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(57) Abstract: A permeable plug (10)
may be temporarily deployed in a pa-
tient to protect blood vessels from
blockage by various debris. The plug in-
cludes a body (15) formed from a filter-
ing material. The body is collapsible for
delivery to a location in a blood vessel
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PROTECTING AGAINST CEREBRAL EMBOLISM

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims the benefit of the
filing date of U.S. Patent Application No. 13/746,712 filed
January 22, 2013, the disclosure of which is Thereby

incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention 1is related to protecting
against embolism, and more particularly to devices, systems,
and methods for filtering blood flow in the carotid arteries
so as to provide cerebral embolic protection.

[0003] A frequent risk in medical procedures is the risk
that the procedure will give rise to the formation of
potentially life-threatening debris in the patient’s
bloodstream. Such debris may be in the form of plaque or
thrombi, which may travel through the patient’s wvasculature
and become lodged in a position that blocks blood flow. For
example, during coronary interventions, plagque may become
dislodged and/or thrombi may form, both of which could migrate
te the carotid arteries wvia the greater vessels, possibly

blocking the carotid arteries and causing a stroke.

BRIEF SUMMARY OF THE INVENTION

[0004] It has been recognized that the zrisk of stroke
associated with medical procedures can be reduced by using a
filter to protect those vessels which are at risk from the
procedure.

[0005] It has also Dbeen recognized that for medical
procedures which require the passage of instruments through
the aortic arch, filters used to protect against stroke should
not interfere with such passage.

[0006] In view of the need to protect against stroke during

medical procedures which require the passage of instruments
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though the aortic arch, the present apparatus, system and
method were conceived and developed.

[0007] In an illustrative embodiment, a permeable plug for
a blood vessel is provided. The plug includes a body formed
from a filtering material having a collapsed configuration and
an expanded configuration, the body in the expanded
configuration being sized and shaped to occupy substantially
an entire cross-section of the blood vessel; and at least one
stud having a first end connected to the body and a free end,
the first end having a first cross-section and the free end
having a second cross-section that is larger than the first

cross—-section.

BRIEF DESCRIPTION OF THE DRAWINGS

[c008] Various embodiments of the present system and method
will now be discussed with reference to the appended drawings.
It is appreciated that these drawings depict only some
embodiments and are therefore not to be considered as limiting
the scope of the present system and method.

[0009] FIG. 1 1s a side perspective view of a permeable
blood vessel plug system in accordance with a first
embodiment.

[0010] FIGS. 2A and 2B are highly schematic views depicting
the deployment and recapture of the permeable blood vessel
plug of Fig. 1.

[0011] FIG. 3 1is a highly schematic view showing how the
permeable blood vessel plug of Fig. 1 may be used in a

transcatheter aortic valve implantation (TAVI) procedure.

DETAILED DESCRIPTION

[0012] In the description that follows, the terms
"proximal"™ and "distal" are to be taken as relative to a user
(e.g., a surgeon or an Iinterventional cardiologist) of the

disclosed devices and methods. Accordingly, “proximal” is to
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be understood as relatively close to the user, and “distal” is
to be understood as relatively farther away from the user.
[0013] Referring to Fig. 1, there is shown a side
perspective view of a permeable blood vessel plug system 5 in
accordance with a first embodiment. The plug system 5 includes
a permeable blood vessel plug 10 having a body 15 and two
studs 20 and 25. The body 15 of plug 10 may be formed from a
woven, braided, or knitted material having openings of
sufficient size to allow the passage of blood, but block the
passage of particulates greater than a certain size. As such,
body 15 acts as a filter. Further, the material of body 15 may
be treated with a conventional anti-coagulant in order to
inhibit the coagulation of blood on the body and thus maintain
its filtering efficiency.

[0014] The body 15 is generally hollow, but is collapsible
to fit within sheath 55 for delivery and removal from a
patient. In that regard, body 15 may be formed from a shape-
memory material, such as a nickel titanium alloy (NiTi, or
“nitinol”), that 1s readily collapsible and that will
automatically expand to an operative shape upon deployment
from the sheath 55, described below. For example body 15 may
be formed from braided nitinol wire, from nitinol wire woven
to form a mesh, from a simple <c¢losed nitinol surface
perforated with a plurality of small apertures, or from other
such structures. Alternatively, body 15 may be formed from
other metals, metal alloys, or polymers, such as nylon or
polyethylene, that are capable of being woven or otherwise
formed into a hollow shape that is porous and that may be
collapsed within sheath 55 for delivery into and removal from
the patient, but that will take on an expanded shape when
deployed from the sheath. Still further, body 15 may be formed
with a nitinol or other shape-memory frame supporting a fabric
layer formed from woven polyester, nylon, polyethylene or

similar material. The shape memory frame will cause the fabric
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layer to achieve an expanded shape upon deployment from sheath
55.

[0015] In some embodiments, the body 15 of plug 10 may be
made up of an outer layer of a woven, braided, or knitted
material that surrounds a porous filler material. The filler
material could be present to help ensure the capture of
embolic debris that fits through the openings in the body's
outer layer.

[0016] As noted above, the material forming body 15 should
have openings of sufficient size to permit the passage of
blood, but block the passage of particulates greater than a
certain size. In this regard, the openings in body 15 are
preferably between about 100 microns and about 1000 microns in
their largest dimension when the body is in the expanded
configuration. Thus, for example, when bocdy 15 is made from
nitinol braid, the braid spacing is approximately in the range
of 100-1000 microns when the body is 1in the expanded
configuration.

[0017] When body 15 is in the collapsed configuration, the
openings would be much smaller than they are in the expanded
configuration. Further, the size of the openings may vary with
the degree to which the body is collapsed. Accordingly, plug
10 may be provided in several sizes so as not to be over-sized
or under-sized for the blood wvessel in which it will be
deployed. Such sizing not only assures that the plug 10 will
occupy substantially the entire cross—-section of the blood
vessel in which it will be deployed, but also assures that the
plug will expand by an appropriate amount to provide openings
that are not too small or too large.

[0018] Studs 20 and 25 are connected at spaced locations to
body 15. Either one or both of studs 20 and 25 may be
radiopaque so that the stud(s) may be readily located through,
for example, X-ray imaging or fluoroscopy when plug 10 is

positioned within a patient. The imaging of studs 20 and 25
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may help a user place plug 10 in the proper position and
orientation during deployment, and locate the plug for
recapture and removal from the patient. In the embodiment of
Fig. 1, each of studs 20 and 25 includes a rod or wire 30
having a first end connected to body 15 and a free end, and an
enlarged mass 32 on the free end. Mass 32 may be solid or
hollow, and may have a spherical, elliptical, rectangular or
any other desired shape. Mass 32 has a larger transverse Cross
section then wire 30. That is, wire 30 may have a first cross-
section and mass 32 may have a second cross-section that is
larger than the first cross-section.

[0019] Sheath 55 may extend from a distal portion sized to
hold one or more plugs 10 in a collapsed configuration for
delivery into and removal from a patient, to a proximal
portion that <remains outside of the patient’s Dbody for
manipulation by the user. Alternatively, sheath 55 may have a
length that is slightly longer than the length of one or more
plugs 10 in the collapsed configuration, and may be connected
to another shaft member which extends outside of the patient’s
body so that manipulation of the shaft member by the user will
result in a corresponding movement of the sheath. In either
event, the sheath 55 or sheath/shaft combination may be
steerable as is known in the art in order to maneuver the
sheath through the patient’s vasculature to the desired
deployment site.

[0020] A snare 60 extends from the distal opening of sheath
55. The snare 60 may be inserted in the proximal end of sheath
55, may track through the sheath to be wutilized in a blood
vessel, and may be used to engage one of studs 20 and 25. That
is, snare 60 may be designed to engage either one, or both, of
studs 20 and 25, but in either case snare 60 may engage only
one of the studs at a given time. In an embodiment like that
shown in Fig. 1, snare 60 includes a loop 60a which engages

one of studs 20 and 25 by being maneuvered to pass over the
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stud and tightened. Lcocop 60a may disengage from the stud by
being loosened and maneuvered away from the stud.

[0021] The use of sheath 55 to deliver one or more plugs 10
to a desired location within a patient’s aorta will now be
described with reference to Figs. 1-3. To begin, one or more
plugs 10 are compressed to a collapsed condition and loaded
into sheath 55. The sheath 55 may then be inserted into the
patient and maneuvered to the patient’s aortic arch using a
conventional technique, such as a transfemoral approach, a
left subclavian approach, a ventricular apex approach, or
other known techniques., In any event, when the distal end of
sheath 55 reaches a desired position within the patient’s
vasculature, the user employs snare 60 to deploy a plug 10
from sheath 55, and then releases the deployed plug from the
snare,

[0022] The enlarged mass 32 of one or both of studs 20 and
25 may be magnetized to facilitate deployment and recapture of
plug 10. For example, the mass 32 of stud 20 may be magnetized
and magnetically coupled to a magnetically-tipped wire 62
extending through sheath 55. The loop 60a of snare 60 may then
track over wire 62 to insure that the snare passes over and
correctly retracts about stud 20 during deployment, as well as
during recapture.

[0023] Figs. 2A and 2B are highly schematic views depicting
the deployment and recapture of permeable blood vessel plug 10
of Fig. 1. As can be seen in Fig. 2A, plug 10 is deployed by
moving snare 60 and/or wire 62 distally relative to sheath 55,
in the direction of arrow Z. As plug 10 emerges from sheath
55, the plug expands from its collapsed configuration and the
openings of the plug enlarge. As can be seen from Fig. 2B,
when plug 10 is clear of sheath 5, the plug is free to expand
within the boundaries of the blood vessel in which it has been
deployed. Once deployed, plug 10 may be decoupled from wire 62

by simply pulling the wire proximally. Frictional forces
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between plug 10 and the surrounding blood vessel will hold the
plug in place as wire 62 1s magnetically decoupled from stud
20. Subsequently, snare 60 may be manipulated to release loop
60a from stud 20.

[0024] When plug 10 is deployed from sheath 55, body 15
expands into a shape that conforms to the blood vessel within
which it is deployed. In this manner, the body 15 fills the
entire cross-section of the wvessel and no blood can pass
through such cross-section without passing through the body.
As expanded within a blood vessel, body 15 may be hollow,
wadded, or filled with a porous material, In any of these
arrangements, body 15 has sufficient porosity or openings to
permit blood to flow therethrough, but to trap debris. Body 15
is held in place within the blood vessel by an expansive force
exerted on the blood vessel by the body material. Accordingly,
the material of body 15 must have sufficient radial strength
to maintain its position within the blood vessel in the
presence of flowing blood. Nevertheless, the radial strength
should be low enough to avoid vessel damage in the event that
body 15 is dragged along the vessel during positioning or
recapture of plug 10.

[0025] Once the medical procedure has been completed, plug
10 may be recaptured and removed from the patient generally by
reversing the deployment procedure. That is, the distal end of
sheath 55 may be positioned adjacent the stud 20 of plug 10
and, with 1loop 60a threaded thereover, wire 62 may be
manipulated to magnetically couple to the mass 32 at the end
of the stud. Snare 60 may then be advanced distally over stud
20 and loop 60a tightened. The snare 60 and wire 62 may then
be pulled proximally relative to sheath 55, in the direction
opposite that of arrow Z, to draw plug 10 into the open end of
the sheath.

[0026] Fig. 3 1is a highly schematic view showing the

placement of two plugs 102 and 10B in a patient’s vasculature
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in preparation for performing a transcatheter aortic valve
implantation (TAVI) procedure. The figure includes
representations of a patient’s aortic arch 300, innominate
artery 305, right subclavian artery 310, right common carotid
artery 315, left common carotid artery 320, and left
subclavian artery 325. A first plug 10A has been placed in the
innominate artery 305 at the Jjuncture of the right subclavian
artery 310 and the right common carotid artery 315, and a
second plug 10B has been placed in the left common carotid
artery 320. As shown in Fig. 3, plugs 10A and 10B have been
delivered through a transfemoral approach. However, either or
both of plugs 10A and 10B may be delivered in a retrograde
direction from the left subclavian artery 325, in an antegrade
direction from the ventricular apex, or using known
alternatives. Plugs 10A and 10B may have been deployed using
the procedure described above for deploying plug 10.

[0027] Once plugs 10A and 10B have been properly deployed,
sheath 55 and snare 60 (and optional wire 62) are removed from
the patient and & medical procedure, such as a TAVI procedure,
may be performed. Since the plug delivery system (sheath 55,
and snare 60 and optional wire 62) has been removed from the
patient and plugs 10A and 10B are positioned in the branching
arteries, the TAVI delivery system may proceed through the
patient’s vasculature unencumbered by the plugs or plug
delivery system. In particular, the aortic arch is cleared for
passage of the TAVI delivery system. Nonetheless, the
permeable plugs 10A and 10B are in place to filter blood
flowing through the aortic arch and into the innominate artery
305 and left common carotid artery 320, thereby protecting
those arteries and organs downstream thereof against blockage
due to debris resulting from the TAVI procedure. It will be
appreciated that one or more additional plugs may be deployed

in the subclavian artery 325 or any other arteries as desired
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to similarly protect such arteries and the organs downstream
thereof from blockage.

[0028] Upon completion of the valve implantation, plugs 10A
and 10B may be removed from the patient. Plugs 10A and 10B may
be removed Dby reintroducing sheath 55 and snare 60 (and
optionally wire 62) into the patient, and maneuvering the
sheath to a position adjacent one of the plugs. The snare 60
may then be manipulated by the user to grasp one of the studs
20 and 25 on the plug. Once the snare 60 has been secured to a
stud, the snare may be retracted to draw the associated plug
back into sheath 55.

[0029] Before drawing plugs 10A and 10B into sheath 55 for
removal from the patient, the plugs may be pulled into the
aortic arch 300 to dislodge filtered debris to the peripheral
circulation. Optionally, debris may be aspirated from plugs
102 and 10B by applying a vacuum through sheath 55, or through
some other aspiration device, prior to drawing the plugs into
the sheath. In any event, as a plug enters the sheath 55, it
will be compressed to the collapsed configuration, and any
debris captured by the plug will be trapped in the sheath.
Preferably, the upstream plug 10A is retrieved first, enabling
the downstream plug 10B to remain in place to capture any
material which may become dislodged and enter the bloodstream
by movement of the upstream plug. After the first plug has
been retrieved and drawn into sheath 55, the procedure may be
repeated to retrieve any additional plugs that previously had
been deployed. Where a plurality of plugs have been deployed,
the plugs are preferably retrieved in order from the most
upstream plug to the most downstream plug to maximize the
ability to capture any debris that may be dislodged upon the
retrieval of a plug.

[0030] It should Dbe noted that Fig. 3 depicts an
illustrative use of permeable blood vessel plugs 10A and 10B,
and that use of the plugs is not limited to the context of
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Fig. 3. For example, plugs like those depicted in Fig. 3 may
be used to filter blood flowing into one or more of the right
common carotid artery 315, left internal carotid artery (not
shown), right internal carotid artery {not shown), left
external <carotid artery (not shown), and right external
carotid artery (not shown). Indeed, plugs like those depicted
in Fig. 3 may be inserted 1in any one blood vessel or
¢combination of blood vessels as desired. The plug used for any
particular vessel may be selected from an available set of
plugs of various sizes and shapes.

[0031] Although the system, method, and apparatus herein
have been described with reference to particular embodiments,
it 1s to be understood that these embodiments are merely
illustrative of the principles and applications of the present
system and method. It is therefore to be understood that
numerous modifications may be made to the illustrative
embodiments and that other arrangements may be devised without
departing from the spirit and scope of the present system and
method as defined by the appended claims.

[0032] It will be appreciated that the wvarious dependent
claims and the features set forth therein can be combined in
different ways than presented in the initial c¢laims. It will
also be appreciated that the features described in connection
with individual embodiments may be shared with others of the

described embodiments.
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CLAIMS

1. A permeable plug for a blood vessel, comprising:

a body formed from a filtering material having a
collapsed configuration and an expanded configuration, the
body in the expanded configuration being sized and shaped to
occupy substantially an entire cross-section of the blood
vessel; and

at least one stud having a first end connected to the
body and a free end, the first end having a first cross-
section and the free end having a second cross-section that is

larger than the first cross-section.

2. The plug as recited in claim 1, wherein the

filtering material is a woven material.

3. The plug as recited in «c¢laim 1, wherein the

filtering material is a braided material.

4. The plug as recited 1in c¢laim 1, wherein the

filtering material is a knitted material.

5. The plug as recited in claim 1, wherein the body is

treated with an anti-coagulant.

6. The plug as recited in claim 1, wherein the body is

formed from a shape-memory material.

7. The plug as recited in claim 6, wherein the shape-

memory material is a nickel titanium alloy.

8. The plug as recited in claim 1, wherein the body

comprises an outer layer surrounding a filler material.

9. The plug as recited in claim 1, wherein the body has

openings that are between about 100 microns and about 1000

— 11w
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microns in their largest dimension when the body is in the

expanded configuration.

10. The plug as recited in claim 1, wherein the at least

one stud i1s radiopaque.

11. The plug as recited in claim 1, wherein the at least

one stud is magnetized.

12. A permeable blood vessel plug system, comprising:

a permeable plug having a body formed from a filtering
material having a collapsed configuration and an expanded
configuration, the body in the expanded configuration being
sized and shaped to occupy substantially an entire cross-
section of the bloocd vessel, and at least one stud having a
first end connected to the body and a free end, the first end
having a first cross-section and the free end having a second
cross-section that is larger than the first cross-section; and

a snare for engaging the plug during removal of the plug

from the blood wvessel.

13. The system as recited in claim 12, wherein the snare

comprises a loop for engaging the at least one stud.

14. The system as recited in claim 12, further
comprising a sheath used for at least one of deployment of the

plug and recapture of the plug.

15. The system as recited in claim 12, wherein the at
least one stud is magnetized, and the system further comprises
a magnetically-tipped wire operable to magnetically couple

with the magnetized stud.

16. The system as recited in claim 12, wherein the body

has openings that are between about 100 microns and about 1000

—12w
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microns in their largest dimension when the body is in the

expanded configuration.

17. The system as recited in claim 12, wherein the at

least one stud is radiopagque.

18, A method for protecting blood wvessels during a
medical procedure, comprising:

inserting a permeable blood vessel plug system into a
patient’s body, the plug system including a permeable plug and
a snare operable to engage the plug, the plug having a body
formed from a filtering material having a collapsed
configuration and an expanded configuration, and at least one
stud having a first end connected to the body and a free end,
the first end having a first cross—-section and the free end
having a second cross—-section that is larger than the first
cross—-section;

positioning the plug within at least one blood vessel
while the plug is in the collapsed configuration; and

deploying the plug by allowing the body to expand from
the collapsed configuration to the expanded configuration, the
body in the expanded configuration being sized and shaped to
occupy substantially an entire cross-section of the blood

vessel.
19. The method according to claim 18, further comprising
recapturing the plug by collapsing the body to its collapsed

configuration.

20. The method according to «c¢laim 18, wherein the

deploying step comprises removing the plug from a sheath.

-13=-
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an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.
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Claims Nos.: 18-20

The methods for protecting blood vessels during a medical procedure as
defined in claims 18-20 comprise the steps of: - inserting a permeable
blood vessel plug system into a patient's body, and - positioning the
plug within at least one blood vessel. Hence, they relate to methods for
treatment of the human or animal body by surgery. The International
Searching and Examining Authority is not required to search and examine
such claims in terms of Rule 39.1(iv) and Rule 67.1(iv) PCT.
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