards the center of the aspiration lumen
124. FIGS. 7A-7D are side views of alternative
embodiments of cutting heads 142 that may be provided
for the cutting assembly 140 of FIG. 5. For example,
the cutting head 142a of FIG. 7A includes a rounded
tip 146a and a plurality of teeth 148a along opposite
side edges of the cutting head 142a. FIG. 7B shows a
similar cutting head 142b that includes four sets of
teeth 148b spaced apart ninety degrees from one
another, each set of teeth 148b extending axially
along a cutting length of the cutting head 142b. The
cutting head 142c of FIG. 7C terminates in a sharpened
tip 146c and includes a set of teeth 148c tapering to
the tip 146c. FIG. 7D shows a cutting head 142d that
includes a rounded tip 146d and one set of teeth 148d,
similar to that shown in FIG. 5, except that the teeth
148d are angled diagonally, e.g., proximally away from
the tip 146d. Such angled teeth 148d 



may facilitate cutting, tearing, breaking up, or
otherwise macerating material engaged by the teeth
148d and pulling the material into the aspiration
lumen 124, as described further below. Similar to the
cutting head 142 of FIG. 5, the cutting heads
142a-142d may be movable within the aspiration lumen
124 of a catheter 120, as shown in FIGS. 8A-8D,
respectively, and described further below. Returning
to FIG. 5, the cutting head 142 (or any of the
alternatives shown in FIGS. 7A-7D) may be formed from
a substantially rigid sheet, bar, or other base
material, e.g., by machining, laser cutting, stamping,
casting, molding, and the like, thereby providing the
desired shape for the tip 146 and teeth 148. The
cutting head 142 may be integrally formed with the
shaft 144 or may be attached to the shaft 144
subsequent to forming the cutting head 142, e.g., by
welding, soldering, bonding, mating connectors (not
shown), and the like. The shaft 144 may be formed from
a substantially rigid or semirigid solid or hollow
wire, rod, or other material, e.g., having sufficient
column strength to allow the cutting head 142 to be
reciprocated or otherwise moved from the proximal end
121 of the catheter 120. The cutting head 142 and/or
shaft 144 may be formed from a variety of materials,
e.g., metals, such as stainless steel, plastic, or
composite materials. The shaft 144 may have a
relatively small diameter or other cross-section
compared to the cutting head 144, e.g., such that the
shaft 144 occupies minimal space within the aspiration
lumen 124 of the catheter 120. Thus, material
aspirated into the aspiration lumen 124 of the
catheter 120 may be free to pass along the aspiration
lumen 124 with minimal resistance caused by the shaft
144. Alternatively, the shaft 144 may enter and travel
along a separate shaft lumen (not shown) in the
catheter 120, e.g., extending from a location adjacent
the distal end 122 to the proximal end 121, e.g., if
it is desired to separate the shaft 144 substantially
from material traveling through the aspiration lumen
124. Returning to FIG. 5, the proximal end 121 of the
catheter 120 may be coupled to the handle 180 such
that the shaft 144 extends into the handle 180, e.g.,
through one or more seals 182. In exemplary
embodiments, the seal(s) 182 may include a
piston/cylinder arrangement, a bellows, and the like.
The shaft 144 may be coupled to the control system
160, e.g., such that the shaft 144 may be reciprocated
or otherwise moved relative to the 



catheter 120. For example, the control system 160 may
include a motor for driving the shaft 144, e.g., by
coupling the shaft 144 to an output 163 of the motor
162. The control system 160 may also include a power
source 164, e.g., a battery pack, rechargeable
battery, a cable for connecting to an electrical
outlet (not shown), and the like, coupled to the motor
162 and an electrical switch 166 for selectively
supplying power from the power source 164 to the motor
162 for turning the motor 162 off and on. The vacuum
source 170 is coupled to the aspiration lumen 124 of
the catheter 120, e.g., via line 172 that communicates
with the aspiration lumen 124. In the exemplary
embodiment shown, the vacuum source 170 may be a
syringe 176 including a plunger 178, which may be
drawn to create a vacuum within the syringe 176 and
then locked in position to maintain the vacuum.
Alternatively, the vacuum source may be an external
vacuum source, e.g., house vacuum in a facility, an
external pump, and the like. A fluid valve 174 is
provided in the line 172 that may be actuated by a
user to selectively open and close the line 172, e.g.,
to supply a vacuum pressure to the aspiration lumen
124 from the syringe 176. The fluid valve 174 may be
coupled to the switch 166such that, when a user
activates the fluid valve 174 to aspirate the
aspiration lumen 124, the switch 166 turns on the
motor 162, causing the cutting head 142 to
reciprocate. Alternatively, there may be a delay
between opening the fluid valve 174 and turning on the
motor 162 or the motor 162 may be turned on
independently of the vacuum source 160. When the fluid
valve 174 is deactivated to close the line 172, the
switch 166 turns the motor 162 off, or the motor 162
may be turned off independently, either before or
after turning off the vacuum source 160. Turning to
FIGS. 6A-6D, an exemplary method is shown for using
the apparatus 110 of FIG. 5 to remove material 92 from
a body lumen 90. The body lumen 90 may be a tubular
graft, blood vessel, or other location within a
patient's body accessed similar to the previous
embodiments described above. As shown in FIG. 6A, the
distal end 122 of the catheter 120 is positioned
within the body lumen 90, e.g., from a percutaneous or
other entry site, with the cutting assembly 140 and
aspiration deactivated. Turning to FIG. 6B, a vacuum
may be applied to the aspiration lumen 124, thereby
drawing the material 92 within the lumen 90 towards
the distal end 122 of the catheter 120. For example,
as 



described above with additional reference to FIG. 5,
the plunger 178 may be drawn to create a vacuum within
syringe 176 and then locked or otherwise secured to
maintain the vacuum within the syringe 176.
Alternatively, an external source of vacuum (not
shown) may be coupled to the handle 180 to apply a
vacuum to the line 172. The fluid valve 174 may be
opened to apply the vacuum to the aspiration lumen 124
of the catheter 120. As shown, the material 92 may be
too large to be drawn into the aspiration lumen 124
despite the vacuum. Turning to FIG. 6C, however, when
the fluid valve 172 is opened, the switch 166 is
substantially simultaneously activated to turn on the
motor 162 and begin reciprocation of the cutting head
142. Alternatively, the switch 166 may be activated
independently of the fluid valve 172, e.g., before or
after opening the fluid valve 172. Once the motor 162
is activated, the cutting head 142 may reciprocate
from a proximal or first position within the distal
end 122 of the catheter 120 (shown in FIGS. 5 and 6B)
to a distal or second position extending at least
partially from the distal end 122 (shown in FIG. 6C).
When the cutting head 142 moves to the distal
position, the tip 146 of the cutting head 142 may
initially contact the material 92, e.g., to being
breaking the material 92 up into smaller particles or
pieces. The teeth 148 may also contact the material
92, e.g., to push the material upwardly and/or pull
the material 92 proximally, which may cut, break,or
otherwise separate the material 92 into smaller pieces
92a. As shown in FIG. 6D, the smaller pieces 92a may
be sufficiently small to pass freely into the
aspiration lumen 124 due to the vacuum being applied,
thereby removing the pieces 92a from the body lumen 90
into the catheter 110, e.g., into the syringe 176 or
other storage chamber (not shown) in the handle 180.
It may take several reciprocations to fully macerate
and aspirate the material 92 within the body lumen 90.
The proximal oriented teeth, such as the teeth
148a-148d shown in FIGS. 7A-7D, may facilitate tearing
off pieces 92a of the material 92, e.g., when the
cutting head 142a-142d is withdrawn back into the
distal end 122 of the catheter 120. The motor 162 and
consequently the cutting head 142 may be operated at
speeds sufficiently fast to minimize the chance of the
material 92 deforming and moving out of the way of the
teeth 148 during reciprocation. For example, it may be
desirable to operate 



the cutting head 142 at speeds of about 3,600-60,000
cycles per minute, e.g., about ten thousand cycles per
minute or more. Such speeds may substantially prevent
the material 92 from moving out of the way of the
cutting head 142, which may result in a more complete
and quick maceration and aspiration of the material
92. Turning to FIG. 9, in an alternative embodiment,
the apparatus 110 of FIG. 5 may be used in cooperation
with an expandable flow restoration device 190, e.g.,
to provide a system for removing material 92 from a
body lumen 90. The flow restoration device 190 may
include an expandable member 192 on a distal end 194
of a shaft 196, e.g., a catheter, sheath, or other
tubular body. The expandable member 192 may be a
balloon, a mechanically expandable structure, and the
like. In the embodiment shown, the expandable member
192 may be a helical device, such as those disclosed
in co-pending provisional application Serial No.
61/153,620, filed February 18, 2009. The shaft 196 of
the flow restoration device 190 may be slidably
received within a lumen of the catheter 120, e.g., the
aspiration lumen 124 or another lumen provided within
the catheter 120. In one embodiment, the distal end
194 of the flow restoration device 190 (with the
expandable member 192 collapsed, not shown) may be
inserted into a port in the proximal end of the
catheter 120 and advanced through the catheter 120
after the catheter 120 has been positioned in the body
lumen 90. The distal end 194 of the flow restoration
device 190 may be advanced completely through the
material 92 obstructing the body lumen 90, whereupon
the expandable member 192 may be expanded, as
shown.Alternatively, a guidewire or other rail (not
shown) may be placed in the body lumen 90 before the
apparatus 110 and/or flow restoration device 190. The
flow restoration device 190 may be advanced over the
guidewire into the body lumen 90 and positioned as
desired. The catheter 120 may then be advanced over
the shaft 196 of the flow restoration device 190 or
over a separate guidewire (not shown), e.g., until the
catheter 120 is positioned relative to the flow
restoration device 190 as shown in FIG. 9. The flow
restoration device 190 may then be retracted
proximally towards the distal end 122 of the catheter
120, e.g., with the cutting head 142 and vacuum
activated to facilitate pulling material 92 towards
the distal end 122 and cutting head 142. The
expandable member 192 may sufficiently engage the wall
of the body lumen 90 to scrape 



or otherwise remove adherent material from the wall of
the body lumen 90 and direct the material towards the
distal 122 of the catheter 120. Alternatively, the
shaft 196 of the flow restoration device 190 may be
coupled to an axial clutch device (not shown) within
the handle 180 of the apparatus 110. In this
alternative, the clutch device may be activated
before, after, or when the motor 162 and/or vacuum
source 160 are activated. During use, the clutch
device is free to pass over the shaft 196 in a distal
direction, e.g., during the outstroke of the cutting
head 142, but engages the shaft 196 during the
instroke of the cutting head 142, thereby directing
the shaft 196 and expandable member 192 proximally
within the body lumen 90. Thus, each stroke of the
cutting head 142 may pull the expandable member 192
proximally a predetermined distance to automatically
pull material 92 within the body lumen 90 towards the
cutting head 142 and distal end 122 of the catheter
120. The location of the expandable member 192 may be
set at a minimum distance from the distal end 122 of
the catheter 120 before activation to ensure that a
desired section of the body lumen 90 is scraped as the
material 92 is macerated and aspirated by the
apparatus 110. Turning to FIGS. 10 and 11, another
embodiment of an apparatus 210 is shown that includes
a catheter, sheath, or other tubular member 220 and a
cutting assembly 240. Similar to the previous
embodiments, the catheter 220 includes a proximal end
221, a distal end 222, and an aspiration lumen 224
extending therebetween. Unlike the previous
embodiments, the catheter 220 includes a balloon or
other expandable member 228 adjacent the distal end
222. For example, if the distal end 222 is beveled,
the balloon 228 may be provided on an outer wall of
the catheter 220 opposite the leading edge of beveled
tip 223, as shown.The balloon 228 may be formed from
compliant or semi-compliant material, e.g., such that
the balloon 228 conforms to surrounding anatomy when
the balloon 228 is expanded. Thus, the balloon 228 may
expand to substantially occlude a body lumen within
which the catheter 220 is disposed, which may prevent
escape of material past the catheter 220 during use,
as described further below. As shown, the balloon 228
may be bonded or otherwise attached on only one side
of the distal end 222 of the catheter 220.
Alternatively, a balloon may be provided that 



extends partially or entirely around the circumference
of the distal end 222 of the catheter 220. In this
alternative, the balloon may be biased or otherwise
constructed to expand primarily or exclusively in one
direction, e.g., radially outwardly opposite from the
beveled tip 223. Alternatively, the balloon 228 may be
formed from noncompliant material, e.g., such that the
balloon 228 expands to a predetermined shape, which
may press the catheter 220 against the wall of the
body lumen opposite the balloon 228 without
necessarily sealing the body lumen. In a further
alternative, other expandable members may be provided
instead of the balloon 228. For example, an expandable
mesh or frame (not shown) may be provided on the
catheter 220, which may be expanded by activating an
actuator on a handle 230 of the catheter 220. The mesh
or frame may include a membrane such that, when the
mesh or frame is expanded within a body lumen, the
expandable member may be substantially nonporous to
reduce migration of material past the catheter 220.
Alternatively, the mesh or frame may be porous, if
desired, e.g., to allow continued flow along the body
lumen 90. The cutting assembly 240 includes a cutting
head 242 (which may be any of the embodiments
described herein) and a shaft 244, which may also be
generally similar to the previous embodiments.
However, in this embodiment, the cutting assembly 240
is separate from the catheter 220 but may be
selectively inserted into and/or removed from the
catheter 220 during use. A handle 230 is provided on
the proximal end 221 of the catheter 220 that includes
a plurality of ports 232. One or more of the ports 232
may include a hemostatic seal (not shown), a Luer or
other connector (also not shown), and the like. For
example, a first port 232a may include one or more
hemostatic seals and a female Luer connector (not
shown), which may accommodate receiving the cutting
assembly 240 therein. For example, the cutting head
242 may be sufficiently small to be received through
the first port 232a andinto the aspiration lumen 224
of the catheter 220. The proximal end 246 of the
cutting assembly 240 may include a male Luer or other
connector that corresponds to a connector on the first
port 232a. The catheter 220 and shaft 244 may have
relative lengths such that, when the connectors are
engaged, the cutting head 242 is disposed within the
aspiration 



lumen 224 immediately adjacent the distal end 222,
similar to the previous embodiments. If the distal end
222 of the catheter 220 includes the beveled tip 223,
the cutting assembly 240 and/or catheter 220
connectors may including features to ensure that the
cutting assembly 240 is coupled to the catheter in a
predetermined radial orientation, e.g., to ensure that
the cutting head 242 is positioned radially within the
distal end of the catheter 220 with the teeth 248
oriented away from the beveled tip 223. For example,
the connectors on the first port 232a and the proximal
end 246 of the cutting assembly 240 may including
mating tabs and slots, or other features (not shown)
that permit the cutting assembly 240 to be secured to
the catheter 220 only in the predetermined
orientation. Alternatively, the catheter 220 may
include a channel or other track (not shown) within
the aspiration lumen 224 that the cutting head 242
and/or shaft 244 may be advanced along within the
aspiration lumen 224 to ensure that the cutting head
242 is maintained in the desired orientation relative
to the beveled tip 223. A second port 232b on the
handle 230 may communicate with an interior of the
balloon 228 via an inflation lumen (not shown) in the
catheter 220. Thus, a source of inflation media (not
shown) may be coupled to the port 232b and used to
selectively expand and collapse the balloon 228.
Finally, a third port 232c on the handle 230 may
communicate with the aspiration lumen 224 and may
allow a vacuum source to be coupled to the third port
232c for aspirating material from the distal end 222
of the catheter 220, similar to the previous
embodiments. Alternatively, an internal vacuum source
may be provided within the handle 230, e.g., a syringe
device (not shown), similar to that described above.
In addition, the handle 230 may include a control
system (also not shown) that may be coupled to the
shaft 244 of the cutting assembly 240 when it is
received through the handle 230 into the aspiration
lumen 224. Turning to FIG. 11, during use, the
catheter 220 may be positioned within a body lumen 90
having material 92 therein that is to be removed. The
catheter 220 may be introduced simply to remove the
material 92. Alternatively, the catheter 220 may be
placed in the body lumen 90 to perform a diagnostic
and/or therapeutic procedure therein.For example, one
or more instruments, e.g., guidewires, catheters,
embolectomy devices, 



flow restoration devices, and the like (not shown),
may be inserted into the first port 232a, through the
aspiration lumen 224 and beyond the distal end 222 of
the catheter 220 to perform a procedure within or
beyond the body lumen 90. Once the procedure is
complete, any instruments may be removed, and then the
cutting assembly 240 may inserted into the first port
232a and through the aspiration port 224 to position
the cutting head adjacent the distal end 222. The
cutting assembly 240 may be locked relative to the
catheter 220 with the cutting head 242 within the
distal end 222, e.g., using the mating connectors on
the first port 232a and proximal end 246 of the
cutting assembly 240, as described above. After the
catheter 220 is positioned to a desired location
within the body lumen 90, the balloon 228 may be
inflated to press against the wall of the body lumen
90, thereby pushing the catheter 220 against the
opposite side of the body lumen 90. Thus, the beveled
tip 223 of the distal end 222 may be pushed against or
adjacent the wall of the body lumen 90. The cutting
assembly 240 and/or vacuum source may then be
activated to macerate and/or aspirate the material 92
into the catheter 220. As the cutting head 242
reciprocates relative to the distal end 222 of the
catheter 220, the cutting head 242 may move between a
proximal position fully within the aspiration lumen
242 and a distal position wherein the cutting head 242
does not extend beyond the beveled tip 223. This may
reduce the risk of the cutting head 242 contacting the
wall of the body lumen 90 and/or otherwise damaging
the body lumen 90. In addition, the balloon 228 may
ensure that the teeth 248 of the cutting head 242 are
oriented towards the center of the body lumen 90,
thereby also reducing the risk of the teeth 248 or
other features of the cutting head contacting the wall
of the body lumen 90. In addition or alternatively,
the balloon 228 may also press the distal end 222
against the body lumen 90 to reduce the risk of
material 92 breaking free and escaping beyond the
distal end 222 of the catheter 220. After sufficient
material 92 has been macerated and aspirated from the
body lumen 90, the cutting head 242 may be turned off,
the vacuum source deactivated, and the balloon 228
deflated. The cutting assembly 240 may be removed from
the catheter 220 



before the catheter 220 is removed, or alternatively,
both the cutting assembly 240 and catheter 220 may be
removed at the same time.It will be appreciated that
elements or components shown with any embodiment
herein are exemplary for the specific embodiment and
may be used on or in combination with other
embodiments disclosed herein. While the invention is
susceptible to various modifications, 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 invention 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 scope of the appended claims.We
claim: 1. An apparatus for removing material within a
body lumen, comprising: an elongate tubular member
including a proximal end, a distal end sized for
introduction into a body lumen, and an aspiration
lumen extending between the proximal and distal ends;
a guide member extending from the distal end and
terminating in a distal tip, the guide member
comprising a track adjacent a track lumen extending
from the distal tip into the aspiration lumen; and an
obstruction clearing device comprising a core wire
slidable within the track lumen and one or more lumen
clearing elements deplovable from the distal tip of
the guide member when the core wire is advanced
relative to the guide member, the lumen clearing
elements comprising an expandable structure that is
expanded from a contracted condition within the guide
member to an expanded condition when deployed from the
guide member for engaging material within a body
lumen, the expandable structure directable proximally
along the track in the expanded condition when the
core wire is subsequently retracted relative to the
guide member for drawing the one or more lumen
clearing elements and any captured material into the
aspiration lumen of the tubular member. 2. The
apparatus of claim 1, wherein the guide member
comprises an orifice in a side wall thereof
communicating with the track lumen, the orifice
located within the aspiration lumen such that, when
the core wire is retracted relative to the guide
member, 



the expandable structure is compressed inwardly
towards the contracted condition and the one or more
lumen clearing elements are drawn through the orifice
into the track lumen. 3. The apparatus of claim 2,
wherein the one or more lumen clearing elements are
oriented substantially axially within the track lumen
when the one or more lumen clearing elements are drawn
through the orifice into the track lumen such that,
when the core wire is advanced relative to the guide
member, the one or more lumen clearing elements are
directed through the track lumen in the contracted
condition until the one or more lumen clearing
elements are redeployed from the distal tip of the
guide member. 4. The apparatus of claim 1, wherein the
one or more lumen clearing elements comprise a
flexible arm coupled to the expandable structure.5.
The apparatus of claim 1, wherein the expandable
structure comprises a hoop. 6. The apparatus of claim
1, wherein the expandable structure comprises a
plurality of loops. 7. The apparatus of claim 1,
wherein the expandable structure comprises one or more
cutting edges. 8. The apparatus of claim 1, wherein
the track comprises a longitudinal slit in the guide
member. 9. The apparatus of claim 1, wherein the one
or more lumen clearing elements comprise a plurality
of expandable structures spaced apart axially along
the core wire such that the expandable structures are
deployed successively from the distal tip of the guide
member. 10. The apparatus of claim 1, further
comprising a handle on the tubular member proximal end
and an actuator on the handle coupled to the core wire
for directing the core wire axially relative to the
guide member for deploying and retracting the one or
lumen clearing elements. 11. A method for removing
material within a body lumen of a patient, comprising:
introducing a distal end of a tubular member into a
body lumen, the tubular member having a guide member
extending distally from the distal end; 



positioning the tubular member such that the distal
end is disposed adjacent material to be removed and a
distal tip of the guide member is disposed beyond the
material; deploying one or more lumen clearing
elements from the distal tip of the guide member, each
lumen clearing element comprising an expandable
structure that expandsfrom a contracted condition
within the guide member to an expanded condition when
deployed from the distal tip; and retracting the
deployed one or more lumen clearing elements along a
track of the guide member to engage the material
disposed adjacent the distal end of the tubular member
and draw the material into a lumen of the tubular
member. 12. The method of claim 11, further comprising
aspirating the material drawn into the lumen of the
tubular member to remove the material from the body
lumen. 13. The method of claim 11, wherein, as the
deployed one or more lumen clearing elements are
retracted along a track, the expandable structure is
directed into the tubular member lumen and compressed
towards the contracted condition. 14. The method of
claim 13, wherein the material engaged by the lumen
clearing elements is separated into multiple pieces as
the expandable structure is directed into the tubular
member lumen and compressed towards the contracted
condition. 15. The method of claim 11, wherein
retracting the deployed one or more lumen clearing
elements along the track of the guide member comprises
retracting the one or more lumen clearing elements
through an orifice into the guide member to compress
and draw the one or more lumen clearing elements into
the guide member. 16. The method of claim 15, further
comprising redeploying the one or more lumen clearing
elements from the distal tip of the guide member after
retracting the one or more lumen clearing elements
through the orifice into the guide member. 17. The
method of claim 11, wherein the expandable structure
comprises a hoop that extends substantially across the
body lumen in the expanded condition when deployed
from the distal tip. 18. The method of claim 17,
wherein the expandable structure further comprises a
flexible arm coupled to the hoop, the flexible arm
sliding along the track 



when the deployed one or more lumen clearing elements
are retracted along the track.19. The method of claim
11, wherein the one or more lumen clearing elements
comprise a plurality of expandable structures spaced
apart from one another such that the expandable
structures are deployed successively from the distal
tip of the guide member. 20. The method of claim 11,
wherein the expandable structure is aligned axially
within the guide member in the contracted condition,
and wherein the expandable structure resiliently
extends transversely relative to the guide member when
deployed in the expanded condition. 2 1. An apparatus
for removing material within a body lumen, comprising:
an elongate tubular member including a proximal end, a
distal end sized for introduction into a body lumen,
and an aspiration lumen extending between the proximal
and distal ends; and a cutting head disposed within
the aspiration lumen adjacent the distal end, the
cutting head being reciprocable axially within the
aspiration lumen for macerating material being
aspirated into the aspiration lumen. 22. The apparatus
of claim 21, further comprising a vacuum source
communicating with the aspiration lumen for
selectively applying vacuum to the aspiration lumen to
aspirate material into the distal end of the tubular
member. 23. The apparatus of claim 21, further
comprising a control system carried within a handle on
the proximal end of the tubular member, the control
system controlling reciprocation of the cutting head
within the aspiration lumen. 24. The apparatus of
claim 23, further comprising a drive shaft extending
from the cutting head to the proximal end of the
tubular member, the control system comprising a motor
coupled to the drive shaft for reciprocating the drive
shaft axially, thereby reciprocating the cutting head
axially within the aspiration lumen.25. The apparatus
of claim 21, wherein the cutting head comprises a
rounded tip that is exposed from the distal end of the
tubular member and a plurality of teeth extending
along a side edge of the cutting head. 26. The
apparatus of claim 21, wherein the distal end of the
tubular member terminates in a beveled tip, the
tubular member further comprising an expandable member
on an outer wall of the tubular member opposite the
beveled tip. 



27. The apparatus of claim 26, wherein the cutting
head is reciprocable relative to the distal end of the
tubular member such that the cutting head moves
between a proximal position fully within the
aspiration lumen and a distal position wherein the
cutting head does not extend beyond the beveled tip.
28. The apparatus of claim 21, further comprising a
flow restoration device extending distally beyond the
distal end of the tubular member, the flow restoration
device comprising an expandable member on a distal tip
thereof. 29. The apparatus of claim 28, further
comprising a clutch device within a handle on the
proximal end of the tubular member, the clutch device
coupled to the flow restoration device such that, when
the cutting head is activated, the clutch device
causes the expandable member on the flow restoration
device to move proximally towards the distal end of
the tubular member. 30. The apparatus of claim 28,
wherein the expandable member of the flow restoration
device comprises one or more cutting elements for
removing adherent material from a wall of a body lumen
within which the apparatus is disposed. 31. A method
for removing material within a body lumen of a
patient, comprising: introducing a distal end of a
tubular member into a body lumen, the tubular member
comprising an aspiration lumen and a cutting head
disposed within the aspiration lumen near the distal
end;positioning the tubular member such that the
distal end is disposed adjacent material to be
removed; applying a vacuum pressure to the aspiration
lumen to draw material within the body lumen towards
the distal end of the tubular member; and activating
the cutting head to cause the cutting head to
reciprocate axially relative to the distal end to
macerate material drawn to the distal end of the
tubular member to break the material into pieces
sufficiently small to be aspirated into the aspiration
lumen by the vacuum pressure. 


