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& (57) Abstract: A method and apparatus for aspirating emboli and other particles from a vascular filter within a patient’s vascula-
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catheter may also have a therapy device mounted thereon, such as, for example, an inflatable balloon.
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DEVICES AND METHODS FOR ASPIRATING FROM FILTERS

Field of the Invention

[0001] The present invention generally relates to aspiration catheters and
methods for aspirating emboli, thrombi, and other particles from a blood vessel. The
aspiration catheters and methods described herein are particularly well adapted for removing
particles from a filter device located in a blood vessel.

Description of the Related Art

[0002] Medical catheters have proven efficacious in treating a wide varietyA of
blood vessel disorders. Moreover, these types of catheters have permitted technicians to
treat disorders with minimally invasive procedures that, in the past, would have required
complex and perhaps life-threatening surgeries. In one example, a small inflatable
balloon is provided along the distal end portion of a catheter body for use in a procedure
commonly referred to as angioplasty. During this procedure, the balloon is advanced
through a patient’s vasculature to a stenotic lesion (i.e., a clogged artery) and the balloon
is inflated to reopen the vessel.

[0003] Angioplasty is often performed to treat a medical condition known as
coronary heart disease. This disease is characterized by plaque buildup (i.e.,
atherosclerosis) in one or more coronary arteries. The plaque buildup impedes the flow of
blood and thereby deprives the heart tissue of sufficient oxygenated blood. It is critical to
treat a narrowed coronary artery as soon as the problem is diagnosed because the
constriction may become further occluded by the formation of thrombi (i.e., blood clots)
along the roughened surfaces of the plaque. Worse yet, a coronary artery may become
completely occluded when a blood clot or other emboli lodges in the constriction. When
this happens, myocardial infarction can occur, often resulting in sudden cardiac death.

[0004] In addition to angioplasty, other intervention procedures are commonly
performed for treating occluded blood vessels. Other procedures include atherectomy,
stent deployment, introduction of specific medication by infusion, and bypass surgery.

[0005] Although catheter-based intervention procedures have met with
considerable success for treating coronary heart disease and other blood vessel disorders,

there are still a variety of dangers associated with these procedures. In particular, there is
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a substantial risk that embolic particles may become dislodged or liberated from the inner
wall of the vessel during treatment. The liberated embolic particles can migrate through
the circulatory system and block another blood vessel, possibly leading to ischaemic
events, such as infarction or stroke.

[0006] Due to the considerable dangers associated with the dislodgment of
embolic particles during treatment, additional catheter-based medical devices have been

’ developed for capturing and removing the dislodged embolic particles from the
bloodstream. For example, one type of catheter-based medical device adapted for this
purpose comprises a vascular filter that is mounted on the distal end portion of a
guidewire. Filters of this type typically comprise a blood-permeable element that may
take a wide variety of forms, such as, for example, a porous material, a plurality of struts
or a perforated basket. .

[0007] During use, the guidewire is used to advance the vascular filter to a
location distal to the treatment site before treating the blood vessel. After being
advanced, the filter is expanded to engage the inner wall of the vessel such that most or all
of the blood in the treated vessel flows through the filter structure. As a result, liberated
embolic particles are captured and contained within the vascular filter. After the filter is
deployed in the blood vessel, the guidewire is typically used for directing a therapy
catheter (e.g., angioplasty balloon catheter) to the treatment site. After the treatment is
concluded and the therapy catheter is removed, the vascular filter is collapsed and
withdrawn to contain and remove the captured embolic particles.

[0008] Although vascular filters are generally effective tools for capturing and
removing emboli, in practice, it has been found that a variety of shortcomings
significantly limit their effectiveness. For example, a vascular filter may become filled
with embolic material during the interventional procedure to the point where the blood
flow through the filter is significantly reduced or stopped completely. This is a serious
problem because, in order to capture particles, there needs to be a continuous flow (i.e.,
perfusion) of blood through the filter. If the flow of blood stops due to clogging of the
filter, embolic particles will remain suspended in the blood proximal (i.e. upstream) of the
filter. When the clogged filter is collapsed and removed, the flow of blood will then
resume through the vessel and the suspended embolic particles will migrate downstream

where they may produce serious complications.
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[0009] In another shortcoming, a vascular filter that is full of embolic particles
may be very difficult to remove from a patient’s vasculature in a safe and effective
manner. In particular, as the filter is collapsed, the embolic particles trapped within the
filter may become dislodged or otherwise pushed out of the filter, thereby releasing the
embolic particles back into the blood vessel.

[0010] In yet another related shortcoming, a vascular filter that is full of embolic
particles may be very difficult to retract through a vascular stent that has been deployed in
a blood vessel. The large profile of a full filter and the delicate structure of the filter
material can make it very difficult, or sometimes impossible, to retract the filter through
the deployed stent. Serious complications can arise if the filter material becomes
entangled with the stent structure.

[0011] In summary, vascular filters are useful tools for capturing and removing
embolic particles from the bloodstream during interventional procedures. However, a
filter that has become full of embolic particles may present serious difficulties that can
limit the effectiveness and safety of the associated medical procedure. Accordingly, there
is an urgent need for a new device and method for removing embolic particles from a
blood vessel. It is desirable that embodiments of such a device and method be adapted for
removing embolic particles from a vascular filter while the filter is deployed within a
blood vessel. It is also desirable that such a device and method be reliable, convenient to
use and relatively inexpensive to manufacture. Such a device and method would
significantly improve the efficacy and safety of blood vessel treatments by ensuring
adequate perfusion of blood through the filter and by facilitating the removal of the filter
from the patient’s vasculature.

Summary of the Invention

[0012]  Various embodiments of the present invention provide aspiration
catheters and methods for aspirating emboli or other particles from a blood vessel.
Certain embodiments are particularly well adapted for removing particles from a vascular
filter in a blood vessel. Accordingly, the devices and methods are well adapted for use
with medical treatments, such as angioplasty, wherein embolic particles may dislodge and
migrate through the bloodstream.

[0013] In one embodiment, an aspiration catheter comprises an elongate
catheter body formed with an aspiration lumen and a guidewire lumen. The aspiration

lumen includes an aspiration port at the distal end adapted for receiving particles from a
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blood vessel. The guidewire lumen is adapted to receive a guidewire such that the
aspiration catheter may be advanced over the guidewire. The aspiration catheter includes
a distal segment wherein the aspiration lumen extends distally beyond the distal end of the
guidewire lumen.

[0014] In another embodiment, an aspiration catheter system is provided. The
system includes a guidewire having a vascular filter disposed along the distal end portion.
The system also includes an elongate catheter body formed with an aspiration lumen and a
guidewire lumen. The aspiration lumen includes an aspiration port at the distal end
adapted for receiving particles from a blood vessel. The guidewire lumen is adapted to
receive a guidewire such that the aspiration catheter may be advanced over the guidewire. .
The aspiration catheter includes a distal segment in which the aspiration lumen extends
beyond the distal end of the guidewire lumen such that the aspiration port may be
advanced into the interior volume of the vascular filter for removing embolic particles
therefrom. It should be noted that, in this embodiment, the distal segment allows the
aspiration port to be advanced beyond the proximal end (i.e., proximal hub) of the filter.

[0015] In another embodiment, a method for treating a blood vessel is
provided. The method generally comprises providing an elongate member, such as, for
example, a guidewire, having a proximal end and a distal end and an expandable member
disposed adjacent the distal end. The elongate member is delivered transluminally
through the blood vessel until the distal end is located in a desired location, typically
distal to a treatment site. The expandable member is then expanded within the blood
vessel such that the expandable member at least partially forms an interior volume
adapted to retain particles therein. An aspiration catheter is also provided having a lumen
adapted for receiving the guidewire and an aspiration lumen. A proximal connector is
provided at the proximal end of the aspiration lumen. The proximal connector is adapted
for qonnection to a source of negative pressure. A distal aspiration port is provided at the
distal end of the aspiration lumen. The aspiration catheter is advanced over the guidewire
until the aspiration port is located within an interior volume of the expanded expandable
member. A negative pressure is applied to the proximal connector of the aspiration
catheter. The negative pressure is preferably applied while the aspiration port is
positioned within the interior volume of the expandable member for drawing particles

from the interior volume and out of the blood vessel.
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[0016] In yet another embodiment, a method for performing a procedure in a
blood vessel generally comprises delivering an elongate member, such as a guidewire,
transluminally through the blood vessel until the elongate member is located in a desired
location. The elongate member has a proximal end and a distal end and an expandable
member, such as a filter, disposed at or near the distal end. When expanded, the
expandable member at least partially encloses an interior volume adapted to retain
particles therein. An aspiration catheter is delivered transluminally through the blood
vessel relative to the elongate member. The aspiration catheter preferably has a proximal
connector adapted for connection to a source of negative pressure and an aspiration port in
fluid communication with a port in the proximal connector and a lumen extending there
between. A negative pressure is applied to the proximal connector of the aspiration
catheter to draw particles into the aspiration port and out of the blood vessel. The
negative pressure is preferably applied while the aspiration port is positioned within the
interior volume of the expandable member.

Brief Description of the Drawings

[0017] FIGURES 1A-1G illustrate an exemplifying medical treatment

procedure wherein embolic particles are dislodged and captured by an expandable filter
during an interventional procedure.

[0018] FIGURE 2 is a side view of one embodiment of an aspiration catheter
including a distal segment wherein the aspiration lumen extends beyond the distal
guidewire port.

[0019] FIGURE 3 is a cross-sectional view of the aspiration catheter of
FIGURE 2 shown through line 3-3.

[0020] FIGURES 4A-4D are enlarged side views illustrating various distal
segment embodiments for use with an aspiration catheter.

[0021] FIGURES 5A-5C are side views illustrating a method of aspirating
embolic particles using the aspiration catheter of FIGURE 2.

[0022]  FIGURE 6 is a side view illustrating a method of aspirating embolic
particles from the interior volume of an alternative type of vascular filter formed with
proximal inlet holes.

[0023]  FIGURE 7 is a side view illustrating a method of aspirating embolic

particles from the interior volume of a basket-shaped vascular filter.
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[0024] FIGURE 8 is a side view illustrating a method of aspirating embolic
particles from the interior volume of a vascular filter shaped for use with an aspiration
catheter.

[0025] FIGURE 9 is a side view of an alternative embodiment of an
aspiration catheter provided with a side port for slidably receiving a guidewire.

[0026] FIGURE 10 is a side view illustrating the aspiration catheter of
FIGURE 9 in combination with a filter guidewire. A

[0027] FIGURE 10A is a cross-sectional view of the aspiration catheter and
guidewire of FIGURE 10.

[0028] FIGURE 11 is a side view of another alternative embodiment wherein
the aspiration catheter further includes an irrigation lumen for flushing particles from the
interior volume of a vascular filter.

[0029] FIGURE 12 is a cross-sectional view of the embodiment of FIGURE
11 shown through line 12-12.

[0030] FIGURE 13 is a side view illustrating the aspiration catheter of
FIGURE 11 in combination with a filter guidewire.

[0031] FIGURE 14 is a side view of another alternative embodiment of an
aspiration catheter modified to include a plurality of side aspiration ports along a distal
segment.

[0032] FIGURE 15 is a side view of another alternative embodiment of an
aspiration catheter wherein the guidewire lumen extends to the proximal end of the
catheter.

[0033] FIGURE 16 is a side view of another alternative embodiment of an
aspiration catheter further comprising an inflatable balloon disposed along the elongate
catheter body.

[0034] FIGURE 17 is a cross-sectional view of the embodiment of FIGURE
16 shown through line 17-17.

[0035] FIGURE 18 is a side view illustrating a method of aspirating emboli
from a filter while performing treatment on a lesion using the aspiration catheter of

FIGURE 16.
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Detailed Description of the Preferred Embodiments

[0036] Various embodiments of the present invention depict aspiration catheters
and methods of use that are well-suited for removing embolic particles from vascular filters.
It should be appreciated that the principles and aspects of the embodiments disclosed and
discussed herein are also applicable to other devices having different structures and
functionalities. For example, certain structures and methods disclosed herein may also be
applicéble to various other types of aspiration, irrigation and delivery catheters.
Furthermore, certain embodiments may also be used in conjunction with other medical
devices or other procedures not explicitly disclosed. However, the manner of adapting the
embodiments described herein to various other devices and functionalities will become
apparent to those of skill in the art in view of the description that follows.

1. OVERVIEW OF VASCULAR FILTERS AND METHODS OF USE

[0037] Vascular filters are commonly used for providing distal protection
against embolization in conjunction with a diagnostic or therapeutic procedure. Vascular
filters are typically provided along the distal end portion of a guidewire or other elongate
body and are adapted for placement within a blood vessel. Vascular filters are deployed
(i.e., expanded) at a location distal (i.e., downstream) of a treatment site prior to
performing the diagnostic or therapeutic procedure. The filters are configured for
capturing embolic particles that may become dislodged from the vessel wall during
treatment of the blood vessel.

[0038] The term “embolic particles” as used herein primarily refers to pieces
of atherosclerotic plaque that may become dislodged from the vessel wall during
treatment. However, the term “embolic particles” may also include a variety of other
substances, such as, for example, blood clots, fat globules, or small pieces of body tissue.
The term “occlusion” as used herein generally refers to a narrowing in a blood vessel,
sometimes referred to as a stenosis. An occlusion may result from atherosclerosis,
fibromuscular dysplasia, scar formation or other factors.

[0039] The term “guidewire” as used herein is intended to broadly include
guidewires and other similar and elongate members. The terms “vascular filter,” or
simply “filter,” as used herein are broad terms that include a wide variety of devices
adapted to prevent the migration of embolic particles through a blood vessel. The term
“filter guidewire” as used herein generally refers to a medical device comprising a filter

mounted on the distal end of a guidewire. The term “distal protection” as used herein
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refers to protecting the portion of the blood vessel downstream of the treatment site. It
will be appreciated that other distal protection devices may be used instead of a filter
without departing from the scope of the invention. The term “interior volume” as used
herein generally refers to the partially enclosed interior region of the filter or expandable
member adapted for containing embolic particles. The interior volume is typically defined
by the interior region between the proximal and distal ends of the filter, but should be
considered to include any portion of the filter capable of capturing and containing embolic
particles.

[0040] In recent years, a variety of different vascular filters have been
proposed for capturing embolic particles from a bloodstream. For example, certain types
of filters are provided in the form of a braided wire or a non-permeable material formed
with perforations. In other examples, vascular filters may take the form of struts,
sometimes covered with a porous material or membrane. Vascular filters adapted for
capturing embolic particles typically have a pore-size of about 100 microns. However,
the pore-size may vary from about 50 to 250 microns, depending on the location and
purpose of the filter. In addition, a single filter may be provided with a plurality of pores
having a variety of different sizes. n

[0041] In cases where the treatment site is located in tortuous vessels that are
remote from the vascular access point, such as coronary arteries, a steerable guidewire
may be used in conjunction with a filter. In various embodiments, a filter may be self-
expanding or mechanically deployable. In a mechanically deployable variation, a filter
may include a pull wire and have proximal and distal ends that are movable relative to
one another to expand or collapse the filter. To facilitate visualization under fluoroscopy,
a filter may be used in combination with a radiopaque marker. Examples of filters that
are currently commercially available on the market include the Medtronic Interceptor ™,
the Boston Scientific EPI ™, and the Cordis Angioguard ™,

[0042] For purposes of illustration, FIGURES 1A-1G shown a series of steps
involving a transluminal medical procedure wherein an occlusion in a blood vessel is
treated using a therapy catheter to increase the flow of blood through the vessel. The
illustrated medical procedure, commonly referred to as angioplasty, generally involves
expanding an inflatable balloon at the treatment site to dilate the occlusion. Prior to the
procedure, a vascular filter is deployed downstream of the occlusion for use as a distal

protection device. During the procedure, as embolic particles become dislodged from the
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inner wall of the blood vessel, the particles are captured within an interior volume of the
vascular filter. Although one particular filter embodiment is illustrated for use in
conjunction with this procedure, a wide variety of other filters embodiments may be used.

[0043] Similarly, although one particular type of therapy catheter is illustrated
in the example, a wide variety of other therapy catheters may be used to treat a blood
vessel in similar medical procedures. For example, a thermal balloon may be used at a
treatment site for applying heat to "mold" the vessel to the size and shape of the
angioplasty balloon. In another procedure, a therapy catheter may be used to deliver an
intravascular stent within a blood vessel to keep the vessel open. Still further, cutting,
shaving, scraping or pulverizing devices can be delivered to excise the occlusion in a
procedure known as atherectomy. A laser or ultrasound device can also be delivered and
used to ablate plaque in the vessel. Thrombectomy devices can be used, as can rheolitic
devices and devices that create a venturi effect within the artery. Various thrombolytic or
other types of drugs can be delivered locally in high concentrations to the site of the
occlusion. It is also possible to deliver various chemical substances or enzymes via a drug
delivery catheter to the site of the stenosis to dissolve the obstruction. Accordingly, the
term "therapy catheter" as used herein encompasses these and a wide variety of other
devices.

[0044] Referring now in detail to FIGURE 1A, diseased blood vessel 10 is
shown having occlusion 12 that restricts the flow of blood through the vessel. Occlusion
12 is produced by atherosclerotic plaque that has built up along the inner wall of vessel
10. Before treating the occlusion, filter guidewire 14 is advanced through blood vessel
10, as illustrated in FIGURE 1A. Filter guidewire 14 comprises guidewire 16 with
expandable vascular filter 18 mounted on the distal end. Expandable vascular filter 18
generally includes frame 17 comprising a plurality of struts and blood permeable element
15, such as a mesh, attached to the frame. Frame 17 attaches to guidewire 16 at proximal
filter hub 26. Proximal filter hub 26 is located at the distal end of guidewire 16. The
illustrated embodiment of filter guidewire 14 further includes atraumatic tip 19 at the
extreme distal end for minimizing damage to the vessel intima during advancement.
Vascular filter 18 is placed in blood vessel 10 to provide distal protection during the
therapeutic procedure. In the illustration, the flow of blood through vessel 10 is moving

from left to right as indicated by an arrow.
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[0045]  Referring now to FIGURE 1B, filter 18 is expanded within blood
vessel 10 such that the outer periphery of filter 18 engages the inner wall of blood vessel
10. Filter 18 may be self-expanding as delivered through an outer sheath or mechanically
deployed (e.g., actuated with a pull wire). Expanded filter 18 has an interior volume
adapted to capture embolic particles from the blood as the blood passes through the filter.
More details regarding filter guidewires used for distal embolic protection may be found
in Assignee’s U.S. Patent No. 6,312,407, U.S. Application No. 09/918,441, filed July 27,
2001, and U.S. Application No. 10/099,399, filed March 15, 2002, each of which are
hereby incorporated by reference in its entirety.

[0046] Referring now to FIGURE 1C, therapy catheter 20 is advanced over
guidewire 16 to the site of occlusion 12. In the illustrated example, therapy catheter 20 is
an elongate tubular body having inflatable angioplasty balloon 22 mounted along the
distal end portion. As illustrated, balloon 22 is positioned at the site of occlusion 12.
During the advancement of balloon 22 into the occlusion, embolic particles 24, typically
in the form of small pieces of plaque, may become dislodged or otherwise liberated from
the wall of blood vessel 10. Embolic particles 24 migrate downstream with the blood and
are captured and contained within the interior volume of filter 18.

[0047] Referring now to FIGURE 1D, with inflatable balloon 22 positioned at
occlusion 12, balloon 22 is inflated to stretch the diseased portion of the vessel wall and
partially compress the plaque, thereby dilating the passageway through blood vessel 10.
According to various known techniques, balloon 22 can be inflated with any suitable
inflation medium such as, for example, a dilute x-ray contrast liquid. During dilation of
the stenosis, additional particles 24 are dislodged and flow through blood vessel 10 until
they are captured in the interior volume of filter 18.

[0048] Referring now to FIGURE 1E, after the therapeutic procedure is
completed, balloon 22 is deflated. As illustrated, additional particles 24 that were
previously trapped between balloon 22 and the inner wall of vessel 10 are released into
the bloodstream. Additional particles 24 are captured within the interior volume of filter
18. Referring now to FIGURE 1F, therapy catheter 20 is removed from blood vessel 10.
Finally, as illustrated in FIGURES 1G, filter 18 is collapsed to prepare filter guidewire
14 and the captured particles for removal from blood vessel 10.

[0049]  As illustrated in FIGURES 1A-1G, a large quantity of embolic

particles may become dislodged from a vessel wall during the treatment of a blood vessel.
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When the quantity and size of liberated embolic particles is substantial, a vascular filter -
may become partially or completely filled with material, causing serious problems. In a
first problem, a clogged filter obstructs blood flow, which may cause ischaemia,
associated pain and possible infarction in the downstream tissues. In a second problem,
when the filter becomes filled, the perfusion of blood through the filter is significantly
reduced or stopped and the filter becomes unable to trap additional particles from the
blood. As a result, dislodged particles may remain suspended in the blood at a location
proximal (i.e., upstream) of the filter. As illustrated in FIGURE 1G, when the filter is
collapsed and removed, particles 24 remaining in the blood proximal to the filter will
become free to migrate downstream through the blood where they may cause ischaemic
events. In a third related problem, as an over-filled filter is collapsed for removal,
embolic particles in the filter may be ejected through the inlet opening(s) or “squeezed
through” the filter pores and released back into the blood stream, at least partially
defeating the.intended purpose of the filter.

[0050] Aspiration catheters have been proposed to help remove embolic
particles from the bloodstream before removing the filter from the blood vessel. After the
therapeutic procedure is concluded, a therapy catheter may be exchanged with an
aspiration catheter for this purpose. Further details of this exchange, as well as other
details regarding treatment procedures, are described in Assignee’s U.S. Patent 6,544,276
and U.S. Patent 6,135,991, each of which is hereby incorporated by reference in its
entirety.

[0051]  Although various types of aspiration catheters are configured for
aspirating particles from the region of the blood vessel proximal to the vascular filter,
these aspiration catheters may not always be well adapted for removing particles from
within the interior volume of a vascular filter. Accordingly, a need exists for a new and
improved aspiration catheter adapted for removing particles from within the interior
volume of a vascular filter or other substantially occlusive device deployed in a blood
vessel.

II. IMPROVED ASPIRATION CATHETERS AND METHODS OF USE

[0052] Referring now to FIGURES 2 and 3, for purposes of illustration, one

embodiment of improved aspiration catheter 30 adapted for removing particles from a
blood vessel includes, generally, elongate catheter body 32 formed with aspiration lumen

34 and guidewire lumen 36. Aspiration lumen 34 may extend the entire length of
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elongate catheter body 32 from proximal connector 48 to aspiration port 40. Guidewire
lumen 36 may extend only a short length from proximal guidewire port 44 to distal
guidewire port 46 along the distal end portion of catheter body 32.

[0053] Aspiration catheter 30 is sized for advancement through a patient’s
vasculature. In various embodiments, aspiration lumen 34 may have a length of about
120 to 300 cm. The illustrated aspiration catheter includes radiopaque marker 38 along
the distal end portion to aid in locating the device during advancement to a treatment site.
In one embodiment, the distal end portion of aspiration catheter 30 is constructed of a soft
material to prevent damage to the inner wall of the blood vessel during advancement there
through.

[0054] As illustrated, aspiration lumen 34 and guidewire lumen 36 are located
adjacent one another along a distal end portion of aspiration catheter 30. The aspiration
lumen and guidewire lumen may be provided as separate structures or may be integrally
formed into a single catheter body. In one embodiment, aspiration lumen 34 is
substantially unobstructed for maximum efficiency and has a generally circular cross-
section extending from the proximal end to the distal end. Alternatively, aspiration lumen
34 may have a crescent-shaped or oval-shaped cross-section. These and other shapes for
the aspiration lumen are disclosed in Assignee’s U.S. Application Serial No. 10/125,180,
filed April 16, 2002, which is hereby incorporated by reference in its entirety. Various
embodiments of aspiration lumen 34 may have an inner diameter between about 0.03 to
0.07 inches. Proximal connector 48 is provided at the proximal end of elongate catheter
body 32. Proximal connector 48 may be used for connecting a negative source of
pressure to aspiration lumen 34.

[0055] In one embodiment, elongate catheter body 32 includes distal segment
42 wherein aspiration lumen 34 extends distally beyond distal guidewire port 46.
Accordingly, distal segment 42 advantageously provides the ability to advance aspiration
port 40 substantially beyond a guidewire element, such as filter hub 26, which may
obstruct further advancement of guidewire port 46. As a result, aspiration catheter 30 is
particularly well-suited for use in conjunction with a filter guidewire. By selecting distal
segment 42 having a desired length, aspiration port 40 may be advanced beyond the
proximal hub of the filter and into the interior volume of the filter for effective removal of
particles therefrom. In one embodiment, distal segment 42 is about 2 mm to 30 mm in

length. Distal segment 42 is preferably at least as long as the distance from the proximal
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filter hub to the distal end of the filter. Different filter designs will, of course, vary in
length. A relatively short filter may be efficiently aspirated with an embodiment of
aspiration catheter 30 having distal segment 42 of about 1.0 cm or shorter in length.
)Alternative “deep-basket” or “sock-shaped” filters may require an embodiment of
aspiration catheter 30 having distal segment 42 of about 4.0 cm or longer. Thus, it will be
appreciated that the length of distal segment 42 can be varied according to any particular
need while remaining within the scope of the invention. "

[0056] In various embodiments, aspiration port 40 at the end of distal segment
42 is angled or oblique to maximize the aspiration area and provide effective removal of
particles. The oblique shape also reduces the possibility of the aspiration port sucking
onto a vessel wall wherein it can cause trauma to or disruption of the vessel intima.
Alternatively, or in addition to aspiration port 40, one or more side ports (see ports 426 in
FIGURE 4C, as described below) may be provided along distal segment 42 of elongate
catheter body 32 to enhance or increase the flow of blood and embolic particles 24 into
aspiration lumen 34.

[06057] As discussed above, guidewire lumen 36 in aspiration catheter 30 is
adapted to slidably receive a guidewire. If desired, a slit (not shown) may be provided
along the side wall adjacent guidewire lumen 36 to facilitate insertion and removal of the
guidewire. As illustrated, guidewire lumen 36 is relatively short as compared with the
length of aspiration catheter 30. In various embodiments, guidewire lumen 36 may have a
length of about 30 cm or less, and more preferably about 6 cm or less. Therefore, only a
small portion of illustrated “single operator” aspiration catheter 30 rides over the
guidewire during delivery to a treatment site.

[0058] FIGURE 3 illustrates the cross-section of the aspiration catheter
illustrated in FIGURE 2 as shown through line 3-3. The cross-section illustrates the
relative locations of aspiration lumen 34 and guidewire lumen 36 along elongate catheter
body 32.

[0059] As will be appreciated by those skilled in the art, elongate catheter body 32
of aspiration catheter 30 should have sufficient structural integrity, or “stiffness,” to
permit the aspiration catheter to be pushed through the vasculature to distal arterial
locations without buckling or undesirable bending. It is also desirable, however, for
aspiration catheter 30 to be fairly flexible near its distal end, so that the aspiration catheter

may be navigated through tortuous blood vessel networks.
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[0060] In one preferred embodiment, aspiration catheter 30 is formed from a
polymer such as polyethylene or PEBAX ® poly-ether-block co-polyamide and may have
a variable stiffness along its length, with the proximal portion of the aspiration catheter
being less flexible than the distal portion of the aspiration catheter. An aspiration catheter
of this construction advantageously enables a physician to more easily insert the aspiration
catheter into vascular networks that are otherwise difficult to access using conventional
catheters of uniform stiffness. This is because the stiffer proximal portion provides the
requisite structural integrity needed to advance the aspiration catheter without buckling,
while the more flexible distal region is more easily advanced into and through tortuous
blood vessel passageways.

[0061] In one preferred embodiment, variable stiffness along the length of
aspiration catheter 30 is achieved by forming a polymeric aspiration catheter that
incorporates a reinforcement along its length. For example, the aspiration catheter may be
provided with a reinforcing braid or coil incorporated into its wall structure. The
reinforcement can be formed of metal or of various polymers. To achieve variable
stiffness, the distal region of the catheter may be provided with a braid or coil having a
higher braid or coil density than that present in the braid or coil of the proximal region.
The lower braid density in the proximal region makes it less flexible, or “stiffer,” than the
distal region of the catheter. Additional details regarding materials and methods of
construction can be found in Assignee’s U.S. Application Serial No. 10/125,180, filed
April 16, 2002, which is hereby incorporated by reference in its entirety.

[0062] FIGURES 4A-4D illustrate various embodiments of a distal segment
adapted for use with aspiration catheters described herein. Each of the illustrated distal
segment embodiments includes an aspiration port at the tip. Accordingly, the shape of the
tip defines the shape of the aspiration port. FIGURE 4A shows a distal segment having
angled or oblique tip 420 for maximizing the aspiration area and to provide for effective
retrieval of particles 24. Oblique distal tip 420 also minimizes the risk of the aspiration
catheter sucking on the vessel wall that can cause trauma to or disruption of the vessel
intima. The angle can be from about 5 degrees to about 90 degrees; however, an angle of
about 25 degrees is preferred. FIGURE 4B shows a distal segment having blunt tip 422.
In this embodiment, the aspiration port is not angled, but may be formed with a rounded
surface to reduce vessel trauma. FIGURE 4C shows a distal segment having tapered tip
424 that also includes a plurality of side ports 426. Side ports 426 may be included with
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any of these or other distal segment embodiments. In one variation, one or more side
ports may be used as an alternative to an aspiration port at the distal end. FIGURE 4D
shows a distal segment having flared tip 428 adapted for providing an aspiration flow
over a wider area. Flared tip 428 may be desirable for facilitating the aspiration of larger
particles.

[0063] FIGURES 5A-5C will now illustrate an operational sequence using
the embodiment of aspiration catheter 30 described above with reference to FIGURES 2
and 3. In the illustrated operation, aspiration catheter 30 is used to remove particles 24
from vascular filter 18 after a therapeutic procedure has been performed on blood vessel
10. For clarity purposes, filter guidewire 14 and blood vessel 10 are indicated using the
same reference numbers that were previously used with reference to FIGURES 1A-1G.

[0064]  Referring now in detail to FIGURE 5A, filter guidewire 14 comprises
vascular filter 18 mounted at the distal end of guidewire 16 for providing distal protection
in blood vessel 10 during a therapeutic procedure. It should be noted that, in the
illustrated sequence, there is no inflatable balloon or other occlusive device located
proximal to the treatment site. Therefore, blood flows distally through vessel 10 toward
filter 18. As described above, vascular filter 18 generally comprises frame 17 and blood
permeable element 15. Frame 17 attaches to guidewire 16 at proximal filter hub 26,
which defines a termination point at which a closely fitted guidewire lumen may no
longer be advanced over the guidewire.

[0065] As illustrated, the interior volume of vascular filter 18 has become
filled with embolic particles 24 due to the liberation of plaque from occlusion 12 during
the therapeutic procedure. As a result, filter 18 has become clogged with particles to the
point wherein the flow of blood through the filter (and hence the vessel) has diminished
significantly. Because the flow of blood through the filter has diminished, a number of
embolic particles 24 may remain in the region within vessel 10 proximal to filter 18.
However, it will be appreciated that filter 18 need not be fully clogged to perform the
sequence described below.

[0066] Referring now to FIGURE 5B, aspiration catheter 30 is advanced
through the patient’s vasculature over guidewire 16. In one mode of operation, aspiration
catheter 30 may first be advanced to a position wherein aspiration port 40 is located just
proximal of proximal filter hub 26. A radiopaque marker (not shown) is provided along

the distal end of guidewire 16 at a location just proximal of filter 18. Additional
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radiopaque marker 38 is provided along the distal end portion of aspiration catheter 30 for
facilitating alignment of aspiration catheter 30 and guidewire 16. Aspiration catheter 30
is advanced until radiopaque marker 38 on aspiration catheter 30 is located just proximal
to the radiopaque marker on the guidewire. Preferably, the distance between the markers
should not be greater than about 0.5 cm.

[0067] After aspiration catheter 30 has been advanced to the desired location,
a source of negative pressure may be connected to the proximal connector ‘(shown as
element 48 in Figure 2) for creating an aspiration flow through the aspiration lumen. In
one embodiment, aspiration may be started by opening a valve between connector 48 and
a syringe or other.vacuum source. The negative pressure may be applied while moving
aspiration catheter 30, or while maintaining aspiration catheter 30 in a stationary position.

[0068] Embolic particles from the region of the blood vessel proximal to filter
18 are drawn into aspiration port 40. In addition, particles trapped within the filter itself
may become dislodged and removed from the filter through aspiration port 40. The
aspiration flow may be continued until adequate removal of embolic particles and/or
adequate perfusion of blood through the filter has been reestablished. The valve may then
be closed to stop the aspiration flow.

[0069] Referring now to FIGURE 5C, in an additional or alternative mode of
operation, aspiration catheter 30 is advanced further over guidewire 16 until aspiration
port 40 is located within the interior volume of vascular filter 18. This is possible in the
illustrated embodiment because aspiration port 40 is located distal to distal guidewire port
46. Accordingly, distal guidewire port 46 may be located proximal to filter hub 26 while
aspiration port 40 is located within the interior volume of filter 18. The advancement of
aspiration port 40 into the interior volume can occur before, during, or after negative
pressure is applied to the aspiration lumen. In any case, embolic particles are aspirated
from the interior volume of filter 18 and out of blood vessel 10 through the aspiration
lumen. To further enhance the removal of embolic particles from the filter, it may be
desirable to move aspiration port 40 back and forth within the interior volume of filter 18.
Furthermore, it may be desirable to advance aspiration catheter 30 forward to the point
wherein aspiration port 40 comes into contact with filter 18 and/or the embolic particles
contained therein. When aspiration port 40 is in contact with filter 18, the angled shape of
aspiration port 40 advantageously reduces the possibility of the aspiration port grabbing
onto the filter structure.
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[0070] The sequence illustrated in FIGURES 5A-5C is particularly useful for
removing particles 24 from a partially or fully clogged filter to increase the perfusion of
blood through the filter and to remove particles 24 before collapsing and removing the
filter. When used with a partially clogged filter, it may be advantageous to advance
aspiration port 40 into the interior volume of filter 18 before connecting and activating the
negative pressure source.

[0071] FIGURE 6 illustrates use of aspiration catheter 30 in combination with
alternative filter guidewire 60 comprising guidewire 16 having filter 61 mounted along
the distal end portion. Filter 61 has proximal face 64 and distal face 66 that may be
mounted on a plurality of struts (not shown). Distal face 66 is preferably formed of a
substantially blood-permeable material. Proximal face 64 is formed with a plurality of
large inlet holes 62. Aspiration catheter 30 may be used to remove embolic particles 24
that have collected on or around inlet holes 62 or within filter 61. Tt will be appreciated
that the structure of aspiration catheter 30 advantageously allows aspiration port 40 to be
advanced beyond filter hub 65. Accordingly, aspiration port 40 may be advanced into the
interior volume of filter 61 through one of inlet holes 62. Before, during, or after
aspiration port 40 has been advanced into the interior volume, a negative pressure is
applied to the proximal end of the aspiration lumen such that particles may be removed
proximal to filter 61 or from within the interior volume of filter 61 through aspiration port
40. Optionally, after aspiration port 40 has been inserted through one of inlet holes 62,
then aspiration catheter 30 can be retracted, rotated and re-advanced to insert aspiration
port 40 into another one of inlet holes 62. Continuous or step-wise aspiration during such
manipulation can provide a thorough evacuation of embolic particles from all portions of
the interior volume of filter 61.

[0072] In various configurations, a vascular filter, such as filter 61 illustrated
in FIGURE 6, may have proximal inlet holes 62 ranging in size from about 0.5 to 2.0mm
diameter or larger. It will be appreciated that the diameter of the distal segment of
aspiration catheter 30 should be selected to be smaller in diameter than proximal inlet
holes 62 to facilitate entry of aspiration port 40 into the interior volume of the filter.
Filter 61 may be self-expanding or may be mechanically deployable, such as by using a
pull wire.

[0073]  FIGURE 7 illustrates the aspiration catheter in combination with

another embodiment of filter guidewire 70 comprising filter 71 having a “basket-shaped”
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configuration mounted along the distal end of guidewire 16. Filter 71 comprises hoop
member 78 at the end of strut 76. Hoop member 78 supports blood-permeable element 72
adapted for capturing and containing embolic particles 24. However, in alternative
embodiments, it will be appreciated that element 72 need not be blood-permeable. Strut
76 attaches at the proximal end to guidewire 74 and supports hoop member 78. Strut 76
attaches to guidewire 16 at proximal filter hub 75. Hoop member 78 provides flexibility
for adapting to the particular shape of the blood vessel at the treatment site. In one
embodiment, filter 70 may be deployed and collapsed using an external sheath (not
shown). As illustrated, the structure of aspiration catheter 30 advantageously allows
aspiration port 40 to be advanced beyond filter hub 75. Accordingly, aspiration port 40
may be advanced into the interior volume of filter 71 for removal of embolic particles
there from.

[0074] FIGURE 8 illustrates the aspiration catheter in combination with yet
another embodiment of filter guidewire 80 wherein filter 81 is well-suited for use in
conjunction with aspiration catheter 30. Filter 81 illustrated in FIGURE 8 is substantially
conical-shaped blood permeable element 82 mounted along the distal end of guidewire
16. The conical shape may be eccentrically located with respect to guidewire 16 such that
apex region 88 of blood permeable element 82 is substantially aligned with aspiration port
40 of aspiration catheter 30. The conical shape advantageously urges embolic particles to
migrate toward apex region 88 of blood permeable element 82. When particles are
located in apex region 88, the particles are more easily drawn into aspiration port 40 and
are removed from blood permeable element 82 through aspiration lumen 34. In one
embodiment, filter 81 may be self-expanding and delivered using an external sheath.

[0075] In addition to the particular embodiment illustrated in FIGURE 8,
other similarly shaped blood-permeable or substantially occlusive devices may be
substituted for use with the aspiration catheter. For example, an occlusive device may be
provided wherein the walls are non-permeable and only the apex region is formed with a
permeable section to further enhance the migration of particles into the apex region. In
another embodiment, the entire occlusive device may be formed of a non-permeable
material.

[0076] As illustrated in the above embodiments, various embodiments of an
aspiratibn catheter constructed in accordance the present invention may be used in

combination with a wide of variety of vascular filters for removal of particles there from.
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Accordingly, embodiments of the aspiration catheter provide the ability to reestablish the
perfusion of blood through the filter such that particles proximal to the filter can be
captured within the interior volume. In one method of operation, it may be desirable to
wait for the filter to become fully clogged, or substantially fully clogged, before applying
a source of negative pressure to the aspiration lumen. This is because aspiration may be
more effective once blood flow in the vessel has stopped or has significantly slowed. The
catheter body can be advanced relative to the filter until the éspiration port is either
located just proximal of the proximal opening in the filter, or into the interior volume of
the filter. An aspiration flow is established to remove some or all of the particles from the
filter to reestablish perfusion.

[0077] In yet another preferred mode of operation, the aspiration catheter may
be used with a fully clogged filter to remove particles from the blood vessel in the region
proximal to the filter. The catheter body in one embodiment is advanced relative to the
filter until the aspiration port is located about 1 to 2 cm proximal of the filter hub. An
aspiration flow is established through the aspiration lumen and the catheter body is moved
back and forth in a longitudinal direction to aspirate suspended particles from the blood.
In this application, it may be advantageous to wait until the filter has become substantially
clogged such that the perfusion of blood through the vessel has been reduced or stopped.
With little or no perfusion of blood, the suspended particles are relatively stationary and
can be easily removed through the aspiration lumen.

[0078] Referring now to FIGURES 9-10A, another alternative embodiment,
aspiration catheter 90, comprises elongate body 92 defining single lumen 98 adapted for
use as an aspiration lumen and also adapted to slidably receive a guidewire. Elongate
catheter body 92 includes side hole 96 along the distal end portion. Single lumen 98
terminates at aspiration port 100 at the distal end. Distal segment 102 of the elongate
body is located between side hole 96 and aspiration port 100.

[0079] FIGURE 10 illustrates aspiration catheter 90 being used in
combination with a filter guidewire. As shown, the proximal end of guidewire 16 has
been received through side hole 96 such that aspiration catheter 90 is advanceable over
guidewire 16 through a patient’s vasculature. Because distal segment 102 of aspiration
catheter 90 does mnot receive guidewire 16, distal segment 102 is advantageously
advanceable beyond proximal hub 26 of filter 18 and into the interior volume of filter 18.

FIGURE 10A is a cross-sectional view of FIGURE 10 illustrating catheter body 92
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formed with single lumen 98 containing guidewire 16. Lumen 98 is large enough to
provide an aspiration flow and also to slidably receive guidewire 16. Ilustrated guidewire
16 includes a lumen for receiving pull wire 16A. Pull wire 16A is slidable relative to
guidewire 16 for mechanically deploying and collapsing filter 18, as described above.

[0080] FIGURES 11 and 12 illustrate another alternative embodiment,
aspiration catheter 110, comprising elongate catheter body 112 formed with guidewire
lumen 116, irrigation lumen 114 and aspiration lumen 118. Guidewire lumen 116 is
adapted for slidably receiving a guidewire and extends between proximal guidewire port
124 and distal guidewire port 126. Irrigation lumen 114 terminates at irrigation port 130.
Aspiration lumen 118 terminates at aspiration port 132. In the illustrated embodiment,
irrigation port 130 is located distal to distal guidewire port 126 of guidewire lumen 116
and proximal to aspiration port 132. Irrigation fluid may exit through irrigation port 130
to help dislodge and flush out particles located within the interior volume of a filter,
thereby facilitating removal of the embolic particles from the filter.

[0081] As described above, in the illustrated embodiment, aspiration lumen
118 extends distally beyond irrigation lumen 114. However, it will be appreciated that
alternative configurations may also be used. For example, the irrigation and aspiration
ports may be located adjacent to one another. In addition, the locations of the irrigation
lumen and aspiration lumen may be reversed such that the irrigation lumen extends
distally beyond the aspiration lumen. In any case, the ‘irrigation lumen may be used for
producing a fluid flow to help dislodge and aspirate particles. In one method of operation,
a saline fluid may be forced through irrigation lumen 114 and out through irrigation port
130. In one variation, irrigation port 130 may be shaped to produce a high-speed fluid
flow out through the port for enhancing dislodgment of particles. In another method of
operation, a clot or plaque dissolving drug or any other medicament well-suited for
breaking up, dissolving and/or removing particles from the filter may be delivered
through the irrigation lumen to the treatment site.

[0082] Referring to FIGURE 11, proximal connector 120 is provided at the
proximal end of elongate catheter body 112. Proximal connector 120 is provided with
first connector 122 for coupling with a source of irrigation fluid (not shown) and second
connector 128 for connecting to a source of negative pressure (not shown) for providing

an aspiration flow. In one contemplated method of use, the irrigation flow and aspiration
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flow are each substantially equal in volume for creating a fluid path to effectively
dislodge and remove particles from a filter.

[0083] FIGURE 12 illustrates the cross-section of the embodiment shown in
FIGURE 11. The cross-sectional view illustrates relative locations of guidewire lumen
116, irrigation lumen 114 and aspiration lumen 118. FIGURE 13 illustrates the
embodiment of FIGURE 11 in combination vascular filter 18. Aspiration catheter 110 is
advanced over guidewire 16 such that aspiration port 132 is located within the interior
volume of filter 18. Irrigation port 130 may be located either proximal or distal to filter
hub 26.

[0084] . FIGURE 14 illustrates yet another embodiment, aspiration catheter
140, wherein distal segment 147 of elongate body 142 further comprises a plurality of side
ports 148 for providing enhanced aspiration. This embodiment is particularly useful for
creating an aspiration flow over a wide area. Variations of this embodiment allow for
simultaneous removal of embolic particles from within the interior volume of the filter
and also from the region of the blood vessel proximal to the filter.

[0085] FIGURE 15 illustrates another alternative embodiment, aspiration
catheter 150, wherein guidewire lumen 156 extends the entire length of elongate catheter
body 152 for improved pushability and reduced buckling. The guidewire used in
conjunction with this “over-the-wire” embodiment is typically around 300 cm in length to
enable the advancement of aspiration catheter 150 over the guidewire.

[0086] FIGURES 16 and 17 illustrate yet another alternative embodiment,
aspiration catheter 160, further comprising therapy device 172 mounted along a distal end
portion of elongate catheter body 162. The illustrated embodiment combines inflatable
angioplasty balloon 172 with aspiration lumen 168 into a single integrated device.
Although the illustrated embodiment shows a therapy device comprising an angioplasty
balloon, it will be understood that other therapy devices may be substituted or added
while remaining within the scope of the invention. FIGURE 17 illustrates the cross-
section of elongated catheter body 162. The cross-section illustrates exemplifying
locations of aspiration lumen 168, guidewire lumen 166, and inflation lumen 164 along
elongate catheter body 162.

[0087] FIGURE 18 illustrates one method of operation using aspiration
catheter 160 of FIGURE 16 wherein angioplasty balloon 172 has been inflated to dilate

occlusion 12 in blood vessel 10. As the vessel wall is stretched and the plaque is partially

21-



WO 2005/004968 PCT/US2004/021042

compressed against the vessel wall during inflation of balloon 172, embolic particles 24
become liberated from the vessel wall and migrate with the flowing blood. As the
embolic particles 24 move through blood vessel 10, the particles become trapped and
contained within the interior volume of vascular filter 18. While balloon 172 is either
inflated or deflated, negative pressure may be applied at the proximal end of the aspiration
lumen 168 such that embolic particles 24 are aspirated and removed from filter 18.
“Integrated” aspiration catheter 160 advantageously eliminates the need to exchange the
therapy device with a separate aspiration catheter to remove particles from the blood
vessel and/or filter. In the illustrated embodiment, aspiration catheter 160 and filter 18
have been positioned for performing therapy such that aspiration port 180 is located
beyond filter hub 26 at the distal end of guidewire 16 and within the interior volume of
filter 18. If aspiration catheter 160 and filter 18 have not been pre-positioned as
illustrated in FIGURE 18, then balloon 172 should be deflated to allow advancement of
aspiration catheter 160 into a position that permits aspiration of embolic particles 24 from
within the interior volume of filter 18. The associated method reduces the amount of time
that the blood flow is reduced or stopped because the filter will never become fully
clogged with material. Furthermore, this method eliminates the trauma to the vessel wall
and dislodgment of particles that occurs during exchanging a therapy catheter for an
aspiration catheter.

[0088] It will be appreciated that certain variations in the aspiration catheter of the
present invention and its methods of use and manufacture may suggest themselves to
those skilled in the art. For example, embodiments of the aspiration catheter may be used
for aspirating particles and/or irrigating a treatment site in a wide variety of applications
wherein it is desirable to advance a lumen to a location distal to the end of a guidewire.
Certain embodiments of the aspiration catheter may be used in conjunction with a wide
variety of other medical devices having an interior volume and the operation should not
be limited to use with expandable filters. Accordingly, the foregoing detailed description
is to be clearly understood as given by way of illustration, the spirit and scope of this

invention being limited solely by the appended claims.
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WHAT IS CLAIMED IS:

1. An aspiration catheter, comprising:

an elongate catheter body;
a guidewire lumen extending longitudinally through at least a portion of

the elongate catheter body, the guidewire lumen having a proximal end and a

distal end and being adapted for slidably receiving a guidewire; and

an aspiration lumen 'extending longitudinally through the elongate catheter '
body, the aspiration lumen having a proximal end and a distal end, the aspiration
lumen having an aspiration port along the distal end sized for aspirating particles
from a blood vessel;

wherein the elongate catheter body includes a distal segment wherein the
aspiration lumen extends distally beyond the distal end of the guidewire lumen.

2. The aspiration catheter of Claim 1, wherein the distal segment of the
aspiration lumen extends beyond the distal end of the guidewire lumen by about 2 mm to
about 30 mm.

3. The aspiration catheter of Claim 1, wherein the aspiration port is formed
with an angled tip.

4. The aspiration catheter of Claim 1, further comprising a plurality of side
ports extending through the a side wall of the elongate catheter body along the distal
segment, the side ports adapted for aspirating particles from a blood vessel.

5. The aspiration catheter of Claim 1, wherein the guidewire lumen is located
only along a distal end portion of the elongate catheter body.

6. The aspiration catheter of Claim 5, wherein the guidewire lumen is about
30 cm or less in length.

7. The aspiration catheter of Claim 5, wherein the guidewire lumen is about 6
cm or less in length.

8. The aspiration catheter of Claim 1, further comprising a side hole formed
in a wall along the elongate catheter body, the side hole defining the distal end of the
guidewire lumen, the side hole being adapted to slidably receive a guidewire.

9. The aspiration catheter of Claim 1, wherein the elongate catheter body
further comprises an irrigation lumen.

10.  The aspiration catheter of Claim 1, further comprising a therapy device
disposed along a distal end portion of the elongate catheter body.
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11. An aspiration catheter system, comprising:
a guidewire; .
a vascular filter disposed along a distal end portion of the guidewire;
an elongate catheter body;
a guidewire lumen extending longitudinally through at least a portion of

the elongate catheter body, the guidewire lumen having a proximal end and a

distal end and being adapted for slidably receiving the guidewire; and

an aspiration lumen extending longitudinally through the elongate catheter
body, the aspiration lumen having a proximal end and a distal end, the aspiration
lumen having an aspiration port along the distal end;

wherein the elongate catheter body includes a distal segment in which the
aspiration lumen extends distally beyond the distal end of the guidewire lumen
such that the aspiration port is advanceable into an interior volume of the vascular
filter for removing embolic particles therefrom.

12. The aspiration catheter system of Claim 11, wherein the vascular filter is
self-expanding.

13. The aspiration catheter system of Claim 11, wherein the vascular filter is
mechanically deployable.

14.  The aspiration catheter system of Claim 13, further comprising a pull wire
having a distal end attached to the vascular filter and extending through the guidewire, the
pull wire being slidable relative to the guidewire for mechanically deploying the vascular
filter.

15.  The aspiration catheter system of Claim 11, wherein the distal segment of
the aspiration lumen is about 2 mm to about 30 mm in length.

16.  The aspiration catheter system of Claim 11, wherein the guidewire lumen
is located only along a distal end portion of the elongate catheter body.

17.  The aspiration catheter system of Claim 16, wherein the guidewire lumen
is about 30 cm or less in length.

18.  The aspiration catheter system of Claim 16, wherein the guidewire lumen
is about 6 cm or less in length.

19. The aspiration catheter system of Claim 11, wherein the elongate catheter
body further comprises an irrigation lumen, the irrigation lumen having a distal end

located distal to the distal end of the guidewire lumen.
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20.  The aspiration catheter system of Claim 11, further comprising a therapy
device disposed along a distal end portion of the catheter body.

-25-



WO 2005/004968 PCT/US2004/021042

1/15

78

S

oK

%%

&

o
&

2%
S5
9%
X e

35
oo
2909
e

ote
5
X
%
X
0

5
%
%5
XX,
35
K2

XX
S
ptedeetetet

%
R

oS
X

o
begeds
2R3

g

A%
QBXL

S5
S

oo,
o
oo,

>

LS

%

S s
/4 ALK S

74 43
e

A~

72

//Z

LERL
R

SKL

RIS

// [/
/4
/7

r7G.
[,



PCT/US2004/021042

WO 2005/004968

a’r 2L

s\\\--..

RATETNTEIGIL L
< 7 i %&%%&5 77
s ‘e ! \
, | )
. . )
/ <] / ” \
. R ST KK LI A
[77 77 2777 %%w%%wm‘wv X 27N
2 P L7777 R /QN //
o 7z 2 Zz ot
~
N
on, WA/
X 777 7F 77 Z7 77
[ 4
— el - '/' A\
— =\
[ 7 /

74




PCT/US2004/021042

WO 2005/004968

3/15

7V L L L L LT

A

AL UL

-
4 &% AR TAVav. Sl
R R RRIBTERIEL

X X
R RN

Al

X .!’0.'«’4 T

V4

ﬂ
|

R RIS

R
L J77 7777 %

24

L7 Ll T

<

7
7
o

/4

SRR
LRI

=

<\ )""v - S KA RS

X 4’4"."‘" 4&’1&4.0<'1"AV‘;’0"’4’4“

/_\ _’—’/\\

SRR RRIRZIRI[I
R RRENRG SR
LLAJT P07 7

Z/




PCT/US2004/021042

WO 2005/004968

4/15

D7 UL

R
NLZ Wzl (77T IX, BRI
o ° o ) ° o . 0 ¢ o ¢ o o

° ° e ]

==
LK %nnnooo ° ° [ ° ° o
o ° [-Y o s Av o . (-]
° >3 o \ o o ° q \ \u o ° ° ° ©
R R TR R
772 7 |4 /.v.wa.v.v%.vﬂw.v@%nv%w’@. A

V74

c/

~ "yr X XN »’»”’ ORI SS
N5 A




PCT/US2004/021042

WO 2005/004968

5/15




WO 2005/004968

PCT/US2004/021042

6/15

[ g

\ -

) ,
L7G 44

( ,_/422

S _
76 45

([

\_o o[ o]

/ ‘“425 '
7G40

/ L

: |

) =




PCT/US2004/021042

WO 2005/004968

7/15

77 /L L LT T
R SRITSTELZ L
NZ 7777 Z7IXZZTTTY R RN 77
[ 4 0 ¢ [ ©
4 ¢ o ¢ o oo < o o ' ° o
[ 4 < e e o ° [ °
o ¢ o
6/ S A s e T e
I 7]« N o p et T e
\\ \& S R R R AL SRR
L LV 7 ATV VX %&%&%&w\ 7S A
a— T T N
g/ Y74 774




PCT/US2004/021042

WO 2005/004968

8/15

6/

6/

9z
N0 yars \_SMX\ SRR =7
\x B L — —  — T\
w. S R o T S s e e e e e A\
- ﬁ
| ‘ Feia
[77= 7 TR SOOI,

SNSRI NN

(oS F 7

< 4’0.”4’4’00.&‘6.‘44( RN RS
é%»z%mw%%%

gc 73
N \ / 2 L LT
Nz — XZZ \&“ \w AR 77
~o ¢ a /c’ A) ° o
© ¢
¢ ; il N
% o ¢ o f e T T T T T e e e e e e e
o A vhn%u
0~ ¢ [ 4 A ° A
¢
. [ 4 <q
77277 \w o TR NS =

T T N AT NV
AR e A PR 7 757
S Y\ A
2/ 7z




PCT/US2004/021042

WO 2005/004968

9/15

oF
/ 27 7 L L L L T TS
S R RRRTEIZ >
NIV 777777 i AR 77
S5 . 00
o ossasas
0% 0500 [.”1 _ﬂ
o ° o ° =] ° [+ ° o ° [+
//o. c®06°%0/%0
[T 7B 7 > S TS RN NSRS S S
= B SR N e S SR TR J77727)
L \ \ N\ N\ AT VARN
V% &/ % 9/ of 0/
Y74 74 Z/

7 7Tl
SRR

RIS 77277
Hlll“.l“”l“” “l“.lh”l“lh“l“‘ﬂ“.“llpﬂ
SRR R R A TR 44) w
/] _\E\XA/ Y %%&%W@\ 77
S V4 / 9 /w  LLLLTIR 22\ N
99 r9" 29 09 0f o/



PCT/US2004/021042

WO 2005/004968

10/15

-é

AN SNT S ov s
° 4
°p
o
o5
° ]
. »
7 X7V R R 7 77 727

RSP
9/

98 58



PCT/US2004/021042

WO 2005/004968

11/15




PCT/US2004/021042

WO 2005/004968

&1 A

/i
\\\%

#1/ X777,
ﬁ‘//. Z/
91/ u//,/”/%.vvwx -




PCT/US2004/021042

WO 2005/004968

13/15




14/15




PCT/US2004/021042

WO 2005/004968

15/15

YAl s sseses

LT
A4
N &.«Wa\(&

S

SRR
EIRRER S

B

R

S

< SR

R T T R
SRS

LI 777X 7 5

444



Int Application No

INTERNATIONAL SEARCH REPORT
PCT/US2004/021042

CLASSIFICATION OF SUBJECT MATTER

A,
IPC 7 A61M25/00 A61F2/01 A61M25/01 A61B17/22

According to International Patent Classification (IPC) or to both national classification and IPC

B, FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbois)

IPC 7 A61M A61F A61B

Documentation searched other than minimum documentation to the exient that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category © | Citation of document, with indication, where appropriate, of the relevant passages Relevant to ciaim No.
X US 2003/023263 Al (KROLIK JEFFREY ET AL) 1,3-5,8,
30 January 2003 (2003-01-30) 11-13,
15,16
Y the whole document 6,7,9,
10,17-20
Y US 6 135 991 A (ZADNO-AZIZI GHOLAM REZA 6,7,9,
ET AL) 24 October 2000 (2000-10-24) 10,17-20
column 10, 1ine 14 - column 11, line 47
column 2, Tine 39 - column 4, line 24;
figures 4-8,12
X US 2002/188313 Al (JOHNSON KIRK ET AL) 1,8,11,
12 December 2002 (2002-12-12) 13
A paragraph ‘0036! - paragraph ‘0039!; 3-7,9,
figure 4 10,12,
14-20
iy

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :
P g *T* later document published after the international filing date

"A" document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O* document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the internationai filing date but
later than the priority date claimed

or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particutar relevance; the claimed invention
cannot be considered nove! or cannot be considered 1o
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
yn?'r]ns, ?tUCh combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the international search

15 November 2004

Date of maliling of the international search report

24/11/2004

Name and mailing address of the ISA
European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 RV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

PASCAL, A

Form PCT/ISA/210 (second sheet) (January 2004)




Int Application No

INTERNATIONAL SEARCH REPORT

PCT/US2004/021042
C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT
Category ° | Gitation of document, with indication, where appropriate, of the relevant passages ) Relevant to claim No.
A US 5 769 816 A (PASTRONE GIOVANNI ET AL) 1-20

23 June 1998 (1998-06-23)
column 16, line 39 - column 20, Tine 65;
figures 6,7,9

Form PCT/ISA/210 (continuation of second sheet) (January 2004)



INTERNATIONAL SEARCH REPORT

Inte

Application No

PCT7US2004/021042
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2003023263 Al 30-01-2003 CA 2454217 Al 06-02-2003
EP 1408875 Al 21-04-2004
WO 03009781 Al 06-02-2003

US 6135991 A 24-10-2000 US 2002062119 Al 23-05-2002
US 2003055398 Al 20-03-2003
US 2003009146 Al 09-01-2003
us 6652480 Bl 25-11-2003
us 6454741 B1 24-09-2002
AU 6347798 A 22-09-1998
AU 6688398 A 22-09-1998
CA 2322876 Al 11-09~1998
EP 1011775 Al 28-06~2000
us 6152909 A 28-11-2000
Wo 9838929 Al 11-09-1998
WO 9839047 Al 11-09-1998
us 6398773 Bl 04-06-2002

US 2002188313 Al 12-12-2002 US 2004006367 Al 08-01-2004

US 5769816 A 23~-06-1998 AU 7605396 A 29-05-1997
EP 0956074 Al 17-11-1999
US 2002062134 Al 23-05-2002
WO 9717100 Al 15-05~-1997
us 6117154 A 12-09-2000
us 6136016 A 24-10-2000
us 6235045 Bl 22-05-2001
us 6423086 Bl 23-07-2002
US 2004162576 Al 19-08-2004
us 5989281 A 23-11-1999
us 59805655 A 09-11~-1999

Form PCT/ISA/210 (patent family annex) (January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

