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(57) Abstract: The device disclosed herein is used to the remove a thrombus from the vasculature. It includes an aspiration catheter and
a thrombus retrieval device that extends through the lumen of the aspiration catheter. An expandable braided assembly extends over a
distal region of the retrieval device, and an activation wire extends through the lumen of the retrieval device to attach to and control
the expansion of the braided assembly. Applying tension to the activation wire causes the braided assembly to expand to a diameter of
the practitioner's choosing. For example, the practitioner may apply a first level of tension to the activation wire to deploy the braided
assembly to a first diameter and then later change the diameter by applying a different level of tension. The expanded braided assembly
contacts the thrombus and is pulled proximally toward the aspiration catheter to assist in thrombus removal.
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THROMBECTOMY DEVICE AND METHODS OF USE

CROSS REFERENCE TO RELATED APPLICATIONS
{0001} This application claims the benefit of U 8. Provisional Application 62/583,613, filed

November 9, 2017, which is incorporated by reference m its entirety for all purposes.

FIFLD
{0002] This invention relates to a medical device for the removal of tissue from the body. One

specific use of this device is removal of blood clois (thrombus) or plaque from arteries or veins.

BACKGROUND
{0003} It 13 often desirable fo remove tissue from the body in a minimally invasive manner as
possible, so as not to damage other tissues. For example, removal of tissue (e g., blood clots)
from the vascalature may improve patient conditions and quality of life.
{0004} Many vascular systern problerns stern from insutficient blood flow through blood vessels.
One causes of insufticient or trregular blood flow is a blockage within a blood vessel referred to
as a blood clot, or thrombus. Thrombi can occur for many reasons, including after a trauma such
as surgery, or due to other causes. For example, alarge percentage of the more than 1.2 mithion
heart attacks n the United States are caused by blood clots {thrombi) which form within a
coronary artery.
{0665} When a thrombus forms, it may effectively stop the flow of blood through the 7one of
formation. If the thrombus extends across the interior diameter of an artery, it may cut off the
flow of blood through the artery. If one of the coronary arteries is 100% thrombosed, the flow of
blood is stopped in that artery, resulting in a shortage of oxygen carrying red biood cells, e g, 1o
supply the muscle (myocardium) of the heart wall. Such a thrombosis is unnecessary {0 prevent
toss of blood but can be undesirably inggered within an artery by damage to the arterial wall
from atherosclerotic disease. Thus, the underlying disease of atherosclerosis may not cause acute
oxygen deficiency (ischenma) but can trigger acute ischemia via induced thrombosis. Stmilarty,
thrombosis of one of the carotid arieries can lead to stroke because of insutficient oxygen supply
to vital nerve centers n the cranium. Oxygen deficiency reduces or prohibits muscular activity,
can cause chest pain {(angina pectoris), and can lead to death of myocardium which permanently

disables the heart to some extent. If the myvocardial cell death is extensive, the heart will be
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unable to pump sufficient blood to supply the body's life sustaining needs. The extent of
ischena s affected by many factors, including the existence of collateral blood vessels and flow
which can provide the necessary oxygen.

[80086] Clinical data indicates that clot removal may be beneficial or even necessary to improve
outcomes. For example, in the peripheral vasculature, inventions and procedures can reduce the
need for an amputation by 80 percent. The ultimate goal of any modality to treat these conditions
of the arterial or venous system is to remove the blockage or restore patency, quickly, safely, and
cost effectively. This may be achieved by thrombus dissolution, fragmentation, thrombus
aspiration or a combination of these methods,

[08007] Catheter directed thrombectomy and thrombolysis are commonly perceived to be fess
traumatic, less hikely to decrease the morbidity and mortality associated with conventional
surgical techniques. fn recent years, direct admirustration of chemucal lvsing agents into the
coronary arteries has shown 1o be of some benefit 1o patients who have thrombosed coronary
arterigs. In this procedure, a catheter is placed immediately in front of the blockage and a drip of
streptokinase 1s positioned to be divected at the upstream side of the thrombus. Streptokinase is
an enzyme which 1s able in time to dissolve the fibrin molecule. This procedure can take several
hours and is not always successtul in breaking up the thrombus. Furthermore, it can lead to
downstream thrombus fragments (emboli) which can lead to blockage of small diameter
branches.

[0008] Thrombectomy is a technigue for mechanical removal of blood clots i an artery or vein.
1t refers to physically removing a clot as opposed to emploving chemical Iysis to dissolve 11,
Multiple devices have been introduced to break up and remove ¢lot and plague, but each has its
own shortconungs. Specifically, the existing systems do not provide adequate methods for
breaking up the clot into smaller pieces for subsequent aspiration. Also, they do not provide a
method for removing the thrombectomy device over a guidewire and reinserting into the same
tocation to complete the procedure. There 1s aneed for an improved thrombectomy device that

is more effective for removing thrombus and plaque from the vascular system.

SUMMARY

{86069} The devices and methods disclosed herein provide an improved thrombectomy device
that achieves the objective of more efficient clot removal via improved intra~-artenal geometry
with over-the-wire functionalitv. The thrombectomy devices disclosed herein remove thrombi

using braided assemblies that can be expanded 1o a diameter of the practitioner’s choosing,
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enabling the practitioner to custom it the device to the particular thrombus during the procedure.
Unlike conventional thrombectomy devices, the diameater of the disclosed braided assembly can
be changed mid-procedure as needed, for example, should additional grip be needed for removal
of the thrombus. In some embodiments, multiple braided assemblies can be used {o address
fonger thrombi. Fach braided assembly can be separately expanded, such that the individual
assemblies have different diameters during the procedure.

{8618} The aspiration catheter includes a proximal end and a distal end. The retrieval device
extends through the lumen of the aspiration catheter and exits at the distal end. The retrieval
device includes a proximal region, a distal region, and a first lumen extending between the
proximal and distal regions. At least one braided assembly extends over a distal region of the
reirieval device. The at least one braided assembly includes at least one slidable collar and a
braid attached 1o the shidable collar. The braid can be one ply or two plv. The braid extends
from the slidable collar toward a fixed attachment point that anchors the braid to the retrieval
device. Upon expansion, the braid takes an elliptical or a spindle shape, having a maximum
diameter near the center and narrowing as the proximal and distal regions approach the
longitudimal axas of the braid.

{001 1] At least one activation wire extends through the first lumen of the retrieval device and
through an exit point located on the distal region. A distal end of the activation wire is attached
to the shidable collar. In some embodiments, the exit point is a portal in a sidewall of the
retrieval device. The portal can be positioned beneath the brard of the braided assembly, for
exampie. In some embodiments, the retrieval device includes a proximally located hypotube and
a distally located support tube that has greater flexibility than the proximal hypotube. The portal
can be defined 10 a sidewall of the distal support tube, and the braided assembly can be
positioned over the distal support tube. In some embodiments, the distal support tube 1s attached
to the distal end of the proximal hypotube.

{0812} Applying tension to the activation wire causes the braided assembly to expand to a
diarneter of the practitioner’s choosing. As such, the braided assembly can be expanded to a
range of expanded outer diameters by varving the level of tension on the activation wire. For
exampie, the braided assembly is deplovable to a first expanded outer diameter by placing a first
fevel of tension on the activation wire, or {0 a second expanded outer diameter by placing a
second level of tension on the activation wire. The practitioner may apply a first level of tension
to the activation wire to deploy the braided assemblyv to a first diameter and then later change the
diameter by applying a different level of tension. In some embodiments, the first level of tension
i the activation wire 1s less than the second level of tension in the activation wire, such that the
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first expanded outer diameter is the maximum diameter of the braid in a partially expanded
configuration, and the second expandead ower diameter is the maximum diameter of the braid in
a fully expanded configuration. The expanded braided assembly contacts the thrombus and s
pulied proxamally toward the aspiration catheter (o assist in thrombus removal. The braid has a
shape memory of the collapsed configuration, so releasing tension m the activation wire allows
the braid to relax to back to the collapsed state, for example, as it enters the aspiration catheter
during removal.

[8013] Some embodiments of the thrombectomy device can further include a guidewire tubing.
In some embodiments, the guidewire tubing can be shorter than the retrieval device. The

o and the second fumen of

o0

retrieval device extends through the first lumen of the guidewire tubin
the guidewtre tubing extends over a guidewire. The fixed pomt of attachment of the braided
assemblv can be located on the gudewire tubing in some embodiments. The guidewire tubing
can be shorter than the retrieval device in the longitudinal direction in some embodiments.
{0614} Some embodiments of the thrombectomy device can include a braided assembly with
muliiple braided sections and multiple shding collars. In these embodiments, each additional
slidable collar 15 positioned between two braided sections. Tensioning the activation wire causes
at least partial expansion of gach of the braided sections. The multiple braided sections can be
formed of one continuous braid, or they can be formed of separate braids. In some embodiments,
the activation wire is attached to one of multiple shidable collars. For example, the activation
wire may be attached to the distal-most slidable collar.

{0015} Some embodimenis of the thrombectomy device include at least one additional braided
assembly and at least one additional activation wire. Each additional activation wire is attached
io an additional slidable collar of an additional braided assembly, such that each braided
assembly 1s separately expandable via an attached activation wire,

[8016] Some embodiments of the thrombectomy device include a proximally focated tensioning
element for controlling the activation wire that expands the braided assembly. The proximal end
of the activation wire is attached to a tensioning element, which can be attached to a proximally
located handle, for example.

{8617} Methods of performing thrombectomy procedures are also disclosed herein. The
methods include advancing the distal end of the aspiration catheter through the vasculature to an
area proximal to a thrombus, and advancing the distal end of the retnieval device carrying at least
one braided assembly out of the distal end of the aspiration catheter and to a position distal to the
thrombus. A first level of tension is applied to the activation wire that attaches to the braided
assembly. The first level of tenstion moves the activation wire tongitudinally within a tumen of
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the retrieval device, thereby moving the slidable collar of the braided assembly longitudinally
over an exterior suwrface of the retrieval device and deploving the braided assembly to a first
expanded outer diameter. If desired, a second ievel of tension, either greater or smaller than the
first tevel of tension, can be applied to the activation wire. The second level of tension moves
the activation wire longitudinally within the lumen of the retrieval device, therebv moving the
slidable collar of the braided assembly longitudinally over the exterior surface of the retrieval
device and deploying the braided assembly 1o a second expanded outer diameter. The distal end
of the retrieval device maintains a stationary position as the slidable collar moves longitudinally
over the exterior surface of the retrieval device and the braided assembly is expanded to the
optimal diameter. In some embodiments, the second level of tension opens the braided assembly
to a wider second expanded outer diameter 1o more firmly contact the thrombus with the braid.
The thrombus 1s pulied toward the aspiration catheter and aspirated into the distal end of the
aspiration catheter. In some embodiments, the thrombus is aspirated into the distal end of the
aspiration catheter using an external vacuum source.

18018 In some embodiments of the methods, the thrombus can be contacied and pulled using
multiple braided sections or multiple braided assemblies. For exaruple, movement of a single
slidable collar can cause expansion of more than one braided section of a braided assembly. In
another example, a proximally positioned braided assembly can collapse from a first expanded
outer diameter (o a narrower second outer diameter as it approaches the distal end of the
aspiration catheter, while a distally positioned braided assembly can maintain an expanded outer
diameter that is equivalent to or wider than the second outer diameter of the proximally
positioned braided assembly.

[8019] Some embodiments of the methods can include the use of a gindewire. These methods
mclude advancing the guidewire to a position distal to the thrombus prior to advancing the distal
end of the retrieval device. The retrieval device can extend at least partiaily through a first
tumen of a guidewtire tubing, and the mwethod includes advancing the guidewire tubing with the
reirieval device over the gmidewire. The activation wire moves longitudinally within the
retrieval device, which is i the first lumen of the guidewire tubing. The guidewire moves

longitudinally within a second lumen of the guidewire tubing,

DESCRIPTION OF DRAWINGS
{0020} FIG. 1A s aside section view of an embodiment of the thrombectomy device having a

single braided assembly in the collapsed configuration.
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{8021 FIG 1B is a side view showing the distal region of retrieval devicethe thrombectomy
davice carrving the braided assemblv of FIG. 1A, The braided assembly is shown in an
expanded configuration.

[8022] FIG. 1C is a side view showing the distal region of the thrombectomy device retrieval
deviceof FIGS. 1A, The braided assembly s not included in this view.

{6623} FIG. 1D is a cross sectional view of the embodiment of FIG. 1A, taken along lines A—A
of FIG. 1C.

8024 FIG. 2 shows a side view of an embodiment of a handle that can be used to control
expansion and retraction of a braided assembly.

[08028] FIG. 3A 15 aside view of a distal region of an additional embodiment of the
thrombectomy device in an unexpanded configuration. The embodiment has a braided assembly
having muttiple braided sections.

[0026] FIG. 3B is a side view of the distal region of the embodiment of FIG. 3A in an expanded
configuration.

180627] FIG. 3C is a side view of the distal region of the thromectomy device of FIG. 3A. The
braided assembly is not included n this view.

0028} FIG. 3D shows a cross sectional view taken along line 303D of FIG. 3C.

80291 FIG. 3E shows a cross sectional view taken along line 3E—3E of FIG. 3C.

|
|
{3038 FIG. 3F shows a cross sectional view taken along hine 3F—3F of FIG. 3C.
f
{

|
0031} FIG. 3G shows a cross sectional view taken along line 3G—3G of FIG. 3C.

0032} FIG. 4 shows an additional embodiment of the thrombectomy device having multiple
expandable braided assemblies.

{8033 FIG. 5A shows a side section view of an embodiment of the thrombectomy device that
enables use with a guidewire,

{03034 FIG. 5B shows the embodiment of FI{3. 5A in an expanded configuration.

{8038 FIG. 5C 15 a cross section of the embodiment of FIGS. 5A and 5B, taken along line B—B
of F1G. 3B,

[0036] FIGS. 6 A-6F show an example method of using a thrombectomy device.

{0637} FIG. 7A shows a perspective view of another embodiment of a handle that can be used to
control expansion and retraction of a braided assembly.

[0038] FIG. 7B shows a botiom up, mside view of the locking slider of the handle embodiment
of FIG. TA.

{8039 FIG. 7C shows a cross section of the locking shider circled in FIG. 7B,

G
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DETAILED DESCRIPTION

[0040] The following description of certain examples of the inventive concepts should not be
used to limit the scope of the claims. Other examples, features, aspects, embodiments, and
advantages will become apparent (o those skilled in the art from the following description. As
will be realized, the device and/or methods are capable of other different and obvious aspects, all
without departing from the spirit of the inventive concepts. Accordingly, the drawings and

escriptions should be regarded as illustrative in nature and not restrictive.
[8041] For purposes of this description, certain aspects, advantages, and novel features of the
embodiments of this disclosure are described herein. The described methods, systems, and
apparatus should not be construed as limiting in any way. Instead, the present disclosure is
directed toward all novel and nonobvious features and aspects of the various disclosed
embodiments, alone and in various combinations and sub-combinations with one another. The
disclosed methods, systems, and apparatus are not limited to any specific aspect, feature, or
combination thereof, nor do the disclosed methods, systems, and apparaius require that any one
or more specific advantages be present or problems be solved.
{0042 Features, integers, characteristics, compounds, chemical moteties, or groups described in
conjunciion with a particular aspect, embodiment or example of the invention are to be
understood to be applicable to anv other aspect, embodiment or example described herein unless
mcompatible therewith, All of the features disclosed in this specification (including any
accompanying claims, abstract, and drawings), and/or all of the steps of any method or process
so disclosed, may be combined in any combination, except combinations where at least some of
such features and/or steps are muiually exclusive. The invention is not restricted 1o the details of
arry foregoing embodiments. The invention extends to any novel one, or any novel combination,
of the features disclosed in this specification (including anv accompanying claims, abstract, and
drawings), or to any novel one, or any novel combination, of the steps of anv method or process
so disclosed.
{0043} It should be appreciated that anv patent, publication, or other disclosure ruaterial, in
whole or in part, that 1s said to be incorporated by reference herein is incorporated herein only to
the extent that the incorporated material does not conflict with existing definitions, statements, or
other disclosure material set forth in this disclosure. As such, and to the exient necessary, the
disclosure as explicitly set forth herein supersedes any conflicting matenial incorporated herein
bv reference. Any material, or portion thereof, that is said to be incorporated by reference herein,

but which conflicts with existing definitions, statements, or other disclosure material set forth
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herein will only be incorporated to the extent that no conflict arises between that mcorporated
material and the existing disclosure material.

non

[08044] As used in the specification and the appended claims, the singuiar forms "a." "an" and
"the" include plural referents unless the conlext clearly diclates otherwise. Ranges may be
expressed herein as from "about" one particular value, and/or to "about" another particular value.
When such a range 1s expressed, another aspect includes from the one particular value and/or to
the other particular value. Similarly, when values are expressed as approximations, by use of the
antecedent "about," it will be understood that the particular value forms another aspect. It will be
further understood that the endpoints of each of the ranges are significant both in relation to the
other endpoint, and independently of the other endpoint. The terms "aboui" and "approximately™
are defined as being “close to” as understood by one of ordinary skill in the art. In one non-
himiting embodiment the terms are defined to be within 10%. In another non-limiting
embodiment, the terms are defined 1o be within 5%. In still another non-himiting embodiment,
the terms are defined to be within 1%.

18045] "Optional” or "optionally” means that the subsequently described event or circumstance
may or may not occur, and that the description includes instances where said event or
circumstance occurs and instances where it does not.

[8046] Throughout the description and claims of this specification, the word "comprise” and
variations of the word, such as "comprising” and "comprises,” means "including but not limited
to," and is not intended to exclude, for example, other additives, components, integers or steps.
"Exemplary” means "an example of" and is not intended to convey an mdication of a preferred
or ideal aspect. "Such as" is not used in a restrictive sense, but for explanatory purposes.

{6047} Certain terroimology 1s used n the following description for convenience only and is not

£} c:}

hiomiting. The words “night,” “left,” “lower,” and “upper” designate direction in the drawings to
which reference 1s made. The words “inner” and “outer” refer to directions toward and away
from, respectively, the geometric center of the described feature or device. The words “distal”
and “proximal” refer to directions taken in context of the ttem described and, with regard to the
mstrumentis herein described, are tvpically based on the perspective of the practitioner using such
mstrument, with “proximal” indicating a position closer ¢ the practitioner and “distal”
mdicating a position further from the practitioner. The terminology includes the above-listed
words, derivatives thereof, and words of sinular import.

[0048] The thrombectomy devices disclosed herein remove a thrombus using a braided assembly
that can be expanded to a diameter of the practitioner’s choosing, enabling the practitioner to
custom fit the device {0 the pariicular vessel and thrombus and during the procedure. Unlike

&
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conventional thrombectomy devices, the diameter of the disclosed braided assembly can be
changed mid-procedure as needed. For example, the braided assembly can be opened to a wider
diameter to apply more outward force against the thrombus should additional grip be needed for
tts removal. In some embodiments, multiple braided assemblies can be used o address longer
thrombt. Each braided assembly can be separately expanded, such that the individual assemblies
have different diameters during the procadure.

{004%] The device disclosed herein is used to the remove a thrombus, clot, or plaque from the
vemns or arteries of the body. It includes an aspiration catheter and a retrieval device that extends
through the lumen of the aspiration catheter. An expandable braided assembly extends over a
distal region of the retrieval device, such that when the retrieval device exits the distal end of the
aspiration catheter, the braided assembly is positioned outside of the aspiration catheter. An
activation wire extends through the lumen of the retrieval device. The distal end of the
activation wire exits the retrieval device at an exit point to connect to and control the expansion
of & braided assembly. On the proximal end, the activation wire is attached 1o a tensioning
element. Applying tension to the activation wire causes the braided assernbly 1o expand to a
diameter of the practitioner’s choosing. For example, the practitioner may apply a first level of
tension to deplov the braided assembly to a first, partially expanded configuration and then later
decide to widen the diameter to the fully expanded configuration by applving a greater level of
tension to the activation wire. The expanded braided assembly contacts the thrombus, clot, or
plague and 1s pulled proximally toward the aspiration catheter to assist in removal. Hereinafter
the device and methods will be described as removing (or being configured to remove) a
thrombus. However, it will be understood that the device can also be used to remove clots or
plaques from the vasculature with no structural {or only slight structural) modifications. Various
ernbodiments of the thrombectomy catheter include a retrieval device with multiple braided
assemblies, multiple activation wires, multiple braided sections of a single braided assembly, and
reirieval devices with multiple lumens {0, for example, enable use with a guidewire,

[0050] FIGS. 1A-1D show an embodiment of the thrombectomy device 1. FIG. 1A shows the
aspiration catheter 106, the retrieval device 3, a collapsed braided assembly 102, and a guidewire
tip 103. The aspiration catheter 106 15 an elongated tube with reinforced construction that allows
a vacuum o be applied at the proximal end to pull clot and emboli out of the artery or vein
without collapsing. The aspiration catheter 106 can be formed of a polymer material. The
aspiration catheter 106 can include an imagingmarker € (such as a fluorescent or radiopaque
marker) for use in imaging the position of the catheter during a procedure. Thrombus retrieval
device 3 extends through aspiration catheter 106, The braided assembly 102 extends over a

9
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distal region 5 of the retrieval device 3, such that when the retrieval device 3 exits the distal end
7 of the aspiration catheter 106, the braided assembly 102 is positioned outside of the aspiration
catheter 106. In the collapsed configuration, bratded assembly 102 is sized and configured for
msertion through the aspiration catheter 106 and 1nto an artery or vein. Guidewire tip 103
extends distally from the distal end 107 of the retrieval device 3. The guidewire tip 103 can be
flexible, shapeable, and steerable.

{8651} The braided assembly 102 is moveable from a collapsed to an expanded configuration.
An example of a braided assemblv 102 in an expanded configuration 1s shown in FIG. 1B, but
the maximum diameter, duqy, of the expanded braided assembly 102 can be changed to any value
over a continuous range, from a fully collapsed diameter, to a partially expanded diameter, io a
fully expanded diameter. The maximum diameter of the braided assembly, diax, 1s the widest
point measured perpendicular to a longitudinal axis, g, extending through the center of the
braided assembly 102. The braided assembly 102 can be sized and configured to disrupt and
capture one or more clots, plaques, and/or thrombi and pull them toward the aspiration catheter
106 where they can be removed. The braided assembly 102 includes a braid 9, a slidable collar
108, and a fixed attachment point 101 where the braid ¥ anchors to the retrieval device 3. The
braid 9 mav be attached directly 1o the retrieval device 3 at attachment point 101, or the braid 9
may be attached indirectly {o the retrieval device 3 at atiachment point 101. In some
embodiments, the fixed attachment pownt 101 1s a fixed collar that extends around the retrieval
device 3, and the braid is welded, bonded, or otherwise adhered to the tixed collar. Regardless,
at the fixed attachment point 101, the braid 9 does not move longitudinally relative to the
retrieval device 3.

[8052] The opposite end of braid 9 is welded, bonded. or otherwise adhered to shidable collar
108. In the embodiments shown, the shidable collar 108 is shdably connected to the retrieval
device 3 by virtue of its annular shape, which extends circumferentially around the retrieval
device 3. The slidable collar 108 shides longitudinally along the retrieval device 3 as braid 9 s
expanded and collapsed. The shidable collar 108 can be positioned distally to the fixex
attachment point 101 (a distal position), as shown in FIGS. 1A-1C, or the slidable collar 108 can
be positioned proximally to the fixed attachment point 101 {(a proximal position}. In some
ernbodiments, shdable collar 108 or fixed attachment point 101 can include a marker that can be
viewed using imaging modalities during a procedure. For example, the slidable collar 108 or
fixed attachment point 101 can include a fluorescent or radiopaque label.

{080583] The braid 9 is composed of multiple sirands of wire. The braid 9 takes an elliptical or a
spindle shape when expanded, having a maximum diameter dmax al or near the center of the braid
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9 and narrowing as the braid approaches the fixed attachroent point 101 and the shidable collar
108, The wires are formed of a shape memory material such as, but not limited to, shape
memory polymers or shape memory metals {e.g., nitinol}. The braid 9 has a baseline shape
memory of the collapsed configuration, which forms a cylindrical structure around the retrieval
device 3, as shown in FIG. 1A, In the activated, expanded configuration, the braid 9 has a
tendency to relax toward the collapsed configuration.

{0654} When the practitioner is pulling a thrombus or plague proximally toward aspiration
catheter 106 using braided assembly 102, the braid 9 encounters distally oriented drag forces that
are strongest along the widest portions (for example, the central region of the braid adjacent
dmax). These drag forces resist the proximally oriented pulling force exerted by the practitioner.
The distal end of braid 2 at slidable collar 108 will encounter less drag force while being pulled
proximally because the radial force it exerts on the radially adjacent vasculature or thrombus is
small, negligible, or non-existent. If the braid is not properly designed, the shiding collar 108 and
distal end of the braid 9 will invert into the wider, central regions of the braid 9. Inversion during
the procedure can be prevented by optimizing factors such as the pic count {crosses per inch), the
wire diameter, the number of wires, and the ply of the braid (sets of overlapping braids). Higher
pic counts increase flexibility, while lower pic counts increase longitudinal stiffness. Likewise, a
braid with more than one ply {multiple sets of braids nested within each other), will be stiffer
than a single~-ply braid. Braids can be one-ply, two-ply, three-plv, or more. Braids with more
wires will be stiffer than those with fewer wires, and braids with wider diameter wires will be
stiffer than those with narrow diameter wires. Wires of varving diameters can be used within the
same braid 9.

{0055} The design of the braided assemblies 102 disclosed herein may vary based on whether
the device 1 1s intended for an arterial procedure or for a venous procedure, since the procedure
site will be wider in a venous setting. For example, a braid ¢ designed for a venous application
may have a dmax of from about 0.8 inches (o 1.2 inches, including about 0.8 inches, about 0.9
mches, about 1.0 1nch, about 1.1 inches, and about 1.2 inches. For venous applications, a braid 9
may have a wire diameter range from about 0.005 inches to about 0.02 inches, including 0.005
inches, 0.0075 inches, 0.01 inches, 0.0125 inches, 0.015 inches, 0.0175 inches, and 0.02 inches.
Different wires of the braid 9 may have different diameters, or they may have the same diameter,
In some venous embodiments, the diameters of the wires of the brard 9 are $.01 inches, 0.0128
nches, and/or 0.015 inches. Two-ply braids can utilize smaller wire diameters without
sacrificing the radial force that can be applied. The pic count can be from 2 to 6 for venous
applications. In some embodiments used m venous applications, the pic countis 3,4, or 5. The
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number of wires per braid for a venous application can be anywhere from 8 to 40, including 8,
16,24, 32, and 40.

[80586] Braids for venous applications were tested using a selection of the above listed venous
application parameters. End points included the expansion force and the radial outward force
applied by the braid to the inner surface of a tubing that simulates a vein (the tubing having an
imner diameter of 24 millimeters). The expansion force is the force required to open the braid, as

applied to the activation wire. The data is shown below in Table 1.

Prototype Braid Ply, Wire # of Wires | Madmum | Radial Qutward | Expansion
DBiameter Braid OD | Forcein 24dmm | foree (N)
{Inches} {inches) D tube (R)

A Double 0.008 16 per ply 1.0 4.4 25
(32 total)

B Double 0.010 16 per ply 1.0 55-66 6
(32 total)

C Single 0.0125 24 1.0 8.6-99 10

Table 1: Prototype testing for braids used in venous applications

18657 For arterial applications, the braid 9 can have dumax of from about 0.1 inches to about 0.4,
mcluding about 0.1 inches, about 0.12 inches, about 0.14 inches, about 0.18 inches, about 0.2
inches, about 0.22 inches, about 0.24 inches, about 0.28 inches, about 0.3 inches, about 0.32
nches, about 0.34 inches, about 0.36 inches, about 0.38 inches and about 0.4 inches. For
example, the braid 9 can have a dmax of about 0.28 inches, 0.3 inches, or 0.31 inches. The
diameter of the wires of the braid 9 for an arterial application can range from about 0.001 inches
o about 0.007 inches, including abowt 0.001 inches, about 0.002 inches, about 0.003 inches,
about 0.004 inches, about 0.005 inches, about 0.006 inches, and about 0.007 inches. Different
wires of the braid 9 may have different diameters, or they may have the same diameter. In some
arterial embodiments, the diameters of the wires of braid 9 are 0.003 inches, 0.004 inches and/or
0.005 inches. Two-ply braids can utitize smaller wire diameters without sacrificing the radial
force that can be applied. The pic count can be {rom 5 to 30 for arterial applications, mcluding a
pic count of 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 117, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29 and 30. In some embodiments used in arterial applications, the pic countis 10, 12, or 15.

The number of wires per braid 2 for an arterial application can be anywhere from 8 1o 54,
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mcluding 8, 16, 24, 32, 40, 48, and 54. In some embodiments, the number of wires per braid ¢
for an arterial application is 26, 24, or 30.

{0058] Braids for arterial applications were tested using a selection of the above listed arferial
application parameters. End points included the radial outward force applied by the braid to the
mner surface of a tubing (the tubing having an inner diameter of 6 millimeters), and the proximal
force needed to pull the braid through a restriction in the tubing (the inner diameter of the
restriction being 4 millimeters). The tubing and the restriction simulate an artery and a
thrombus/plague, respectively. Favorable prototypes give a hugh radial outward force without
requiring excessive force to pull the braid through the restriction. The data is shown below in

Tabie 2. All braids tested were one-ply.

Profile Radial Force to pull
. . . Outward ,
Wire Pic 4 of (Distal | Maximum Force applied through 4mm
Prototype | Diameter .| bond | Braid OD PRl D
. L | count | Wires . to G LD, . .
{nches) 0 {inches) tubine Restriction
(inches) (New ton 9 {(Mewions)
A 0.004 10 16 0.050 0.28 0.8 1.8
B 0.004 s 24 0.053 (.28 1.0 2.8
C 0.005 10 i6 0.054 (.31 1.5 32
D 0.005 10 24 0.058 0.31 1.6 4.1
E .006 10 16 .060 0.31 1.7 4.4
F .006 12 16 0.063 0.30 1.8 4.6
G 0.002 24 48 0.073 0.31 0.8 1.9
H .003 24 48 (.078 0.31 1.8 3.5
I 0.004 12 24 0.054 0.31 1.9 2.6

Table 2: Profotype testing for braids used in arterial applications

[0#0589] The activation wire 105 extends through the lumen of the reineval device 3, exits the
reirieval device 3 at exit point 11, and extends distally along the exterior surface of the reineval
evice 3. The distal end 13 of the activation wire 1035 is attached to shidable collar 108. As such,

13



WO 2019/094749 PCT/US2018/060074

the activation wire 1035 1s able to control the expansion and collapse of the braid 9 via the
slidable collar 108. The distance between exit point 11 and slidable coliar 108 affects the length
that the slidable collar can be pulled along retrieval device 3 to open the braided assembly 102,
Ifit1s too close to shidable collar, the braided assembly 102 will not be able to open fully. As
such, exit point 11 should be positioned proximally far enough from the unexpanded position of
slidable collar 108 o enable the braided assembly 102 1o open (o its maximum outer diameter.
FIG. 1C shows the embodiment of FIGS. 1A and 1B without braid 9 1o facilitale viewing the
activation wire 105 and the activation wire exit point 11, FIG. 1D 15 a cross sectional view of
activation wire 105 in retrieval device 3, taken at line A—A of FIG. 1C. The internal
positioning of the proximal regions of the activation wire 105 (within retrieval device 3} is
advantageous in that no friction or bulk is added by the system that controls expansion of the
braided assembly 102,
[0066] The proximal region of activation wire 105 (not shown) may be tensioned and released to
control the expansion and collapse of the braided assembly 102 via movement of shidable collar
108. Under tension, the activation wire 105 moves proximally within the lumen of the retrieval
device 3 as it transiates the tension from the proxamal region of the activation wire 105 to the
braided assembly 102, In implementations where the slidable collar 108 is in the distal position
(as shown), the exit point 11 of the activation wire is located proximally to the shidable collar
108, The exit point 11 can be, for example, a portal in the sidewall of retrieval device 3. Use of
a shidable collar 108 to expand the braided assembly 102 is advantageous because the distal end
of the braided assembly 102 can be moved while the distal region 5 of the retrieval device 3
maintains a constant position within the vasculature. Maintaining a constant position of the
distal region 3 of retrieval device 3 is advantageous because shding proximal/distal movement of
the distal region 5 within the vessel can result in vessel damage or perforation.
[8061] In implementations where the shidable collar 108 is in the proximal position relative to
the {ixed attachment point (not shown), the activation wire 105 extends distally past the slidable
collar 108 mside the retrieval device 3, exits the retrieval device 3 at extt point 11, then doubles
back and extends along the exterior surface of the retrieval device 3 1o attach to the proximally
located shidable collar 108. The exit point 11 can be a portal in the sidewall of the retrigval
device as described above, or the exit point 11 can be the distal end 107 of the retrieval device 3.
{8062 Retrieval device 3 can include a proximal hypotube 100 and a distal support tube 104, as
shown in FIG. 1C. In some embodiments, the hypotube 100 extends through the support tube
104. However, the distal region can be made more flexible by attaching the proximal end of the
distal support tube 104 to the distal end 17 of the proximal hypotube 100 {(for example, by
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adhesive bonding, heat bonding, or welding processes). The fixed attachment point 101 of the
braided assembly 102 can be located on distal support tube 104 and the slidable collar 108 can
extend around the distal support tube 104, such that the braided assembly 102 is positioned over
and around the distal support tube 104, The braided assembly 102 can aliernatively be
positioned only partially over the distal support tube (1.e., one of the fixed attachment pomnt 101
or the slidable collar 108 is attached to the proximal hyvpotube 100, and the other of the fixed
attachiment point or the shidable collar 108 1s attached o the distal support tube 104}, In some
ernbodirents, the support tube 104 serves to increase the overall diareter of the retrieval device
3, for example, to accommodate a larger diameter braid and to encapsulate the guidewire tip 103,
The distal support tube 104 can also provide a lower friction surface for movement of the
shidable collar 108 than the proximal hypotube 100 would provide.

[0063] In some embodiments, distal support tube 104 has greater flexibility than the proximal
hvpotube 100. For example, the distal support tube 104 can be made of a polvmer material,
while the proximal hypotube 100 is made of a more rigid metal material. In some embodiments,
the proximal hypotube 100 is construcied from metal hypodermic needle tubing. The hypotabe
100 can be up to 50 fimes stiffer than the support tube 104, There are several advantages to
having a distal support tube 104 with greater flexibility than proximal hyvpotube 100, The greater
flexibility of the support tube 104 enables a gradual transition in flexibility between the hypotube
100 and the guidewire tip 103. I some scenartos, the greater flexibility of the distal support
tube 104 can facilitate movement of the braided assembly 102 through a tortuous thrombus. The
greater flexibility can promote kink resistance. The greater flexibility of the distal support tube
104 can also facilitate the introduction of a portal or exit point 11 during the production of the
device. The higher rigidity of the hvpotube 100 (as compared to support tube 104) is important
because 1t allows the retrieval device 3 to be pushed through the vasculature. The ngidity of
hyvpotube 100 also helps to ensure that the braided assembly 102 can be pushed through a
thrombus or plague.

[0064] On the proximal end, the activation wire 103 can be attached {0 a tensioning element (not
shown} that allows the activation wire 105 to be moved forward or retracted backward within the
retrieval device 3. Applying tension to the activation wire 1035 causes the shidable collar 108 1o
move and causes the braided assembly 102 to expand to a diameter of the practitioner’s
choosing. Simularly, releasing tension on the activation wire 1035 allows the braided asserobly
102 to relax mto the collapsed, baseline configuration.

[80658] In some embodiments, such as the one shown in FIG. 2, the device includes a proxamal
handle 128, The handle 1238 is coupled to a proximal end of retrieval device 3. The tensioning
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element 15 a knob 129 that 1s coupled to the proxamal end of activation wire 105 on the inside of
the handle. Actuation of the knob 129 in one direction causes the activation wire 105 to be
tensioned {(expanding the braided assembly), and actuation of the knob 129 in the opposite
direction releases tension on the activation wire 105 {collapsing the braided assembly). In other
embodiments, the tensioning element can include a shider, racheting mechanism, or lever. The
aspiration catheter 106 terminates in a v-adapior {not shown) that separaies the fumen of the
aspiration catheter to be connected to a vacuum source for removal of the clot or emboli and
allows the activation wire to be connected to the handle 128,

[0066] Another embodiment of a proximal handle 128 is shown in FIGS. 7TA-7C. The handle
128 of FIGS. TA-7C is advantageous in that it enables a practitioner 1o lock the braided assembly
102 at a fixed outer diameier. This can be useful, for example, when pushing and pulling the
device through a throrobus. As shown in FIG. 7A, proximal handle 128 15 coupled to a proximal
end of retrieval device 3. Activation wire 105 extends proximally past the proximal end retrieval
device 3 and into proximal handle 128. Sirain relief section 139 is formed of a flexible maternal
that prevents kinking of the retrieval device 3 just distal to the handle 128 Proximal handle 123
also includes a tensioning element in the form of locking slider 136, which shides proximally and
distally within groove 138 and can be locked inn place to secure the outer diameter of the braided
assembly 102 during a procedure. The underside of locking slider 136 and groove 138 is shown
in FIG. 7B, and a cross sectional view of locking slider and groove 138 1s shown m FIG. 7C.
Locking shder 136 includes a shiding portion 146 and a lock button 148, As seen in FIG 7B,
downward pointing teeth 140 extend downward from the inner surface 133 of the outer casing
135 of handle 128, from a position adjacent the groove 138, The lock button 148 includes an
exterior portion 141 with a textured gripping surface. The lock button 148 extends downward
through shiding portion 146, and includes an interior portion 137, The interior portion 137 of the
fock button 148 extends away from the exterior portion 141 of lock button 148 in a direction that
is perpendicular to the longitudinal axis A—A of the locking slider 136, Interior portion 137
mcludes upward facing teeth 142 that are configured fo engage with the downward facing teeth
140 of the outer casing 135 of the handle 136. Spring 150, which is vertically positioned within
slider 146, beneath the exterior surface 141 of fock button 148, exerts an upward force on lock
button 148 1o hold the upward facing teeth 142 in a locked configuration with the downward
facing teeth 140 of the outer casing 135 When lock button 148 1s compressed, the spring 150 1s
compressed and the teeth 140, 142 disengage With the lock bution 148 pressed and the teeth
140, 142 disengaged, proximal or distal force can be applied to sliding portion 146 to move the
tocking shider 136 within the groove 138, An interior portion 144 of the shding portion 146
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grips the activation wire 105, As the locking slider 136 15 moved within groove 138, the
activation wire 105 is moved proximally or distally 1o affect the expansion or aliow the collapse
of the braided assembly 102,

[8067] Conventional thrombectomy devices utilize shape memory elemenis with a baseline
expanded configuration. These conventional devices risk inadvertent overexpansion and damage
o the vessel. Furthermore, conventional devices are often restrained by a bulky overlying
sheath, which 1s pulled back to allow the device to self-expand.

[0068] Advantageously, using a device with a shape memory of the collapsed posttion reduces
the risk of overexpansion and injury during self-expansion. Self-collapse also aliows the device
to be restrained using the low-profile activation wire system described herein. An additional
advantage is the ability to expand the braided assembly {0 various diameters (o precisely custom
fit the size of the vessel. Thus can be especially useful if the size of the vessel 1s different than
originally anticipated. The level of grip between the braid 9 and the surrounding thrombus can
also be customized as needed by applying different levels of tension to the activation wire 105.
For example, the practitioner may apply a first level of tension to deploy the braided assembly
102 to a first expanded outer diameter to contact the thrombus. If the force between the
thrombus and the braid 9 is not enough to pull the thrombus toward the aspiration catheter 106,
the practitioner can widen the braid 9 to a second expanded outer diameter by applying a greater
second level of tension (o the activation wire 105, This widened diameter provides a greater
contact force between the throrbus and the braid 9, such that the thrombus can be more easily
pulied toward aspiration catheter 106,

{0066%] FIGS. 3A-3D show an additional embodiment of a thrombectomy device having a
braided assembly 19 with multiple braided sections 111, 112, The elongated nature of this
ernbodirent facilitates the capture and retrieval of long thrombi. As shown in FIG. 3A and FIG.
3B, ach of the braided sections 111, 112 is attached to and extends around the distal region 22 of
reirieval device 21, The braided assembly 19 includes multiple sliding collars 23, 25 and a fixed
attachiment point 27, Proximal braided section 111 1s attached to and extends between the fixec
attachment point 27 and the proximal slidable collar 23, where it is welded, bonded, or otherwise
adhered at a ceniral sliding attachment point 29. Distal braided section 112 is attached {o and
extends between the proximal slidable collar 23 and the distal slidable collar 25, In some
ernbodiments, the braided sections are formed by constraining one larger braid with the prosimal
slidable collar 23. In other embodiments, each braided section is formed from a separate braid
{such that each of the proximal and distal braided assemblies are separately fixedly attached to
proximal slidable collar 23}, In some embodiments, the shidable collars 23, 25 can be positioned
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distally to the fixed attachment point 27, as illustrated in FIG. 3A. In other embodiments, the
slidable collars can be positioned proximally o the fixed attachment point (not shown). Though
tustrated with two braided sections 111, 112, other embodiments of the braided agsembiy 19
could include more than two braided sections and more than two slidable collars.

[0078] FIG. 3C shows the thrombectomy device of FIGS. 3A and 3B without the braided
assembly 19. Retrieval device 21 has a hypotube 131 fixedly attached to a support tube 130. A
single activation wire 132 extends through hvpotube 131 and support tube 130 {0 an exit point
134 positioned on the support tube 130, From there, it travels along the outer surface of support
tube 130, running beneath proximal sliding collar 23 to attach to distal sliding collar 25. Cross
sectional views shown in FIG. 3D, FIG. 3E, FIG. 3F, and FIG. 3G show the radial position of
activation wire 132 with respect to hypotube 131, the support tube 130, and the guidewire tip
103 at various axial locations along the thrombectomy device shown in FIG. 3C. The activation
wire 132 15 utilized to conirol expansion of the braided assembly via connection to the distal
sliding collar 25. In other embodiments, the activation wire 132 can be attached to the proximal
sliding collar 23, reirieval deviceProximal movement of the proximal slidable collar 23 or the
distal shidable collar 25 by the activation wire generates a force on the other of the two shidable
collars, such that the two braided sections 111, 112 are expanded (or partially expanded) n
unison. As described above, the braids are formed of a shape memory material with a bias
toward the collapsed configuration, so that {ensioning the activation wire enables multiple levels
of expansion.

{0071} FIG. 4 shows an additional embodiment with multiple, separately expandable braided
assembilies 37, 39. The braided assemblies 37, 39 are spaced from each other along the distal
region 32 of retrieval device 31. The proximal braided assembly 37 includes braided section 113
that extends between a fixed attachment point 33 and a slidable collar 115, The distal braidec
assembly 39 includes braided section 114 that extends between a fixed attachment point 35 and a
shdable collar 116, Each braided assembly is controlled by a separate activation wire, such that
each braided asserbly can be individually controlied. Fach activation wire exits the retrieval
device 31 from an exit point benegath the individual braid and attaches to the individual slidable
coliar (not shown}. The multiple activation wires can travel through the same fumen in retrieval
device 31, or they could have individual humens. Depending upon the positioning of the slidable
collars 1 relation to the fixed attachment points, in sorue embodiments, each additional
activation wire can travel through the same lumen and exit the retrieval device at the same
portal, or at different portals. Ih some embodiments, one or more activation wires can exit from
the distal end of the retrieval device 31,
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{06072} As with the previously described embodiments, the braids of the embodiment shown in
FIG. 4 are formed of a shape memory material with a bias toward the collapsed configuration,
such that tensioning the activation wire enables deplovment of the braid io a range of diameters.
Each braided assembly i1s deployable to a partially expanded configuration by placing a first
level of tension in the atiached activation wire, or to a fully expanded configuration by placing a
second, greater level of tension into the activation wire. Thus, when multipie activation wires
and braided assemblies are used, a first braided assembly can be deploved to a partiatly
expanded state while a second braided assembly is deploved in a fully expanded state. In some
scenartos, it may be advantageous for one braided assembly to be fully collapsed while another
braided assembly is either partially or fully expanded. This can be advantageous, for example,
when pulling a longer thrombus into the aspiration catheter 106. The proximal braided section
113 can be collapsed as it enters the aspiration catheter, prior to the distal braided section 114
which is still outside of the aspiration catheter.

{6673} In some embodiments, braids of separate braided sections or separaie braided assemblies
can have different properties, such as different maximum expanded diameters, different wire
sizes, different wire densities, different numbers of wires, etc. These properties can vary
depending upon the positioning of the braided section or the braided assembly along the retrieval
device. For example, the distal braided section or braided assembly might have a larger
expanded diameter to better pull back against the thrombus, while the proximal braided
section(s) or braided assembly(s} might be less dense and stronger to betier engage the middle of
the thrombus.

{8674} FIGS. 5A-3C show an embodiment of the thrombectomy device that enables use with a
guidewire, such that a practitioner can rernove and reinsert the device to the same anatomic
position multiple tirnes (for example, to clean the device during the procedure). FIG. 5A shows
aspiration catheter 127, retrieval device 121, guidewire tubing 118, braided assembly 123 (in the
coliapsed configuration), and gudewire 45, Guidewire {ubing 118 15 positioned around the
distal region 61 of retrieval device 121, The guidewire tubing 118 15 shorter than the retrieval
device 121 in the longitudinal direction, such that the guidewire 45 leaves the guidewire tubing
118 at the proximal guidewtire exit 117 and extends alongside retrieval device m a proximal
direction. FIG. 5B shows the embodiment of FIG. SA with the braided assembly 123 in an
expanded state. As shown in the cross section of FIG. 3C taken at line B—B of FIG. 5B,
guidewire 45 extends through the first lumen 124 of the guidewire tubing 118 The guidewire 45
exits guidewtre tubing 118 at distal guidewire exit 47. The guidewire tubing 118 can include a
distal atraumatic tip 120, The guidewire tubing 118 can be formed, for example, of a polymer
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material. Retrieval device 121, including activation wire 125, extends through a second lumen
126 of the guidewire tubing 118. As described above, the activation wire 125 is connected on
the proximal end {0 a tensioning element, extends through refneval device 121 {0 an exit point,
teaves the retrieval device 121 at the exit point (beneath the braid), and attaches at its distal end
to the slidable distal collar 122 on the braided assembly 123, The exit point can be, for example,
a tunnel through the sidewalis of the retrieval device 121 and the gudewire tubing 118 (i.e., a
tunnel formed by a portal i the sidewall of the retrieval device 121 that is aligned/coaxial with a
portal in the sidewall of the guidewire tubing 118). In use, the gmidewire tubing 118 and the
retrieval device 121 are introduced together over the previously placed vascular guidewire 45,
Because the guidewire 45 is retained within the guidewire tubing 118, it is pulled at least
partially to the stde within the lumen of aspiration catheter 127 and can move without interfening
with activation wire 125. The guidewire tubing 118 and the retrieval device 121 keep the
activation wirg 125 and the guidewire 45 moving in an axial direction, independently from one
another, using a low-profile and low-friction design. Once in position, the braided assembly 123
is expanded and the proximal end of the aspiration catheter 127 1s connected to a vacuum source.
The braided assembly 123 1s expanded and then retracted back toward the aspiration catheter
127, pulling the clot with it and breaking it into small pieces.

{0878 Methods of performing thrombectomy procedures are also disclosed herein.  An example
method 1s iHusirated in FIGS. 6A-6F. FIG. 6A Hlustrates thrombus 49 occluding vessel 51
Distal end of aspiration catheter 53 1s advanced through the vasculature to an area proximal o
the thrombus 49, as shown in FIG. 68B. The distal end of retrieval device 55 carrving braided
assembly 57 is advanced out the distal end of the aspiration catheter 53 and through thrombus
49, such that the braided assembly 57 1s distal to thrombus 49, as shown in FIG. 6C. The
practitioner then places tension in the activation wire housed inside the retrieval device 55,
thereby moving the activation wire longitudinally within the lumen of the retrieval device and
moving the shidable collar of the braided assembly longitudinally over the exterior surface of the
retrieval device. Movement of the slidable collar via the activation wire causes braided
assembly 57 to expand to the diameter of the practitioner’s choosing. Should the practitioner
wish to alter the level of expansion during the procedure {i.e., change the maxinim diameter
of the bratded assembly 7). this is made possible by altering the level of {ension 1n the
activation wire, which again moves the activation wire within the retrieval device and moves the
slidable collar, as described above. Advantageously, the distal end of the retrieval device 55
maintains a stationary position as the braided assembly is expanded to the optimal diameter.
Maintaining a constant position of the distal end of retrieval device 55 13 advantageous because
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sliding proximal/distal movement of the distal end within the vessel can result in vessel damage
or perforation.

[8676] FIG. 6D shows the braided assembly 57 in an expanded configuration, sized to fit the
vessel 51, The practitioner then pulls the retrieval device S5 proximally and contacts the
thrombus 49 with the braided assembly 57, as shown i FIG. 6E. The thrombus 49 and braided
assembly 37 are pulled proximally toward aspiration catheter 53. The aspiraiion catheter 53 can
be connected to an external vacuum source (not shown), which enables the aspiration of the
thrombus 49 into the distal end of the aspiration catheter 53. The aspiration catheter 53 1s then
refracted proximally, as illustrated in FIG. 6F, and removed from the body.

{68677] The abilily to open the braided assembly to a range of different diameters is useful to
thrombectomy procedures for mudtiple reasons and in muliiple scenarios. The ability to custom
fit the braid to a particular vessel during the procedure is preferable over introducing a braid that
expands to a predetermined size, then discovering mid-procedure that it is either too small 1o grip
the thrombus or that 1t is too large and has damaged the vessel. As another exemplary
advantage, the level of grip between the braid and the thrombus can be optimized mid-
procedure. For exarple, the practitioner may apply a first level of tension to the activation wire
to deploy the braided assembly to a first expanded outer diameter to contact the thrombus. If the
force between the thrombus and the braid is not sufficient to pull the thrombus toward the
aspiration catheter, the practitioner can widen the braid to a second expanded outer diameter by
applying a greater second level of tension to the activation wire. This widened diameter
increases the contact force between the thrombus and the braid, such that the thrombus is more
easily pulled toward aspiration catheter.

{8078] The methods can also be performed using a guidewire. For example, the guidewire can
be positioned distal to the thrombus prior to advancing the distal end of the retrieval device. The
reineval device extends at least partially through a humen of the guidewire tubing, such as in the
embodiment of FIGS. 5A-5C. Together, the refrieval device and guidewire tubing are advanced
over the guidewire and toward the thrombus. The guidewire extends through a separate lumen
of the guidewire tubing than the retrieval device and activation wire. Once positioned, the
activation wire is moved longitudinaily within the retrieval device 1o expand the braided
assembly.

[8679] Long thrombi can be addressed using braided assemblies with multiple braided sections
such as the embodiment shown in FIG. 3. Movement of the slidable collar resulis in expansion
of more than one of the braided sections, resulting in a relatively long braitded assembly. In
some embodiments a device with multiple, separately expandable braided assemblies, such as
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the one shown in FIG. 4, can be used to treat long thrombi. With separately expandable braided
assemblies, as the thrombus is drawn proximally closer to the distal end of the aspiration
catheter, the proximally positioned braided assembly collapses from a first expanded ouder
diameter to the collapsed diameter (or to a narrower second expanded outer diameter). The
distally positioned braided assembly maintains an expanded outer diameter that is greater than
the outer diameter of the proximally posttioned braided assembly until it too is pulled into the
aspiration catheier.

[8086] Various implementations of the thrombectomy device and its corresponding components
are formed from one or more hiocompatible materials, such as cobali chromium, fitanium and
titanium allovs, stainless steel, mitinol, platinum, gold, or other metals, as well as ceramics or
polymers. In addition, in some implementations, the thrombectomy device or portions thereof

includes a coated material.
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WHAT IS CLAIMED ES:

1. A thrombectomy device comprising;

an aspiration catheter comprising a proximal end and a distal end,

aretrieval device configured o extend through the aspiration catheter and exit at the distal
end, the retrieval device comprising a proximal region, a distal region, and a first lumen
extending therebetween;

at least one braided asserbly exiending over a distal region of the retrieval device, the
braided assembly comprising at least one slidable collar, a braid attached to the shidable collar
and extending toward a fixed attachment point that anchors the braid to the retrieval device;

at least one activation wire extending through the first lumen of the retrieval device and
through an exit point located on the distal region, wherein a distal end of the activation wire is
attached to the slidable collar;

wherein the braid has a shape memory of a coliapsed configuration,

wherein the braided assembly can be expanded to a range of expanded outer diameters by

varying the level of tension on the activation wire,

2. The thrombectomy device of claim 1, wherein the exit pointis aportal in a

sidewall of the reirteval device.

3. The thrombectomy device of claim 2, wherein the portal is positioned beneath the

braid.

4. The thrombectomy device of any one of claims 1-3, wherein the retrieval device
comprises a proximal hvpotebe and a distal support tube having greater flexibility than the

proximal hypotube.

5. The thrombectomy device of claim 4, wherein the exit point is defined in a

sidewall of the distal support tube.

6. The thrombectomy device of either one of claims 4 or 5, wherein the braided

assembly is positioned over the distal support tube.
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7. The thrombectomy device of any one of claims 4-6, wherein the distal support

tube is attached to the distal end of the proximal hypotube.

8. The thrombectonmy device of any one of claims 1-7. further comprising a
cuidewire tubing, the guidewire tubing comprising a first lumen and a second hunen, wherein
the retrieval device extends through the first lumen and the second lumen is configured to extend

over g guidewire.

9. The thrombectomy device of claim 8, wherein the gurdewire tubing is shorter

than the retrieval device 1 the longitudinal direction.

10. The thrombectomy device of either one of claims 8 or 9, wherein the fixed point

of attachment is located on the guwidewire tubing.

11 The thrombectomy device of any one of claims 1-10, wherein the braid has an

elliptical or a spindle shape in an expanded configuration.
i2. The thrombectomy device of any one of claims 1-11, wherein the braided
assembly comprises multiple braided sections and multiple shidable collars, and wherein each

additional slidable collar 1s positioned between two braided sections,

13. The thrombectomy device of claim 12, wherein the multiple braided sections are

formed of one continuous braid.

14, The thrombectomy device of claim 12, wherein the multiple braided seclions are

formed of separate braids.

15. The thrombectomy device of any one of claims 12-14, wherein tensioning the

activation wire causes at least partial expansion of each of the braided sections.

16. 'The thrombectomy device of any one of claims 12-15, wherein the distal end of

the activation wire is attached {o the distal-most slidable collar of the multiple slidabie collars.
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17. The thrombectomy device of any one of claims 1-16, further comprising at least
one additional braided assembly and at feast one additional activation wire, whergin each
additional activation wire is aitached to an additional slidable collar of an additional braided

assembly,

18. The thrombectomy device of claim 17, wherein each braided assembly 1s

separately expandable via an attached activation wire.

19. The thrombectomy device of any one of claims 1-18, further comprising a
proximal tensioning element, wherein a proximal end of the activation wire is attached to the

proximal tensioning element.

20 The thrombectomy device of claim 19, further comprising a proximal handie,

wherein the proximal tensioning element is attached to the proximal handle.

21 The thrombectomy device of any one of claims 1-20, wherein the braided
assembly is deplovable to a first expanded owter diameter by placing a first fevel of tension on
the activation wire, and wherein the braided assembly is deployable 10 a second expanded outer

diameter by placing a second level of tension on the activation wire.

22, The thrombectomy device of claim 21, wherein the first level of tension is less
than the second level of tension, such that the first expanded outer diameter is the maximum
diameter of the braid m a partially expanded configuration, and the second expanded outer

diameter is the maximum diameter of the braid in a fully expanded configuration.

23, The thrombectomy device of any one of claims 1-22, wherein the braid is two-
ply.
24, A method of performing a thrombectomy procedure, the method comprising:

advancing a distal end of an aspiration catheter through the vasculature to an area proximal
io a thrombus;
advancing a distal end of a reirieval device carrving at least one braided assembly out of

the distal end of the aspiration catheter and to a position distal to the thrombus;
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placing a first level of tension into an activation wire that attaches to the braided asserably,
thereby deploying the braided assembly to a first expanded outer diameter;

placing a second level of tension into the activation wire, thereby deploying the braided
assembly 1o a second expanded outer diameter,

contacting the thrombus with the braided assembly;

pulling the thrombus proximally toward the distal end of the aspiration catheter using the
braided assembly; and

aspirating the thrombus into the distal end of the aspiration catheter.

25. The method of claim 24, further comprising contacting the thrombus with the
braid when the braided assembly is expanded to the first expanded outer diameter, then placing a
greater second level of tension into the activation wire to open the braided assembly to the wider

second expanded outer diameter to more firmly contact the thrombus with the braid.

26. The method of either of claims 24 or 25, further comprising contacting the

thrombus with multiple braided sections.

27. The method of claim 26, wherein a proximally positioned braided assembly
coliapses from a first expanded ouler diameter {0 a narrower second outer diameter as i
approaches the distal end of the aspiration catheter, while a distally positioned braided assernbly
maintains an expanded outer diameter that is equivalent to or wider than the second outer

diameter of the proximally positioned braided assembly.

28, The method of any one of claims 24-27, wherein the thrombus i1s aspirated mto

the distal end of the aspiration catheter using an external vacuum source.

29, The method of any one of claims 24-28, wherein placing a first level of tension
mto an activation wire comprises moving the activation wire longitudinally within a lumen of the
retrieval device, and wherein placing a second level of tension mto an activation wire comprises

moving the activation wire tongitudinally within the lursen of the retrieval device.
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30. The method of any one of claims 24-29, wherein deploving the braided assembly
to a first expanded outer diameter comprises using the activation wire to move a slidable collar
of the braided assembly longitudinally over an exterior surface of the retrieval device, and
deploying the brarded assembly to a second expanded outer diameter comprises using the
activation wire to move the shidable collar of the braided asserobly longitudinally over the

exterior surface of the retrieval device.

31. The method of claim 30, wherein a distal end of the refrieval device maintains a
stationary position as the slidable collar moves longitudinally over the exierior surface of the

retrieval device.

32, The method of etther one of claims 30 or 31, wherein the movement of the
stidable collar coincides with the expansion of more than one braided section of the braided

assembly.

33. The method of any one of claims 24-32, further compnising advancing a
guidewire to a position distal to the thrombus prior to advancing the distal end of the retrieval

device.

34, The method of claim 33, further comprising advancing a guidewire tubing over
the guwidewire while advancing the distal end of the retrieval device, wherein the retrieval device

extends at least partially through a first fumen of the guidewire tubing.
35. The method of claim 34, further comprising moving an activation wire

longitudinally within the first lumen of the guidewire tubing and moving the gumdewire

tongitudimally within a second lumen of the guidewire tubing.
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