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INTRAVASCULAR BLOOD FILTER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 12/689,997, filed Jan. 19, 2010, which claims
priority benefit under 35 U.S.C. §119(e) to U.S. Provisional
Application No. 61/145,149, filed Jan. 16, 2009, entitled
“Intravascular Blood Filter,” all of which applications are
hereby incorporated by reference in their entirety.

INCORPORATION BY REFERENCE

[0002] All publications and patent applications mentioned
in this specification are herein incorporated by reference to
the same extent as if each individual publication or patent
application was specifically and individually indicated to be
incorporated by reference.

BACKGROUND OF THE INVENTION

[0003] This invention relates generally to medical devices
used during vascular intervention, and more particularly, con-
cerns medical devices that are useful in treating aortic valve
replacement, thromboembolic disorders and for removal of
foreign bodies in the vascular system.

[0004] Thromboembolic disorders, such as stroke, pulmo-
nary embolism, peripheral thrombosis, atherosclerosis, and
the like, affect many people. These disorders are a major
cause of morbidity and mortality in the United States and
throughout the world. Thromboembolic events are character-
ized by an occlusion of a blood vessel. The occlusion can be
caused by a clot which is viscoelastic (jelly-like) and is com-
prised of platelets, fibrinogen, and other clotting proteins.
[0005] Percutaneous aortic valve replacement has been in
development for some time now and stroke rates related to
this procedure are between four and twenty percent. During
catheter delivery and implantation plaque may be dislodged
from the vasculature. The invention contained within will
block the emboli from traveling through the carotid circula-
tion and onto the brain. When an artery is occluded by a clot,
tissue ischemia (lack of oxygen and nutrients) develops. The
ischemia will progress to tissue infarction (cell death) if the
occlusion persists. Infarction does not develop or is greatly
limited if the flow of blood is reestablished rapidly. Failure to
reestablish blood-flow can lead to the loss of limb, angina
pectoris, myocardial infarction, stroke, or even death.

[0006] Occlusion of the venous circulation by thrombi
leads to blood stasis which can cause numerous problems.
The majority of pulmonary embolisms are caused by emboli
that originate in the peripheral venous system. Reestablishing
blood flow and removal of the thrombus is highly desirable.
[0007] There are many existing techniques employed to
reestablish blood flow in an occluded vessel. One common
surgical technique, an embolectomy, involves incising a
blood vessel and introducing a balloon-tipped device (such as
a Fogarty catheter) to the location of the occlusion. The bal-
loon is then inflated at a point beyond the clot and used to
translate the obstructing material back to the point of incision.
The obstructing material is then removed by the surgeon.
While such surgical techniques have been useful, exposing a
patient to surgery may be traumatic and is best avoided when
possible. Additionally, the use of a Fogarty catheter may be
problematic due to the possible risk of damaging the interior
lining of the vessel as the catheter is being withdrawn.
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[0008] A common percutaneous technique is referred to as
balloon angioplasty where a balloon-tipped catheter is intro-
duced into a blood vessel, typically through an introducing
catheter. The balloon-tipped catheter is then advanced to the
point of the occlusion and inflated in order to dilate the steno-
sis. Balloon angioplasty is appropriate for treating vessel
stenosis but is generally not effective for treating acute throm-
boembolisms.

[0009] Another percutaneous technique is to place a micro-
catheter near the clot and infuse Streptokinase, Urokinase, or
other thrombolytic agents to dissolve the clot. Unfortunately,
thrombolysis typically takes hours to days to be successful.
Additionally, thrombolytic agents can cause hemorrhage and
in many patients the agents cannot be used at all.

[0010] Another problematic area is the removal of foreign
bodies. Foreign bodies introduced into the circulation can be
fragments of catheters, pace-maker electrodes, guide wires,
and erroneously placed embolic material such as thrombo-
genic coils. There exist retrieval devices for the removal of
foreign bodies, certain of such devices form a loop that can
ensnare the foreign material by decreasing the size of the
diameter of the loop around the foreign body. The use of such
removal devices can be difficult and sometimes unsuccessful.
[0011] Moreover, systems heretofore disclosed in the art
are generally limited by size compatibility and the increase in
vessel size as the emboli is drawn out from the distal vascular
occlusion location to a more proximal location near the heart.
Ifthe embolectomy device is too large for the vessel it will not
deploy correctly to capture the clot or foreign body, and if too
small in diameter it cannot capture clots or foreign bodies
across the entire cross section of the blood vessel. Addition-
ally, if the embolectomy device is too small in retaining
volume then as the device is retracted the excess material
being removed can spill out and be carried by flow back to
occlude another distal vessel.

[0012] Various thrombectomy and foreign matter removal
devices have been disclosed in the art. However, such devices
have been found to have structures which are either highly
complex or lacking in sufficient retaining structure. Disad-
vantages associated with the devices having highly complex
structure include difficulty in manufacturability as well as
difficulty in use in conjunction with microcatheters. Recent
developments in the removal device art features umbrella
filter devices having self folding capabilities. Typically, these
filters fold into a pleated condition, wherein the pleats extend
radially and can obstruct retraction of the device into the
micro catheter sheathing.

[0013] Whathas been needed and heretofore unavailable is
an extraction device that can be easily and controllably
deployed into and retracted from the circulatory system for
the effective removal of clots and foreign bodies. There is also
aneed for a system that can be used as a temporary arterial or
venous filter to capture and remove thromboemboli generated
during endovascular procedures. Moreover, due to difficult-
to-access anatomy such as the cerebral vasculature and the
neurovasculature, the invention should possess a small col-
lapsed profile and preferably be expandable to allow the
device to be delivered through the lumen of commercially
available catheters. The present invention satisfies these
needs.

SUMMARY OF THE INVENTION

[0014] Most filter devices are delivered from the groin and
are placed distal to the flow of the lesion or site in question.
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Single basket-type filters or Nitinol loop filters are the most
common used today in carotid stent procedures of vein graft
stenting. As the guidewire is delivered past the lesion the filter
is delivered over the guidewire protecting the distal vascula-
ture. The invention here may be delivered from the groinin a
conventional manner to vessels such as the carotid arteries or
via radial (arm vasculature) approach. Protecting the carotid
arteries and cerebral vasculature system is the main goal
while leaving the aortic arch free from catheters and wire as
much as possible during the delivery of other devices such as
aortic balloons and prosthetic valves or other associated
devices.

[0015] One method of filtering the carotid arteries leaving
the aorta free from obstruction is to deliver a filter to each of
the carotid arteries from the groin leaving them in the carotid
vasculature and retrieving them via snare post procedure. A
delivery catheter would be inserted through an introducer in
the groin (femoral artery) and delivered to the common
carotid arteries and detached. The delivery catheter would be
removed and a second filter would be delivered in a similar
manner to the other carotid artery. With two detached filters
now in place the procedure treating the aortic or mitral valve
can now be completed with embolic protection for the cere-
bral vascular system. Once the procedure to the valve is
completed, the filters can be snared and retrieved back out the
femoral artery as they were delivered. Any embolic particles
will be captured in the filter device and removed safely from
the body.

[0016] Another method for filtering the carotid arteries
would be to deliver a filter from the femoral artery and utilize
a single catheter to house the two attachment means to the
filters. These attachments may be a wire similar to a
guidewire or a hypo-tube to connect the filter element to an
external portion of the body. Keeping these wires or connec-
tion means organized and contained within a single or dual
lumen catheter will help organize and limit potential
entanglement with other catheters being delivered to the tar-
get site such as the aortic valve or other cardiac elements
including but not limited to the mitral valve and coronary
arteries. The distal portion of the catheter may have a single
exit portion or a staggered exit to allow an exit at different
points along the catheter. One exit port may be at the distal
most end of the catheter and the other may be a centimeter
proximal from this to allow the attachment wire to exit near
the left common carotid artery. Furthermore, there could be
an extension to the distal most portion of the catheter allowing
side ports for both wires to exit. This would allow for addi-
tional catheter stabilization within the aorta.

[0017] Another embodiment would deliver filters to the
carotid from the radial artery and allow for a clear aortic arch
from catheters and other delivery means from a more conven-
tional femoral delivery means. From this access site a plural-
ity of filters could be delivered through a common access
sheath or the filters could be delivered from a dual lumen
catheter with each lumen housing a single filter.

[0018] Another delivery means would utilize a single cath-
eter with filters mounted in a coaxial manner where the distal
filter would be delivered first and could be mounted to a wire
where the second would be mounted to a hypo-tube where the
first filters wire would run through the second allowing for
relative motion between the two filters. The first filter would
be delivered to the left common carotid from the radial artery
and the second would be delivered to the right common
carotid artery or the brachiocephalic trunk in a coaxial man-
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ner. These filters would be opposed in direction as the distal
filter would be filtering blood flowing from the base of the
aorta to the head and toward the distal end of the guidewire.
The proximal filter would be filtering blood from the base of
the aorta to the head and toward the proximal end of the
guidewire. Placing the two filters together there would be a
conical shape configuration where the large diameter portions
of'the cones would meet. These two filters would be delivered
in a collapsed configuration and expanded when expelled
from the delivery catheter. Retrieval would be a retraction of
the filter back into a recovery catheter that would be a larger
inner diameter than the delivery catheter to allow room for
particulate. Being opposed in capture direction the right
carotid would be the first filter that would be recovered by an
expanded sheath where the embolic material would not be
disturbed and further withdrawn to a smaller sheath for
removal from the body. The expanded sheath could be con-
structed from braided Nitinol wire pre-shaped so when
exposed the braid would expand to receive the filter without
squeezing out any trapped emboli. The second or left carotid
filter would be recovered in a conventional manner where the
larger diameter would be pulled into a sheath to trap and
remove the emboli within the tailor distal portion of the filter.

[0019] Another means to deliver the filters via radial artery
approach would be to utilize a dual lumen catheter where each
lumen would house a single filter. The first lumen would
deliver a filter to the left carotid artery and the second lumen
would deliver a filter to the right carotid artery. The lumens
could be staggered in length to reach each ostium in which
case the first or left filter lumen would be longer in length to
allow for placement distal from the second filter placement in
the right carotid. Additionally, the second lumen may be
pre-shaped with a curve to allow easy access to the right
carotid artery. This pre-shaped curve may be retained in a
straighter manner to allow for delivery and released to express
the delivery shape when at the bifurcation of the subclavian
and the carotid artery. Furthermore, there may be an active
shaping where the curve is directed external to the body by a
handle mechanism such as a pull-wire where tension would
generate a compressive force to the catheter column prefer-
entially bending the lumen. Recovery could utilize the same
dual lumen concept or utilize a second recovery sheath inde-
pendently from one another.

[0020] Another application for this device and method
would be for surgical operations where the patient may be put
on heart-lung bypass. During cross clamping of the aorta
catheters or wires in the aorta may interfere with the proce-
dure and allow leakage of blood around the cannulas used. If
any of the above described devices or techniques are used
before the patient’s chest is opened this filtration of the
carotid vessels would protect from emboli thus reducing the
stroke risk during and after the procedure. Additional anti
thrombotic coatings to the filter could allow for an extended
implantation time allowing filtration time to be extended post
procedure. An example of this coating would be Heparin.
Placement of these catheters and filters could be under fluo-
roscopy or ultrasound guidance to direct proper filter place-
ment. Radiopaque markers may add necessary visibility to
the catheter, filter and or wires.

[0021] Another surgical delivery means would be an inser-
tion to the carotid artery via the neck. The filter could face
either antigrade or retrograde depending upon the placement
insertion point or access site. This would allow for complete
filtration without any aortic interference as the entire devices
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would be within the carotid circulation. With this delivery
technique the puncture site would be very small and recovery
could be through the entry site or through the groin as the filter
could be inserted distal to meet a recovery sheath in the aorta.
With this groin recovery any emboli within the proximal
carotid would be captured before later dislodgement.

[0022] Intravascular filters have been used in many con-
figurations ranging from a windsock style as commercialized
as the FilterWire from Boston Scientific or the ACCUNET
from Abbott Vascular or the Spider from eV3. These filters
utilize a memory metal such as Nitinol is used to oppose the
vascular wall tightly sealing any emboli from passage while a
filter material such as a porous fabric material retains and
emboli from passing distally from the device. Another
example is a laser cut memory metal where the basket is the
frame and the filter is used to trap emboli when expanded.
Another example is constructed from a braided wire such as
Medtronic’s Interceptor PLUS where once exposed the braid
expands to create a funnel or cone shape to trap emboli and the
proximal or larger end is pre-shaped to accept blood flow with
larger openings heat-set into the memory metal such as Niti-
nol. These filters range in diameter from about 2-15 mm in
diameter and are approximately 20-30 mm in length. They are
generally attached to a guidewire and sheathed for delivery
and resheathed for recovery. The catheter profile measures
about 1 to 2 mm in diameter and has a length of about 90 to
200 cm. Catheter construction is normally a polypropylene or
polyethylene material but nylons and blends can be used as
well. All devices are considered single use and are commonly
placed for carotid stenting or savenous veign grafts stenting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 illustrates the vascular anatomy of the aorta
and surrounding great vessels.

[0024] FIG. 2 illustrates the common technique in carotid
filter 8 insertion for carotid stenting 10 as delivered via femo-
ral artery over a guidewire 9.

[0025] FIG. 3 illustrates the aortic vasculature where
sheaths could be placed by the interventional cardiologist.
The right femoral 11 being the most common access as the
cardiologist works from the right side of the patient which is
presented to the physician while on the table. The right radial
artery 12 has been used but due to the small diameter of the
vessel is not a common insertion point for the cardiologist.
[0026] FIG. 4 illustrates a brachial entry with common
introducer 13 and guidewire 8 techniques.

[0027] FIG. 5 illustrates the guide catheter 14 being
inserted to the introducer 13 over the guidewire 8 in a brachial
artery entry where the guide catheter 14 has a preshaped distal
section to access the left common carotid 3.

[0028] FIG. 6 illustrates a closer view of the guide catheter
14 and guidewire 8 accessing the left carotid artery where the
first filter would be placed.

[0029] FIG. 7 illustrates the deployment of the first filter 9
through the guide catheter 14 over a guidewire 8 where the
filter 9 is fully opposed to the left carotid artery.

[0030] FIG. 8 illustrates both filters 9 deployed and protect-
ing the carotid arteries utilizing a common guidewire 8 and
common guide catheter 14.

[0031] FIG. 9 illustrates a dual lumen catheter 29 where
each filter 9 has a single guidewire 8. Both filters 9 are in a
conventional orientation where the flow is in the distal direc-
tion or toward the distal tip of the guidewire 8. Independent
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recovery of the filters 9 could occur or a common recovery
sheath may be used to load both into one sheath.

[0032] FIG. 10 illustrates both filters 9 being delivered via
subclavian where the left filter is delivered via left subclavian
artery with an entry point in the radial artery. Each delivery
would include a guidewire 8 and a guide catheter 14 where a
pre-shaped curve would allow access into the respective
carotid artery.

[0033] FIG. 11 illustrates a single organization catheter 15
to retain two filter 9 guidewires 8 controlling the potential for
entanglement with each wire or other catheters introduced to
the body. These catheters would include pigtail catheters used
for contrast injections, balloon catheters for dilation or other
catheters for delivery of therapeutic agents or implantable
devices such as stents or prosthetic heart valves where the
catheters are generally larger (18-26 French) in diameter. The
catheter would have two distal exit ports to allow each filter to
exit at the respective ostia. A distal section would extend
beyond the brachiocephalic trunk allowing for a smooth
shape to the catheter and ensure it is close to the outer radius
of the arch.

[0034] FIG. 12 illustrates a dual lumen catheter 16 with an
active curving mechanism to steer each lumen to the
respected carotid artery. The deflection will allow for active
steering of each distal section to account for any differences
in anatomy from patient to patient. Similar to electrophysiol-
ogy catheters a deflection wire 18 could be tensioned to
provide a bias or curve to tip. The delivery of each filter would
be in a conventional orientation where the blood flow would
be in the distal direction and toward the tip of the guidewire.
External to the body would be a handle mechanism 17 pro-
viding an actuation force to the distal portion of the catheter.
This actuation could be a rotational knob 19 translating a
rotation movement to a screw mechanism providing a tension
to a wire connected to the catheter tip. Other methods could
include an electrical signal to drive a motion or hydraulic
actuation to translate a force.

[0035] FIG. 13 illustrates a filter 9 delivered over the
guidewire 8 from the carotid artery in a retrograde approach
just short of the aortic arch. Once the procedure is completed
the filter can be snared with a conventional snare 20 to remove
it from the body. This will allow for a very small (0.03 inch)
entry port in the neck to introduce the device and a larger
recovery sheath 21 in the groin where other devices are intro-
duced.

[0036] FIG. 14 illustrates a set of filters in the carotid arter-
ies delivered and ready for additional procedures to occur
under filtered protection. During a percutaneous heart valve
delivery there maybe multiple catheters in the aortic arch
consuming much of the available area. Shown here is a pigtail
catheter 22 and a delivery catheter 24 for a percutaneous heart
valve 23 all within the aortic arch. The filters 9 are clear of the
aortic space and will not interfere with delivery or withdrawal
of these catheters.

[0037] FIG. 15 illustrates another delivery pathway for the
placement in the carotid or brachiocephalic trunk. Delivery
includes a guidewire 8 introduced via carotid artery or sub-
clavian artery just short of the aortic arch leaving the arch free
from interference while delivering other catheters to the
heart. These filters 9 can be retrieved either through the groin
or recovered back through the entry point in the carotid or
subclavian artery.

[0038] FIG.16illustrates a conventional entry to the carotid
artery where the sheath is placed in a retrograde manner. A
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sheath 13 is placed into the carotid artery where access may
be gained to the vasculature either anti grade or retrograde
depending upon the desired placement of the device.

[0039] FIG. 17 illustrates an example of a common filter
design where the guidewire 8 passes through the central por-
tion of the filter 27. A memory material such as Nitinol is used
to expand the filter material to the vessel wall.

[0040] FIGS. 18A-B illustrate other examples of filters
where a loop style 25 has the guidewire passing along the side
of'the device and functions like a wind-sox when deployed in
the vessel. The other example is a framed filter where when
expanded the filter material is opposed to the vessel wall and
the guidewire 8 passes through the central portion of the
device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0041] Before standard intervention would occur by a car-
diologist a filter would be placed into the carotid arteries to
protect the circulation to the brain where emboli could induce
a stroke and leave the patient debilitated. Placement of these
filters to the patient’s carotid circulation would be most con-
venient if it occurred without obstruction of the aorta where
other catheters would be passed and preferably on the
patient’s right side as it is common practice for the doctor to
steer the catheters from this side of the table. Standard prac-
tice is to gain access in the right femoral artery where a sheath
would be placed to introduce catheters, guidewires and other
device delivery means. This would leave the left femoral
artery open but often it too is used for other diagnostic cath-
eters and it is less convenient to work across the patient’s
body. Other access sites would include carotid entry but the
neck area is often again inconvenient to operate from and
generally too far from the other wires and catheters. The final
entry point would be an arm entry where a sheath would be
placed into the brachial or radial artery for access to the
subclavian artery and more distally the aorta and the carotid
arteries. This approach would allow the doctor to access the
patient’s right arm placing a sheath into the radial artery and
delivering catheters, guidewires and sheaths to the carotid
arteries. After a 5 French sheath placement a guide catheter
would be placed into the radial artery and advanced to the
brachiocephalic trunk where the right carotid artery meets the
subclavian. From here a curve in the guide catheter would
allow a 180 turn to occur accessing from the brachiocephalic
trunk into the aortic arch and back up the left carotid artery
which is commonly found one centimeter down the aortic
arch. Once the guide catheter is place a filter may be advanced
into the left carotid artery and deployed leaving this vessel
protected from emboli. The guide catheter could be moved
proximally to leave this vasculature and back into the bra-
chiocephalic trunk artery where a coaxial filter could now be
placed protecting this carotid artery. The connection between
the two filters is a common axial link where the distal or left
carotid filter would be attached to a 0.014 inch guidewire as
normally constructed and the more proximal filter would
utilize a tubular member such as a polymer or Nitinol hypo
tube. The distal filter may need to be gently engaged to the
vessel wall to allow the connection guidewire to be tensioned
removing any slack or loop within the aortic arch. This may
be possible with engagement barbs restricting proximal
motion of the device in the vessel when deployed. Other
means may be a stronger force in the memory metal loop to
keep the device opposed to the wall. Now the circulation to
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the brain is protected and the aortic arch is clear from obstruc-
tion the normal procedure can occur. Examples of these pro-
cedures include but are not limited to:

[0042] Coronary stenting
[0043] Aortic valve replacement via catheterization
[0044] Aortic or mitral valve replacement via transapical
[0045] Aortic balloon valvuloplasty
[0046] Mitral valvuloplasty
[0047] Mitral valve replacement via catheterization
[0048] Diagnostic catheterization
[0049] Surgical valve replacement (aortic or mitral)
[0050] Surgical valve repair (aortic or mitral)
[0051] Annuloplasty ring placement
[0052] Atrial fibrillation catheterization
[0053] PFO closure (surgical or catheter based)
[0054] Left atrial appendage closure (catheter or surgi-
cal)
[0055] Once the procedure has been completed the filters

may be removed immediately or left in place if an antitrom-
botic coating is added or the patient remains on blood thin-
ning agents to limit clot from forming on the filters. It may be
advantageous to leave the filters in for a period of twenty four
hours as the patient begins to recover. When removal is nec-
essary the goal is to not dislodge any trapped emboli within
the filter. Conventionally this is accomplished by pulling the
filter into a larger recovery sheath to first close the open end of
the filter and draw the remaining portion safely back into the
recovery catheter. With the filters being opposed in direction
it may be advantageous to move the distal filter into the
proximal filter and recover them both together in a nested
orientation.

1-8. (canceled)

9. A filter system comprising:

a first tubular member and a second tubular member;

a first filter mounted on the first tubular member, the first
filter configured to move between a collapsed configu-
ration and an expanded configuration; and

a second filter mounted on the second tubular member, the
second filter configured to move between a collapsed
configuration and an expanded configuration,

wherein the first tubular member and the second tubular
member are coaxially disposed and configured to move
relative to each other to provide relative motion between
the first filter and the second filter.

10. The filter system of claim 9, wherein the first filter and

the second filter are positioned in opposing directions.

11. The filter system of claim 9, wherein the first tubular
member is coaxially disposed within the second tubular
member.

12. The filter system of claim 11, wherein the first filter is
configured to be positioned distal to the second filter.

13. The filter system of claim 9, further comprising a
handle having an actuation member, the actuation member
configured to actively and controllably shape a distal end of
the first tubular member.

14. The filter system of claim 13, wherein the actuation
member is configured to apply tension to the distal end of the
first tubular member through a pull wire.

15. A method of filtering a subject’s blood, comprising the
steps of:

providing a delivery catheter having a shapeable distal end;

inserting the delivery catheter into a first vessel;

advancing the delivery catheter through the vessel toward
and proximate a second vessel;
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actively and controllably shaping the distal end of the
delivery catheter to access the second vessel;

advancing a filter in a collapsed configuration through the
delivery catheter and into the second vessel; and

expanding the filter such that the filter is introduced into the
second vessel in the collapsed configuration and
expanded in the second vessel.

16. The method of claim 15 further comprising the step of
providing a wire element to which the filter is mounted.

17. The method of claim 15 further comprising the step of
providing a tubular member to which the filter is mounted.

18. The method of claim 15 further comprising the step of
selecting the first vessel from the group of vessels consisting
of: the radial artery; the brachial artery; the carotid artery; and
the femoral artery.

19. The method of claim 18 further comprising the step of
selecting the second vessel from the group of vessels consist-
ing of: the right common carotid artery; the left common
carotid artery; and the left subclavian artery.

20. The method of claim 15, wherein actively and control-
lably shaping the distal end of the delivery catheter comprises
actuating an actuation member on a handle positioned exter-
nal to the subject.

21. The method of claim 15, wherein actively and control-
lably shaping the distal end of the delivery catheter comprises
applying tension to a distal end of the delivery catheter
through a pull wire.

22. The method of claim 15, wherein inserting the delivery
catheter comprises advancing the delivery catheter over a
guidewire.
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