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ILLUMINATED INTRAVASCULAR BLOOD FILTER

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit under 35 U.S.C. 119 of U.S. Provisional Patent
Application No. 61/148,054, filed January 29, 2009, titled “Illuminated Intravascular Blood

Filter.” This application is herein incorporated by reference in its 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, concerns 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, pulmonary 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 characterized by an occlusion of a blood vessel. The occlusion can be caused by a
clot which is viscoelastic (jelly-like) and is comprised 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 circulation 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
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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 balloon 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.

[0008] A common percutaneous technique is referred to as balloon angioplasty where a
balloon-tipped catheter is introduced 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 stenosis. Balloon angioplasty is appropriate for treating vessel stenosis but
is generally not effective for treating acute thromboembolisms.

[0009] Another percutaneous technique is to place a microcatheter 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.

[00010] 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 thrombogenic 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.

[00011] 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. If the 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. Additionally, 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.
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[00012] 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. Disadvantages 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
microcatheter sheathing.

[00013] What has 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 a need 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 collapsed 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
[00014] Most filter devices are delivered from the groin and are placed distal to the flow of
the lesion or site in question. 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
vasculature. The invention here will be delivered in an open surgical procedure where the heart
is put onto heart-lung bypass. In this operation, the surgeon will open the chest cavity exposing
the heart for direct visualization. Normally cannulas are placed into main vessels to continue
circulation and the aorta is cross-clamped to eliminate flow to the heart. This will allow the
surgeon to access the heart and heart valves for replacement or repair without excessive
bleeding. During the process of cross-clamping the aorta may shed internal particulate such as
plaque or calcium deposits that have collected along the inner wall. This particulate may travel
downstream and cause obstruction to distal vessels starving them of oxygenated blood and the
surrounding tissue may die quickly without proper blood flow. This is inclusive of the brain
where occlusion of these vessels is referred to as a stroke. The main vessels feeding the brain are
the carotid arteries and the initiate from the aortic arch. Filters have been developed for
catheterization procedures where the filter is placed proximal to the placement of a stent in the

carotid artery. These are guided by fluoroscopy as the devices inserted into the vessels are
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radiopaque and are displayed a dark objects on a display screen. This could be possible for a

surgical procedure but it would add another step in the process by admitting the patient to the
catheterization lab and placing a filter in each carotid artery. This would add to the complexity
of the procedure and also add additional cost to the hospital and patient. The invention disclosed
here would allow the surgeon to place the device in a beating heart where the insertion could be
at the access for the aortic cannula. Placement of these devices could be guided by fluoroscopy
or echo but the preferred method would be to utilize an illumination of the device being
delivered. One method of illumination would be to utilize the guidewire as an optical fiber with
an external light source to deliver photons to the distal portion of the catheter or an internal light
emitting diode (LED) mounted to the distal portion of the device where the surgeon could
visualize the advancement and deployment of the device in to the carotid arteries by seeing the
light source through the vessel wall. A standard purse-string suture would be tied before cannula
insertion and the filters would be inserted first and positioned into the carotid vessels. By
illuminating a portion of the device, visual guidance of the filters through the vessel wall is
possible. Once the filters are in placed the cannula may be inserted with the carotid arteries
protected from emboli and perfusion and cross-clamping may begin. The surgeon may now
perform the normal operation such as valve repair or replacement, coronary artery bypass with
embolic protection in place. The cross-clamping would not be effected due to the very small
(0.010 to 0.035 inch) filter wires in place. Once the operation is completed, recovery of these
wires can occur under normal flow and perfusion. They may be recovered before the cross-
clamp is removed or after the heart is recovered and beating normally. The later may provide a
safer approach as emboli may still be shed from the removal and trauma to the aortic vessel.
[00015] The above described illumination guidance technique could be substituted with a
magnetic source at the distal portion of the filter device or guidewire and externally located
within the aorta with a wand to attract the filter via magnetic field. This would allow the filter to
be pulled into the carotid vessels under direct visualization externally via two magnetic sources.
[00016] 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 cerebral vascular system. Once the procedure to the valve is completed, the filters can be
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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.

[00017]  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 connection 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 target 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 additional
catheter stabilization within the aorta.

[00018] 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 conventional
femoral delivery means. From this access site a plurality 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.

[00019] Another delivery means would utilize a single catheter 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 manner. 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
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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 constructed 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 tail or distal portion of the filter.

[00020] 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 preferentially bending
the lumen. Recovery could utilize the same dual lumen concept or utilize a second recovery
sheath independently from one another.

[00021]  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 procedure 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 antithrombotic 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 fluoroscopy or ultrasound guidance to direct proper filter placement. Radiopaque markers
may add necessary visibility to the catheter, filter and or wires.

[00022]  Another surgical delivery means would be an insertion 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 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
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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.
[00023] Intravascular filters have been used in many configurations 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 Nitinol. 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,

[00024] Another means of filtering the carotid arteries would be to utilize the radial artery for
entry to the vasculature with an introducer. The nominal size vessel would accept a 5to 6
French introducer which measures about 0.092-0.118 inches in outer diameter and about 0.066-
0.079 inches inner diameter. Once the vessel access has been gained a guidewire measuring
between 0.010 inches and 0.035 inches could be used and can be advanced through the radial
artery and farther to traverse the subclavian artery accessing the brachiocephalic trunk stemming
from the aorta. Immediately adjacent is the left common artery where the guidewire would be
placed for catheter advancement. A pre-shaped catheter can be advanced over this guidewire to
deploy the filters. The pre-shaped curve will be used to engage the ostia of the left common
carotid artery and allow advancement of the first filter to protect the left carotid circulation.
Pulling the guiding catheter back out of the left carotid artery and back into the brachiocephalic
trunk the second filter may be advanced out of the guiding catheter protecting the right carotid
circulation. Additionally, the pre-shaped curve may be straightened by advancing a still straight
wire down the lumen of the guide catheter. This wire may traverse the same lumen the filters are
delivered through or a separate dedicated lumen providing a generally straight shape for re-
engaging the brachiocephalic trunk in a less curved shape. Another means to change the shape

of this catheter is to provide a tension wire to deflect the tip similar to an electrophysiology
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catheter. In which case the catheter would be deflected when engagement of the left carotid is

necessary and allowed to remain straight when in the brachiocephalic trunk. The same guiding
catheter used for delivery of these filters could be used for recovery where the filters are
collapsed back down for removal of the embolic material from the body. Ideally the two filters
would be opposed in direction and on one common guidewire where the proximal filter would be
recovered first and the distal, or left carotid, filter would be recovered secondarily. Since the
distal portion of the first filter would be drawn into the catheter first there is a chance for release
of embolic material. It may be necessary to flare the distal tip of the guide catheter to allow the
tail end of the first filter to enter into the catheter without pushing the emboli out. This flare may
be achieved by a split end to the catheter, the advancement of a larger diameter tube from the

inside of the catheter or a basket braided to accept a larger diameter retrieval.

BRIEF DESCRIPTION OF THE DRAWINGS
[00025] Figure 1 illustrates the vascular anatomy of the aorta and surrounding great vessels.
[00026] Figure 2 illustrates the common technique in carotid filter 8 insertion for carotid
stenting 10 as delivered via femoral artery over a guidewire 9.
[00027] Figure 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.
[00028] Figure 4 illustrates a radial entry with common introducer 13 and guidewire 8
techniques.
[00029] Figure 5 illustrates the guide catheter 14 being inserted to the introducer 13 over the
guidewire 8 in a radial artery entry where the guide catheter 14 has a preshaped distal section to
access the left common carotid 3.
[00030] Figure 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.
[00031] Figure 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.
[00032] Figure 8 illustrates both filters 9 deployed and protecting the carotid arteries utilizing
a common guidewire 8 and common guide catheter 14.
[00033] Figure 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 direction or
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toward the distal tip of the guidewire 8. Independent recovery of the filters 9 could occur or a

common recovery sheath may be used to load both into one sheath.

[00034] Figure 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.

[00035] Figure 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.

[00036] Figure 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
electrophysiology 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 providing 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.

[00037]  Figure 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 introduced.

[00038]  Figure 14 illustrates a set of filters in the carotid arteries 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.
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[00039] Figure 15 illustrates another delivery pathway for the placement in the carotid or

brachiocephalic trunk. Delivery includes a guidewire 8 introduced via carotid artery or
subclavian 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.

[00040] Figure 16 illustrates a conventional entry to the carotid artery where the sheath is
placed in a retrograde manner. A sheath 13 is placed into the carotid artery where access may be
gained to the vasculature either antigrade or retrograde depending upon the desired placement of
the device.

[00041] Figure 17 illustrates an example of a common filter design where the guidewire 8
passes through the central portion of the filter 27. A memory material such as Nitinol is used to
expand the filter material to the vessel wall.

[00042] Figure 18 illustrates 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.

[00043] Figure 19 illustrates a standard purse-string (30) suture in the aorta (1) to accept an
aortic cannula for bypass surgery. The sutures are installed previous to the insertion of the
cannula to tighten the suture around the cannula. _
[00044] Figure 20 illustrates an intravascular filter (9) inserted into the aorta between the
purse-string sutures (30) with the aid of an introducer sheath (31). Exiting the sheath is the
guidewire (8) to which the filter (9) is mounted.

[00045]  Figure 21 illustrates two filters (9) inserted into the carotid arteries through a common
introducer sheath (31) between the purse-string sutures (30) with the connecting guidewires (8)
external to the body.

[00046] Figure 22 illustrates the introducer sheath removed and the filters (9) in place tethered
by two guidewires (8) exiting the aorta through the purse-string sutures.

[00047]  Figure 23 illustrates the filters in the carotid arteries with the guidewires exiting the
aorta and the aortic cannula (32) in place ready for perfusion. At this point the purse string-
sutures would be tightened around the devices to limit blood loss and the cross-clamp can now
be installed.

[00048] Figure 24 illustrates the filters in place but with illumination wires (34) for visual
guidance. External to the aorta is the illumination source (33) to deliver the light through the
fiber.

-10 -
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[00049] Figure 25 illustrates the illumination sources disconnected from the guidewires (34)

and removed from the sterile area for convenience. The filters are in the carotid arteries and now
filtering any blood passing to the brain.

[00050] Figure 26 illustrates the illumination guidewire (34) and illumination handle (33)
external to the body ready for introduction through the purse-string sutures.

[00051] Figure 27 illustrates an external magnet (35) being engaged to an internal magnet (36)

to advance the filter into the carotid artery.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[00052] The invention described herein is an intravascular filter introduced to the aorta at or
near the aortic cannulation site. The device would be illuminated for guidance and have a
relatively short overall length (10 to 40 cm). Any of the common intravascular filter devices
could be used to complete the filtration of the blood but would need to have an illumination of
some portion to guide the delivery to the carotid vessels. Introduced through a purse-string
suture, the devices would measure about 1 to 4 millimeters in diameter and be delivered through
a 5 or 6 French introducer over a guidewire where the introduction site would be the same as the
cannula introduction site between the purse string sutures. Sheathed in a delivery catheter the
filters would be exposed to the vessel in a collapsed state and advanced out the end of the
delivery catheter where they would expand either passively by a memory metal such as Nitinol
or actively by a balloon expansion or other radial force means. Once in place in the carotid
vessels the delivery catheter may be removed leaving the tethered guidewires in the aorta exiting
out the cannulation site. Illumination means could be a fiber optical guidewire, catheter or filter
device. The corewire within the guidewire could be used to deliver light to the device or the
guidewire could be made in an unconventional means and be a fiber to deliver the light through
the vessel wall. This fiber could measure about 0.010 to 0.035 inches in diameter and also be an
adjunct to the normal guidewire where one is used for vessel guidance and the other is used
visual illumination. The wire lengths would be about 10 to 50 centimeters long and use a light
source to illuminate the fiber that may be decoupled from the light source at the proximal end of
the device for convenience. Once the surgical procedure is completed, the heart would be
restarted and the cannulas removed stabilizing the patient ensuring the heart is free from
arrhythmia and in good sinus rhythm. The filters may now be recovered and removed from the
patients carotid vessels through the aorta. A recovery catheter would be advanced over the
tethered guidewire where the filter is attached in the carotid artery. Collapsing the filter to a
reduced size and pulling it into the recovery catheter will trap any emboli that may have

occluded the distal vasculature and given the patient a stroke. Once in the recovery catheter the
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filters may be removed from the vessel and the patient will recover with a lower chance of stroke

than if the procedure would have been completed without filtration.
[00053] Examples of these procedures include but are not limited to:

- Coronary stenting

- - Aortic valve replacement via catheterization

- Aortic or mitral valve replacement via transapical

- Aortic balloon valvuloplasty

- Mitral valvuloplasty

- Mitral valve replacement via catheterization

- Diagnostic catheterization

- Surgical valve replacement (aortic or mitral)

- Surgical valve repair (aortic or mitral)

- Annuloplasty ring placement

- Atrial fibrillation catheterization

- PFO closure (surgical or catheter based)

- Left atrial appendage closure (catheter or surgical)

[00054]  Once the procedure has been completed the filters may be removed immediately or
left in place if an antitrombotic coating is added or the patient remains on blood thinning 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 necessary 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.

[00055] While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are provided
by way of example only. Numerous variations, changes, and substitutions will now occur to
those skilled in the art without departing from the invention. It should be understood that various
alternatives to the embodiments of the invention described herein may be employed in practicing
the invention. It is intended that the following claims define the scope of the invention and that

methods and structures within the scope of these claims and their equivalents be covered thereby.
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CLAIMS

WHAT IS CLAIMED IS:

1. A method of filtering a subject’s blood to prevent foreign material from traveling into the
carotid circulation during an open chest procedure, comprising

creating an opening in an aorta prior to cross-clamping the aorta and cardiopulmonary
bypass to provide access to the aorta;

introducing a first filter in a collapsed configuration through the opening;

expanding the first filter in a left common carotid artery to trap foreign material in the left
common carotid artery;

introducing a second filter in a collapsed configuration through the opening;

expanding the second filter in a brachiocephalic trunk to prevent foreign material from
traveling into the right common carotid artery; and

performing a procedure on the heart of the subject.

2. The method of claim 1 further comprising advancing an introducer element through the
opening, and wherein introducing the first and second filters in collapsed configurations through
the opening comprises advancing the filters in collapsed configurations through the introducer

element.

3. The method of claim 1 further comprising cross-clamping the aorta and performing

cardiopulmonary bypass.

4. A method of positioning a plurality of carotid circulation filters, comprising:

creating an opening in an aorta to provide access to the aorta prior to cardiopulmonary
bypass;

advancing a first illumination element through the opening and into a left common

carotid artery using illumination from the first illumination element as a visual positioning guide;

advancing a second illumination element through the opening and into a briachiocephalic
trunk using illumination from the second illumination element as a visual positioning guide;
expanding a first filter in the left common carotid artery using illumination from the first

illumination element as a visual positioning guide; and
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expanding a second filter in the brachiocephalic trunk using illumination from the second

illumination element as a visual positioning guide.

5. The method of claim 4 wherein the first filter is mounted on the first illumination
element, and wherein advancing the first illumination element into the left common carotid

artery comprises advancing the first filter into the left common carotid artery.

6. The method of claim 4 wherein the second filter is mounted on the second illumination
element, and wherein advancing the second illumination element into the brachiocephalic trunk

comprises advancing the second filter into the brachiocephalic trunk.

7. The method of claim 4 wherein the first illumination element comprises a guiding optical
wire, the method further comprising advancing the first filter over the guiding optical wire into

the left common carotid artery.

8. The method of claim 4 wherein the second illumination element comprises a guiding
optical wire, the method further comprising advancing the second filter over the guiding optical

wire into the brachiocephalic trunk.

9. The method of claim 4 further comprising introducing an aortic cannula through the

opening.
10.  The method of claim 4 further comprising positioning an introducer element through the
opening, wherein the advancing steps comprise advancing the first and second illumination

elements through the introducer element.

11.  The method of claim 4 further comprising cross-clamping the aorta and performing

cardiopulmonary bypass.

-14 -



WO 2010/088520 PCT/US2010/022590

1127
5 2
o
7
s

N

6
FIG. 1

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

2127

FIG. 2

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

&/f
/; \
N

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

4127

FIG. 4

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

5/27

FIG. 5

SUBSTITUTE SHEET (RULE 26)




WO 2010/088520 PCT/US2010/022590

6/27

FIG. 6

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

1127

FIG. 7

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

8127

FIG. 8

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

927

29

4 / X
,\\ / g

7N

FIG. 9

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

10/27
8
9 8
9 14
14
% /
FIG. 10

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

11127

7N

15

FIG. 11

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

12127
16
18
/
Y17
\
19
N
FIG. 12

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

13127

8

A\/ 9

e~ 2

FIG. 13

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/022590

WO 2010/088520

14127

24

22

RS7SE ‘«‘1‘\’
-'Kﬁk??. R

RRRKRKKLS

RRRIER

920290200,
9.0.0.0.9.9.0.9.0.0.
0.0.0. 0000000000&

\/
%

%0202 %%!

DI

23

IRKEE
:33&&&Awww8w

AL

FIG. 14

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

15/27

FIG. 15

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

16/27

<]:

13

28

FIG. 16

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

17127

FIG. 17

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

18127

25

FIG. 18A

FIG. 18B

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

19/27

AVK

%

N

FIG. 19

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

20/27

’

i L T T pp———
o o o Y

o

FIG. 20

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

21127

:

Ly L P

-~

FIG. 21

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

22(27

q

-~
L

-~

)

-~

FIG. 22

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/022590

WO 2010/088520

23127

FIG. 23

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

24127

FIG. 24

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

25127

FIG. 25

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

\ f g
34— g)

FIG. 26

SUBSTITUTE SHEET (RULE 26)



WO 2010/088520 PCT/US2010/022590

27127

i

36

FIG. 27

SUBSTITUTE SHEET (RULE 26)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings

