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DEVICES AND SYSTEMS FOR THROMBUS TREATMENT

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]  This application claims priority to U.S. Provisional Application No.
61/683,043, filed August 14, 2012. The disclosure of the prior application is

considered part of and is incorporated by reference in the disclosure of this

application. This application also incorporates by reference the disclosure of the
co-pending application entitled, “DEVICES AND SYSTEMS FOR THROMBUS
TREATMENT”, filed on March 13, 2013 (Attorney Docket No. MP/426).

TECHNICAL FIELD
[0002] This disclosure relates to devices, systems, and methods for

treatment of thrombus.

BACKGROUND

[0003] Blood clot formation, or “thrombosis,” is a basis of a number of serious

diseases, such as ischemic stroke, myocardial infarction (heart attack), and deep
vein thrombosis (DVT). Blood clots, or “thrombi,” form inside blood vessels and
obstruct the flow of blood through the circulatory system, thereby depriving tissue
and organs of oxygen. In the case of a stroke, for instance, when blood flow to the
brain is obstructed for longer than a few seconds, brain cells can die and permanent
neurological damage can result.

[0004] Thrombi can be treated (reduced or eliminated) by inducing
thrombolysis. Thrombolysis is the dissolving, or “lysis,” of a thrombus.
Thrombolysis can sometimes be induced pharmacologically, such as by
administering a tissue plasminogen activator drug (tPA), the most common
thrombolytic agent. Thrombolytic agents (commonly called “clot-busting drugs”) can
be administered via an intravenous line or using a catheter to deliver them
proximally to the thrombus. However, thrombolysis by administration of clot-busting
drugs has its limitations. For example, to be successful, the clot-busting drugs
should be administered within three (3) hours of an acute ischemic stroke, and
preferably within two (2) hours. Further, patients who use blood-thinning

medications, and certain other medications, are usually not candidates for
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pharmacological thrombolysis. And of those patients receiving the treatment, it is
unsuccessful in dissolving thrombi in approximately 25% of patients.

[0005] In view of the limitations of pharmacologically induced thrombolysis,
various medical devices for surgically removing thrombi have been developed. The
procedure for surgically removing thrombi is generally known as a “thrombectomy.”
In thrombectomy treatments, a catheter system is typically used to deliver a device
to the thrombus. The device can be, for example, an aspiration catheter.

Aspiration catheters can perform a thrombectomy by suctioning the thrombus out of
the blood vessel. Other thrombectomy procedures use a mechanical device to
physically entangle with a thrombus, and to remove the thrombus as the device is
removed from the blood vessel. Various types of mechanical devices, such as
wires, corkscrew-like coils, bristles, and baskets have been employed to entangle
with thrombi.

[0006] Some traditional thrombectomy devices can cause damage to blood
vessel walls. In addition, some traditional thrombectomy devices can be prone to
generating thrombotic fragments that become emboli when they travel within the
bloodstream. Emboli can become lodged in arteries, veins, arterioles, and
capillaries, and can block the blood supply to vital organs such as the brain or heart.
Emboli in the bloodstream can be life-threatening. In the case of DVT treatment,
dislodged thromboemboli can travel to the lungs, resulting in a pulmonary

embolism, which can be fatal.

SUMMARY

[0007] This specification describes devices, systems, and processes for
treatment of thrombi. In brief, various embodiments are disclosed for mechanically
restoring a blood-flow path, facilitating lysis by blood flow, withdrawing thrombotic
material, and capturing thrombotic fragments in a filter device. Additionally,
devices, systems, and processes for maceration, aspiration and other adjunct
processes are disclosed.

[0008] In one general aspect, a thrombus treatment device is provided. The
thrombus treatment device includes a support wire; a body frame portion that is
disposed about an axis defined by the support wire, wherein a longitudinal length of
the body frame portion is at least two times as long as an outer diameter of the

body frame portion; a tether portion that includes one or more tethers that extend
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from the body frame portion to a collar that is coupled to the support wire; and a
filter portion that extends from the body frame portion.

[0009] In various implementations, the longitudinal length of the body frame
portion may be at least three times as long as the outer diameter of the body frame
portion. The longitudinal length of the body frame portion may be at least four times
as long as the outer diameter of the body frame portion. The longitudinal length of
the body frame portion may be at least five times as long as the outer diameter of
the body frame portion. A longitudinal length of the filter portion may be less than or
equal to one-half of the longitudinal length of the body frame portion. The one or
more tethers may be adapted to evert to a configuration wherein the one or more
tethers are substantially within an area defined by the body frame portion. The one
or more tethers may be comprised of nitinol. The one or more tethers may be
comprised of a polymeric material. The device may include multiple tethers that
each extend from the body frame portion to the collar that is coupled to the support
wire. Each tether of the multiple tethers may be adapted to evert to a configuration
wherein each tether of the multiple tethers is substantially within an area defined by
the body frame portion. The filter portion may not substantially overlap the body
frame portion. The body frame portion may define a plurality of open-faced cells
arranged in at least three rows along the longitudinal length of the body frame
portion, and the filter portion may overlap the body frame portion by up to one row
of the at least three rows and the filter portion may not overlap the remaining body
frame portion. The body frame portion may define from three to ten rows of open-
faced cells along the longitudinal length of the body frame portion. The filter portion
may overlap 20% or less of the longitudinal length of the body frame portion. The
one or more tethers may extend from a proximal end of the body frame portion, and
the filter portion may extend from a distal end of the body frame portion.

[0010] In another general aspect, a method of treating a thrombus is
provided. The method comprises: introducing a catheter to a patient and advancing
a distal end of the catheter to a treatment site; advancing a thrombus treatment
device through a lumen of the catheter; positioning the thrombus treatment device
within the lumen of the catheter at a position wherein the body frame portion is
generally aligned with at least a portion of a thrombus at the treatment site; and

proximally withdrawing the catheter, wherein the body frame portion expands with a
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radial force sufficient to embed in the thrombus in response to the proximal
withdrawal of the catheter. The thrombus treatment device comprises: (a) a body
frame portion, (b) a tether portion that includes one or more tethers that extend from
the body frame portion to a collar that is coupled to a support wire, and (c) a filter
portion that extends from the body frame portion, wherein a longitudinal length of
the body frame portion is at least two times as long as an outer diameter of the
body frame portion.

[0011]  In various implementations, the body frame portion may be adapted to
open a flow channel through or around the thrombus when the body frame portion
expands and contacts the thrombus. The filter portion may be adapted to capture
thrombus particles displaced by the expansion of the body frame portion. The
method may further comprise pretreating the filter portion with a thrombogenic
material or autologous blood. The thrombus treatment device may act as an
occluder while the thrombogenic material or autologous blood restricts blood flow
through the filter portion. The method may further comprise delivering a
thrombolytic agent to the thrombus.

[0012] In another general aspect, another thrombus treatment device is
provided. The thrombus treatment device comprises: a support tube; a body frame
portion that is disposed about an axis defined by the support tube, the body frame
portion including a proximal end -and a distal end; a filter portion that extends from
the distal end of the body frame portion; and multiple tethers each having a first end
and a second end, wherein the first end of each of the multiple tethers extends out
a proximal end of the support tube, the tethers extending through a lumen of the
support tube and out a distal end of the support tube and engaging the body frame
portion near the distal end of the body frame portion and extending to the proximal
end of the body frame portion, the second end of each of the multiple tethers being
attached to the body frame portion near the proximal end of the body frame portion.

[0013] In various implementations, each tether of the multiple tethers may
form a loop around the body frame portion near the proximal end of the body frame
portion. A proximally directed force applied to the first end of each of the multiple
tethers may cause the distal end of the body frame portion and the proximal end of
the body frame portion to collapse radially toward the axis defined by the support

tube. The multiple tethers may collectively form a loop around the body frame
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portion near the proximal end of the body frame portion. A proximally directed force
applied to the first end of each of the multiple tethers may cause the distal end of
the body frame portion and the proximal end of the body frame portion to collapse
radially toward the longitudinal axis defined by the support tube.

[0014] In another general aspect, another method of treating a thrombus is
provided. The method comprises: introducing a catheter to a patient and advancing
a distal end of the catheter to a treatment site; advancing a thrombus treatment
device through a lumen of the catheter; positioning the thrombus treatment device
within the lumen of the catheter at a position wherein the body frame portion is
generally aligned with at least a portion of a thrombus at the treatment site; and
proximally withdrawing the catheter, wherein the body frame portion expands with a
radial force sufficient to embed in the thrombus in response to the proximal
withdrawal of the catheter. The thrombus treatment device comprises: (a) a support
tube, (b) a body frame portion that is disposed about an axis defined by the support
tube, the body frame portion including a proximal end and a distal end, (c) a filter
portion that extends from the distal end of the body frame portion, and (d) multiple
tethers each having a first end and a second end, wherein the first end of each of
the multiple tethers extends out a proximal end of the support tube, the tethers
extending through a lumen of the support tube and out a distal end of the support
tube and engaging the body frame portion near the distal end of the body frame
portion and extending to the proximal end of the body frame portion, the second
end of each of the multiple tethers being attached to the body frame portion near
the proximal end of the body frame portion.

[0015] In various implementations, the body frame portion may be adapted to
open a flow channel through the thrombus when the body frame portion expands
and contacts the thrombus. The filter portion may be adapted to capture thrombus
particles displaced by the expansion of the body frame portion. The method may
further comprise pretreating the filter portion with a thrombogenic material or
autologous blood. The thrombus treatment device may act as an occluder while the
thrombogenic material or autologous blood restricts blood flow through the filter
portion. The method may further comprise delivering a thrombolytic agent to the

thrombus.
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[0016] In another general aspect, another thrombus treatment device is
provided. The thrombus treatment device comprises: a support wire; a body frame
portion that is disposed about an axis defined by the support wire, wherein a
longitudinal length of the body frame portion is at least two times as long as an
outer diameter of the body frame portion; one or more tethers that each extend from
a proximal end of the body frame portion to a collar that is coupled to the support
wire; and a filter portion that extends from a distal end of the body frame portion.
The body frame portion defines a plurality of open-faced cells arranged in at least
three rows along the longitudinal length of the body frame portion, and wherein the
filter portion overlaps up to one row of the at least three rows and does not overlap
the remaining rows.

[0017] In various implementations, the longitudinal length of the body frame
portion may be at least three times as long as the outer diameter of the body frame
portion. The longitudinal length of the body frame portion may be at least four times
as long as the outer diameter of the body frame portion. The longitudinal length of
the body frame portion may be at least five times as long as the outer diameter of
the body frame portion.

[0018] In another general aspect, another method of treating a thrombus is
provided. The method comprises: inserting a catheter into a patient and advancing
a distal end of the catheter to a treatment site; advancing a thrombus treatment
device through a lumen of the catheter; positioning the thrombus treatment device
within the lumen of the catheter at a position wherein the body frame portion is
generally aligned with at least a portion of a thrombus at the treatment site; and
proximally withdrawing the catheter, wherein the body frame portion expands with a
radial force sufficient to embed in the thrombus in response to the proximal
withdrawal of the catheter. The thrombus treatment device comprises: (a) a body
frame portion that has a longitudinal length that is at least two times as long as an
outer diameter of the body frame portion, (b) a tether portion that includes one or
more tethers that each extend from the body frame portion to a collar that is
coupled to a support wire, and (c) a filter portion that extends from the body frame
portion, wherein the body frame portion defines a plurality of open-faced cells

arranged in at least three rows along the longitudinal length of the body frame
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portion, and wherein the filter portion overlaps up to one row of the at least three
rows and does not overlap the remaining rows of the at least three rows.

[0019] In various implementations, the body frame portion may be adapted to
open a flow channel through the thrombus when the body frame portion expands
and contacts the thrombus. The filter portion may be adapted to capture thrombus
particles displaced by the expansion of the body frame portion. The method may
further comprise pretreating the filter portion with a thrombogenic material or
autologous blood. The thrombus treatment device may act as an occluder while the
thrombogenic material or autologous blood restricts blood flow through the filter
portion. The method may further comprise delivering a thrombolytic agent to the
thrombus.

[0020] In another general aspect, another thrombus treatment device is
provided. The thrombus treatment device comprises: a support tube; a body frame
portion that is disposed about an axis defined by the support tube, the body frame
portion including a proximal end and a distal end; a filter portion that extends from
the distal end of the body frame portion; one or more proximal tethers each having
first and second ends, wherein the first end of each of the one or more proximal
tethers is coupled to the support tube, and wherein the second end of each of the
one or more proximal tethers is coupled to the body frame portion; and one or more
distal tethers each having first and second ends, wherein the first end of each of the
one or more distal tethers is coupled to the support tube, and wherein the second
end of each of the one or more distal tethers is coupled to the body frame portion.

[0021] In various implementations, the one or more distal tethers may be
movably coupled to the support tube, and wherein the one or more proximal tethers
may be fixedly coupled to the support tube. The one or more distal tethers may be
fixedly coupled to the support tube, and the one or more proximal tethers may be
movably coupled to the support tube. A distal end of the support tube may be
located distally of a location where the distal tethers are coupled to the support
tube. A distal end of the support tube may be located distally of the filter portion.
The distal tethers may be located substantially within an interior space defined by
the filter portion. A longitudinal length of the body frame portion may be at least two
times as long as an outer diameter of the body frame portion. A longitudinal length

of the body frame portion may be at least three times as long as an outer diameter
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of the body frame portion. A longitudinal length of the body frame portion may be at
least four times as long as an outer diameter of the body frame portion. A
longitudinal length of the filter portion may be less than or equal to one-half of a
longitudinal length of the body frame portion. The second end of each of the one or
more proximal tethers may be coupled to the proximal end of the body frame
portion, and the second end of each of the one or more distal tethers may be
coupled to the distal end of the body frame portion.

[0022] In another general aspect, another method for treating a thrombus is
provided. The method comprises: inserting a catheter into a patient and advancing
a distal end of the catheter to a treatment site; advancing a thrombus treatment
device through a lumen of the catheter; positioning the thrombus treatment device
within the lumen of the catheter at a position wherein the body frame portion is
generally aligned with at least a portion of a thrombus at the treatment site; and
proximally withdrawing the catheter, wherein the body frame portion expands with a
radial force sufficient to embed in the thrombus in response to the proximal
withdrawal of the catheter. The thrombus treatment device comprises: a support
tube; a body frame portion that is disposed about an axis defined by the support
tube, the body frame portion including a proximal end and a distal end; a filter
portion that extends from the distal end of the body frame portion; one or more
proximal tethers each having first and second ends, wherein the first end of each of
the one or more proximal tethers is coupled to the support tube, and wherein the
second end of each of the one or more proximal tethers is coupled to the body
frame portion; and one or more distal tethers each having first and second ends,
wherein the first end of each of the one or more distal tethers is coupled to the
support tube, and wherein the second end of each of the one or more distal tethers
is coupled to the body frame portion.

[0023] In various implementations, the body frame portion may be adapted to
open a flow channel through the thrombus when the body frame portion expands
and contacts the thrombus. The filter portion may be adapted to capture thrombus
particles displaced by the expansion of the body frame portion.

[0024] In another general aspect, another thrombus treatment device is
provided. The thrombus treatment device comprises: a support wire; a body frame
portion that is disposed about an axis defined by the support wire, wherein the body
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frame portion defines one or more interstices; a tether portion that includes one or
more tethers, said one or more tethers extending from the body frame portion to a
collar that is coupled to the support wire; and a filter portion that extends from the
body frame portion, wherein, when the collar is positioned substantially within a
region interior of the body frame portion or filter portion, articulation of the support
wire causes a portion of the one or more tethers to move through a range of motion
and does not impart substantial motion to the body frame portion.

[0025] In various implementations, the articulation of the support may be a
rotation of said support wire and may cause substantially zero motion of the body
frame portion. The device may include, with respect to the rotation of the support
wire, a neutral position associated with a zero-degree rotation of the support wire, a
first torqued position associated with a clockwise rotation of the support wire, and a
second torqued position associated with a counter-clockwise rotation of the support
wire. The one or more tethers may comprise an “S” shape when the device is in the
neutral position. The one or more tethers may comprise a first generally linear
shape when the device is in the first torqued position, and may comprise a second
generally linear shape when the device is in the second torqued position. The one
or more tethers may comprise a looped configuration when the device is in the
neutral position. The one or more tethers may be adapted to sever, when the
support wire is articulated, at least a portion of thrombotic material that protrudes
through the one or more interstices defined by the body frame portion. The
articulation of the support wire may be a rotation of the support wire up to 270
degrees and may cause the portion of the one or more tethers to sweep through a
range of motion and may not impart substantial motion to the body frame portion.
The articulation of the support wire may be a rotation of the support wire up to 180
degrees and may cause the portion of the one or more tethers to sweep through a
range of motion and may not impart substantial motion to the body frame portion.
The articularion of the support may be a rotation of said support wire up to 360
degrees and may cause substantially zero motion of the body frame portion.

[0026] In another general aspect, another method of treating a thrombus is
provided. The method comprises: inserting a catheter having a proximal end and a
distal end into a patient and advancing the distal end of the catheter to a treatment

site; advancing a thrombus treatment device to the treatment site through a lumen
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of the catheter; positioning the thrombus treatment device within the lumen of the
catheter at a position wherein the body frame portion is generally aligned with at
least a portion of a thrombus at the treatment site, and proximally withdrawing the
catheter; providing a distally directed force to the support wire to advance the collar
to a location substantially within a region interior of the body frame portion or
substantially within a region interior of the filter portion; and rotationally actuating
the support wire, wherein the rotational actuation of the support wire causes a
swiveling motion of at least a portion of the one or more tethers, the one or more
tethers being adapted to macerate the thrombus. The thrombus treatment device
comprises: (a) a body frame portion, wherein the body frame portion defines one or
more interstices, (b) a tether portion that includes one or more tethers, said one or
more tethers extending from the body frame portion to a collar that is coupled to a
support wire, and (c) a filter portion that extends from the body frame portion.

[0027]  In various implementations, the swiveling motion of the portion of the
one or more tethers may sever thrombotic material that protrudes through one or
more interstices defined by the body frame portion. A rotation of the support wire
may cause the portion of the one or more tethers to sweep through a range of
motion without imparting substantial motion to the body frame portion. The rotation
of the support wire through about 360 degrees may cause substantially zero motion
at the body frame portion. A rotation of the support wire through about 270 degrees
may cause the portion of the one or more tethers to sweep through a range of
motion without imparting substantial motion to the body frame portion. The rotation
of the support wire up to at least about 270 degrees may cause substantially zero
motion at the body frame portion. A rotation of the support wire throug about 180
degrees may cause the portion of the one or more tethers to sweep through a range
of motion without imparting substantial motion to the body frame portion. The
rotation of the support wire may cause substantially zero motion at the body frame
portion. The device may include, with respect to the rotational actuation, a neutral
position associated with a zero-degree rotation of the support wire, a first torqued
position associated with a clockwise rotation of the support wire, and a second
torqued position associated with a counter-clockwise rotation of the support wire.
The one or more tethers may comprise an “S” shape when the device is in the

neutral position. The one or more tethers may comprise a first generally linear
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shape when the device is in the first torqued position, and may comprise a second
generally linear shape when the device is in the second torqued position. The one
or more tethers may comprise a looped configuration when the device is in the
neutral position. When the support wire is rotated, the one or more tethers may be
adapted to sever thrombotic material that protrudes through the one or more
interstices defined by the body frame portion.

[0028] In another general aspect, a thrombus treatment system is provided.
The thrombus treatment system comprises: a first support tube; a body frame
portion that is disposed about an axis defined by the first support tube, wherein the
body frame portion defines one or more interstices; a tether portion that includes
one or more tethers, said one or more tethers extending from the body frame
portion to a collar that is coupled to the first support tube; and a stabilization
element attached to a second support tube, wherein, when the collar is positioned
substantially within a region interior of the body frame portion, a rotation of the first
support tube up to 360 degrees causes a portion of the one or more tethers to
sweep through a range of motion and does not impart substantial motion to the
body frame portion.

[0029] In various implementations, the one or more tethers may extend from
a proximal end of the body frame portion. The one or more tethers may extend
from a distal end of the body frame portion. The one or more tethers may be
adapted to sever thrombotic material that enters a region defined by the body frame
portion in response to a proximally directed force applied to the second support
tube. A rotation of the first support tube up to 270 degrees may cause the portion of
the one or more tethers to sweep through a range of motion and may not impart
substantial motion to the body frame portion. A rotation of the first support tube up
to 180 degrees may cause the portion of the one or more tethers to sweep through
a range of motion and may not impart substantial motion to the body frame portion.

[0030] In another general aspect, another method of treating a thrombus is
provided. The method comprises: inserting a catheter into a patient and advancing
a distal end of the catheter to a treatment site; advancing a thrombus treatment
device to the treatment site through a lumen of the catheter; advancing the second
support tube to a location where the stabilization element is distal of at least a

portion of a thrombus at the treatment site; positioning the body frame portion within
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the lumen of the catheter at a position proximal of at least a portion of the thrombus;
proximally withdrawing the catheter, whereby the body frame portion expands;
providing a distally directed force to the first support tube to advance the collar to a
location interior of the body frame portion; providing a proximally directed force to
the second support tube thereby causing the stabilization element to move
proximally; and rotationally actuating the first support tube, wherein the rotational
actuation of the first support tube causes a swiveling motion of at least a portion of
the one or more tethers, and wherein the one or more tethers are adapted to
macerate the thrombus. The thrombus treatment device comprises: (a) a first
support tube, (b) a body frame portion that is disposed about an axis defined by the
first support tube, (c) a tether portion that includes one or more tethers, said one or
more tethers extending from the body frame portion to a collar that is coupled to the
first support tube, wherein, when the collar is positioned substantially within a region
interior of the body frame portion, a rotation of the first support tube up to 360
degrees causes a portion of the one or more tethers to sweep through a range of
motion and does not impart substantial motion to the body frame portion, and (d) a
stabilization element attached to a second support tube.

[0031] In various implementations, the swiveling motion of the at least a
portion of the one or more tethers may macerate thrombotic material that is
displaced proximally by the proximal movement of the stabilization element. The
device may include, with respect to the rotational actuation, a neutral position
associated with a zero-degree rotation of the first support tube, a first torqued
position associated with a clockwise rotation of the first support tube, and a second
torqued position associated with a counter-clockwise rotation of the first support
tube. The one or more tethers may comprise an “S” shape when the device is in
the neutral position. The one or more tethers may comprise a first generally linear
shape when the device is in the first torqued position, and may comprise a second
generally linear shape when the device is in the second torqued position. The one
or more tethers may comprise a looped configuration when the device is in the
neutral position. The method may further comprise, after advancing the second
support tube to a location where the stabilization element is distal of at least a
portion of a thrombus at the treatment site, supplying an inflation medium to the
stabilization element to cause the stabilization element to expand. The inflation

12
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medium may be one of a liquid, a gas, a gel, a foam, and a solid. The inflation
medium may include a contrast agent.

[0032] In another general aspect, another thrombus treatment system is
provided. The thrombus treatment system comprises: a first support tube; a body
frame portion that is circumferentially disposed about an axis defined by the first
support tube; a first tether portion that includes one or more first tethers, said one or
more first tethers extending from a proximal portion of the body frame portion to a
first collar that is coupled to the first support tube; a second tether portion that
includes one or more second tethers, said one or more second tethers extending
from a distal portion of the body frame portion to a second collar that is coupled to
the first support tube; and a stabilization element attached to a second support
tube, wherein, when the first collar and the second collar are each positioned within
a region interior of the body frame portion, a rotation of the first support tube
causes portions of the one or more first tethers and the one or more second tethers
to sweep through a range of motion and does not impart substantial motion to the
body frame portion.

[0033] In various implementations, a rotation of the first support tube up to
360 degrees may cause portions of the one or more first tethers and the one or
more second tethers to sweep through a range of motion and may not impart
substantial motion to the body frame portion. A rotation of the first support tube up
to 180 degrees may cause portions of the one or more first tethers and the one or
more second tethers to sweep through a range of motion and may not impart
substantial motion to the body frame portion.

[0034] In another general aspect, another method of treating a thrombus is
provided. The method comprises: inserting a catheter into a patient and advancing
a distal end of the catheter to a treatment site; advancing a thrombus treatment
device to the treatment site through a lumen of the catheter; advancing the second
support tube to a location where the stabilization element is distal of at least a
portion of a thrombus at the treatment site; positioning the body frame portion within
the lumen of the catheter at a position proximal of at least a portion of the thrombus;
proximally withdrawing the catheter, whereby the body frame portion expands;
positioning the first and second collars within the region interior of the body frame

portion; providing a proximally directed force to the second support tube thereby
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causing the stabilization element to move proximally; and rotationally actuating the
first support tube, wherein the rotational actuation of the first support tube causes a
swiveling motion of a portion of the one or more first tethers and of a portion of the
one or more second tethers, and wherein the one or more first tethers and the one
or more second tethers are adapted to macerate the thrombus. The thrombus
treatment device comprises: (a) a first support tube, (b) a body frame portion that is
circumferentially disposed about an axis defined by the first support tube, (c) a first
tether portion that includes one or more first tethers, said one or more first tethers
extending from a proximal portion of the body frame portion to a first collar that is
coupled to the first support tube, (d) a second tether portion that includes one or
more second tethers, said one or more second tethers extending from a distal
portion of the body frame portion to a second collar that is coupled to the first
support tube, wherein, when the first collar and the second collar are each
positioned within a region interior of the body frame portion, a rotation of the first
support tube up to 360 degrees causes portions of the one or more first tethers and
the one or more second tethers to sweep through a range of motion and does not
impart substantial motion to the body frame portion, and (e) a stabilization element
attached to a second support tube.

[0035] In various implementations, the swiveling motion of the portion of the
at least one first tethers and of the portion of the at least one second tethers may
macerate thrombotic material that is displaced proximally by the proximal
movement of the stabilization element. The device may include, with respect to the
rotational actuation, a neutral position associated with a zero-degree rotation of the
first support tube, a first torqued position associated with a clockwise rotation of the
first support tube, and a second torqued position associated with a counter-
clockwise rotation of the first support tube. The one or more first tethers may
comprise an “S” shape when the device is in the neutral position, and the one or
more second tethers may comprise the “S” shape when the device is in the neutral
position. The one or more first tethers and the one or more second tethers may
comprise first generally linear shapes when the device is in the first torqued
position, and may comprise second generally linear shapes when the device is in
the second torqued position. The one or more first tethers and the one or more

second tethers may comprise looped configurations when the device is in the
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neutral position. The method may further comprise, after advancing the second
support tube to a location where the stabilization element is distal of at least a
portion of a thrombus at the treatment site, supplying an inflation medium to the
stabilization element to cause the stabilization element to expand. The inflation
medium may be one of a liquid, a gas, a gel, a foam, and a solid. The inflation
medium may include a contrast agent.

[0036] In another general aspect, another thrombus treatment system is
provided. The thrombus treatment system comprises: a first support tube and a
second support tube; a body frame portion; a first tether portion that includes one or
more first tethers, said one or more first tethers extending from a proximal portion of
the body frame portion to a first collar that is coupled to the first support tube; a
second tether portion that includes one or more second tethers, said one or more
second tethers extending from a distal portion of the body frame portion to a second
collar that is coupled to the second support tube; and a stabilization element
attached to a third support tube, wherein, when the first collar and the second collar
are each positioned substantially within a region interior of the body frame portion, a
rotational actuation of the first support tube causes a swiveling motion of a portion
of the one or more first tethers, and rotational actuation of the second support tube
causes a swiveling motion of a portion of the one or more second tethers.

[0037] In various implementations, the first tube and the second tube may be
adapted to be counter-rotated to cause a first swiveling motion of the one or more
first tethers and a second swiveling motion of the one or more second tethers.

[0038] [n another general aspect, another method of treating a thrombus is
provided. The method comprises: inserting a catheter into a patient and advancing
a distal end of the catheter to a treatment site; advancing a thrombus treatment
device to the treatment site through a lumen of the catheter; advancing the third
support tube to a location where the stabilization element is distal of at least a
portion of a thrombus at the treatment site; positioning the body frame portion within

- the lumen of the catheter at a position proximal of at least a portion of the thrombus;
proximally withdrawing the catheter, whereby the body frame portion expands;
positioning the first and second collars substantially within the region interior of the
body frame portion; providing a proximally directed force to the third support tube

thereby causing the stabilization element to move proximally; and rotationally
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actuating the first and second support tubes, wherein the rotational actuation of the
first support tube causes a swiveling motion of a portion of the one or more first
tethers and the rotational actuation of the second support tube causes a swiveling
motion of a portion of the one or more second tethers, and wherein the one or more
first tethers and the one or more second tethers are adapted to macerate the
thrombus. The thrombus treatment device comprises: (a) a first support tube, (b) a
second support tube, (c) a body frame portion, (d) a first tether portion that includes
at one or more first tethers, said one or more first tethers extending from a proximal
portion of the body frame portion to a first collar that is coupled to the first support
tube, (e) a second tether portion that includes one or more second tethers, said one
or more second tethers extending from a distal portion of the body frame portion to
a second collar that is coupled to the second support tube, and (f) a stabilization
element attached to a third support tube.

[0039] In various implementations, the first tube and the second tube may be
counter-rotated to cause a first swiveling motion of the one or more first tethers and
a second swiveling motion of the one or more second tethers. The swiveling motion
of the portion of the one or more first tethers and of the portion of the one or more
second tethers may macerate thrombotic material that is displaced proximally by
the proximal movement of the stabilization element. The device may include, with
respect to the rotational actuation, a neutral position associated with a zero-degree
rotation of the first and second support tubes, a first torqued position associated
with a clockwise rotation of the first and second support tubes, and a second
torqued position associated with a counter-clockwise rotation of the first and second
support tubes. The one or more first tethers may comprise an “S” shape when the
device is in the neutral position, and the one or more second tethers may comprise
the “S” shape when the device is in the neutral position. The one or more first
tethers and the one or more second tethers may comprise first generally linear
shapes when the device is in the first torqued position, and may comprise second
generally linear shapes when the device is in the second torqued position. The one
or more first tethers and the one or more second tethers may comprise looped
configurations when the device is in the neutral position. The method may further
comprise, after advancing the third support tube to a location where the stabilization

element is distal of at least a portion of a thrombus at the treatment site, supplying
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an inflation medium to the stabilization element to cause the stabilization element to
expand. The inflation medium may be one of a liquid, a gas, a gel, a foam, and a
solid. The inflation medium may include a contrast agent.

[0040] [n another general aspect, another method of treating a thrombus is
provided. The method comprises: inserting a catheter into a patient and advancing
a distal end of the catheter to a treatment site; advancing a thrombus treatment
device to the treatment site through a lumen of the catheter; positioning the
thrombus treatment device within the lumen of the catheter at a position wherein the
body frame portion is generally aligned with at least a portion of a thrombus at the
treatment site, and proximally withdrawing the catheter; providing a distally directed
force to the support wire to advance the collar to a location substantially within an
interior of the body frame portion; and providing a proximally directed force to the
support wire to withdraw the collar to a location exterior of the body frame portion,
wherein the advancing and withdrawing of the collar causes a motion of at least a
portion of the one or more tethers, the one or more tethers being adapted to
macerate the thrombus. The thrombus treatment device comprises: (a) a body
frame portion, (b) a tether portion that includes one or more tethers, said one or
more tethers extending from the body frame portion to a collar that is coupled to a
support wire, and (c) a filter portion that extends from the body frame portion.

[0041] In another general aspect, another thrombus treatment device is
provided. The thrombus treatment device comprises: a support wire; a body frame
portion that is disposed about an axis defined by the support wire, wherein the body
frame portion defines one or more interstices; a tether portion that includes one or
more tethers, said one or more tethers extending from the body frame portion to a
collar that is coupled to the support wire; and a filter portion that extends from the
body frame portion, wherein, when the collar is positioned substantially within a
region interior of the body frame portion or filter portion, a manipulation of the
support wire causes a portion of the one or more tethers to move through a range of
motion and does not impart substantial motion to the body frame portion.

[0042] In various implementations, the manipulation of the support wire may
be a linear movement substantially parallel to the axis. The manipulation of the
support wire may be a rotational movement. The rotational movement of the

support wire may be up to 360 degrees. The rotational movement of the support
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wire may be up to 270 degrees. The rotational movement of the support wire may
be up to 180 degrees. The device may include, with respect to the rotation of the
support wire, a neutral position associated with a zero-degree rotation of the
support wire, a first torqued position associated with a clockwise rotation of the
support wire, and a second torqued position associated with a counter-clockwise
rotation of the support wire. The one or more tethers may comprise an “S” shape
when the device is in the neutral position. The one or more tethers may comprise a
first generally linear shape when the device is in the first torqued position, and may
comprise a second generally linear shape when the device is in the second torqued
position. The one or more tethers may comprise a looped configuration when the
device is in the neutral position. The one or more tethers may be adapted to sever,
when the support wire is rotated, at least a portion of thrombotic material that
protrudes through the one or more interstices defined by the body frame portion.

[0043] Particular embodiments of the subject matter described in this
specification can be implemented so as to realize one or more of the following
advantages. Treatment to reduce thrombi and restore blood flow can be
administered while preventing the release of thromboemboli into the bloodstream.
Thrombotic material can be macerated and removed while protecting blood vessel
walls from potential trauma. A single device can provide a treatment platform for
performing multiple procedures, such as thrombolysis, aspiration, maceration, and
thrombectomy, while providing thromboembolic protection.

[0044] The details of one or more embodiments of the subject matter of this
specification are set forth in the accompanying drawings and the description below.
Other features, aspects, and advantages of the subject matter will become apparent

from the description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0045] Figure 1 illustrates an example thrombectomy device.

[0046]  Figures 2A-2| are a series of illustrations depicting an example
manner of use of an example thrombectomy device.

[0047] Figure 3 is a photograph of an embodiment of an example
thrombectomy device.

[0048] Figure 4 illustrates an example embodiment of a method for
performing a thrombectomy procedure.
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[0049]  Figures 5A-5F illustrate an example thrombectomy system and an
example manner of use of an example thrombectomy system.

[0050] Figures 6A-6B illustrate an example thrombectomy system and an
example manner of use of an example thrombectomy system.

[0051]  Figure 7 illustrates an example thrombectomy device.

[0052] Figure 8 illustrates an example embodiment of a method for
performing a thrombolysis procedure.

[0053] Figure 9 illustrates another example thrombectomy device.

[0054] Like reference numbers and designations in the various drawings

indicate like elements.

DETAILED DESCRIPTION
[0055] FIG. 1 illustrates an example embodiment of a thrombectomy device

10. This device can be delivered percutaneously and through a patient’s
vasculature to the site of a thrombus, such as a neurovascular, cardiovascular, or
peripheral vein thrombus site. The thrombectomy device 10 may be used in both
antegrade and retrograde applications.

[0056] The example thrombectomy device 10 generally includes a support
wire 15 and a distal device body 12 including three (3) primary components: (i) a
tether assembly 20, (ii) a body frame 30, and (iii) a filter bag 40. A central collar 18
can couple the tether assembly 20 to the support wire 15. The distal device body is
collapsible so it can be contained within a catheter lumen for delivery through the
patient's vasculature to the location of a thrombus (refer, e.g., to FIGS. 2D and 2E).
At the thrombus site, the thrombectomy device 10 can be deployed outwardly from
the distal tip of the delivery catheter, at which time the thrombectomy device 10 can
expand to the unconstrained configuration shown in FIG. 1.

[0057] The support wire 15 can include a solid or hollow support wire, or can
include any other tubular article with at least one continuous lumen running
therethrough. A suitable support wire 15 for use with the thrombectomy device 10
may include, but is not limited to, a guide wire or a tube (e.g., a support tube). In
general, the support wire 15 can enable the thrombectomy device 10 to be
delivered through tortuous vascular anatomies and positioned in distal vascular
areas. In some embodiments, support wire 15 extends through the distal end of the
filter bag 40 to become the most distal component of the thrombectomy device 10.
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In some embodiments, support wire 15 extends into the distal device body 12 but
not through the distal end of the filter bag 40. In some embodiments, a support wire
15 that extends distally from at least the body frame 30 can also include one or
more balloon devices disposed near the distal end.

[0058] [n some embodiments, the support wire 15 is a flexible driveshaft as
described in the patent application titied “Flexible Driveshafts with Bi-Directionally
Balanced Torsional Stiffness Properties,” having inventor Clifford P. Warner, filed
on the same date as this application, and which is herein incorporated by reference
in its entirety for all purposes.

[0058] The tether assembly 20 of the thrombectomy device 10 includes one
or more tethers 22. The tethers 22 are generally elongate elements that can be
coupled on one end with the support wire 15 (using one or more collars, such as
central collar 18), and the tethers 22 can be coupled with the body frame 30 at the
tether's 22 opposite end. In some embodiments, the tethers 22 extend from the
support wire 15 to the proximal end of the body frame 30 (as shown). In some
embodiments, the tethers 22 extend from the support wire 15 to the distal end of the
body frame 30 (not shown). In some embodiments, the tethers 22 extend from the
support wire 15 to locations on the body frame 30 between the proximal and distal
ends of the body frame 30 (not shown). While in some embodiments just one tether
22 is included, some embodiments include two, three, four, or more tethers 22.

[0060] The length of the tethers 22 can be determined in accordance with the
operational characteristics desired. For example, in some applications a short
deployment length is desired, leading to a selection of short or looped support strut
tethers 20. In some applications the ability to evert the tethers 22 within the body
frame 30 or filter bag 40 leads to a selection of using longer tethers 22, which may
also be looped in some examples. For example, in some embodiments the tethers
22 can be at least as long as the combined length of the body frame 30 and filter
bag 40. In some implementations, the tethers can be at least twice as long as a
diameter defined by the frame body 30 in an unconstrained configuration.

[0061] In some embodiments, the tethers 22 of a thrombectomy device 10
are of substantially equal length. In some embodiments, one or more tethers 22 are
unequal in length in comparison to one or more other tethers 22. In some

embodiments, the tethers 22 of a thrombectomy device 10 are of substantially equal
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cross-sectional size and/or shape. In some embodiments, one or more tethers 22
are unequal in cross-sectional size and/or shape in comparison to one or more
other tethers 22.

[0062] The tethers 22 can be comprised of generally flexible biocompatible
materials. For example, in some embodiments the tethers 22 can be made from
nitinol that exhibits superelasticity. In some embodiments, the tethers 22 may be
made from the same material as the body frame 30. In other embodiments, the
tethers 22 can be a polymeric material that is highly flexible. In some embodiments
the tethers 22 can be made from a combination of biocompatible materials that,
when combined, exhibit appropriate flexibility. In some examples, the tethers 22
can include a nitinol component and a polymeric material component. In some
embodiments, the tethers 22 have mechanical properties that make them suitable
for performing maceration of thrombus material as described further below (refer to
FIGS. 2G, 5F, and 6B). For example, in some such embodiments the tethers 22
have a stiffness and sharpness that can facilitate their effectiveness as maceration
implements.

[0063] The tethers 22 can be configured as “looped support struts™ as
described in U.S. Patent 8,231,650 to Cully et al., which is hereby incorporated by
reference in its entirety for all purposes. When the tethers 22 are configured in the
looped support strut embodiment, the tethers 22 may be essentially s-shaped in
some embodiments, and the central collar 18 can be everted within the interior of
the body frame 30 or the filter bag 40, as will be described below (e.g., in regard to
FIG. 2G).

[0064] The tethers 22 can serve multiple purposes. For example, one
purpose of the tethers 22 can be to couple the distal device body 12 of the
thrombectomy device 10 to the support wire 15. Another purpose of the tethers 22
can be to enable flexible compliance between the body frame 30 and the contours
of irregularly shaped thrombi or vessel walls. Another purpose can be to provide
supplemental radial force between the body frame 30 and a thrombus so as to open
(also known as recanalization) or maintain a blood-flow path. Another purpose (as
described further below) can be to sever, shave, or break up thrombi by everting
and causing a pivoting moﬁon of the tethers 22 as a part of a thrombectomy

procedure. In some implementations, the tethers 22 need not be everted to sever,

21



WO 2014/028260 PCT/US2013/053655

shave, or break up thrombi and participate in the thrombectomy procedure. In
some implementations, the tethers 22 may be coated with an abrasive material,
which may aid the tethers in severing, shaving, or breaking up thrombi when pivotal
motion is applied to the tethers 22. In some implementations, a portion of the
tethers may be sharpened, which may aid the tethers in severing, shaving, or
breaking up thrombi when pivotal motion is applied to the tethers 22.

[0065] The body frame 30 can be metallic, for example, constructed of nitinol,
stainless steel, titanium, or a combination of materials. The body frame 30
materials can, in some embodiments, be laser cut to the desired configuration. In
some embodiments body frame 30 can have a polymeric covering or powder
coating over a metallic frame. In general, the body frame 30 can be collapsible to fit
within the lumen of a delivery catheter. The body frame 30 can radially self-expand
to an unconstrained configuration when d