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CLOT RETRIEVAL SYSTEM

BACKGROUND

TECHNICAL FIELD
[8061] The present invention relates 1o a deployable system for removing a blood clot or other

object from a lumen of an animal.

BACKGROUND OF THE INVENTION

[8002] Acute ischemic strokes develop when a blood clot (thrombus) blocks an artery supplying
blood to the brain. Needless to say, wheun a blood clot creates such a blockage, time in removing
the clot is critical.

[8003] The removal of intracranial obstructions is limited by several factors, such as the distance
of the intracranial obstruction from the femoral access site, the tortuosity (twists and turns in the
artery as it enters the base of the skully of the cervical and proxaimal intracranial vasculature, the
small size of the vessels and the extremely thin walls of intracrapial vessels, which lack a
significant muscular laver. These Hmitations require a device to be small and flexible enough to
navigate through tortuous vessels within a gude catheter and microcatheter, expand afier
delivery at the site of occlusion and be retricvable into the microcatheter and yet be strong
enough to dislodge strongly adherent thrombus from the vessel wall. In addition, the device
should distally entrap or encase the thrombus to prevent embolization to other vessels and to
completely remove the occlusion. The device should be retrievable without the need for proximal
occlusion of the vessel, which carries risk of further ischemia and risk of vessel injury. The
device should be simple to use and be capable of multi-use within the same patient treatment.
The device should not be abrasive and should not have sharp corners exposed to the endothelial
layer of the vessel wall.

[86G4] Currently available intravascular thrombus and foreign body removal devices lack several
of these features. Currently available devices include the MERCI™ RETRIEVER clot retriever
device marketed by Concentric Medical, Inc. (Mouutainview, CA), the PENUMBRA™ gystem

marketed by Penumbra Inc. {Alameda, CA} to retrieve clots, and the newer stent retrieval
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devices TREVO™ {Sirvker, Kalamazoo, Mi} and SOLITAIRE™ (V3 Endovascular Inc.,
Plymouth, MA, which 15 a subsidiary of Covidien), All the devices are ineffectual at removing
organized hard thrombus that embolize to the brain from the heart and from atherosclerotic
proximal vessels, These “hard” thrombi constitute the majority of strokes which are refractory o
medical treatment and are therefore referred for removal by mechanical means through an
endovascular approach. The MERCI retrieval system is comprised of coiled spring-like metal
and associated suture maternial, The method of use ¢ deployment distal to the throvobus and by
withdrawing the device through the thrombus, the thrombus becomes entangled in the coil and
mesh and then s retrieved. The MERCT system requires occlusion of the proximal vessel with a
balloon catheter and simultansous aspiration of blood while the thrombus is being removed.
Most of the time, the device fails to dislodge the thrombus trom the wall of the vessel and often,
even when successfully dislodging the thrombus, the thrombus embolizes into another or the
same vessel due to the open ended nature of the device.

{8005] The vext atlerapt at a throwbus rewoval system was the PENUMBRA. The PENUMBRA
is a suction catheter with a separator that macerates the thrombus which is then removed by
suction. The device is ineffective at removing hard, orgamized thrombus which has embolized
from the heart, cholesterol plague from proximal feeding arteries and other foreign bodies.

[0006] The SOLITAIRE and TREVO systems are self-expanding non-detachable stents. The
devices are delivered across the thrombus which is then supposed to become entwined in the
mesh of the stent and which is then removed 1n 8 manner sirolar to the MERCT system. Again,
these devices are neffectual at treating hard throwbus. Iu fact, the thrombus is often compressed
against the vessel wall by the stent which temporarily opens the vessel by outwardly pressing the
clot aganst the vessel wall. Upon retrieval of the devices, the clot versains or 1s broken ap o
scveral pieces which embolize to vessels further along the vessel.

18007] Thus, there 18 a need for new, casy-to-use, casy-to-manufacture, safe surgical devices for
removing obstructions, such as blood clots, from internal lumens of humans and other animals in
a timely manner.

BRIEF SUMMARY

100088] The present disclosure provides several systems for removing obstructions and other
objects within a blood vessel or other lumen of an animal. The system roay be deployed in the
lumen from a distal end of a catheter and, in some embodiments, includes a pull wire having a
proxirual eud and a distal end; a distal body attached to the pull wire, the distal body comprising

an interior, an exterior, a proximal end, a distal end, a plurality of proximal memory metal strips
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focated at the proximal end, a proximal hub located in the distal body interior, and a distal hub
located distal relative to the proximal hub. The distal body has g relaxed state wherein the distal
body has a first height and width and a collapsed state wherein the distal body has a second
height and width, the second height less than said first height, the sccond width less than the first
width. The system further includes a catheter having an interior, a proximal end leading to the
interior and a distal end leading to the interior, the catheter comprised of a biocompatible
material and configured to envelope the distal body when the distal body is 11 the collapsed state.
Each of the proximal memory metal strips has a proximal end and a distal end and preferably, in
the relaxed state, cach of the proximal ends of the proximal memory metal strips 15 located
proximal relative to the proximal hub. Preferably, in the relaxed state, the proximal ends of the
proximal memory metal strips are configured to move towards cach other and towards the pull
wire when an operator moves the proximal hub distally and closer to the stationary distal hub
{(i.c., when the operator decreases the distance between the hubs). Preferably, in the relaxed
state, the proximal ends of the proximal memory wetal strips are configured to move away from
each other and away from the pull wire by moving the proximal hub proximally away from the
siationary distal hub (i.¢., when the operator increases the distance between the hubs),

[6639] Optionally, the system further includes a plurality of memory metal connector strips, the
plurality of memory metal connoctor strips each having a proximal end attached to a proximal
memory metal strip and a distal end attached to the proximal hub. Optionally, the connector
sirips are integral with the proximal hub (ie., optionally, the connector strips and the proximal
hub are formed from the same piece of mewory wetal). Optionally, the proximal hub is a tube
having an aperture and the pull wire passes through the aperture. Optionally, in the relaxed state,
the proximal hub is shdeable along the pull wire (1l.e., at least a segment of the pull wire).
Optionally, in the relaxed state, the proximal memory metal strips are distributed substantially
evenly about a perimeter of the distal body. Optionally, the distal hub is a tube having an
aperture.  Optionally, the distal hub is attached to the pull wire such that the distal hub is not
shdeable along the pull wire, Optionally, the distal body further comprises a fead wire extending
distally from the distal hub. Optionally, the distal body comprises a basket comprised of a
plurality of memory metal strips distal relative to the proximal memory metal strips. Optionally,
the distal hub, the proxiroal hub, and the distal basket are comprised of a nitinol having the same
material composition.  Optionally, the distal body further comprises an x-ray marker.
Optionally, the proximal merory metal strips forrn a claw, the claw having a closeable proximal

end formed by the proximal ends of the proximal memory metal strips. Optionally, between 2

~
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and 4 proximal memory metal strips form the claw. Optionally, the distal body, in the relaxed
state, has a tapered shape in which the distal body height and width decrease from the proximal
end to the distal end. Optionally, the distal body, in the relaxed state, has a bullet shape.
Optionally, the proximal hub and the distal hub are generally cylindrical in shape and each has
an ouler diameter and an inner diameter that forms the apertures of the proximal and distal hubs,
the outer diamcters of the proximal and distal hubs arc substantially the same size, and the inner
diameters of the proximal and distal hubs are substantially the same size. Optionally, the outer
diameters of the proximal and distal hubs are from about 0.011 inches to about 0.054 inches, and
the mner diameters of the proximal and distal hubs are from about 0.008 inches to about 0.051
inches. Optionally, the pull wire is generally cylindrical and the diameter of the pull wire is
between about 0.008 inches and about 0.051 mches. Optionally, the proximal memory metal
strips have a length of between about 10 and about 60 millimeters. Optionally, the first height
and tirst width of the distal body are between about 2 millimeters (mm} and about 6 millimeters.
Optionally, the proximal wemory metal strips are configured o a separate a clot from a blood
vessel wall.
[80618] The present 1ovention also provides a method of removing an object from an interior
humen of an animal, the lumen having an interior wall forming the lumen. In some
cmbodiments, the method mcludes:

a) providing a system comprising: 1) a pull wire having a proximal end and a distal
end; 1} a distal body attached to the pull wire, the distal body comprising a proximal end, a
distal end, and a claw, the claw comprised of a plurality of memory wetal strips, the distal body
having a relaxed state wherein the distal body has a first height and width and a collapsed state
wherein the distal body has a secound height and width, the secoud height less than said first
height, the second width less than said first width, and i} a catheter having an mterior, a
proximal end leading to the interior and a distal end lcading to the interior, the catheter
comprised of a biocompatible material and configured to envelope the distal body when said

distal body 1s 1n said collapsed state;

b} positioning the systen in the lumen;

c} deploying the distal body from the distal end of the catheter;

dy allowing the height and width of said distal body to increase; and

£} moving the memory metal strips towards cach other and the pull wire so as to
capture the obstruction. Optionaily, the claw and the memory metal strips are located at

the proximal end of said distal body and the distal body is deployed distal to said object
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Optionally, the proximal memory metal strips have a proximal end forming the proximal end of
the claw and a distal end, and the method meludes moving the proximal ends of the memory
metal strips towards each other and the pull wire so as to capture the obstruction. Optionally, the
distal body further comprises a proximal hub located in the distal body interior, and a distal hub
located distal relative to the proximal hub, each of the memory metal sirips has a proximal end
and a distal end, each of the proximal ends of the memory metal strips is located proximal
relative to the proximal hub, and the proxirual euds of the memory ruetal strips are configured to
move towards cach other and towards the pull wire by moving the proximal hub distally and
closer to the distal hub, and the proximal ends of the mermory metal strips are configured to move
away from each other and away from the pull wire by moving the proximal hub proximally and
away trom the distal hub, and the method further comprises moving the proximal hub distally
and closer to the distal hub so as to capture the obstruction in the claw. Optionally, the interior
lumen is an intracranial artery and the obstruction is a blood clot. Optionaily, the method further
comprises using the clot to move the proximal hub toward the distal hub and exert tension on the
proximal memory metal strips. Optionally, the method further comprises using a tube to move
the proximal hub toward the distal hub and exert teusion on the proximal memory metal strips.
[6611] The present invention also provides a method of manufacturing a system for removing
objects within an interior lumen of an animal. In some embodiments, the method includes:

a) providing a single tube comprised of a memory metal, the single tube having an
exterior, a hollow interior, a wall separating the exterior from the hollow mterior, a proximal
portion comprising an aperture leading to the hollow interior, a distal portion comprising an
aperture leading to the holiow interior, and a nuddle portion between the proximal portion and

the distal portion;

b) cutting the wall of the middle portion with a laser;
¢} removing the pieces of the middle portion cut by the laser to form a proximal

tube, a middle portion comprising a plurality of memory metal strips attached to the proximal

tube and a distal tube;

d) altering the shape of the middle portion;

¢} allowing the middle portion to expand relative to the distal tube and the proximal
tube;

) cutting the memory metal strips to form a first segment comprising the proximal

tube and a proximal segruent of the mewmory wetal strips, and a second segmeunt comprising the

distal tube and a distal segment of the memory metal strips; and
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g) joining the proximal segments to the distal segments such that the distal segments
form the proximal end of a distal body, such that the proximal tube is located mside an nterior of
said distal body, and such that the proximal tube is located distal relative to the proximal end.
{0012} Optionally, the method further includes placing a pull wire through the proximal tube
such that the proximal tube is slideable along at least a segment of the pull wire, Optionally, the
method further includes attaching the pull wire to the distal tube. Optionally, the step of joining
the proximal segments o the distal segments comprises welding the proximal segments to the
distal segments. Optionally, after the step of joining the proximal segments to the distal
scgments, the proximal end forms a claw comprised of between 2 and 4 memory metal strips, the
claw memory metal strips configured to move towards each by moving said proximal tube
distally and closer to the distal tube, and the claw memory moetal strips configured to move away
from each other by moving the proximal tube proximally and away from said distal tube.
Optionally, the method further includes not altering the shape of the proximal and distal portions
while altering the shape of the middle portion. Optionally, the method further wncludes cooling
the proximal portion, the middle portion, and the distal portion after step D) and, after cooling,
the proximal and distal portions have substantially the same size as the proximal and distal
portions had prior to step A). Optionally, the method of allowing said middle portion to expand
comprises heating the middle portion. Optionally, the mcthod of altering the shape of the middie
portion comprises using a mandrel.  Optionally, the mandrel 18 tapered.  Optionally, the
proximal portion and the distal portion arc not cut by the laser. Optionally, prior to cutting the
memory metal tube, the memory metal tube has an outer diameter that 18 from about 0.011 inches
to about 0.054 inches and an inner diameter that is from about 0.008 inches to about 0.051
wnches,
10013} In an alternate embodiment, the present disclosure provides a system for removing
obiects from an interior lumen of an animal that includes:
a pull wire having a proximal end and a distal end;
a distal body attached to the pull wire, the distal body comprising an interior, a proximal end, a
distal end, a distal body length extending from the proximal end to the distal end, a proximal hub
{preferably in the form of a tube) forming the proximal end of the distal body, a basket
comprised of a plurality of celis formed by a plurahity of basket strips, a plurality of proximal
strips, and, optionally a distal hub (preferably in the form of a tube) forming a distal end of the
basket, the basket comprising a basket interior, each proxamal strip having a proximal end

attached to the proximal hub, and a distal end attached to a cell, the distal body having a relaxed
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state wherein the distal body has a first height and a first width, and a collapsed state wherein the
distal body has a second height and a second width, the second height less than the first height,
the second width less than the first width; and

a catheter having an nterior, a proximal end leading to the interior and a distal end leading to the
nterior, the catheter comprised of a biocompatible material and configured to envelope the distal
body when the distal body is in the collapsed state,

wherein, in the relaxed state, the basket comprises a first pair of distal crowns not attached to
another cell of the basket and pointing generally in the distal direction, the first pair of distal
crowns located approximately the sarme distance from the proximal hub and approximately 180
degrees relative to each other {e.g., between about 150 degrees and about 180 degrees relative to
each other), and further wherein the basket further comprises a second pair of distal crowns not
attached to another cell of the basket and pointing generally in the distal direction, the second
pair of distal crowns located distally relative to, and approximately 90 degrees relative to, the
first pawr of distal crowns (e.g., cach distal crown of the second pair of distal crowns s located
approximately 60 degrees to 90 degrees relative to a distal crown of the first pair of distal
crowuns}), the distal crowns i the second paiwr of distal crowns located approximately the same
distance from the proximal hub and further wherein each of the distal crowns in the first and
sccond pair of distal crowns comprises an x-ray marker, the x-ray maker more visible under x-
ray as compared to the basket strips when the distal body is located in a cranial blood vessel
inside the body of a human and the x-ray 1s taken {from outside the human’s body. When it 1s said
that the first pair of distal crowns are located approximately the same distance from the proximal
hub, it will be understood that if one of the first pair of distal crowns is located X distance from
the proximal hub, the other of the first pair of distal crowns s located X distance plas or nuous
{(+/-} 3 mm from the proximal hub, more preferably X distance plus or minus (+/-) 0.5 mum from
the proxamal hub. Sirotlarly, when 1t 1s said that the sccond pair of distal crowns are located
approximately the same distance from the proximal hub, it will be understood that if one of the
sccond pair of distal crowns 18 located Y distance from the proximal hub, the other of the first
pair of distal crowns is located Y distance plus or minus (+/-) 3 mum from the proximal hub, more
preferably Y distance plus or minus (+/-) 0.5 mm from the proximal hub. Optionally, instead of
a distal hub, the basket includes an open distal end.

{8614} Optionally, the x-ray markers arc comprised of a material different than the material
formung the basket stuips. Optionally, in the relaxed state, the baskel wnterior is substantially

hollow. Optionally, in the relaxed state, the distal body does not have another x-ray marker that
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is located approximately the same distance from the proximal hub as the first pair of x-ray
markers and the distal body docs not have another x-ray marker that is located approximately the
same distance from the proximal hub as the second pair of x-ray markers. In other words, the
first and sccond patr of x-ray markers are the only markers their respective distances from the
proximal hub, Optionally, each distal crown in the first and second pair of distal crowns forms
part of an enlarged cell and further wherein the surface arca of cach enlarged cell in the relaxed
state is greater than the surface area of each of the other individual cells of the basket and turther
wherein the enlarged cells are configured to allow a thrombus to pass therethrough and into the
basket interior, Optionally, in the relaxed state, the distal body does not have another {ree distal-
pointing crown that 18 located approximately the same distance from the proximal hub as the first
pair of distal crowns and the distal body does not have another free distal-pointing crown that 18
located approximately the same distance from the proximal hub as the second pair of distal
crowns., Optionally, the basket strips are comprised of a memory metal, Optionally, each of the
distal crowus in the first pair and second paw of distal crowns curve radially jnward toward the
basket mterior in the relaxed state, wherein the distal crowns of the first pair of distal crowns are
configured to countact each other when an exterior, exiernal covapressive force (such as a
thrombus}) is exerted on a distal crown of the first pair of distal crowns when the distal body isin
the relaxed state, and further wherein the distal crowns of the second pair of distal crowns are
configured to contact each other when an exterior, external compressive force {(such as a
thrombus) 1s cxerted on a distal crown of the second pair of distal crowns when the distal body
is in the relaxed state. Optionally, the proximal hub is located approximately in the center of the
first height and first width in the relaxed state. For example, preferably the proximal hub is
tocated within 0.5 mim of the ceuter of first width and the fivst height. Optionally, the catheter is
comprised of a polymeric material (i.c., one or more polymeric materials such as silicone, PV,
latex rubber or braided nylon). Optionally, the pull wire 18 comprised of a biocompatible
metallic material {e.g., a biocompatible metal or a biocompatible metal alloy). Optionally, the
proximal end of a first proximal strip is located at least about 65 degrees (e.g., between about 65
and about 180 degrees) relative to the distal end of the first proximal sirip, wheretn the proximal
end of a second proximal strip is located at least about 65 degrees {(e.g., between about 65 and
about 180 degrees) relative to the distal eud of the second proximal strip, and further wherewn the
first and second proximal strips intersect adjacent and distal to the proximal hub (e.g., within
about 0 and about 4 mun of the proximal hub), Optionally, each distal crown forms part of a cell

that further comprises a proximal crown pointing generally in the proximal direction and
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connected to a memory metal strip {e.g., a proximal strip comprised of a memory metal or a
basket strip comprised of a memory mctal), In other words, the proximal crowns are not free.
Optionally, the basket, the proximal bub and the proximal strips are comprised of a memory
metal, wherein the proximal hub comprises a proximal end and a distal end, and further wherein
the proximal strips are integral with the distal end of the proximal hub. Optionally, the length of
the distal body from the proximal hub to the distal hub (not including any lead wire) is from
about 20 o to about 65 mm. Optionally, the system 8 used 1o a method of removing a blood

clot from a blood vessel of an animal the method comprising the steps oft

a) providing the system;

b} positioning the system in the lumen;

) deploying the distal body from the distal end of the catheter;
d} allowing the height and width of the distal body to tnerease;
)] irradiating the distal body with x-rays;

£) moving the clot into the distal basket interior; and

g} moving the distal body proximally out of the blood vessel.

[8615] Optionally, the method further coruprises irvadiating the distal body with x-rays at at least
two different angles. Optionally, at least one x-ray marker attached to the distal crowns is distal
to the clot when the distal body 15 deployed from the distal end of the catheter. Optionally, the
method further comprises applving contrast dye proximally and distally to the clot. Optionally,
the method further comprises providing a suction catheter having a proximal end and a distal
end, and attaching the distal end of the suction catheter to the clot by applying suction to the
suction catheter. Optionally, the method further comprises aspirating by hand a pre-determined
volume of fhad from the suction catheter using a syringe and then locking the syringe at the pre-
determined volume. Optionally, the method further comprises delivering the suction catheter
adjacent to the clot by advancing the catheter over the pull wire.

[8616] In vet another embodiment, the system includes:

a pull wire having a proximal end and a distal end;

a distal body attached to the pull wire, the distal body comprising an interior, a proximal end, a
distal end, a distal body length extending from the proximal end to the distal end, a proximal hub
{preferably m the form of a tube) forming the proximal end of the distal body, a basket
comprised of a plurality of celis formed by a plarality of basket strips, a plurality of proximal
strips, and optionally a distal hub {preferably 1 the foru of a tube) forming a distal end of the

basket, the basket comprising a basket interior, each proximal strip having a proximal end
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attached to the proximal hub, and a distal end attached {0 a cell, the distal body having a refaxed
state wherein the distal body has a first height and a first width, and a collapsed state wherein the
distal body has a second height and a second width, the second height less than the first height,
the second width less than the first width; and

a catheter having an interior, a proximal end leading o the interior and a distal end leading to the
interior, the catheter comprised of a biocompatible material and configured to envelope the distal
body wheun the distal body 1s in the collapsed state,

wherein, in the relaxed state, the basket comprises a first pair of distal crowns not attached to
another cell of the basket and pomting generally in the distal direction, the first pair of distal
crowns located approximately the same distance from the proximal hub and approximately 180
degrees relative to each other {(o.g., between about 150 degrees and about 180 degrees relative to
cach other), and further wherein the basket further comprises a second pair of distal crowns not
attached to another cell of the basket and pointing generally in the distal direction, the second
pair of distal crowns located distally relative to, and approximately 90 degrees relative to, the
first pair of distal crowns (e.g., cach distal crown of the second pair of distal crowns is located
approximately 60 degrees to 90 degrees relative to a distal crown of the first pawr of distal
crowns}, the distal crowns in the second pair of distal crowns located approximately the same
distance from the proximal hub, wherein cach distal crown of the first and second pair of distal
crowns form a cell, each cell further comprising a proximal crown poianting generally in the
proximal direction and connected to a memory metal strip, wherein cach of the distal crowns in
the first pair and second pair of distal crowns curve radially inward toward the basket wnterior in
the relaxed state, wherein the distal crowns of the first pair of distal crowns are configured to
contact each other when an exierior, external compressive force (e.g., a thrombus) is exerted on a
distal crown of the first pair of distal crowns when the distal body is in the relaxed state, and
further wherein the distal crowns of the second pair of distal crowns are configured to contact
cach other when an exterior, external compressive force {e.g., a thrombus} is exerted on a distal
crown of the second pair of distal crowns when the distal body is in the relaxed state, When it is
said that a proximal crown pointing generally in the proximal direction and is connected to a
memory metal strip, it 1s meant that the proximal crown is either connected to a basket strip or a
proximal strip comprised of a memory muetal (e.g., nitinol). When it is said that the fivst pair of
distal crowns are located approximately the same distance from the proximal hub, it will be
understood that if one of the first pair of distal crowns s located X distance from the proximal

hub, the other of the first pair of distal crowns s located X distance plus or minus {(+/-} 0.5 mm
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from the proximal hub. Similarly, when it is said that the second pair of distal crowns are
located approximately the same distance from the proximal hub, it will be understood that if one
of the second pair of distal crowns is located Y distance from the proximal hub, the other of the
first patr of distal crowns is located Y distance plus or munus (+/-) 0.5 mm from the proximal
hub. Optionally, instead of a distal hub, the basket includes an open distal end.

10017 Optionally, the proximal hub is located approximately in the center of the first height and
first width in the relaxed state. For example, preferably the proximal bub is located within 0.5
mm of the center of first width and the first height. Optionally, the catheter is comprised of a
polymeric material {(i.c., one or more polymeric materials such as silicone, PV, latex rubber or
braided nylon). Optionally, the pull wire is comprised of a biocompatible metallic material
{¢.g., a biocompatible metal or a biocompatible metal alloy), Optionally, in the relaxed state, the
basket interior is substantially hollow. Optionally, the proximal end of a first proximal strip is
located at least about 65 degrees {e.z., between about 65 and about 180 degrees) relative to the
distal end of the first proximal sirip, wherein the proximal eud of a second proximal stiip s
located at least about 65 degrees (e.g., between about 65 and about 180 degrees) relative to the
distal end of the second proximal strip, and further wherein the first and second proximal strips
intersect adjacent and distal to the proximal hub (e.g., within about 8 mm and about 4 vum of the
proximal hub}., Optionally, cach distal crown in the first and second pair of distal crowns forms
part of an enlarged cell and further wherein the surface area of each enlarged cell in the relaxed
state 18 at least twice as large as the surface arca of each other individual cell of the basket and
further wherein the enlarged cells are configured to allow a thrombus to pass therethrough and
into the basket interior. Optionally, the pull wire is attached to the proximal hub. Optionally, the
basket, the proximal hub and the proxivual strips are coraprised of a memory metal, wherein the
proximal hub comprises a proximal end and a distal end, and further wherein the proximal strips
are mtegral with the distal end of the proximal hub. Optionally, the distal body further comprises
a lead wire extending distally from the distal bub, the lead wire having a length of from about 3
mm to about 10 rmam. Optionally, the distal hub, the proximal hub, and the basket arc comprised
of a nitinel having the same material composition and further wherein the proximal and the distal
hubs are tubular and generally cylindrical in shape and cach has an outer diameter and an inner
diameter, the inner diameter forming apertures of the proximal and distal hubs and further
wherein the outer diameters of the proximal and distal hubs are substantially the same size and

further wherein the inner diameters of the proxiwal and distal hubs are substantially the same
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size. Optionally, the length of the distal body from the proximal hub to the distal hub {not
including any lead wire) is from about 20 mum to about 65 mm.
[6418] Optionally, the system s used in a method of removing a blood clot from a blood vessel

of an animal the method corprising the steps of:

a} providing the system;

b} positioning the system in the lumen;

) deploying the distal body from the distal end of the catheter,
d} allowing the height and width of the distal body to increase;
)] irradiating the distal body with x-ravs;

3 moving the clot into the distal basket interior; and

2} moving the distal body proximally out of the blood vessel.

[6619] Optionally, the method further comprises irradiating the distal body with x-rays at at least
two different angles,

{8026] In other embodiments the present disclosure provides a sysiern for removing objects
within an interior lumen of an animal, the system comprising:

a pull wire having a proximal end, a distal end and a pull wire longitadinal axis extending
from the proximal end to the distal end;

a coaxial sheath having a hollow interior, an open proximal end leading to the inferior,
and an open distal end leading to the mterior, the coaxial sheath enveloping the pull wire, the
coaxial sheath shdeable along at least a segment of the pull wire;

a distal basket comprising an interior, a proximal end, a distal end, a distal basket length
extending from the distal basket proximal end to the distal basket distal end, a distal basket
height perpendicular to the distal basket length, a plurality of proximal cells defined by a
plurality of proximal cell memory metal strips, cach proximal cell comprising a proximal crown
located at the proximal end of the proximal cell and pointing generally in the proximal direction
and a distal erown located at the distal end of the proximal cell and pointing generally in the
distal direction, and a plurality of distal cells distal to the proximal cells;

a plurality of proximal strips, each proximal strip having a proximal end extending from
the coaxial sheath, a distal end attached to a proximal crown of a proximal cell and a length
extending from the proximal end to the distal end; and

a catheter having a hollow interior, a proximal end leading to the interior and a distal end
leading to the interior, the catheter comprised of a biocorupatible material,

the distal basket comprised of @ memory metal and having:
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a relaxed state in which the distal end of the coaxial sheath is located at a first position
along the pull wire, the first position located a first distance proximal to the proximal crowns,
and 1 which the distal basket, as measared at the proximal-most crown, has a first height,

a proximal collapsed state in which the distal end of the coaxial sheath 1s located at a
second position along the pull wire, the second position located a second distance proximal to the
proximal crowns, and in which the distal basket, as measured at the proximal-most crown, has a
second height, the second distance greater than the first distance, the second height less than the
first height, and

a distal collapsed state in which the distal end of the coaxial sheath s located at a third
position along the pull wire, the third position distal to the proximal crowns and located in the
hasket intertor, and m which the distal basket, as measured at the proximal-most crown, has a
third height, the third height less than the first height,

wherein the catheter is configured to envelope the distal basket when the distal basket is
i the proxamal collapsed state;

wherein the distal basket is configured to move from the relaxed state to the proximal
collapsed state by moving the distal end of the coaxial sheath proximally to the second position
while keeping the distal basket at a fixed location along the pull wire; and

wherein the distal basket 1s configured to move from the relaxed state to the distal
collapsed state by moving the distal end of the coaxial sheath distally to the third position while
keeping the distal basket at a fixed location along the pull wire.

[8621] Optionally, cach proximal crown comprises a proximal tip and further wherein each
proximal strip is configured to cover a proximal tip when the distal basket is in the distal
collapsed state. Optionally, each proximal crown comprnises an eyelet and further wherein each
proximal strip passes through an cyelet. Optionally, the distal end of ecach proximal strip
comprises a loop attaching the proximal strip to an eyelet. Optionally, cach proximal crown has
an interior surface facing the distal basket interior and an exterior surface opposite the interior
surface and further wherein cach proximal strip contacts an exterior surface of a proximal crown
in the proximal collapsed state and in the distal collapsed state. Optionally, the pull wire extends
through the distal basket interior and further wherein the proximal crowns are configured to
move towards each other and towards the pull wire when the distal basket moves from the
claxed state to the distal collapsed state and when the distal basket moves from the relaxed state
to the proximal collapsed state. Optionally, the proxirsal crowns are configured to remain a

fixed distance trom the distal end of the distal basket when the distal basket moves from the
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relaxed state to the distal collapsed state. Optionally, the coaxial sheath s a braided catheter
comprised of a plurality of braids, and further wherein the proximal segroents of the brawds are
wound together to form the braided catheter and further wherein an unwound distal segmeunt of
cach braid forms a proximal strip. Optionally, at least one proximal crown further comprises an
x-ray marker. Optionally, the proximal ends of the proximal sirips are ntegral with the coaxial
sheath. Optionally, the proximal ends of the proximal strips are attached to the coaxial sheath.
Optionally, the systew comprises between two and four proximal strips and the proxirual strips
are spaced substantially evenly apart. Optionally, the proximal strips have a length of from
about 5 millimcters to about 40 mullimeters in the relaxed state.  Optionally, the pull wire
extends through the basket interior from the distal basket proximal end to the distal basket distal
end. Optionally, the coaxial sheath interior has a size and shape, and further wherein the size and
shape of the coaxial sheath interior are configured to prevent a segment of the pull wire located
in the basket interior and distal relative to the distal end of the coaxial sheath from moving
through the coaxial sheath wterior. Optionally, the distal end of the distal basket coruprises a
distal tube having an open proximal cnd and an open distal end, the distal tube comprised of a
memory metal. Optionally, the distal basket and the distal were prepared frova the same memory
metal tube. Optionally, the second and third position along the pull wire cach comprise an x-ray
marker. Optionally, the distal tube 18 attached to the pull wire such that the distal tube is not
slideable along the pull wire. Optionally, all proximal crowns of the proximal cells are attached
to a proximal strip, Optionally, the distal basket further comprises a lead wire extending distally
from the distal basket. Optlionally, the proximal sirips and the distal basket have a different
material composition. Optionally, the proximal strips are comprised of a polymer. Optionally,
the polymer 18 selected from the group consisting of fluorinated ethylene propyvlene,
polytetrafluorocthylene, and tetrafluorocthtylene. Optionally, the proximal strips are comprised
of a material selected from the group consisting of plastic, rubber, nylon, suture matenial, and
braided catheter material,

[8022] Optionally, the system 18 used in a method of removing a clot from a blood vessel of an
animal, the blood vessel having an interior wall forming the blood vessel, the method comprising
the steps off

a) providing the system, wherein the coaxial sheath is located in the catheter interior
and the distal basket is located in the catheter interior in a collapsed state;

b} positioning the catheter in the blood vessel;
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¢} deploying the distal basket from the distal end of the catheter so that the proximal
crowns of the proximal cells are distal to the clot;
d} allowing the distal basket to move to the relaxed state;
e} moving the coaxial sheath distally to a fourth position, the fourth position located
distally beyond the proximal crowns and in the basket interior but proximal to the third position
(this third position is not sufficiently distal to the proximal crowns to place tension on the

proxiumal strips; thus, the crowns do not begin to move towards each other and the pull wire);

) capturing the clot in the distal basket interior;
2} moving the coaxial sheath further distally into the basket interior (1., to or near)

the third position so that the distal basket height, as measured at the proximal-most crown,
decreases and the proximal crowns move toward each other and the pull wire; and

h} moving the system proximally out of the blood vessel.

[0023] In sull further embodiments, the present disclosure provides a system for removing
objects within an 1nterior humen of an animal, the system comprising:

a pull wire having a proximal end, a distal end and a pull wire longitudinal axis extending
from the proximal end to the distal end;

a coaxial sheath having an open proximal end and an open distal end, the coaxial sheath
enveloping the pull wire, the coaxial sheath slideable along at least a segment of the pull wire;

a distal basket comprising an interior, a proximal end, a distal end, a distal basket length
extending from the distal basket proximal end to the distal end, a distal basket height
perpendicular to the distal basket length, a plurality of proximal cells defined by a plurality of
proximal cell memory metal strips, cach proximal cell comprising a proximal crown located at
the proximal end of the proximal cell and pownting generally wn the proximal direction and a
distal crown located at the distal end of the proximal cell and pointing generally in the distal
direction, and a plurality of distal cells distal to the proximal cells;

a plurality of proximal strips, each proximal sirip having a proximal end extending from
the coaxial sheath, a distal end attached to a crown of a proximal cell and a length extending
from the proximal end to the distal end; and

a catheter having a hollow interior, a proximal end leading to the interior and a distal end
leading to the interior, the catheter comprised of a biocompatible waterial,

the distal basket comprised of a memory metal,

wheretn each proximal crown of each proximal cell comprises an eyelet and further

wherein cach proximal strip passes through an eyelet.
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19024] The present disclosure also provides additional modular, easy-to-manufacture platforn of
systems for retrieving hard clots and other objects in animal lumens. In some embodiments, the
system ineludes a proximal tube, a distal tabe, and a plurality of memory metal strips between
the proximal and distal tubes, The plurality of memory metal strips form a wide range of basket
designs. Preferably, the proximal tube, memory metal strips, and distal tube are derived from a
standard, off-the-shelf single tube of memory metal {¢.g., a memory metal alioy such as nitinol},
with the proximal tube and distal tube having the same inner diameter and outer diameter as the
native tube from which they were derived and with the basket formed by cutting the middle
portion of the native tube and expanding and shape-setting this cut portion. Preferably, the
proximal tube and distal tube have an outer diameter that is from about .02 inches to about (.03
inches (e.g., about 0,027 nches) so that the device fits mside a standard microcatheter and an
inner diameter that is from about 8.01 inches to about 0.02 inches. Preferably, there are no
weided parts between the proximal tube and distal tube, which makes the system casy and cheap
to reliably manufacture. The system also includes one or more catheters for deploying the
system, a pull wire that passes through the holiow interior of the proximal tube, and a coaxial
tube. Preferably, the system includes two catheters — a guide catheter and a microcatheter. The
coaxial tube envelopes the pull wire, is slideable along at least a segment of the puli wire, and is
attached to the proximal hub. The coaxial tube allows a user to move the proximal hub toward
and away from the distal hub while keeping the distal hub stationary, Movement of the proximal
hub toward and away from the distal hub causes conformational changes in the basket, including
{depending ou the basket design and the location of the proximal tube), collapsing the basket,
cxpanding the basket, strengthening the basket, and moving the basket around the clot. The
plurality of memory metal strips attached to the proximal hub include a plarality of proximal
tether memory metal strips, which have a proximal end attached to the distal end of the proximal
tube.  The length and thickness of the proxamal tether memory metal strips vary in the different
embodiments described herein, which allows the surgical user to select from the various
embodiments in the platform based on the features needed for the particular operation (e.g.,
vessel anatomy and hardness of the clot).

10023} In some embodiments, the present disclosure provides a method of manufacturing a
system for rernoving objects within an wnterior lamen of an avimal that includes:

a) providing a single tube comprised of a memory metal, the single tube having an exterior,
a hollow mterior, 8 wall separating the exterior from the holow interior, a proximal portion

comprising an aperture leading to the hollow interior, a distal portion comprising an aperture

16



10

15

20

WO 2015/179324 PCT/US2015/031447

feading to the hollow interior, and a middie portion between the proximal portion and the distal

poriion;
b} cutting the wall of the middle portion with a laser;
¢} removing the pieces of the middle portion cut by the laser to form a basket system

comprising a proximal tube comprising a hollow interior extending through said proximal tube,
said proximal tube having a proximal end and a distal end, a distal tube comprising a holiow
mtertor extending through said distal tube, and a wddle portion located between said proximal
tube and said distal tube and comprising a plurality of proximal tether memory metal strips, cach
proximal tether memory metal strip having a proximal end attached to the distal end of the
proximal tube and a distal end;

d} aliering the shape of the nuddle portion;

e} allowing the muddle portion to expand relative to the distal tube and the proximal tube to
form a basket that includes a plurality of cells;

£) optionally, mserting a pull wire through said proximal tube interior so that said proximal
tube is slideable along at least a portion of said pull wire, said pull wire having a proximal end
and a distal end; and

g} optionally, attaching said pull wire to said distal hub.

[0026] In other cmbodiments, instead of steps ) and gy noted shove, the method includes
inserting a pull wire comprising a proximal end, a distal end, a stop located adjacent to said distal
end, through said proximal tube wnterior, said stop having a width and/or height that is greater
than said proximal tube interior, said stop located distal relative to said proximal tube wnterior, so
that said proximal tube is slideable distally until the proximal hub reaches said stop, said pull
wire not contacting said distal tube. In such embodiments, the pull wire does not contact the
distal hub. Rather in these embodiments, the method further includes attaching a leader wire to
said distal tube

[6427] In some embodiments, either of the above methods further include h) providing a coaxial
tube, said coaxial tube comprising a hollow mterior receiving said pull wire, a proximal end, and
a distal end, and i} attaching said distal end of said coaxial tube to said proximal tube. In some
embodiments, the method of attaching said distal end of said coaxial tube to said proximal tube
comprises welding said distal end of said coaxial tube to said proximal tube.  In other
embodiments, the method of attaching said distal end of said coaxial tube to said proximal tube

comprises shrink wrapping said distal end of said coaxial tube to saxd proximal tabe. In other
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embodiments, the method of attaching said distal end of said coaxial tube to said proximal tube
comprises gluing said distal end of said coaxial tube to said proximal tube.

[6028] Optionally, after step e, the basket further comprises a row of proximal cells, each
proximal cell defined by a plurality of memory metal strips and comprising a proximal crown
located at a proximal end of the cell and pointing in the proximal direction and a distal crown
located at a distal end of the cell and pointing in the distal direction and further wherein cach of
said proximal crowns of said proximal cells is attached to a distal end of a proximal tether
memory metal strip. Optionally, after step e, the basket further comprises a row of distal cells
located distal to said proximal cells and connected to said distal crowns of said proximal cells,
each distal cell defined by a plurality of memory metal strips and comprising a proximal crown
located at a proximal end of the cell and pomnting in the proximal direction and a distal crown
located at a distal end of the cell and pointing in the distal direction, and further wherein the
number of distal cells is twice the number of proximal cells. Optionally, after step ¢, the basket
further comprises a row of distal crowns distal o said proximal crowns and pownting in the distal
direction and further wherein the number of distal crowns in said row is twice the number of
proximal crowns attached to said proximal tether memory metal strip.

[6629] Optionally, after step e, the basket system further comprises a row of strut memory metal
strips, cach strut memory moetal strip having a proximal end attached to a distal crown of a
proximal cell and a distal end attached to a proximal crown of a distal cell. Optionalily, the
basket comprises no welded components and said proximal tether memory metal strips are
mtegral with said proximal cell crowns.

[8036] Optionally, after step e, the basket system comprises between two and four proximal
tether memory metal strips. Optionally, the method further comprises not allering the shape of
the proximal and distal portions while altering the shape of the middle portion.  Optionally, the
method further comprises cooling the proximal portion, the middle portion, and the distal portion
after step D} and, after cooling, the proximal and distal portions have substantially the same size
as the proximal and distal portions had prior to step A}, Optionally, the method of allowing said
middle portion to expand comprises heating the middle portion. Optionally, the method of
altering the shape of the middle portion comprises using a mandrel.  Optionally, the mandrel s
tapered.  Optionally, the proximal portion and the distal portion are not cut by the laser.
Optionally, prior to cutting the memory metal tube, the memory metal tube has an outer diameter
that 15 fromw about 0.011 ioches to about 0.054 mches and an inner diameter that is from about

(.008 inches to about 0.051 inches. Optionally, after step ¢), the proximal tube and distal tube
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have an outer diameter that is from about 0.02 inches to about 0.03 inches and an inner diameter
that 1s from about 0.01 inches to about 0.02 inches, Optionally, the method further includes
placing said basket inside a catheter comprised of a biocompatible material. Optionally, the
method further includes the stops of placing the basket inside a lumen of an animal and using the
basket to retrieve an object located inside said lumen.

10031} The present disclosure also provides several systems for removing objects within an
mterior lumen of an animal. In some embodiments, the system nchudes:

a pull wire having a proximal end, a distal end and a pull wire longitudinal axis extending
tfrom said proximal end to said distal end;

a distal basket attached to said pull wire, said distal basket comprising a proximal end, a
distal end, a distal basket length extending from said distal basket proximal end to said distal
end, a distal basket height perpendicular to said distal basket length and said pull wire
longitudinal axis, a proximal hub located at said proximal end of the distal basket, said proximal
hub comprising a hollow interior, said pull wire passing through said proximal hub holiow
interior, said proximal hub slideable along at least a segment of the pull wire, a plurality of
proximal tether memory metal sirips, a plarality of proximal cells defined by a plurality of
proximal cell memory metal strips, cach proximal cell comprising a proximal crown located at
the proximal end of the proxamal cell and pomting generally in the proxamal direction and a
distal crown located at the distal end of the proximal cell and pomting generally in the distal
direction, cach proximal tether memory metal strip having a proximal end attached to said
proximal hub, a distal end attached to a crown of a proximal cell and a length extending from
said proximal end to said distal end, a plurality of distal cells distal to the proximal cells, and a
distal hub located at said distal end of said distal basket and comprising a hollow interior,
said distal basket having

a relaxed siate in which said proximal hub s located a first distance proximal to said
proximal crowns and wherein said distal basket has a first height, as measured at the proximal-
most crown,

a gaping state in which said proximal hub is located a second distance from said proximal
crowns and wherein has a second height, as measured at the proximal-most crown, said second
height greater than said first height, sand second distance less than said first distance,

a proximal collapsed state in which said proximal hub is located a third distance proximal

to said proximal crowns and wherein said distal basket has a third height, as measured at the
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proximal-most crown, said third distance greater than said first distance, said third height less
than said first height,

a catheter having a hollow interior, a proximal end leading to said interior and a distal
end leading to said nterior, said catheter comprised of a biocompatible material and configured
to envelope said distal basket when said distal basket is in said proximal collapsed state;

wherein said distal basket is configured to move from said relaxed state to said gaping
state by moving said proximal hub distally relative to said distal hub; and
wherein said distal basket is configured to move from said expanded state to said proximal
collapsed state by moving said proximal hub proximally relative to said distal hub.

190327 In some embodiments, the proximal tether memory metal strips have a thickness of
between about 25% and 75% of the memory metal strips forming the proximal cell of the distal
basket. In these embodiments, translation of the proximal hub toward the stationary distal hub
icforms the tethers instead of the distal basket. In other embodiments, the proximal tether
memory metal strips are as thick or thicker than the memory metal strips forming the proximal
cells of the distal basket {c.g., between about 160% and 175% of the thickness of the memory
metal sirips forming the proximal cells of the basket). In these embodiments with thicker
proximal tether memory metal strips, the proximal tether memory metal strips resist deforming
when the proximal hub is translated distally toward the stationary distal hub and instead the
proximal tether memory metal strips are bowed out laterally, dissecting through or around the
clot and centering, buttressing and strengthening the opening of the basket, Generally, in both
erubodiruents, moving the proximal hub towards the distal hub when the basket 18 i the relaxed
state causes the proximal crowns of the proximal celis to move apart from each other, thereby
expanding the opening of the distal basket. Preferably, in the emabodivnents with the thin tethers,
in the relaxed state, the tethers have a length of from about 3 mm to about 10 mm, and in the
ermbodiments with the thick tethers, the tethers have a length of from about 10 mm to about 20
mn.

[0033] Optionally, the distal basket further comprises a distal collapsed state in which said
proximal hub is located distal to said proximal crowns and wherein said distal basket has a fourth
height, as measured at the proximal-most crown, said fourth height less than said first height and,
wherein said catheter s configared to envelope said distal basket when said distal basket is in
said distal collapsed state, and further wherein said distal basket is configured to move from said
gaping state to said distal collapsed state by moving said proximal hub distally relative to said

distal hmb. Optionally, the system further includes a coaxial tube, said coaxial tube configured to
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be received in said catheter, said coaxial tube having a proximal end, a distal end attached to said
proximal hub, and a hollow nterior, said pull wire passing through said coaxial tube hollow
intertor, said coaxial tube shlideable along at least a segment of said pull wire. In some
embodiments with the thin proximal memory metal strips, the combined length of two of said
proximal tether memory metal strips is within about 2 mm of said second height. In other
embodiments with the thin proximal memory metal strips, the combined length of two of said
proximal tether memory metal strips is within about 2 mm of said second height multiplied by a
factor of two. Optionally, said pull wire extends from said distal basket proximal end to said
distal basket distal end. Optionally, said pull wire 18 not in contact with said distal hub,
Optionally, in said gaping state, said proximal hub is located parallel to said proximal crown.
Optionally, said pull wire and said proximal hub are offset from the center of the distal basket
height, as measured at the proximal-most crown. Optionally, all proximal crowns of said
proximal cells are attached to a proximal tether memory metal strip. In other embodiments, the
system has four proximal cells, each proximal cell having a proximal crown, and not all {e.g.,
only two} of the proximal crowns are attached to a proximal tether memory metal strip.
Optionally, said distal basket further comprises a plurality of strut memory metal strips and
plurality of distal cells defined by a plurality of distal memory metal strips, said distal cells
comprising a proximal crown located at a proximal end of said distal cells and a distal crown
focated at a distal end of said distal cells, said strut memory metal strips having a proximal end
attached to a distal crown of a proximal cell and a distal end attached to a proximal crown of a
distal cell.  Optiovally, the distal basket comprises between two and four proximal tether
memory metal strips.  Optionally, said proximal memory metal strips are integral with said
proxirual hub. Optionally, said proximal hub is a tube, wherein said interior of said proximal
hub has a size and shape, and further wherein said size and shape of said proximal hub interior
arc configured to prevent a segment of said pull wire distal relative to said proximal hub from
moving through proximal hub interior. Optionally, said distal hub ts a tube. Optionally, said
distal hub 18 attached to said pull wire such that said distal hub is not slideable along said pull
wire. Optionally, said distal basket further comprises a lead wire extending distally from said
distal hub. Optionally, said distal hub, said proximal hub, and said basket are comprised of a
nitinol having the same material composition. Optionally, said distal basket further coruprises an
x-ray marker. Optionally, said proximal and said distal hubs are generally cylindrical in shape
and each has an outer diameter and an inner diameter, the nner diameter forming apertures of

the proximal and distal hubs and further wherein the outer diameters of the proximal and distal
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hubs are substantially the same size and further wherein the inner diameters of the proximal and
distal hubs are substantially the same size. Optionally, the outer diamcters of the proximal and
distal hubs are from about 0.011 inches to about (.054 inches, and further wherein the inner
diameters of the proximal and distal hubs are from about 0.008 inches to about 0.051 nches.
Optionally, the proximal tube and distal tube have an outer diameter that is from about 0.02
inches to about 0.03 inches and an inner diameter that is from about 0.01 inches to about 0.02
mches. Optionally, the pull wire is generally cyhindrical and further wherein the diameter of the
pull wire is between about 0.008 inches and about 0.051 inches, Optionally, the first height of
the distal basket 18 between about 2 millimeters and about & mallimeters,  Optionally, said
proximal tether memory metal strips rotate about said pull wire longitudinal axis such that a
distal end of a proximal tether memory metal strip 1s located between about 90 and about 270
degrees relative 1o said proximal end of the same proximal tether memory metal strip.

[8034] The present disclosure also provides a method of removing an object from an interior
tumen of ap aniroal, said lumen having an wterior wall forming said lumen.  In some

embodiments, the method includes:

a) providing the system described above;

b} positioning the system in said lumen, said basket located in said catheter in a collapsed
state;

) deploving said distal basket from said distal end of said catheter so that said proximal

crowns of said proximal cells are distal to said obstruction;

d) allowing said distal basket to move to said relaxed state;
c} moving said proximal hub distally relative to said distal hub so that said distal basket

height, as measured at the proximal-tiost crown, increase;

£ moving said distal basket over said obstruction; and
g} removing said distal basket and said obstruction trom said lumen.

[6635] Optionally, the interior lumen 18 an intracramal artery and said obstruction is a blood clot.
Optionally, the method further comprises using said blood clot to move said proximal hub
distally relative to said distal bub and allow said distal basket to move to said gaping state.
Optionally, the method further comprises using a coaxial tube to push said proximal hub distally
relative to said distal hub and allow said distal basket to move to said gaping state. Optionally,
the method further includes, after step ¢, moving said proximal hub relative to said distal hub so
that said distal basket height, as measured at the proximal-most crown, decrease. Optionally,

after step e, said pull wire and said proximal hub are offset with respect to the center of said

isls]
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distal basket height, as measured at the proximal-most crown, as measured at the proximal-most
crown, and the center of said lumen.

[6636] The present disclosure also provides a system for removing objects within an interior
tumen of an animal, the systern comprising

a pull wire having a proximal end, a distal end and a pull wire longitudinal axis extending
from said proximal end to said distal end;

a proximal basket attached to said pull wire, said proxirual basket coraprising a proximal
end, a distal end, a proximal basket length extending from said proximal basket proximal end to
said distal end, a proximal basket height perpendicular to said proximal basket length and said
pull wire longitudinal axis, a proximal tube located at said proximal end of the proximal basket,
said proximal tube comprising a hollow interior, said pull wire passing through said hollow
intertor and said proximal tube slideable along at least a segment of said pull wire, a plurality of
rows of cells, each cell defined by a plurality of memory metal strips, cach cell comprising a
proxirual crown located al the proximal end of the proximal cell and pointing genevally in the
proximal direction and a distal crown located at the distal end of the proximal cell and pointing
generally 1o the disial direction,

a distal basket attached to said pull wire, said distal basket comprising a proximal end, a
distal end, a distal basket length extending from said distal basket proximal end fo said distal
end, a distal basket height perpendicular to said distal basket length and said pull wire
longitudinal axis, a distal tube located at said distal end of the distal basket, said distal tube
comprising a hollow interior, a pluraiity of rows of cells, cach cell defined by a plurality of
memory metal strips, each cell comprising a proximal crown located at the proximal end of the
proximal cell and poimnting generally in the proximal direction and a distal crown localed at the
distal end of the proximal cell and pointing generally in the distal direction,

a plurality of tether memory metal strips, cach tether memory metal strip having a
proximal end attached to a distal crown of a cell located at the distal end of said proximal basket
and a distal end attached to a proximal crown of a cell located at the proximal end of said distal
basket,

said proximal basket having
a relaxed state wherein said proximal basket has a first height, as measured at the distal-most
crown, and said proximal hub is located a first distance proximal to said distal hub;

a collapsed state wherein said proximal basket has a second height, as weasured at the

distal-most crown, said second height less than said first height;
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a gaping state wherein said proximal basket has a third height, as measured at the distal-
most crown, and said proximal hub is located a second distance proximal to said distal hub, said
third height greater than said first height and said second distance less than said {irst distance,
said proximal basket configured to move from said expanded state to said gaping state by
pushing said proximal tube distally relative to said distal tube;
said distal basket having

a relaxed state wherein said distal basket has a first height and

a collapsed state wherein said distal basket has a second height, said second height less
than said first height, and

a catheter having an interior, a proxumal end leading to said interior and a distal end
leading to said interior, said catheter comprised of a biocompatible matenial and configured to
envelope said distal and said proximal basket when said baskets are in said collapsed state.
[80637] Optionally, said proximal tocther memory metal strips rotate about said pull wire
tongitudinal axis such that a distal end of a proximal tether memory metal strip is located
between about 90 and about 270 degrees relative to said proximal end of the same proximal
tether raemory metal strip.
[6038] In some embodiments, the system does not include a proximal hub and the system
inchudes soft cords 1 place of or in addition to the proximal memory ructal strips. For example,
in one embodiment, the systen includes:
a pull wire having a proximal end, a distal end and a pull wire longitudinal axis extending from
said proximal end to said distal end;
a coaxial tube having a proximal end, a distal end and a hollow interior, said pull wire passing
through said cownal tube hollow interior, said coaxial tube slideable along at least a segment of
said pull wire;
a distal basket attached to said pull wire and said coaxal tube, said distal basket comprising a
proximal end, a distal end, a distal basket length extending frony said distal basket proximal end
to said distal end, a distal basket height perpendicular to said distal basket length and said pull
wire longttudinal axis, a plurality of cords, a plurality of proximal celis defined by a pharality of
proximal cell memory metal strips, each proximal cell comprising a proximal crown located at
the proximal end of the proximal cell and pointing generally i the proximal divection and a
distal crown located at the distal end of the proximal cell and pointing generally in the distal
direction, each cord having a proximal end attached to said coaxial tube, a distal end atiached to

a crown of a proximal cell and a length extending from said proximal end to said distal end, a
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plurality of distal cells distal to the proximal cells, and a distal hub located at said distal end of
said distal basket and corprising a hollow mterior,

said distal basket having

a relaxed state in which said coaxial tube 1s located a first distance proximal to said proximal
crowns and wherein said distal basket, as measured at the proximal-most crown, has a first
height,

a proxiumal collapsed state wn which said coaxial tube 1s located a second distance proxumal to
said proximal crowns and wherein said distal basket, as measured at the proximal-most crown,
has a second height, said second distance greater than said first distance, said second height loss
than said first height,

a catheter having a hollow interior, a proximal end leading to said interior and a distal end
leading to said interior, said catheter comprised of a biocompatible material and configured to
envelope said coaxial tube and said distal basket when said distal basket is in said proximal
collapsed state;

wherein said distal basket is configured to move from said relaxed state to said proximal
collapsed state by moving said coaxial tube proximally relative to said distal hub.

[6639] Optionally, the distal basket further comprises a distal collapsed state in which said
coaxial tube 1s located distal to said proximal crowns and wherein said distal basket, as measured
at the proximal-most crown, has a third height, said third height less than said first height,
wherein said catheter s configared to cnvelope said distal basket when said distal basket 1s in
said distal collapsed state, and further wherein said distal basket is configured to move from said
relaxed state to said distal coliapsed state by moving said coaxial tub distally relative to said
distal hub, Optionally said cord is comprised of a material selected from the group consisting of
plastic, rubber, nylon, sututre material, braided catheter material, platinum coils, and ultrafine
nitinol. Optionally, said cords are integral with said coaxial sheath. Optionally, said cords are
glued to said coaxial sheath. Optionally, said cords are shrink wrapped to said coaxial sheath.
Optionally, said cords have a thickuess of about 0.004 to about 0.1 inches (more preferably, from
about 0.004 to 0.018 inches). Optionally, said cords in said relaxed state, have a length of about
3 to about 20 mm. Optionally, said pull wire extends from said distal basket proximal end to
said distal basket distal end and said pull wire 1s attached to said distal hub. Optionaily, all
proximal crowns of said proximal cells are attached to a cord. Optionally, the basket comprises
four proximal cells, each proximal cell having a proximal crown, and not all {e.g., only two) of

the proximal crowns are attached to a cord. Optionally, said distal basket further comprises a

25



10

15

20

WO 2015/179324 PCT/US2015/031447
plurality of strut memory metal strips and plarality of distal cells defined by a plurality of distal
mermory metal strips, said distal cells comprising a proximal crown located at a proximal end of
said distal cells and a distal crown located at a distal end of said distal cells, said strut memory
metal strips having a proximal ond attached to a distal crown of a proximal cell and a distal end
attached to a proximal crown of a distal cell. Optionally, the distal basket coraprises between
two and four cords. Optionally, said distal hub is attached to said pull wire such that said distal
hub is not slideable along said pull wire. Optionally, said distal basket further comprises a lead
wire extending distally from said distal hub. Optionally, said distal hub and said basket are
comprised of a nitinol having the same material composition.  Optionally, said distal basket
and/or said coaxial tube further comprises an x-ray marker. Optionally, said distal hub is
generally cylindrical in shape and has an outer diamcter and an inner diameter, the inner
diameter forming the aperture of the distal hub and further wherein the outer diameter of the
distal hub from about 0.011 inches to about 4.054 inches, and further wherein the inner diameter
of the distal hub is frov about 8.008 inches to about 8.051 wnches. Optionally, the distal tube has
an outer diameter that s from about 0.02 inches to about 8.03 inches and an inner diameter that
is {rom about 8.01 inches to about 0.02 mches. Optioually, the pull wire 18 generally cyhndrical
and further wherein the diameter of the pull wire is between about (.008 inches and about 0.051
inches, Optionally, the first height of the distal basket, as measured at the proximal-most crown,
is between about 2 millimeters and about 8 mullimeters. Optionally, said cords are soft.

[8040] In sorne embodiments, the present disclosure provides a method of removing an object
from an nterior lumen of an aniroal, sard lumen having an interior wall forming said lumen, the

method comprising the steps of!

a) providing the system described above;

b} positioning the system in said lumen, said basket located in said catheter in a collapsed
state;

c} depioying said distal basket from said distal end of said catheter so that said proximal

crowns of said proximal cells are distal to said obstruction;

d) aliowing said distal basket to move to said relaxed state;
€} moving said coaxial tube distally relative to said distal hub so that said coaxial tube

moves distally to the proximal-most crown;
£) moving said distal basket, said pull wire and said coaxial tube proximally so that said

distal basket moves over said obstruction;
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2} moving said coaxial sheath distally relative to said distal hub so that said distal basket
height, as measured at the proximal-most crown, decreases and said coaxial tube 18 closer to said
distal hub as compared to the proximal-most crown; and
h) removing said distal basket and said obstruction from said lumen.

{8041] In other embodiments, the method includes

a) providing the system described above;

b) positioning the system in said lumen, said basket located in said catheter in a collapsed
state;

) deploying said distal basket from said distal end of said catheter so that said proximal

crowns of said proximal cells are distal to said obstruction;

d} allowing said distal basket to move to said relaxed state;

e} moving said coaxial tube distally relative to said distal hub so that said coaxial tube
moves distally to the proximal-most crown;

£) moving said distal basket, said pull wire and said coaxial tube proxirually so that said
distal basket moves over said obstruction;

o) moving said coaxial sheath proximally relative to said distal hub o that said distal basket
height, as measured at the proximal-most crown, decreases;

h) moving said catheter distally relative to said distal hub so that said catheter re-sheaths
said coaxial sheath and partially re-sheaths said cords, thereby decreasing said distal basket
height, as measured at the proximal-most crown;

i) rernoving said distal basket and said obstruction frorn said fumen.

[8042] Optionally, said interior lumen is an iniracranial artery and said obstruction is a blood
clot.

10043} In other embodiments that do not include a proximal hub, the systen includes

a pull wire having a proximal end, a distal end and a pull wire longitudinal axis extending from
said proximal end to said distal end;

a coaxial tube having a proxamal end, a distal end and a hollow interior, said pull wire passing
through said coaxial tube hollow interior, said coaxial tube slideable along at least a segment of
said pull wire;

a distal basket attached to said pull wire and said coaxial tube, said distal basket comprising a
proximal end, a distal end, a distal basket length extending from said distal basket proximal end
to sard distal end, a distal basket height perpendicular to said distal basket length and said pull

wire longitudinal axis, a plurality of proximal tether memory metal strips, a plurality of cords, a

~~J
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plurality of proximal cells defined by a plurality of proximal cell memory metal strips, each
proximal cell comprising a proximal crown located at the proximal end of the proximal cell and
pointing generally in the proximal direction and a distal crown located at the distal end of the
proximal cell and pointing generally n the distal direction, cach proximal tether memory metal
strip having a proximal end attached to said coaxial tube and a distal end, each cord having a
proximal end attached to a distal end of a proximal tether memory metal strip and a distal end
attached to a crown of a proximal cell and a length extending from said proximal end to said
distal end, and a plurality of distal cells distal to the proximal cells, and a distal hub located at
said distal end of said distal basket and comprising a hollow interior,
said distal basket having
a relaxed state in which said distal basket, as measured at the proximal-most crown, has a first
height,

a collapsed state in which said distal basket, as measured at the proximal-most crown, has a
second height, said second height less than said fivst height,

a catheter having a hollow imterior, a proximal end leading to said interior and a distal end
leading to said interior, said catheter comprnised of a biocompatible matenial and configured to
envelope said coaxial tube and said distal basket when said distal basket is in said collapsed
state,

10844] Optionally, said cord is comprised of a material selected from the group consisting of
plastic, rubber, nylon, sututre material, braided catheter material, platinum coils and ultrafine
nitinol.  Optionally, said proximal tether memory metal strips are integral with said coaxial
sheath, Optionally, said cords arc glued to said proximal tether memory metal strips.
Optionally, said cords arve shrink wrapped to said proximal tether mewmory metal strips.
Optionally, said cords have a thickness of from about 0.004 and about 0.1 inches {more
preferably about 80.004 to about 0.018 inches) and said cords have a length of from about 3 mm
to about 10 mm in said relaxed state. Optionally, said pull wire extends from said distal basket
proximal end to said distal basket distal end and said pull wire 1s attached to said distal hub.
Optionally, all proximal crowns of said proximal cells are attached to a cord. Optionally, the
basket comprises four proximal cells, each proximal cell having a proximal crown, and not all
e.g., only two) of the proximal crowns are attached to a cord.  Optionally, said distal baske
further comprises a plurality of strut memory metal strips and plurality of distal cells defined by
a pluraiity of distal roemory metal strips, said distal cells comprising a proxirual crown located at

a proximal end of said distal cells and a distal crown located at a distal end of said distal cells,
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said strot memory metal strips having a proximal end attached to a distal crown of a proximal
cell and a distal end attached to a proximal crown of a distal cell. Optionally, the distal basket
comprises between two and four cords. Optionally, said distal hub is attached to said pull wire
such that said distal hub 15 not slideable along said pull wire. Optionally, said distal basket
further comprises a lead wire extending distally from said distal hub. Optionally, said distal hub
and said basket are comprised of a nitino!l having the same material composition. Optionally,
said distal basket and/or said coaxial tube further comprises an x-tay warker. Optionally, said
distal hub is generally cylindrical in shape and has an outer diameter and an inner diameter, the
inner diameter forming the aperture of the distal hub and further wheren the outer diarcter of
the distal hub is from about 0.011 inches to about .0534 inches, and further wherein the inner
diameter of the distal hub is from about 0.008 inches to about 0.051 inches. Optionally, the
distal tube has an outer diameter that ts from about 8.02 inches to about 0.03 inches and an inner
diameter that is from about 0.01 inches to about 0.02 inches. Optionally the pull wire is
generally cyhindrical and further wherein the diameter of the pull wire 1s between about 0.008
inches and about 0.051 inches. Optionally, the first height of the distal basket, as measured at
the proximal-most crown, 13 between about 2 millimeters and about 8 millimeters,  Optionally,
the cords are soft.
{0045} In sorne embodiments, the above system 18 used 1o a method of removing an object from
an interior fumen of an animal, said lumen having an interior wall forming said lumen that
includes
a) providing the above systen;
b} positioning the system in said lumen, said basket located in said catheter in a coliapsed
state;
) deploying said distal basket from said distal end of said catheter so that said proximal
crowns of said proximal cells are distal to said obstruction, said coaxial sheath 1s proximal to
said obstruction, said proximal tether memory metal strips are proximal to said obstruction, and

said cords are adjacent to said obstruction;

d) aliowing said distal basket to move to said relaxed state;
€} moving said coaxial tube distally relative to said distal hub so that said proximal tether

memory metal strips roove distally relative to the proximal-roost crown and said obstruction 1s
sandwiched between said proximal tether memory metal strips and said proximal crowns of said
proxirual cells;

£) removing said distal basket and said obstruction from said lumen.

29



10

15

20

WO 2015/179324 PCT/US2015/031447

19046] Optionally said mterior lumen s an intracranial artery and said obstruction is a blood
clot,

[64647] In sull further embodiments, the system includes a first wire that i3 attached to the
proximal tube (but not the distal tube) and a second wire that is attached to the distal tube (but
uot the proximal tabe). Preferably, in such embodiments, the system includes two cathelers — a
guide catheter and a microcatheter. The plurality of memory metal strips attached to the
proximal hub nclude a plarality of proximal tether roemory metal sirips, which have a proximal
end attached to the distal end of the proximal tube. In some cmbodiments, the present
disclosure provides a method of manutacturing a system for remmoving objects within an nterior
fumen of an animal comprising:

a) providing a single tube comprised of a memory metal, the single tube having an cxterior,
a hollow interior, a wall separating the exterior from the hollow interior, a proximal portion
comprising an aperture leading to the holiow interior, a distal portion comprising an aperture

leading to the hollow wnterior, and a middie portion between the proxirnal portion and the distal

portion;
b) cutting the wall of the middle portion with a laser;
c} removing the pieces of the middle portion cut by the laser to form a basket system

comprising a proximal tube comprising a proximal ond, a distal end, and a hollow mterior
extending through said proximal tube, a distal tube comprising a hollow interior extending
through said distal tube, and a muddle portion located between said proximal tube and said distal
tube and compnisiog a plurality of proximal memory metal tether strips, cach proximal memory
metal tether strip having a proximal end attached to the distal end of said proximal tube and a

distal end,

d) altering the shape of the middle portion;

€) aliowing the middle portion to expand relative to the distal tube and the proximal tube;
£ attaching a first wire to the proximal tube; and

g) attaching a second wire to the distal tube.

19048] Optionally, after step ¢, the basket system further comprises a row of proximal cells, sach
proximal cell defined by a plurality of memory metal strips and comprising a proximal crown
located at a proximal end of the cell and pomnting in the proximal divection and a distal crown
located at a distal end of the cell and pointing in the distal direction and further wherein cach of
said proximal crowns of said proximal cells s attached to a distal end of a proximal tether

memory metal strip.
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1004987 Optionally, after step e, the basket system further comprises a row of distal cells located
distal to said proximal cells and connected to said distal crowns of said proximal cells, each
distal cell defined by a plurality of memory metal strips and comprising a proximal crown
located at a proximal end of the cell and pointing in the proximal direction and a distal crown
located at a distal end of the cell and pointing in the distal direction, and further wherein the
number of distal cells is twice the number of proximal cells. Optionally, after step ¢, the basket
system further comprises a row of strat memory metal strips, each sirut having a proxiumal end
attached to a distal crown of a proximal cell and a distal end attached to a proximal crown of a
distal cell.  Optionally, after step ¢, the basket system further coraprises a row of distal crowns
focated distal to said proximal crowns and pointing in the distal direction, and further wherein
the number of distal crowns in said row is twice the number of proximal crowns attached to said
proximal tether memory metal strips. Optionally, the step of attaching said first wire to said
proximal tube comprises placing said first wire inside said aperture of said proximal tube and
gliang said first wire to said proxiroal tube. Optionally, the step of attaching said first wire to
said proximal tube comprises placing said first wire inside said aperture of said proximal tube
and welding said first wire to said proxumal tube. Optionally, the step of attaching said first wire
to said proximal tube comprises shrink wrapping said first wire to said proximal tube.
Optionally, after step ¢, the basket sysiern comprises between two and four proximal tether
memory metal strips.  Optionally, the method further comprises not altering the shape of the
proximal and distal portions while altering the shape of the muddle portion.  Optionally, the
method further comprises cooling the proximal portion, the middle portion, and the distal portion
after step D} and, after cooling, the proximal and distal portions have substantially the same size
as the proxiroal and distal portions had prior to step Ay, Optioually, the method of allowing said
niddle portion to cxpand comprises heating the middle portion.  Optionally, the method of
altering the shape of the middle portion comprises using & mandrel.  Optionally, the mandrel 1s
tapered.  Optionally, the proximal portion and the distal portion are not cut by the laser.
Optionally, prior to cutling the memory metal tube, the memory metal tube has an outer diameter
that is from about 0.011 inches to about 0.054 inches and an inner diameter that is from about
{3.008 inches to about 0.051 inches. Optionally, after step ¢), the proximal tube and distal tube
have an ouler diameter that s from about 0.02 nches to about .03 inches aud ap inner diameter
that is from about 0.0} inches to about 0.02 inches. Optionally, the method further includes

lacing said basket inside a catheter comprised of a biocompatibie material,
=
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190501 The present disclosure also provides a system for removing objects within an interior
humen of an animal, In some embodiments, the system includes
a pull wire having a proximal end, a distal end and a pull wire longitudinal axis extending from
said proximal end to said distal end;

a distal basket attached to said poll wire, said distal basket comprising a proximal end, a distal
end, a distal basket length extending from said distal basket proximal end to said distal end, a
disial basket height perpendicular to said distal basket length and said pull wire longitudinal axis,
a proximal tube located at said proximal end of the distal basket, said proximal tube comprising a
hollow interior, a plurality of proximal tether mermsory metal strips, a row of proximal cells
defined by a plurality of proximal cell memory metal strips, each proximal cell comprising a
proximal crown located at the proximal end of the proximal cell and pointing generally in the
proximal direction, each proximal tether memory metal strip having a proximal end attached to
said proximal tube, a distal end attached to a crown of a proximal cell and a length extending
froma said proximal end to said distal end, a row of distal crowns located distal to said proximal
cells pointing in the distal direction, and further wherein the number of distal crowns in said row
is twice the number of proximal crowns attached to said proximal tether memory metal strips,
and a distal tube located at said distal end of said distal basket,

said distal basket having

a relaxed state wherein said distal basket has a first height and

a collapsed state whoerein said distal basket has a second height, said second height less than said
first height, and

a catheter having an interior, a proximal end leading to said interior and a distal end leading to
said internior, said catheter comprised of a biocompatible material and coufigured to envelope
said distal body when said distal basket s in said collapsed state.

18031] Optionally, said proximal tether memory metal sirips rotate about said pull wire
longitudinal axis such that a distal end of a proximal tether memory metal strip is located
between about 90 and about 270 degrees relative to said proximal end of the same proximal
tether memory metal strip.  Optionally, said proximal tether memory wmetal strips and said
proximal cell memory metal strips cach have a thickness and further wherein said thickness of
said proximal tether memory wmetal strips 1s between about 100 to about 175 percent of the
thickness of the proximal cell memory metal strips. Optionally, the length of said proximal
tether memory metal sirips 18 about 10 mira to about 20 mam in the relaxed (and the length of the

remainder of the basket is about 10 to about 20 mm in the relaxed state so that the total basket
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fength is between about 20 to about 40 mm in the relaxed state). Optionally, said distal end of
said pull wire is attached to said proximal tube, Some or all of the proximal crowns of said
proximal cells may be attached to a proximal tether memory metal strip. Optionally, said distal
basket further comprises a row of strut memory metal sirips, cach strut memory metal strip
having a proximal end attached to a distal crown of a proximal cell and a distal end attached to a
proximal crown of a distal cell. Optionally, the distal basket comprises between two and four
proximal tether memory wetal strips. Optionally, said proxumal tether memory roetal strips are
integral with said proximal tube. Optionally, said distal body further comprises a lead wire
extending distally from said distal tube., Optionally, said distal tube, said proximal tube, and said
basket are comprised of a nitinol having the same material composition. Optionally, said distal
body further comprises an x-ray marker, Optionally, said proximal and said distal tubes are
generally cylindrical in shape and each has an outer diameter and an inner diameter, the inner
diameter fornung the apertures of the proximal and distal tubes and further wherein the outer
diameters of the proximal and distal tubes are substantially the savoe size and forther wherein the
inner diameters of the proximal and distal tubes are substantially the same size. Optionally, the
outer diameters of the proximal and distal tubes are from about 0.011 inches to about 0.054
inches, and further wherein the inper diameters of the proximal and distal tubes are from about
0.008 inches to about 0.051 inches. Optionally, the pull wire is gencrally cylindrical and further
wherein the diameter of the pull wire is between about 0.00¥ inches and about 0.051 inches.
Optionally, the first height 1s between about 2 millimeters and about 8 nullimacters,

[80652] The present disclosure also provides a method of removing an object from an interior
lumen of an animal, said lumen having an interior wall forming said lumen, the method

comprising the steps oft

a) providing the system described above;

b} positioning the system in said lurnen, said basket located 1n said catheter n said collapsed
siate;

) deploying said distal basket from said distal end of said catheter so that said proximal

crowns of said proximal cells are distal to said obstruction;

d) allowing said distal basket to move to said relaxed state;
e} raoving said distal basket over sawd obstruction; and

removing said distal basket and said obstruction from said lumen.
18053] Optionally, said interior lomen i3 an intracranial artery and said obstruction 18 a blood

clot,
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{88354 In other embodiments, the system includes:

a pull wire having a proximal end, a distal end and a pull wire longitudinal axis extending from
said proximal end to said distal end;

a proximal basket attached to said pull wire, said proximal basket comprising an interior, an
exlerior, a proximal end, a distal end, a proximal basket length extending from said proximal
basket proximal ond to said distal end, a proximal basket height perpendicular to said proximal
basket length and said pull wire longitudinal axis, a proximal tube located at said proxamal eod
of the proximal basket, said proximal tube comprising a hollow interior, a plurality of rows of
cells, cach cell defined by a plurality of memory metal strips, cach cell comprising a proximal
crown located at the proximal end of the proximal cell and pointing generaily in the proximal
direction and a distal crown located at the distal end of the proximal cell and pointing generally
in the distal direction,

a distal basket attached to said pull wire, said distal basket comprising an interior, an exterior, a
proxirual end, a distal end, a distal basket length extending from said distal basket proximal end
to said distal end, a distal basket height perpendicular to said distal basket length and said puil
wire longitudinal axis, a distal tube located at said distal end of the distal basket, said distal tube
comprising a distal tube aperture, a plarality of rows of cells, each cell defined by a plurality of
memory metal strips, each cell comprising a proximal crown located at the proximal end of the
proximal cell and pointing generally in the proximal direction and a distal crown located at the
distal end of the proximal cell and pointing generally in the distal direction,

a plurality of tether memory metal strips, cach tether memory metal sirip having a proximal end
attached to a distal crown of a cell located at the distal end of said proximal basket and a distal
end attached to a proximal crown of a cell located at the proxamal end of said distal basket,

said proximal basket having

a relaxed state wheretn said proximal basket has a first height and

a collapsed state wherein said proximal basket has a second height, said second height less than
said first height and said second width less than said first width,

said distal basket having

a relaxed state wherein said distal basket has a first height and a first width and

a collapsed state wherein said distal basket has a secound height and a second width, sard secound

height less than said first height, and
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a catheter having an interior, a proximal end leading to said interior and a distal end leading to
said mterior, said catheter comprised of a biocompatible material and configured to envelope
said distal and said proximal basket when said baskets are in said collapsed state.
[0055] Optionally, said tether memory metal sirips rotate about said pull wire longitudinal axis
such that a distal end of a tether memory metal strip 1 located between about 90 and about 270
degrees relative to said proximal end of the same proximal tether memory metal strip.
BRIEF DESCRIPTION OF THE DRAWINGS
[8036] FIG. 1A illustrates a side, clevation view of a memory metal tube prior to being cut by a
laser.
190571 FIG. 1B illustrates a side, elevation view of the memory metal tube of FIG. 1A being cut
by a laser.
[6438] FIG. 2A ilustrates a side, elevation view of the memory metal tube of FIG. 18 after

cing cut by a laser; in FIG. 2A, the tube is shown as though it were flat for purposes of
tlusirating the cut pattern ounly.
100591 FIG. 2B illustrates a side, perspective view of the memory metal tube of FIG. 1B after
being cut by a laser.
[8060] FIG. 20 illustrates another side, perspective view of the memory metal tube of FIG. 1B
after being cut by a laser; in F1G. 2C, the tube 1s rotated as compared to FIG. 2B,
[0861] FiGs. 3A-3H tllustrate a method of manufacturing a distal body of one embodiment of
the present imvention using the laser cut memory mctal tube of F1Gs. 1 and 2; 1o F1Gs. 3A-3H,
the basket portion of the distal body s not shown for siaplicity of iHlustration.
[8062] FiGs. 4A-4D illustrate the welding steps of the method of manufacturing shown in FIG.
3; i FiGs, 4A-4D, the basket portion of the distal body is not shown for siuplicity of
iilastration.
[8063] FIGs. 5 and 6 illustrate diltorent locations that connector strips may be welded to the
proximal memory metal strips.
[8064] FIG. 7 illustrates a side, elevation view of a catheter and the distal body of FI1G. 6.
190657 FIG. 8 dlustrates a side, elevation view of a deployable system of one embodiment of the
present invention being used to capture a blood clot; in FIG. 8, the basket portion of the distal
body is not shown for simplicity of tusiration.
[8066] FIG. 9 illustrates a side, elevation view of a claw of onc embodiment of the present
wmvention being closed by a claw actuator tube; in FIG. 9, the basket portion of the distal body is

not shown for simplicity of tllustration.
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190671 FIG. 10 dlustrates a side, elevation view of a deplovable system of one embodiment of
the present invention being used to capture a blood clot; in FIG. 10, the basket portion of the
distal body is not shown for simplicity of llustration.

{0068 FIG. 11 lustrates a first, perspective view of a distal body of an alternate embodiment of
the present invention; the distal body is in what is referred to herein as “Orientation 17,

10069 FIG. 12A illustrates a second, perspective view of the distal body of FIG. 11; the distal
body is 10 what 18 referred to herein as “Ornentation 27

[8070] FIG. 128 illustrates a proximal, elevation view of the proximal strips of the distal body of
FIG, 11

190717 FIG. 13 illustrates a close-up, perspective view of two unattached distal-pointing crowns
of the distal body of FIG. 11,

[8672] FIG. 14A idlustrates a native memory metal tube used to manufacture the distal body of
FIG. 11; the native tube has been rolled out flat and the lines in the tube indicate where the tube
has been cut by a laser,

100731 FIG. 14B illustrates a first, perspective view of the distal body manufactured from the
native tube of FIG. 14A; the distal body is in Orientation 1.

[6674] FI1G. 14C llustrates a second, perspective view of the distal body manufactured from the
native tube of FIG, 14A; the distal body is in Orientation 2.

[0875] FiGs. 15A-G tlustrate stepwise use of the distal body of FIG. 11 in retrieving a soft clot;
the distal body 1s in Orientation 1.

[8076] FIGs, 16A-H illustrate siepwise use of the distal body of FIG. 11 in retrieving a hard ¢lo;
the distal body 1s in Orientation 1.

{80771 FiGs. 17A-G illustrate stepwise use of the distal body of FIG. 11 in retrieving a soft clot;
the distal body is in Orientation 2.

[0078] FIGs. 18A-G illustrate stepwise use of the distal body of FIG. 11 in retrieving a hard clot;
the distal body 1s in Orientation 2.

{0079 FIGs. 19A-N dlusirate stepwise use of the distal body of FIG. 11 i retrieving a
deformable, cohesive adherent clot; the distal body is in Orientation 2,

18080] FIG. 20A illustrates a view of a native memory metal tube used to manufacture a distal
body of yet another embodiment of the present invention; the pative tube has been rolled out flat,
the lines in the tube indicate where the tube has been cut by a laser, and the distal body of FIGs,
20A-20C 1s slightly shorter than the distal body of FiGs, 11-19 and is meant for use in tortuous

blood vessels.

36



10

15

20

WO 2015/179324 PCT/US2015/031447
{9081} FIG. 208 illustrates a first, perspective view of the distal body manufactured from the
native tube of FIG. 204; the distal body 1s in Orientation 1.

[6082] FIG. 200 llustrates a second, perspective view of the distal body manufactured from the
native tube of FIG, 20A; the distal body is 1n Orientation 2.

800831 FIG. 21 shows a perspective view of a clot retrieval system that includes the distal body
of F1Gs. 20B-C being delivered in a blood vessel using a delivery catheter,

[8084] FIG. 22 shows a perspective view of the distal body of FIG. 21, after deployment of the
distal body and retraction of the delivery catheter, in a blood vessel.

[0085] FIG. 23 shows a perspective view of the distal body of FIG. 21; as compared to FIG. 22,
the distal body has been moved proximally and tension has been exerted on the pull wire.

[0086] FI1G. 24 shows a perspective view of a suction catheter that 1s being delivered over the
pull wire of the system of FIG. 21,

[8087] FIG. 25 shows a perspective view of the distal end of the suction catheter of FIG. 24
being pushed nio a clot; a syringe s sucking the clot to the suction catheter because the user has
puiled back on the lever of the syringe.

[B088] FIG. 26 shows a perspective view of the distal end of the suction catheter of FIG. 24
being pushed into a clot; in FIG. 26, the user has locked the syringe lever at the desired volume.
[0089] FIG. 27 shows a perspective view of the system of FIG, 24; wn FIG. 27, the suction
catheter has partially sucked the distal body and clot into the suction catheter,

18096] FIG. 28 shows a perspective view of the system of FIG. 24; in FIG, 28, the suction
catheter has completely sucked the distal body and clot into the suction catheter.

[8091] FIG. 29 shows a perspective view of the system of FIG. 24; the system, and captured
clot, is being removed proximally from the vessel.

10092 FIG. 30A illustrates a front, perspective view of a system of another embodiment of the
present invention that includes a delivery catheter, a coaxial tube slideable along a pull wire, and
proximal strips that extend from the distal end of the coaxial tube and are attached to a distal
basket; in FIG. 30A, the distal basket is in the relaxed state.

190937 FIG. 308 dlustrates a front, perspective view of the system of FHG. 304; in FIG. 308, the
system is in a partially collapsed state due to distal movement of the catheter.

[80694] FIG. 30C dlustrates a proximal, clevation view of the proximal strips of the system of
FIG. 30A.

18085] FIG. 30D llustrates a proximal, elevation view of an alternate embodiment of FIGs, 30A

and 30B that includes two proximal strips,
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18996] FIG. 30F illustrates a proxaimal, elevation view of an alternate embodiment of FIGs, 30A
and 30B that includes four proximal sirips,

[6697] FIG. 31A illustrates a front, perspective view of the system of FIG. 30A; tn FIG. 314, the
system 1s between the proximal collapsed state and the relaxed state.

[00%8] FIG. 31B Wlustrates a front, perspective view of the system of FIG. 30A; in FIG. 31A, the
system is in the distal collapsed state.

[80699] FIG. 32A-F llustrates a front, perspective view of the system of FIG. 30A and stepwise
use of the system in retrieving a clot in a human intracranial artery.

180160} FIG. 33 iHustrates a front, perspective view of an alternate embodiment of the
system of FiGs. 31-32 in which the proximal ends of the proximal strips are attached to the distal
end of the coaxial sheath.

(66161 FIG. 34 illustrates a front, perspective view of an alternate embodiment of the
system in which the coaxial sheath is a braided catheter comprised of a plurality of braids and
further wherein the distal segment of each braid forms a proximal strip.

{80102} FIG. 35A-C illustrate a front, perspective view of an embodiment of the system of
FiGs, 30-34 in which the proximal strips cover the proximal tip of the proximal crowns: 1o
particular, FIG. 35A is an exploded view, FIG. 35B shows the proximal strip attached to the
proximal crown via a loop and an eyelet, and FIG. 35C shows how the proximal sirips bend
backwards to cover the proximal tips when the distal body is in the distal collapsed state.

[00103] FIGS. 36A-36D illustrate a side, perspective view of a stepwise sequence of
making an embodiment of the basket systew of the present invention.

[00104] FIGs. 37A-378 illustrate a side, perspective view of stepwise deployment and use
of a basket system with proximal tether memory metal strips that are about the same length as
the rest of the basket (as measured from the proximal-most crown to the distal tube),

180165} FIGs. 38A-38E ilustraie a side, perspective view of stepwise doployment and use
of the basket system of FIGs. 37A-37B in a blood vessel to retrieve a clot.

180106} FIG. 39A illustrates a side, perspective view of the basket systern of FIGs, 37A
and 37B; as shown, all proximal crowns of the proximal cells are attached to a proximal tether
memory metal strip.

1061871 FIG. 398 illustrates an aliernative embodiment in which one proximal crown of a

proximal cell is not attached to a proximal tether memory metal strip.
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100108 FIG. 40 illustrates a side, perspective view of a basket system with relatively thick
proximal tether memory metal strips; in this FIG. 40, as shown, the proxamal tether memory
metal strips are thicker than the memory metal sirips forming the proximal-most crown,

[00109] FIG. 41 illustrates a side, perspective view of a basket systern with a proximal
basket and a distal basket.

{80116} FIG. 42 illustrates a side, perspective view of a basket system with a proximal
haskel and a disial basket in which the proximal tether memory metal strips rotate 180 degrees
about both the longitudinal axis of the proximal tether memory metal strips and about the
longitudinal axis of the pull wire.

00111} FIGs. 43A-438 iflustrate a side, perspective view of a basket system in which the
proximal tether memory metal sirips rotate 90 degrees about both the longitudinal axis of the

proximal tether memory metal strips and about the longitudinal axis of the pull wire.

166112] FIG. 43C tllustrates a front, elevation view of the basket system of FIGs, 43A-
438.
{80113} FIGs. 430 and 43E illustrate a front, elevation view and a side, perspective view

of a basket system in which the proximal tether memory welal sirips rotate 180 degrees about
both the longitudinal axis of the proximal tether memory metal strips and about the longitudinal
axis of the pull wire,

100114} FiGs. 44A-44F iHustrate a side, perspective view of stepwise deployment and use
of a basket system with a proximal basket and a distal basket in 4 blood vessel to retrieve a clot.
[806115] FIGS. 45SA-45D ilustrate a side, perspective view of a stepwise sequence of
making an embodiment of the basket system of the present invention.

[0116] FiGs. 46 A-46E dlustrate a side, perspective view of stepwise deploymeunt and use
of a basket system with relatively thin and short proximal tether memory metal strips.

180117} FIGs. 47A-4TH dlustrate a side, perspective view of stepwise deployment and use
of the basket system of FiIGs. 46A-46E in a blood vessel to retrieve a clot.

{00118} FiGs, 48A-48B illustrate a side, perspective view of stepwise deployment and use
of a basket systemy with relatively thick and short proximal tether memory metal strips.

{80119 FIGs. 49A-49C illustrate a side, perspective view of stepwise deployment and use
of a basket system with three relatively thin and short proximal tether meroory metal sirips; the

systen 18 deployed in a blood vessel to retrieve a clot.
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100120] FIG. 50A illustrates a side, perspective view of a basket system with relatively
thin and short proximal tether memory metal strips; m FIG. 5304, all proximal crowns of the
proximal cells are attached to a proximal tether memory metal strip.

00121} FIG. 50B ilustrates a side, perspective view of a basket systemn with relatively
thin and short proximal tether mwemory metal strips; in FIG. 30B, one proximal crowns of a
proximal cell is not attached to a proximal tether memory metal strip.

[66122] FIG. 50C illustrates a front view of a basket system with two proximal tether
memory metal strips.

(80123} FIG. 50D illustrates a front view of a basket system with three proxamal tether
memory metal strips.

1080124} FIG. SOF ilustrates a front view of a basket system with four proximal tether
memory metal strips.

[64125] FIG. 51 illustrates a side, perspective view of a basket system with relatively thin
and short proximal tether memwory metal strips; in this FIG, 31, as shown, the proximal tether
memory metal strips are not as thick as the memory metal strips forming the proximal-most
crowy; further, the thickuess of the memory metal strips gradually decreases from the proximal-
most crown along the basket length to the distal hub.

180126} FIG. 52 illustrates a side, perspective view of a basket system with relatively thin,
short proximal tether memory metal strips.

190127} FIGs. 33A-53C illustrate a side, perspective view of stepwise deployment and use
of a basket systern with relatively long and thin proxiral tether mewmory metal strips; the system
is used in a blood vessel to retricve a clot.

{80128} FiGs, 54A-54C dlusirate a side, perspective view of a basket system with a
proximal basket connected to a distal basket by proximal tether memory metal strips.

180129 FIGs. 55A-55B dllustrate a side, perspective view of 4 basket systern in which the
proximal tether memory metal strips rotate 90 degrees about both the longitudinal axis of the

proximal tether memory metal strips and about the longitudinal axis of the pull wire,

108136] FIG. 55C illustrates a front, elevation view of the basket system of FIGs. 55A-
55B.
(86131} FIGs. 55D and 35EF illustrate a front, elevation view and a side, perspective view

of a basket system in which the proximal tether memory metal strips rotate 180 degrees about
both the longitudival axis of the proximal tether mewory roetal strips and about the longitudinal

axis of the pull wire.
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1981324 FIG. 56 illustrates a side, perspective view of a basket system with relatively thick
and short proximal tcther memory metal strips.

[66133] FIG. 57A-F illustrates a side perspective view of deployment a basket system in
which the proximal tether memory metal strips are thicker than the memory metal strips forming
the proximal cells of the distal basket.

1001344 FIGs. 58A-58B illustrates a side perspective view of a basket system with
relatively long cords, mstead of proximal tether memory metal strips.

[00135] FIGs. 59A-598 illustrates a side perspective view of a basket system with
relatively short cords, instead of proximal tether memory metal strips.

100136 FIGs. 60A-F illustrate a perspective view of deployment of the basket system of
FIGs, 59A-598.

[66137] FIG. 61 illustrates a side perspective view of a basket system with cords and
proximal tether memory metal strips.

{80138} FiGs, 62A- 62C iilustrate a perspective view of deployment of the basket system
of F1G. 61.

[86139] FIG. 63 illustrates a right side perspective view of a mandrel used to prepare

unattached distal-pointing crowns that curve radially toward the basket interior.

100140} FIG. 64 illustrates a right side elevation view of the mandrel of FIG. 63,
DETAILED DESCRIPTION
180141} With reference to FIGs. 1-10, the present disclosure provides a deplovable

system, generally designated by the nameral 18, for removing an obstruction such as a blood clot
12 or other object from a blood vessel 14 or other interior lumen of an animal. In addition to a
blood clot 12, the obstruction ruay be, for example, extruded coils during aneurysm treatment,
intravascular ombolic material such as onyx or other obstructions requiring mechanical
intravascular removal from small distal vessels. In the drawings, not all reference nurnbers are
included in each drawing for the sake of clarity.

[00142] Referring further to FIGs. 1-10, the deployable system 18 includes a pull wire 16
that has a proximal end (not shown} and a distal end 2¢. Optionally, the diameter of the pull
wire is between about 0.008 inches and about 0.051 inches. Preferably, the pull wire 16 is
comprised of a biocompatible metallic roaterial.

164143} The system 10 further includes a distal body 22, which is attached to the pull wire
16. The distal body 22 has a proximal end 24, a distal end 26, an interior 28, and an exterior 38

The distal body 22 has a collapsed state, wherein the distal body 22 has a first height and width
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and s configured to {it into a catheter 58 (see FIG. 10A}, and a relaxed state wherein the distal
body 22 has a different height 32 and width and 1s configured to expand to about the height and
width of a human blood vessel 14 when the distal body 22 is deployed from the catheter 58 (see
FIGS. 10B-G). The distal body 22 further includes a proximal hub 74 and a distal hub 76 that is
located distal relative to the proximal hub 74, In some emwbodiments, the distal body 22 includes
a pharality of strips 40 comprised of a memory metal {e.g., a memory metal alloy such as nitinol)
that form the proximal end 24 of the distal body 22. Optiovally, the proximal memory metal
strips 40 cach have a distal end 44 and a proximal end 42 that forms an openable and closeable
claw 46. Optionally, the proximal memory mctal strips 48 are attached to the proximal hub 74
through connector memory metal strips 48. In such emwbodiments, the proximal hub 74 may be
slideable along at least a segment of the pull wire 16, in contrast to the distal hub 76, which 1s
optionally fixed to the pull wire 16 and not slideable along the pull wire 16, Moving the
proximal hub 74 distally and closer to the distal hmb 76 (i.c., shortening the distance 88 between
the proximal hub 74 and distal hub 76 by moving the proximal hub 74 distally while keeping the
distal hub 76 stationary} cxerts tension on the connector memory metal strips 48 and, in turn, the
proximal memory metal strips 48, This tension, 1o turn, causes the proximal ends 42 of the
proximal memory metal strips 40 to move radially toward each other and the pull wire 16, As
the proximal ends 42 of the proximal memory metal strips 40 move radially toward cach other
and the pull wire 16, the claw 46 (formed by the proximal memory metal strips 48) s brought
from the open position to at least a partially closed position, which in turn, scparates the
obstruction 12 {rom the wall of the human lumen 14 and captures the obstruction 12, See FIG.
3H, FIG. &, FIG. 9F, and FIG, 10F and 108G, Conversely, preferably, movement of the proximal
tub 74 proximally and away from the distal hub 76 (L.c., increasing the distance 88 between the
hubs 74 and 76) rcleases the tension in the proximal memory metal strips 48, which in trn,
causes the proximal ends 42 of the proximal memory metal strips 46 to move away from each
other and the pull wire 16, opening the claw 46. The claw 46 and proximal hub 74 form several
functions. First, as described, closing of the claw 46 captures the obstruction 12, Second, closing
the claw 46 retracts the claw 46 from the wall of the lumen 14 so that the claw 46 does not
scrape against {and damage) the lumen wall while capturing the obstruction 2. Third, closing
the claw 46 reduces the height and width of the distal body 22, which allows the distal body 22
to be re-sheathed in the catheter 54, which may be desired, for example, if the operator seeks to
re-deploy the distal body 22 in another location in the body (which may be the case if the

operator originally deploys the distal body 22 in the wrong location in the lumen 14). For
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purposes of the present invention, “closing the claw” embraces both partially closing the claw 46
{where the proximal ends 42 of the proximal memory metal strips 46 do not contact the pull wire
16) and fully closing the claw 46 (where the proximal ends 42 contact the puli wire 16},

{80144} The claw 46 may be comprised of any number of proximal memory metal strips
4. Preferably, however, between 2 and 4 proximal memory metal strips 48 comprise the claw
46 (it being understood that the connector strips 48, if present, merely serve to tether the claw 46
to the proximal hub 74). Preferably, the proximal memory metal strips 40 have a length of
between about 10 and about 60 millimeters. The proximal memory metal strips 4@ can be
thought of as arms of the claw 46.

{83145} In some embodiments, the connector strips 48 are integral with the proximal hub
74 (i.c., formed from the samc picce of memeory metal). In other embodiments, the proximal hub
74 may be welded to the connector strips 48. Optionally, in the relaxed state, the proximal
memory metal strips 42 are distributed substantially evenly about a perimeter of the distal body
22.

{80146} Optionally, the distal body 22 includes a lead wire 52 extending distally from the
distal body 22, Optionally, the lead wirve 82 extends distally {rom the distal hab 76. If present,
the lead wire 82 may be used to facilitate movement of the systern 16 in the lumen 4.

00147} Optionally, the distal body 22 includes a basket 54 distal to the proximal memory
metal strips 48, the basket 54 comprised of a plurality of memory metal strips 86 distal relative to
the proximal memory metal strips 48, The distal memory metal strips 56 may, for example, form
a basket 34 with a plurality of mesh openings 58, Optionally, the size of the mesh openings 38
in the basket 54 when the distal body 22 is in its relaxed state is less {preferably significantly
tess) than the diameter of an average-sized ischemic blood clot 12 so that the blood clot 12 does
not escape from the distal basket 54 after being captured by the distal body 22. Optionally, the
basket 54 has an open proxirual end 60 and a substantially closed distal end 62, which is formed
by distal tube 76. Optionally, the distal and proximal hubs 74 and 76 and the distal basket 54 are
comprised of a nitinol having the same material composition. Optionally, the size of the mesh
openings 88 decreases from the proximal end 68 of the basket 54 to the distal end 62, The distal
basket 54 is best seen in FIG. 2 and can be comprised of a different number of cell patterns. The
distal basket 34 i3 not shown 1n FiGs, 3-10 for ease of illustrating the other coraponents m the
system 18,

100148] Optionally, the proximal hub 74 and the distal hub 76 are cylindrical tubes

comprising substantially circular apertures that span the length of the hubs 74 and 76 and the
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hubs 74 and 76 have approximately the same inner diameter 72 and the same outer diameter 78,
Preferably, the inner diameter 72 is at least slightly larger than the diameter of the pull wire 16 so
that the pull wire 16 can slide through the proximal hub 74, In some embodiments, the outer
diameters 78 of the proximal and distal hubs 74 and 76 may be from about 0,011 inches to about
0.054 inches and the inuer diameters 72 of the proximal and distal hubs 74 and 76 may be from
about 0.008 inches to about 0.051 inches.

160149] Optionally, the distal body 22 further coraprises an x-ray marker 64 that is more
visible under x-ray as compared to the proximal memory metal strips 40 when the distal body 22
is located in a cranial blood vessel inside the body of a human and the x-ray is taken from
owutside the human’s body. H the connector strips 4% are welded to the proximal memory metal
sirips 48, the x-ray markers 64 may be, for example, located at the welding site. In some cases,
the increased thickness at the welding site may in of itself comprise the x-ray marker 64,
Preferably, the x-ray marker 64 is comprised of a radiopague material. Some cxamples of
radiopaque roaterials can include, but are not hmited to, gold, platinum, palladium, tantalum,
tungsten alloy, polymer material loaded with radiopague filler, and the like. Preferably, the
proximal memory metal sirips 40 are compnised of nitinol and the x-ray marker 64 s compnsed
of a material having a density greater than the nitinol.

{80150} A catheter 56 with an open proximal end (not shown) and an open distal end 66
initially envelopes the system 16, As used herein, the term “catheter” generally refers to any
suttable tube through which the systern 16 can be deployed. Preferably, the catheter 38 15 sterile
and coraprised of a biocompatible material (i.e., a material that does ot trritate the humwan body
during the course of a 45 minute operation that involves using the system 10 to remove a clot 12
froma an wtracranial blood vessel 14). The catheter 88 can be any suitable shape, including but
not limited to generally cylindrical. Preferably, the catheter 58 is a microcatheter. For purposes
of the present invention, when it 1s sawd that the catheter 58 envelopes the systern 18, #t will be
understood that the catheter 30 envelopes at least one component of the system I8 (preferably,
the distal body 22, the lead wire 52, and the pull wire 16). In some embodiments, the catheter 80
is about 2.5 French in diameter.  Optionally, the catheter 86 1s delivered to the region of the
lumen 14 that has the obstruction 12 as follows: a guide wire is delivered to the obstruction
region past the obstruction 12; the catheter 30 1s dehvered over the guide wire; the guide wire s
emoved; and the system 10 is delivered with its pull wire 16 and lead wire 52 through the
catheter 88, Optionally, the pull wire 16 is used to push the system 10 through the catheter 56

as well as to retrieve the distal body 22 after capturing the obstruction 14 as described below.
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The system 16 may utilize a plurality of catheters 58, such as, for example, a wider catheter that
fravels to the brain and g very flexible, smaller diameter mucrocatheter that 1s delivered from the
first catheter and travels through the small arteries of the brain. Preferably, the catheter 86 1s
comprised of a biocorpatible, polvmeric material (i.¢., one or more polymeric materials such as
siticone, PV, latex rubber or braided nylon).
{80151 Optionally, in the relaxed, opened-claw state, the distal body 22 or optionally just
the distal basket 534 has a tapered shape {(e.g., substantially conical or bullet 1o shape) so that the
distal body 22 or just the distal basket 54 tapers from the distal body 22 or the distal basket’s 54
proximal end to the distal end.
{80152} The proximal end of the system 18 is shown at the left end of FiGs. 1 and 3-10
and the distal end of the system 10 1s shown at the right end of FIGs, 1 and 3-10 because a
principal use of the system 18 is to remove a blood clot 12 from a human intracranial artery 14,
in which case the system 10 generally will enter the artery 14 at its proximal end by the surgeon
entering the patient’s body unear the groin and pushing the catheter 38 towards the brain.  The
diameter of human arteries 14 generally decrease from their proximal end to their distal end.
However, when used in other types of lumens, the distal body 22 may be localed proximally
relative to the catheter 56 as the term proximally and distally are used in that lumen.
[00153] The surgeon may deploy the distal body 22 by, for example, moving the catheter
58 proximally so as to unsheathe the distal body 22 or by pushing the distal body 22 out of the
catheter 50,
{63154} Use of the systern 1§ will now be described to remove a blood clot 12 from an
intracranial artery 14 of a human ischemic stroke patient, however, it will be appreciated that the
system 18 may be used to remove other objects frova other interior lamens,
{80155} A catheter 58, which contains the collapsed distal body 22 is positioned in the
lumen 14 distal to the clot 12, See FIG. [10A.
[66156] The distal body 22 is deployed from the catheter 58 and the height and width of
the distal body 22 expand to about the height and width of the blood vessel 14, See FIG. 10B,
1001574 The catheter 56 is pulled proximally and a claw-actuator tube 98 is deployed mto
the blood vessel 14. See FIG. 10C.
[86158] The distal body 22 is moved proximally so that the clot 12 1s located n the
interior 28 of the distal body 22. See FIGs. 10D and 10E.
100159] The claw-actuator tube 98 1s moved distally, which pushes the proximal hub 74

distally so that the distance 88 between the proximal hub 74 and the distal hub 76 (which is fixed
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to the pull wire 16 and kept stationary} decreases. Distal movement of the proximal hub 74
exerts tension on the connector and proximal memory metal strips 40 and 48, which i turn,
closes the claw 46. See FIG. 10F. (The claw actuator tube 98 should float on the pull wire 16 -
1.¢., have an aperture oxtending the tube’s longth that has a diameter larger than the diameter of
the pull wire 16 — and the aperture of the claw actuator tube 9§ should be smaller than the

diameter of the proximal hub 74 so that the claw actuator tube 98 pushes the proximal hub 74).

[86160] The system 18 is withdrawn proximally and remuoved from the body. See FIG.
10G.
{80161} To test the officacy of the system 18, a distal body 22 with a distal basket 54,

proximal and distal hubs 74 and 76, and a claw 46 comprised of three proximal memory metal
sirips 42 was tested it a flow model that included a tube and a moist cotton ball located in the
tube. The cotton ball was used to simulate a blood clot. The system 1 was deployed distal to
the cotton ball. The claw 46 was closed by moving the proximal hub 74 distally to capture the
cotton ball, The system 18 and cotton ball were withdrawn proximally in the tube,

{80162} In some embodiments, the distal body 22 is prepared by a process that includes
one or more of the following steps, as illustrated wn FlIGs, 14

aj providing a single tube 68 comprised of a memory metal such as nitinol, the single tube
68 having an cxierior, a substantially hollow interior, a wall scparating the exterior from the
substantially hollow interior, an open proximal end 74, an open distal end 76, a middle portion
78 between the open proximal end 74 and the open distal end 76 (see FIG. [A);

b) cutting the wall of the middle portion 78 with a laser 80 (see FIG. 1B);

c} removing the pieces of the middle portion 78 cut by the laser 88 to form a proximal tube
74, a distal tuwbe 76 and a naddie portion 78 comprising a plurality of memory metal strips 82
attached to the proximal tube 74;

d} aliering the shape of the rmddle portion 78 using a mandrel and allowing the middle
portion 78 to expand relative to the distal tube 76 and proximal tube 74 to form the distal basket

34;

&) quenching the middle portion 78 at room temperature,

£ removing the mandrel from the middie portion 78 {see FIGs. 2 and 3A);

o) raechanically or chemically electropolishing the middle portion 78 to remove oxides;

h) cutting the memory metal strips 82 to form a first segment 84 comprising the proximal

tube 74 and a proximal segment of the memory metal strips 82 and a second scgment 86
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comprising the distal tube 76 and a distal segment of the memory metal strips 82 (see FIG. 3B);
and
i} joining the proximal segments to the distal segments such that the distal segments form
the proximal end 24 of the distal body 22, such that the proximal tube 74 is located nside the
nterior 28 of the distal body 22, and such the proximal tube 74 is located distal relative to the
distal body proximal end 24 {(see FiGs. 3C-3E).

[806163] In some embodiments, the wethod further includes placing the pull wire 16
through the proximal tube 74 so that the proximal tube 74 is slideable along at least a segment of
the pull wire 16.

1801641 In some embodiments, the method further includes attaching the pull wire 16 to
the distal tube 76 so that the distal tube 76 1s not slideable along the pull wire 16 but mnstead the
distal tube 76 moves with the pull wire 16.

[00165] In some cmbodiments, after step 1, the proximal end 24 of the distal body 22
formas a claw 46 comprised of between 2 to 4 proxirsal mewmory metal strips 46, the claw
proximal memory metal strips 48 configured to move towards each other and the pull wire 16 by
moving the proximal tube 74 distally and toward the distal tube 76 (i.¢., decreasing the distance
K8 between the tubes 74 and 76) and the claw memory metal strips 48 configured to move away
trom cach other and away from the pull wire (i.e., increasing the distance 88 between the tubes
74 and 76} by moving the proximal tube 76 proximally and away from the distal tube 76 (as
described previously).

160166} Iu some embodiments, the middle portion 78 1s expanded by beating the mandrel
and the middle portion 78 by, for example, placing the mandrel and the middle portion 78 in a
fluidized sand bath at about 560°C for about 3 o about 7 muinutes. As the middle portion 78 is
heated, the heating causcs the crystalline structure of the memory metal tube 68 to realign.
Preferably, the mandrel is tapered {e.g., substantially conical or bullet in shape) so that the distal
basket 54 formed from the middle portion 78 tapers from the proximal end 66 to the distal end
62. Proferably, the proximal and distal ends of the tube 74 and 76 arc not shape set by the
mandrel and are not cut by the laser 88 so that the proximal and distal ends 74 and 76 do not
change in shape and only slightly expand in size under heating and return to the size of the native
tube 68 after the heat 1s removed. Preferably, the laser cuts are progravamed via a computer. To
ensure that the laser cuts only one surface of the tube wall at the time (and not the surface
directly opposite the desired cutting surface), the laser 86 1s preferably focused between the inner

and outer diameter of the desired cutting surface and a coolant is passed through the memory
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metal tube 68 so that the laser 88 cools before reaching the surface directly opposite the desired
cutting surface.

[66167] The portions of the wall not cut by the laser 88 create the distal basket 83,
proximal and distal tubes 74 and 76, and memory metal strips 48, 48 and 56, as described.
{80168] Preferably, the memory metal selected for the native tube 68 has a heat of
transformation below average human body temperature (37°C) so that the distal body 22 has
sufficient spring and flexibility after deployment from the catheter 38 wn the human blood vessel
4.

100169} In some embodiments, the native tube 68 (and hence the distal and proximal tubes
74 and 76) have an outer diameter of less than about 4 French, ¢.g., a diameter of about 1 to
about 4 French.  In some cmbodiments, the diarncter of the pull wire 16 1s between about 0.008
inches and about 0,031, as noted above, and in such embodiments, the diameter of the pull wire
16 may be approximately equal to the inner diameter 72 of the native nitinol tube 68.

190170] Without being bound by any particular theory, it is believed that manufacturing
the distal body 22 from a single memory metal tube 68 provides case of manufacturing and
safety from mechaunical fatlure and provides tensile strength necessary for the sysiern 18 to
remove hard thrombus 12 and other obstructions.

{08171} The embodiments of Ficures 11-29

1801721 Figures 11-29 illustrate an alternate embodiment 266 that includes one or more of
the following additional features, as described below: twisting proxamal sirips/tethers 252,
unattached/free distal-pointing crowns 288 that optionally curve wnward and have x-ray warkers
244, and enlarged openings/drop zones 262 in the basket 246 immediately distal to the
unatiached, distal-pointing crowns 288 that allow the obstruction or other object 278 to enter the
distal basket mterior 222.

180173} More specifically, as shown m FIGs, 11-29, the system 208 may nclude a pull
wire 202 having a proximal end 204 and a distal end 206, as described above, a distal body 216
attached to the pull wire 202, the distal body 216 comprising an interior 222, a proximal cud 218,
a distal end 228, a distal body length 226 extending from the proximal end 218 to the distal end
228, a distal body height 224, a proximal hub 228 (preferably in the form of a tube and which
has a proximal end 230 and a distal end 232) forming the proximal end 218 of the distal body
216, a basket 246 comprised of a plurality of cells/openings 248 formed by a plurality of basket
strips 281 that preferably are comprised of a memory wetal, optiovally a distal hub 236 that

forms the distal end 226 of the basket 246 (preferably in the form of a tube that has a proximal
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end 238 and a distal end 2486), and a plurality of proximal strips 252 (preferably the proximal
sirips 252 are comprised of a memory metal), cach proximal strip 252 having a proximal end 254
attached to the proximal hub/tube 228, and a distal end 256 attached to a cell 248 (more
spectfically a proximal-pointing crown of a cell 248 located at the proximal end of the basket
246), the basket comprising a basket interior 292, the distal body 216 having a relaxed state
wherein the distal body 216 has a first height and width, a collapsed state wherein the distal body
216 has a second height and width, the second height less than the fivst height, the second width
less than the first width; and a delivery catheter 288 for delivering the distal body 216, as
described above, having an mderior 216, a proximal end 212 leading to the interior 210 and a
distal end 214 leading to the interior 216, the delivery catheter 208 comprised of a biocompatible
{preferably polymeric) material and configured to envelope the distal body 216 when the distal
body 216 is in the collapsed state. Optionally, the basket interior 282 is substantially hollow -
t.e., unlike U.S. Patent Publication No. 2013/0345739, the basket interior 292 docs not contain
an inner elongate body. Optionally, instead of a distal hub 236, the basket 246 1ncludes an open
distal end. Optionally, at least two cells 258 of the basket 246 comprise a proximal crown 260
pointing generally in the proximal divection and a distal crown 258 pointing generally o the
distal direction, and the distal crowns 288 of the at icast two cells 2586 are not attached to another
cell 248 of the basket 246, In other words, the distal crowns 288 of at least two cells 258 are free
floating and are not attached to any strip except for the strips forming part of the at least two
cells 250; such distal crowns 238 are referred to below as unattached, distal-pointing crowns 258,
Preferably, the distal tips of the unattached, distal-poimnting crowns 258 terminate at an x-ray
marker 244, (Cells labeled with the numerals 256, 250A, 2508, 2500, and 250D refer to the at
teast two cells that inchude a proximal crown 266 pointing generally in the proximal divection
and an unattached, distal-pointing crown 258, cells labeled with the numerals 262, 2624, 2628,
262C, and 262D refor to the enlarged cells/drop zones adjacent to (preferably imumediately distal
to} an unattached, distal-pointing crown 258, and cells designated with numeral 248 refer to
generally the cells of the basket 246). (When it 1s said that the enlarged cells/drop zones 262 are
preferably immediately distal to an unattached, distal-pointing crown 258, it wili be understood
that at least a portion of an enlarged cell/drop zone 262 is immediately distal to an unattached,
distal-poiating crown 2588, and that a portion of the enlarged cell/drop zoue 262 may be proximal
to an unattached, distal-pointing crown 238, as shown in FIGs. 11-12 due to the shape of the
enlarged ceils/drop zones 262). Tt will be understood that part nuraber 250 refers generally to

one or more of the at least two cells, whereas part numbers 2384, 2508, 250C, and 250D refer to
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a specific one of the at least two cells. Similarly, it will be understood that part number 262
refers generally to one or more of the cularged cells/drop zones, whereas part numbers 2624,
2628, 262C, and 262D refer to a specific one of the enlarged cells/drop zones. Similarly, it will
be understood that part number 258 refers generally to one or more of the unattached, distal-
pointing crowns, whereas part numbers 2584, 2588, 258C, and 258D refer 1o a specific one of
the unattached, distal-pointing crowns.

166174} Optionally, at least two of the unattached, distal-pointing crowns 258 are located
approximately 180 degrees {e.g., about 150 to about 180 degrees) relative to cach other and
approximately the same distance from the proximal hub/tube 228, as best scen in FIG. 12A,
Optionally, the basket 246 comprises a first pair of unattached, distal-pointing crowns 2584 and
2588, cach of the first pair of unattached, distal-pointing crowns 238A and 258B s located
approximately the same distance from the proximal hub/tube 228 and approximately 180 degrees
clative to each other, and the basket 246 further comprises a second pair of unattached, distal-
poiating crowns 258C and 238D located distally relative to, and approxirnately 90 degrees {e.g.,
between about 60 and about 90 degrees) relative to, the first pair of unattached, distal-pointing
crowns 2584 and 258B. Optionally, the second pair of unatiached, distal-pointing crowans I88C
and 238D form cells 2588C and 2501 that are adjacent to, but offset from, the cells 258A and
2508 formed by the first pair of unattached, distal-pointing crowns 258A and 238B. (In other
words, optionally, the center of cell 2804 is about 90 degrees relative to the centers of cells
250C and 250D and optionally the center of cell 250B is also about 90 degrees relative to the
centers of cells 280C and 258D). Optionally, at least one of (and preferably all) the unattached,
distal-pointing crowns 258A, 2588, 258C or 258D comprise an x-ray marker 244 that is more
visible under x-ray as cormapared to the basket strips 291 when the distal body 216 15 located 1o a
cranial blood vessel 266 inside the body of a human and the x-ray is taken from outside the
human’s body. Preferably, the x-ray marker 244 15 a radiopaque material. Some examples of
radiopague materials can inchude, but are not Hmited to, gold, platinum, palladium, tantalum,
tungsten alloy, polymer material loaded with radiopague filler, and the like. Preforably, the
basket strips 291 are comprised of nitinol and the x-ray marker 244 is comprised of a material
having a density greater than the nitinol. In some embodiments, the x-ray markers 244 comprise
a beavy metal welded to the unattached, distal-pointing crowns 288, Optionally, the unattached,
distal-pointing crowns 258 curve subtly towards the interior 222 of the distal basket 246, which
decreases the likelihood that the unattached, distal-pointing crowns 258 will vub against and

damage the vessel wall 268, Optionally, the basket 246 comprises at least two cells proximal to
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the at least two cells 256 that include the unattached, distal-pointing crowns 258, Optionally, the
unattached, distal-pointing distal crowns 288 arc located about at least 5 mum (e.g., about 5 to
about 30 mm) from the proximal hub/tube 228. Optionally, the unattached, distal-pointing
crowns 258 arc located at least about 5 mm from the distal hub/tube 236, Opticnally, the
unattached, distal-pointing crowns 258 of the at least two cells 258 also each form part (vamely a
portion of the proximal boundary) of an enlarged cell 262 (which is the entry point of hard
thrombus 2708 1nto the basket interior 222} and further wherein the surface area of the enlarged
cells 262 in the relaxed state is greater than the surface area of the other cells of the basket 246 in
the relaxed state. Optionally, the unattached, distal-pointing crowns 258 serve several functions:
1} they form flex points of the basket 246, which makes it easter for the system 208 to navigate
the curves of the blood vessels 266 of the brains; 2) through the use of x-ray markers 244 on the
unattached, distal-pointing crowns 258, they allow the operator to locate the enlarged cells 262
of the basket 246 that form the point at which hard thrombuses 2768 enter the basket 246; and 3)
they allow the operator to ratchet or force the object 278 nio the basket 246 by moving the
unattached, distal-pointing crowns 2588 proximally and distally relative to the object 278, (As
explained below, the numeral 278 refers to clots/thrombuses and other objects generally, and
TT0A refers to a soft clot, 2708 refers to a hard clot and 270 refers to a deformable, cohesive,
adherent clot). Optionally, the proximal cnd 254 of a proximal strip 252 is located about 65-180
degrees (preferably approximately 180 degrees) relative to the distal end 286 of the same
proximal strip 252, as best seen in FIG, 12B. In other words, preferably the proximal end 254 of
a first proximal strip 252 is attached 1o the 12 o’clock position on the proximal tube 228 and the
distal end 256 of the first proximal strip 252 (which terminates at a proximal cell 248 of the
basket 246) 1s located at the 6 o’clock position (i.e., 180 degrees from the siart position), and the
proximal end 234 of a sccond proximal strip 252 is attached to the 6 o’clock position on the
proximal tube 228 and the distal end 254 (which terminates at a cell 248 of the basket 246) of the
second proximal strip 252 is located at the 12 o’clock position (i.e., 180 degrees from the start
position). This twisting feature serves two functions: 1) it allows the proxamal strips 252 to
surround the object 278; and 2} it allows the manufacturer to insert a mandrel into the basket 246
during the shape-setting procedure. Optionally, the pull wire 202 is attached to the proximal tube
228 (e.g., by ghuing, welding or the like}. Preferably, the pull wire 202 does not extend through
the distal basket interior 222. Optionally, the proximal strips 252 are integral with the distal end
232 of the proximal tube 228 and the entire distal body 216 is created from a single tube 264 of a

nmiemory metal. Optionally, the proximal crowns 260 of the at least two cells 25¢ that include the
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unattached, distal pointing-crowns 258 are each attached to another cell 248 of the basket 246,
In other words, preferably the basket 246 does not have any free-floating proximal-pointing
crowns, as free-floating proximal-pointing crowns could damage the vessel 266 when the distal
body 216 is pulled proximally. Optionally, the systermn 200 further comprises a lcad wire 286
exlending distally from the distal tube 236, the lead wire 286 having a length of from about 3
mm to about 10 mm.  Optionally, the distal hub/tube 236, the proximal hub/tube 228, and the
basket 246 are comprised of a nitinol baving the same matenal composition. In other words, as
with the prior embodiment of FIGs. 1-10, optionally the entire distal body 216 s manufactured
from a single tube of nitinol 264. Optionally, the proximal and distal hubs/tubes 228 and 236
comprise an x-ray marker 244 that is more visible under x-ray as compared to the basket strips
291 when the distal body 216 1s located 1 a cranial blood vessel 266 inside the body of a human
and the x-ray is taken from outside the human’s body. Preferably, the x-ray marker 244 is a
radiopaque material. Some examples of radiopaque materials can inchade, but are not limited to,
gold, platinom, palladium, tastalum, tungsten alloy, polymer material loaded with radiopague
filler, and the like. Preferably, the basket strips 291 are comprised of nitinol and the x-ray
marker 244 1s coroprised of a material having a density greater than the nitinol. In some
embodiments, the proximal and distal hubs/tube interiors 234 and 242 may comprise tantalum
welded or otherwise attached to the interior 234 and 242 of the proximal and distal hubs/tubes
228 and 236. Optionally, the proximal and the distal tubes 228 and 236 are generally cylindrical
in shape and each has an outer diamcter and an mner diameter, the inner diamcter forming
apertures of the proximal and distal tubes 228 and 236 and further wherein the outer diameters of
the proximal and distal tubes 228 and 236 are substantially the same size and further wherein the
mner diameters of the proximal and distal tubes 228 and 236 are substantially the same size.
Optionally, the outer diameters of the proximal and distal tubes 228 and 236 are from about
0.011 inches to about 0.054 inches, and further wheretn the fnner diameters of the proximal and
distal tubes 228 and 236 arc from about 0.008 inches to about 8.051 inches. Optionally, the pull
wire 202 15 generally cyhindrical and further whercin the diamecter of the pull wire 202 s between
about 0.008 inches and about 0.051 inches. Optionally, the distal body 216 has a length of
between about 10 and about 60 millimeters. Optionally, the first height 224 and first width 226
of the distal body 216 arc between about 2 millitneters and about 6 millimeters.

[80175] The present disclosure also provides a method of removing a clot or other object

278 frovo ananterior lumen 266 of an aniwal, the method comprising the steps of:
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a} providing the system 208 of Figures 11-29, wherein at least two celis 256 of the
basket 246 coruprise 4 proximal crown 268 pointing generally in the proximal direction and a
distal crown 288 pointing generally in the distal direction, and the distal crowns 258 of the at
least two colls 286 are not aitached to another cell 248 of the basket 246 (i.¢., free-floating), and
further wherein at least oue of the unattached, distal-pointing crowns 258 comprises an x-ray
marker 244;

b) positioning the system 208 in the luruen 266;

c} deploying the distal body 216 from the distal end 214 of the delivery catheter 208;

dy allowing the height and width 224 and 226 of the distal body 216 to increase;

e} irradiating the x-ray marker 244 with x-ray radiation and

] moving the object 278 into the distal basket interior 222,
184176} Optionally, the object 278 enters the distal basket interior 222 adjacent to
{preferably adjacent and immediately distal to) at least one of the unattached, distal-pointing
crowns 288 — ie., n the enlarged cells/drop zones 262, In some embodiments, the distal body
216 1s deployed so that at least one {e.g., preferably the two proximal 258A and 258B) of the
unattached, distal-pointing crowns 238 is distal to the object 278, As explained below, the x-ray
markers 244 of the unattached, distal-pointing crowns 288 are used to locate the distal body 216
relative to the clot or other object 278, It will be appreciated that clots 278 can generally be
focated mn blood vessels 266 by injecting a contrast dye, for example, into the blood vessel 266
proximal and distal to the believed arca of obstruction and viewing on an x-ray where the fluid
stops moving in the blood vessel 266. 1t will also appreciated that if the object 278 is not a blood
clot but is a radio-opague object, the object 278 may be viewed on an x-ray.
{80177} FiGs, 11 and 148 dlustrate a first, perspective view of one embodiment of a distal
body 216 with twisting proximal strips 252, unattached distal-pointing crowns 258 that subtly
curve inward and have x-ray markers 244, and enlarged openings/drop zones 262 in the basket
246 that allow the obstruction or other object 270 to enter. In FIGs, 11 and 14B, the distal body
216 1s m Orientation 1. (To prepare a basket 246 with unattached distal-pointing crowns 258
that curve inward toward the basket interior 292, a mandrel 984 such as that llustrated in FiGs.
63 and 64 may be used. The mandrel 868 includes a generally cylindrical body %01 with tapered
proximal and distal euds 942 and 903 that slope like the ends of a pencil. The cylindrical body
201 includes two grooves 904 that extend around the circumference of the cylindrical body 961.
The grooves 904 include tapered portions 985 that slope towards the distal end 903, which are

designed to shape the unattached distal-pointing crowns 258. The grooves %04 arc generally in
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the shape of a truncated cone, as shown in FIGs. 63-64). The two proximal, unattached distal-
pointing crowns 258A and 2588 are located approximately the same distance from the proximal
hub/tube 228 and are oriented approximately 180 degrees relative to each other. The two distal,
unattached distal-pointing crowns 258C and 258D are located approximately the same distance
from the proximal hub/tube 228 as each other {and distal to the two proximal, unattached distal-
pointing crowns 258A and 258B) and are oriented approximately 180 degrees relative to each
other and approximately 90 degrees to the proximal, unattached distal-pointing crowns 2884 and
2158B. The two proximal enlarged openings/drop zones 262A and 2628 distal to the proximal,
unattached distal pointing crowns 258A and 2588 arc located approximately the same distance
from the proximal hub/tube 228 and the centers of the two proximal enlarged openings/drop
zones 2624 and 2628 are oriented approximately 180 degrees relative to cach other. {As noted
above, preferably, the proximal, unattached distal-pointing crowns 2584 and 2588 form part of
the proximal boundary of the proximal, enlarged cells/drop zones 262A and 2628, and the distal,
unatiached distal-pointing crowns 238C and 288C forru part of the proximal boundary of the
distal, enlarged cells/drop zones 262C and 262D). The two distal, enlarged openings/drop zones
262C and 262D distal to the distal, unattached distal pointing crowns 288 and 258D are located
approximately the same distance from the proximal hub/tube 228 and the centers of the distal,
enlarged openings/drop zones 262C and 262D are oriented approximately 180 degrees relative to
each other and approximately 90 degrees relative to the proximal enlarged openings/drop zones
262A and 262B. FIGs. 12A and 14C illustrate a second view of the distal body 216 of FIG. 11
{Onientation 2). FIG. 13 1s a close~up view of two unatlached, distal-pointing crowns 262. The
lings in FIG. 14 show how a nitinol tube 264 is cut with a laser to create the distal body 216
shown n FIG. 148 and FIG. 14C. It will be appreciated that FIG. 14B 1s a siplified view of
the distal body 216 and orientation shown in FIG. 11 and FIG. 14C is a simplified view of the
distal body 216 and orientation shown in FIG, 124,

{64178} As described below, FiGs. 15-19 describe how the distal body 216 is used to
retrieve, soft clots 278A, hard clots 270B, and deformable, cohesive adhesive clots 278C in a
human intracranial artery 266, (In FIGs. 15-19, the ceuter of the artery 266 is denominated by
the dashed line}. As explained below, the distal body 216 has four rows of x-ray markers
namely, 1) a f{ist row of one x-ray marker, which 18 located inside the proximal tube
ienominated by the numeral 228, 244; 2} a second row of two x-ray markers, which are located
al the two proximal, unatiached distal-pointing crowns (the two markers are oriented 180 degrees

relative to each other) denomunated by the numcrals 2584, 244 and 2588, 244; 3} a third row of
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two x-ray markers, which are located at the two distal, unattached distal-pointing crowns {these
two markers are oriented 180 degrees relative to cach other and 90 degrees relative to the two
proximal, unattached distal-pointing crowns} denominated by the numerals 288C, 244 and 238D,
244; and 4} a fourth row of one x-ray marker, which 1s located mside the distal tube denonunated
by the numeral 236, 244. (It will be appreciated that the first number in the sequence describes
the position of the x-ray marker and the second number, 244, represents the fact that the item is
an x-ray marker}. As explained below, apon deploying the distal body 216 so that the two
proximal, unattached distal-pointing crowns 2584, 244 and 2588, 244 are immediately distal to
the clot 270, the surgeon interventionalist {t.c., operator of the distal body 216) detects the four
rows of x-ray markers using x-ray radiation from a first vantage point and from a second vantage
point that is offset from the first vantage point {¢.g. 90 degrees). Next, the surgeon moves the
distal body 216 proximally relative to the clot 278 and takes additional x-rays from the first and
second vantage points. As explained in greater detail below, the surgeon uses the x-ray markers
of the proximal and distal, unattached distal-pownting crowns, namely 2584, 244; 2388, 244;
258C, 244: and 238D, 244 (more specifically, the convergence or lack thereof of the proximal
and distal, unattached distal-pointing crowns 258A, 244; 2888, 244; 258, 244; and 288D, 244
as shown on the x-ray) to determine whether the clot 278 is located inside the distal body interior
222 or whether the clot 270 1s collapsing the distal body 216.

108179} More specifically, FiGs. 15A-( illustrate stepwise use of the distal body 216 in
retricving a soft clot 270A 1n & human intracranial artery 266, (The distal body 216 n FIGS.
15A-15G 18 i Onentation 1), First, as always, the surgeon determines the location of the clot
Z78A in the vessel 266 using, for example, a contrast dye injected proximal and distal to the clot
270A. Next, the delivery catheter 208, which is enveloping the distal body 218, s positioned in
the blood vessel 266 so that the two proximal, unattached distal-pointing crowns 258A and 258B
are immediately distal to the clot 278A. See FIG. 15B. The distal body 216 1 then deployed
from the delivery catheter 208 by moving the catheter 288 proximally. The soft clot 2784,
which is unable to collapse the distal body 216, then enters the distal body mterior 222, See FIG.
15C. However, at this tine, the surgeon 18 unaware that the clot 278A has entered into the distal
body interior 222, Thus, without moving the distal body 216, the surgeon irradiates the four
rows of x-ray markers at a first vantage point (i.e., from the frout of the distal body 216 in the
oricntation shown in FIGs. 15A-G; t.e., into the page). As shown in FIG. 15D, the first vantage
point shows four rows of x~ray markers. The first row 18 a single point, which represents the x-

ray marker located in the proximal tube 228, 244; the proximal tube x-ray marker 228, 244
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always appears as a single point. The second row is a single point, which represents the x-ray
marker located at the frout, proximal, unattached distal-pointing crown 2388, 244; the rcason
that this second row of markers is a single point is that the rear x-ray marker of the second row
258A, 244 1s hidden from view because 1t is directly behind the front x-ray marker of the second
row 2588, 244. The third row has two points, which represents the two x-ray markers located at
the distal, unattached distal-pointing crowns 288C, 244 and 258D, 244; the reason that this third
row of markers has two points is that neither marker in the thivd row 288, 244 and 238D, 244 1s
hidden from view on the x-ray at this angle — rather, one marker 288C, 244 is located above the
other marker 258D, 244 — and as shown i FIG. 15C, the distal body 216 is not collapsed at the
distal, unattached distal-pointing crowns 238C, 244 and 258D, 244. The fourth row is a single
point, which represents the x-ray marker located 1n the distal tube 236, 244; the distal tube x-ray
marker 236, 244 always appears as a single point.  Without moving the distal body 216, the
surgeon then irradiates the four rows of x-ray markers from a second vantage poimnt 90 degrees
offset from the first vantage point (i.e., from the bottom of the distal body 216 in the orientation
shown in FIG. 15A). As shown, the first row is, as always, a single point, which represents the
x-ray warker located n the proximal tube 228, 244, The second row has two points, which
represents the two x-ray markers [ocated at the proximal, unattached distal-pointing crown 2384,
244 and 258B, 244; the reason that this second row of markers shows up as two points 1s that
neither marker 2884, 244 and 2588, 244 in the second row is hidden from view on the x-ray at
this offset angle — rather, one marker 238B, 244 s located above the other marker 288A, 244 —
and the distal body 216 is not collapsed at the proximal, unattached distal-pointing crowns 2384,
244 and 25888, 244. The third row is a single point, which represents the x-ray marker located at
the bottom, distal, unattached distal-pointing crown 258D, 244; the reason that thas third row of
markers is a single point is that the top x-ray marker of the third row 258C, 244 is directly
behind the bottorn x-ray marker of the third row 258D, 244, and thus, hidden from view., The
fourth row is, as always, a single point, which represents the x-ray marker located in the distal
tube 236, 244. The surgeon, thus, concludes that neither the x-ray markers at the second row
2584, 244 and 2588, 244 nor the x-ray markers at the third row 288C, 244 and 258D, 244 (ic.,
the x-ray markers at both the proximal and distal unattached distal pointing-crowns) have
converged. As shown w FIG. 15E, the surgeon then wooves the distal body 216 proximally
relative to the soft clot 278A so that the distal, unattached distal-pointing crowns 258C, 244 and
238D, 244 arc immediately distal to the clot 2784 and then the surgeon frradiates the four rows

of x-ray markers again from the first vantage point and the second vantage point. As shown in
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FIG. 15F, the resulis are the same as FIG. 15D, With the results from FIGs, 15D and 15F, the
surgeon concludes that neither x-ray markers at the second row  258A, 244 and 2588, 244 nor
the x-ray markers at the third row 258C, 244 and 258D, 244 {(i.¢, the x-ray markers at both the
proximal and distal unattached distal pointing-crowns) converged at either the original position
of the distal body 216 (FIGs. 15C and 15D) or the position after moving the distal body 216
proximally (FIGs. I5E and 15F}, and, thus, the distal body 216 was expanded in the vessel 266
im both positions. Thus, the surgeon councludes that the clot 18 a soft clot 270A that has entered
into the distal body interior 222 and the surgeon removes the distal body 216 and the soft clot
2T0A, captured by the distal body 216, by moving the distal body 216 proximally out of the
vessel 266, as shown in FIG, 156,

{00189 FIGs. 16A-H illustrate stepwise use of the distal body 216 in retrieving a hard clot
2748 in a buman intracranial artery 266. (In FIGs. 16A-H, the distal body 216 is tn Orientation
1). First, as always, the surgeon determines the location of the clot 2708 in the vesscl 266 using,
for example, a contrast dye injected proximal and distal to the clot 278B. Next, the delivery
catheter 208, which is enveloping the distal body 216, is positioned in the blood vessel 266 so
that the two proximal, unattached distal-pointing crowns 258A and 2588 are omediately distal
to the clot 2768, See FIG. 168, The distal body 216 is then deployed from the delivery catheter
208 by moving the catheter 208 proxamally, The hard clot 278B, which s located above the
distal body 216, collapses the distal body 216, as shown i FIG. 16C. However, at this time, the
surgeon s unaware that the clot 2768 has collapsed the distal body 216, Thus, without moving
the distal body 216, the surgeon wradiates the x-ray markers at a first vantage point (i.¢., from the
front of the distal body 216; t.c., into the page}. As shown in FIG, 16D, the first vantage point
shows four rows of x-ray markers. The firsi row i3, as always, a single point, representing the x-
ray marker located in the proximal tube - 1.e., 228, 244. The sccond row is a single point, which
represents the x-ray marker located at the froni, proximal, unatiached distal-ponting crown
2888, 244; the reason that this second row of markers is a single point is that the rear x-ray
marker of the second row 2584, 244 15 hidden from view because it 18 directly behind the front
x-ray marker of the second row 2588, 244. The third row has two points, which represents the
two x-ray markers located at the distal, unattached distal-pointing crowns 258C, 244 and 258D,
244; the reason that this third row of markers has two points is that neither marker in the third
row is hidden from view on the x-ray at this angle — rather, one marker 258C, 244 1s located
above the other marker 258D, 244 — and as shown in FIG, 16C, the distal body 216 is not
collapsed at the distal, unattached distal-pointing crowns 258C, 244 and 258D, 244. The fourth
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row ts, as always, a single point, representing the x-ray marker located in the distal tube 236,
244, Without moving the distal body 216, the surgeon then irradiates the markers from a sccond
vantage point 90 degrees offset from the first vantage point (i.e., from the bottom of the distal
body 216). As shown, the first row is, as always, a single point, which represents the x-ray
marker located in the proximal tube 228, 244. The second row has two poinis, which represents
the two x-ray markers located at the proximal, unattached distal-pointing crowns 2584, 244 and
2888, 244; the reason that this second row of markers shows up as two points 1s that neither
marker in the second row is hidden from view on the x-ray at this offset angle — rather, one
marker 258B, 244 1s located above the other marker 288A, 244 — and although the distal body
216 is collapsed at the proximal, unattached distal-pointing crowns as shown in FIG. 160, the
sccond row of x-ray markers have not converged because the clot 2768 15 on top of the second
row of x-ray markers. The third row is a single point, which represents the x-ray marker [ocated
at the bottom, distal, ynattached distal-pointing crown 258D, 244; the reason that this third row
of markers 18 a single point 1s that the top x-ray marker of the third row 288C, 244 is directly
behind the bottom x-ray marker of the third row 258D, 244, and thus, hidden from view. The
fourth row is, as abways, a single pownt, which represents the x-ray marker located in the distal
tube 236, 244. The surgeon, thus, concludes that neither the second row 258A, 244 and 2588,
244 nor the third row 258C, 244 and 238D, 244 of x-ray markers (1.¢., the x-ray markers at both
the proximal and distal unattached distal pointing-crowns) has converged. As shown in FIG.
16E, the surgeon then moves the distal body 216 proxamally so that the distal, unattached distal-
pointing crowns 288C, 244 aud 258D, 244 arc unmmediately distal to the clot 2708 and the
surgeon then irradiates the x-markers again from the first vantage point. As shown in FIG. 16F,
the {irst row is, as always, a single point, representing the x~-ray marker located in the proximal
tube 228, 244. The second row is a single point, which represents the x-ray marker located at the
front, proximal, unattached distal-pointing crown 2588, 244; the rcason that this second row of
markers is a single point is that the rear x-ray marker of the second row 2584, 244 is ldden
from view because 1t 18 directly behind the front x-ray marker of the second row 238B, 244, The
third row has only one point because the clot 2768, which is on top of the third row of x-ray
markers 258C, 244 and 258D, 244 (i.c., the markers at the distal, unattached distal-pointing
crowuns), has pushed the third row of x-ray markers 2588C, 244 and 288D, 244 together. The
fourth row is, as always, a singic point, representing the x-ray marker located in the distal tube
236, 244. Without moving the distal body 216, the surgeon then nradiates the markers from a

second vantage point 90 degrees offset from the first vantage point (Le., from the bottom of the
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distal body). As shown, the first row is, as always, a single point, which represents the x-ray
marker located in the proximal tube 228, 244. The second row has two points, which represents
the two x-ray markers located at the proximal, unattached distal-pointing crown 2884, 244 and
238B, 244; the rcason that this second row of markers shows up as two points 18 that neither
marker in the second row 1s hidden from view ou the x-ray at this offset angle and the distal body
216 is not collapsed at the proximal, unattached distal-pointing crowns 2584, 244 and 2588,
244, The third row is a single pownt, which represents the x-ray marker located at the bottom,
distal, unattached distal-pointing crown 258D, 244; the reason that this third row of markers is a
single point is that the bottom x-ray marker of the third row 258D, 244 1s directly in front of the
top x~ray marker of the third row 258C, 244, and thus, the top x-ray marker of the third row
258C, 244 is hidden from view, The fourth row 1s, as always, a single point, which represents
the x-ray marker located in the distal tube 236, 244. Kuowing that the distal, unattached distal-
pointing crowns 288C, 244 and 258D, 244 have converged as shown in FIG. 16F, the surgeon
moves the distal body 216 proximally and the hard clot 270B f{alls into the distal body interior
222 in the enlarged cell/drop zone 262C immediately distal to the top, distal, unattached distal-
pointing crown 288C. See FIG. 16G. To confirm that the hard clot 2708 has entered the distal
body interior 222, the surgeon takes x-rays from the first and second vantage points. The results
are shown in FIG. 16H. As compared to 16F, the front x-ray view of FIG. 16H shows that the
distal, unattached distal-pointing crowns 288C, 244 and 25818, 244 are not converged, and, thus,
the surgeon concludes that the hard clot 2708 has entered the distal body interior 222. The
surgeon then removes the distal body 216 and the hard clot 278B, captured by the distal body
216, by moving the distal body 216 proximally out of the vessel 266.

{80181} FiGs, 17A-G illustrate stepwise use of the distal body 216 1o retrieving a soft clot
278A n a human intracranial artery 266, {(In F1Gs. 17A-G, the distal body 216 is in Orientation
2). First, as always, the surgeon determines the location of the clot 278A in the vessel 266 using,
for example, a contrast dye injected proximal and distal to the clot 278A. Next, the delivery
catheter 208, which 1s enveloping the distal body 216, 1s positioned n the blood vesscl 266 so
that the two proximal, unattached distal-pointing crowns 288A and 258B are immediately distal
to the clot 278A. See FIG. 178, The distal body 216 1s then deployed from the catheter 208 by
moving the catheter 208 proximally. The soft clot 2704, which is unable to collapse the distal
body 216, then cnters the distal body interior 222, See FIG. 17C. However, at this time, the
surgeon is unaware that the clot 270A has entered juto the distal body wterior 222, Thas,

without moving the distal body 216, the surgeon trradiates the x-ray markers at a first vantage
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point (i.e., from the front of the distal body; into the page). As shown in FIG. 17D, the first
vantage point shows four rows of x-ray markers. The first row 1s, as always, a single pont,
representing the x-ray marker located in the proximal tube 228, 244. The second row has two
points, which represents the two x-ray markers located at the proximal, unattached distal-
pointing crowns 2584, 244 and 258B, 244; the reason that this second row of markers has two
points is that neither marker in the second row is hidden from view on the x-ray at this angle —
rather, one marker 2584, 244 is located above the other marker 238B, 244 — and as shown in
FIG. 17C, the distal body 216 is not collapsed at the proximal, unattached distal-pointing crowns
258A, 244 and 2588, 244, The third row has a single point, which represents the x-ray marker
focated at the front {in Orientation 2}, distal, unattached distal-pointing crown 238C, 244; the
reason that this third row of markers is a single pomnt 1s that the rear (in Orientation 2} x-ray
marker 258D, 244 of the third row is hidden from view because it is directly behind the front x-
ray marker 258C, 244 of the third row. The fourth row is, as always, a single point, ropresenting
the x~ray marker located o the distal tuwbe 236, 244, Without wmoving the distal body, the
surgeon then irradiates the markers from a second vantage point 90 degrees offset from the first
vantage point {(i.e., from the bottom of the disial body, as shown o this view}. As shown, the
first row is, as always, a single point, which represents the x-ray marker located in the proximal
tube 228, 244. The second row is a single point, which represents the x-ray marker located at the
bottom (in Orientation 2), proximal, unattached distal-pointing crown 258B, 244; the reason that
this second row of markers 1s a single point is that the top (in Orientation 2) x-ray marker of the
second row 2584, 244 is directly behind the bottom x-ray marker of the second row 2588, 244,
and thus, hidden from view. The third row has two points, which represents the two x-ray
markers located at the distal, unattached distal-pomting crowns 288C, 244 and 258D, 244; the
reason that this third row of markers shows up as two points is that neither marker in the third
row 18 hidden from view on the x-ray at this offsct angle and the distal body 216 1s not coliapsed
at the distal, unattached distal-pointing crowns 288, 244 and 258D, 244. The fourth row is, as
always, a single point, which represents the x-ray marker located in the distal tube 236, 244. The
surgeon, thus, concludes that neither the second row 2584, 244 and 2588, 244 nor the third row
of x-ray markers 258C, 244 and 258D, 244 (i.c., the x-ray markers at both the proximal and
distal unattached distal pointing-crowns) has couverged. As shown in FIG. 17H, the surgeoun
then moves the distal body 216 proximally relative to the clot 278A so that the distal, unattached
distal-pointing crowns 288C, 244 and 258D, 244 are immediately disial to the clot 270A and

then the surgeon irradiates the x-markers agam from the first vantage point and the second
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vantage point.  As shown in FIG. 17F, the results are the same as FIG. 17D, With the results
from FlGs. 17D and [7F, the surgeon concludes that neither the sccond row 258A, 244 and
2588, 244 nor the third row of x-ray markers 258C, 244 and 258D, 244 (i.c., the x-ray markers
at both the proximal and distal unattached distal pointing-crowns) were converged at either the
original position of the distal body 216 (FIG. 17C and 17D) or the position afier moving the
distal body 216 proximally (FIG. 17E and 17F), and, thus, the distal body 216 was expanded in
the vessel 266 1u both positions. Thus, the surgeon concludes that the clot 2704 1s a soft clot
Z78A that has entered into the distal body interior 222 and the surgeon removes the distal body
216 and the soft clot 270A, captured by the distal body 216, by moving the distal body 216
proximally out of the vessel 286, as shown in FIG. 17G.

[00182] FIGs. 18A-G illustrate stepwise use of the distal body 216 in retrieving a hard clot
2748 in a human intracranial artery 266. (In FIGS. 18A-G, the distal body 216 is in Orientation
2). {As described below, the primary differences between FIGs 18A-G and FiGs. 16A-G s that
the clot 2708 enters the distal body wterior 222 10 an eularged cell/drop zone 262 A jmumediately
distal to one of the proximal, unattached distal-pointing crowns 258A in FiGs. 18A-G, as
compared to FIGs, 16A-G where the clot 270B enters the distal body wnterior 222 1u an enlarged
cell/drop zone 262€ immediately distal to one of the distal, unattached distal-pointing crowns
238C). Furst, as always, the surgeon determines the location of the clot 2708 in the vessel 266
using, for example, a contrast dye injected proximal and distal to the clot 278B. Next, the
delivery catheter 208, which is enveloping the distal body 216, is positioned in the blood vessel
266 so that the two proximal, unattached distal-pointing crowns 2584 and 2888 are wnmediately
distal to the clot 27808, Sce FIG. 18B. The distal body 216 is then deployed from the catheter
208 by moving the catheter 208 proximally. The hard clot 2788, which is located above the
distal body 216, collapses the distal body 216, as shown in FIG. 18C, However, at this time, the
surgeon s unaware that the clot 2768 has collapsed the distal body 216, Thus, without moving
the distal body 216, the surgeon irradiates the x-ray markers at a {irst vantage point (i.e., from the
tront of the distal body in Orientation 2; into the page). As shown in FIG, 18D, the first vantage
point shows four rows of x-ray markers. The first row is, as always, a single point, representing
the x-ray marker located in the proximal tube 228, 244, The second row has only one point
because the clot 2788, which i on top of the second row of x-ray markers 2584, 244 and 2588,
244 (ie., the markers at the proximal, unattached distal-pointing crowns), has pushed them
together. The third row has ouly one powmt, which represents the x-ray marker located at the

front {in Orientation 2}, proximal, unattached distal-pointing crown 258C, 244; the reason that
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this third row of markers is a single point is that the rear (in this view} x~ray marker of the third
row 258D, 244 is hidden from view because it 1s directly behind the front x-ray marker of the
third row 288C, 244. The fourth row ts, as always, a single point, representing the x-ray marker
located in the distal tube 236, 244, Without moving the distal body, the surgeon then frradiates
the markers from a second vantage point 90 degrees offset from the fivst vantage point {Le., from
the bottom of the distal body 216). As shown, the first row is, as always, a single point, which
represents the x-ray warker located in the proximal tube 228, 244, The second row has a single
point because the top (in Orientation 2} x-ray marker of the second row 2384, 244 1s located
behind the bottom (in Orientation 2) x-ray marker 2588, 244 and thus, the top x-ray marker of
the second row 2584, 244 is hidden from view. The third row has two points, which represents
the x-ray markers located at the distal, unattached distal-pointing crowns 258C, 244 and 238D,
244; in this x-ray view neither of the x-ray markers of the third row is hidden from view. The
fourth row is, as always, a single point, which represents the x-ray marker located in the distal
tube 236, 244. The surgeon, thus, concludes that the second row of x-ray markers 2584, 244 and
258B, 244 (i.c., the x-ray markers at the proximal, unattached distal pointing-crowns} has
converged. As shown in FIG, 18E, the surgeon then wmoves the distal body 216 proximally so
that the distal, unattached distal-pointing crowns 288C, 244 and 258D, 244 arc immediately
distal to the clot 278B. Unbeknownst to the surgeon, the clot 2788 enters the distal body interior
222 immediately distal to the top (in Orientation 2), proximal unattached distal-pointing crown
258A and the distal body 216 1s no longer collapsed. The surgeon then irradiates the x-markers
again from the first vantage point. As shown mn FIG. 18F, the first vow 1s, as always, a single
point, representing the x-ray marker located in the proximal tube 228, 244. The second row has
two x-ray markers because the distal body 216 1 not collapsed and neither the top (in Orientation
2) 258A, 244 nor the bottom 2588, 244 (in Orientation 2} x-ray marker of the second row (i.c.,
the marker at the proximal, unattached distal-pointing crowns) 18 hidden from view. The third
row has only one point because the rear {in Urientation 2}, distal unattached distal-pointing
crown 258D, 244 1s hidden behind the front {(in Orientation 2), distal, unattached distal pomnting-
crown 238C, 244. The fourth row is, as always, a single point, representing the x-ray marker
located in the distal tube 236, 244. Without moving the distal body 216, the surgeon then
irradiates the markers from a second vantage point 90 degrees offset from the fivst vantage point
(1.e., from the bottom of the distal body 216). As shown, the first row is, as always, a single
point, which represents the x~ray marker located in the proximal tabe 228, 244, The second row
has a single point because the x-ray marker at the top (in Orientation 2}, proximal, unatiached
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distal-pointing crown 258A, 244 is hidden behind the bottom {(in Orientation 2}, proximal,
unattached-distal pointing crown 2588, 244, The third row has two points because neither the
front nor the rear x-ray markers at the distal, unattached, distal-pointing crowns 258, 244 and
258D, 244 1s hidden from view. The fourth row 1s, as always, a single pount, which represents
the x~ray marker located in the distal tube 236, 244, Based on the mformation from FIGs. 18D
and 18F, the surgeon concludes that the clot 2788 has entered into the distal body interior 222.
The surgeon then removes the distal body 216 and the hard clot 2748, captured by the distal
body 216, by moving the distal body 216 proximally out of the vessel 266, as shown in FIG.
18G. Upon comparing FIGs, 16A-G and FIGs. 18A-G 1t will be appreciated that the orentation
of the enlarged cells/drop zone 262A-1 relative to the orientation of a hard clot 2768 determine
which enlarged cell/drop zone 2624, 2628, 262C, or 262D, the hard clot 276 enters the distal
body interior 222 through, For example, in FIG. 16C, the hard clot 2708 is located above the
distal body 216, and thus, the hard clot 2788 must enter through the enlarged cell/drop zone
tocated at the top of the distal body, which i the orientation of the distal body shown in FIGs.
16A-G, is the enlarged cell/drop zone 262C immediately distal to the top, distal, unattached,
distal-porating crown 258C. In FIG. 18C, the hard clot 2788 is again located above the distal
body and, thus, the hard clot 2788 nust enter through the enlarged cell/drop zone located at the
top of the distal body. However, in FIG. 18C, the enlarged cell/drop zone located at the top of
the distal body 216, in the orientation of the distal body 216 shown in FIGs. 18A-G, is the
enlarged cell/drop zone 262A iramediately distal to the top, proximal, unattached, distal-pointing
crown 2858A.

[6G183] FIGs. 19A-N illustrate stepwise use of the distal body 216 in retrieving a
deforrable cohesive, adberent clot 270C— 1.e., a clot that is difficalt to break up and s nghtly
adhered to the vessel wall 268 - in a human intracranial artery 266. (In FIGS. 19A-N, the distal
body 216 is in Orientation 2. First, as always, the surgeon determines the location of the clot
274 1n the vessel 266 using, for example, a contrast dye injected proximal and distal to the clot
279C. Next, the delivery catheter 208, which is enveloping the distal body 216, 1s positioned in
the blood vessel 266 so that the two proximal, unattached distal-pointing crowns 2538A and 258B
are immediately distal to the clot 276C. See FIG. 19B. The distal body 216 is then deployed
from the catheter 208 by moving the catheter 288 proximally. The deformable, cohesive
adherent clot 278C, which is located above the distal body 216, collapses the distal body 216, as
shown in FIG. 19C. However, at this time, the surgeon is unaware that the clot 278C has

collapsed the distal body 216. Thus, without moving the distal body 216, the surgeon trradiates
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the x-ray markers at a first vantage point (L.e., from the front of the distal body; i.e., into the
page). As shown in FIG. 19D, the first vantage point shows four rows of x-ray markers. The
first row is, as always, a single point, representing the x-ray marker located in the proximal tube
228, 244. The sccond row has a single point, corresponding to the top (in Orientation 2) and
bottom {(in Orientation 2}, proximal, unattached distal-pointing crowns 2884, 244 and 2588,
244, which have converged because the clot 278C is collapsing the distal body 216. The third
row has a single pomnt, which represents the x-ray marker located at the front (in Orientation 2},
distal, unattached distal-pointing crown 288C, 244 the x-ray marker located at the rear, distal,
unattached distal-pointing crown 258D, 244 1s hidden from view. The fourth row is, as always, a
single point, representing the x-ray marker located in the distal tube 236, 244, Without moving
the distal body 216, the surgeon then irradiates the markers from a second vantage point 90
degrees offset from the first vantage point (i.e., from the bottom of the distal body}. As shown,
the first row is, as always, a single point, which represents the x-ray marker located in the
proxirual tube 228, 244, The sccond row has a single point, which correspouds to the bottora (in
Orientation 2}, proximal, unattached distal-pointing crown 258B, 244; the top (in Orientation 2},
proximal, uoattached distal-pointing crown 23584, 244 is located behind the bottom, proxirsal,
unattached distal-pointing crown 258B, 244 and hidden from view. The third row has two
points, which correspond to the front (in Oricntation 2) 258C, 244 and rear 258D, 244 (in
Orientation 23, distal, unattached distal-pointing crowns, neither of which is blocked in this view.
The fourth row is, as always, a single point, which represents the x-ray marker located in the
distal tube 236, 244. As shown in FIG. I19E, the surgeon then moves the distal body 216
proximally {(i.e., slightly withdraws the distal body 216}, The surgeon then irradiates the x-
markers again from the f{irst and second vantage pownts, As shown wn FIG, 19F, the resulis are
exactly the same as in FIG. 19D. Based on the observation that the proximal, unattached distal-
pointing crowns 2584, 244 and 238B, 244 have converged at both the original position (F1Gs.
19C and 19D i which the proximal, unattached distal-pointing crowns 2584, 244 and 2588,
244 arc immediately distal to the clot 270C) and the second position (F1Gs. 19E and 19F), the
surgeon conciudes that the clot 278C is a deformable cohesive, adherent clot 278C. The surgeon
then oscillates the distal body 216 proximally and distally a small distance {e.g., about 1mm to
about 2 mum) 1 the vessel 266, and the clot 278C begius to enter the distal body 216, as shown 1o
FIG. 19G. The surgeon then wrradiates the x-markers again from the first and second vantage
poiats.  As shown in FIG. 19H, the results are exactly the same as wn FIG. 19D and FIG. 19F

except that the second row of markers 2584, 244 and 2588, 244 (at the proximal, unattached
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distal-pointing crowns) are beginning to move apart. The surgeon then moves the distal body
216 proximally again, as shown in FIG. 191, The surgeon then trradiates the x-markers again
from the first and second vantage points. As shown in FIG. 191, the resulis are exactly the same
as i FIGs, 19D and 19F, as the clot 278C has caused the sccond row of markers 258A, 244 and
258B, 244 (o re-converge. The surgeon then oscillates the distal body 216 proximally and
distally a small distance {¢.g., about 1mm to about 2 mm) in the vessel 26, and the clot 276C
beging to further enter the distal body wnterior 222, as shown in FIG. 19K, The surgeon then
irradiates the x-markers again from the first and second vantage points. As shown in FIG. 191,
the results are the same as mwm FIG. 19H. The surgeon then moves the distal body 216 again
proximally, and, instead of collapsing the second row of markers 2584, 244 and 2388, 244, the
clot 276C fully enters the distal body interior 222, as shown in FIG. 19M. The surgeon then
irradiates the x-markers again from the first and second vantage points. As shown in FIG, 19N,
the results show that the second row of markers 258A, 244 and 2588, 244 (at the proximal,
unatiached distal-pointing crowns) have moved aparl.  Satisfied that the x-ray warkers in the
sccond row 258A, 244 and 2588, 244 (at the proximal, unattached distal-pointing crowns) are
sufficiently far apart and that the x~ray markers in the third row (at the distal, unattached distal-
pointing crowns} 238C, 244 and 258D, 244 have stayed far apart, the surgeon concludes that the
detormable cohesive, adherent clot 276C has been sufficiently captured by the distal body 216
and the surgeon then removes the distal body 216 and the clot 278, captured by the distal body
216, by moving the distal body 216 proximally out of the vessel 266,

[60184] Several observations can be made from FiGs. 15-19, as indicated above. For
example, the x-ray markers at the proximal and distal, unattached distal-pointing crowns 258A-
B, 244 provide the surgeon feedback concerning the interaction between the distal body 216 and
the clot 278 in the blood vessel 266, In addition, the guiding principle of a soft clot 278A is that
the soft clot 278A does not collapse the distal body 216, and thus, x-ray markers at the proximal
and distal, unattached distal-pointing crowns 288A-13, 244 always appear as two points except
when a marker 1s hidden behind another marker (due to the view). When it comes to a hard clot
2798, the hard clot 270B is generally able to enter the distal body interior 222 withowt needing
to oscillate the distal body 216 proximally and distally (unlike a deformable cohesive, adherent
clot 278C). However, to capture the hard clot 2788, the hard clot 2708 must be oriented
properly relative to the enlarged cell/drop zones 2624, 262B, 262C, or 262D, (This is the reason
that the distal body 216 has four enlarged cells/drop zones: one enlarged cells/drop zone at O

degrees 2628, one enlarged cells/drop zone at 90 degrees 262C, one enlarged cells/drop zone at
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180 degrees 262A and one enlarged cells/drop zone at 270 degrees 262D As a guiding
principle, an enlarged cell/drop zone 2624, 2628, 2620, or 262D 1s properly oriented to the clot
2748 when the x-ray markers at the proximal, unattached distal-pointing crowns 2584, 244 and
2388, 244 or the distal, unattached distal pointing crowns 258(C, 244 and 258D, 244 arc
together at both a {irst x-ray view and a second x-ray view 90 degrees relative to the first x-ray
view, and the hard clot 2708 can enter the enlarged cell/drop zone 262A, 2628, 262C, or 262D
by moving the distal body 216 proximsally. See FIG. 16F and 18D Fimally, the guiding
principal of retrieval of deformable cohesive, adherent clots 27¢C is that oscillation of the distal
body 216 causes the deformuable cohesive, adherent clots 270C to gradually cnter the distal
basket interior 222 over time.

[00185] FIGs. 20A, 208 and 20C show a distal body 216 that is similar to the distal body
216 of FIGs. 14A, 148 and 14C except that the distal body 216 of FiGs. 204, 20B and 20C 1s
slightly shorter and its unattached, distal-pointing crowns 258A, 258B, 258C, and 258D are
closer to the proximal tube 228, The shortened distal body 216 of FIGs. 20A, 208 and 20C is
particularly adapted for tortuous blood vessels 266. FIG. 21-29 show stepwise deployment of
the distal body 216 of FIGs. 204, 20B and 20C in use with a manual (i.e., hand-operated},
volume-dependent {(i.e. volume locked) suction catheter 272 that is locked at between about 10 to
about 60 cubic centimeters (ce).  Optionally, the suction catheter 272 has an outer diarcter of
between about 0.05 inches and about .09 inches and its outer diameter is substantially larger
than the outer diameter of the delivery catheter 208. The clot 278 1s located in the vessel 266
through the use of, for example, coutrast dye mjected proximal and distal to the clot 278, As
shown in FIG. 21, a delivery catheter 208 containing the distal body 216 of FIGs, 204, 208 and
20C 1s positioned in the tortuous vessel 266 distal to the clot 278, The delivery catheter 208 is
withdrawn, deploying the distal body 216. See FIG. 22, The distal body 216 is moved
proximally relative to the clot 278 and tension 15 exerted on pull wire 202, See FIG. 23. While
maintaining tension on the pull wire 262, a suction catheter 272 having a proximal end 274 and a
distal end 276 1s delivered over the pull wire 202 that is attached to the distal body 216, See
FIG. 24. (The reason for exerting tension on the pull wire 202 is that the pull wire 282 serves as
the guide/track for the movement of the suction catheter 272 and without tension, the suction
catheter 272 and pull wire 202 could end up in the ophthalmic artery 288). The distal end 276 of
the suction catheter 272 is positioned against the clot 278, A syringe 278 is attached to the
suction catheter 272 using a rotating hemostatic valve 288, which allows the surgeon to aspirate

while a pull wire 202 is in the system. The surgeon aspirates the syringe 278 by pulling back on
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the lever 288 to a mark on the base 282 corresponding to between about 10 and about 60 cubic
centimeters of fluid. The surgeon then locks the lever 288 (and attached plunger) into place,
leaving the suction catheter 272 under suction. The surgeon captures the clot 27¢ o the distal
body 216 using the techuiques described i FIGs. 15-19. The distal body 216 and clot 270
become captured by the suction catheter 272, See FIGs. 27 and 28. The surgeon then removes
the suction catheter 272 and the distal body 216 and the clot 276, captured by the suction catheter
272, by woving the suction catheter 272 proximally out of the vessel 266. See FIG. 29, It s
believed that the suction catheter 272 would be helpful in the event that a small portion of the
clot 278 breaks off when retricving the clot 270 using the distal body 216,
{80186} To examine effectiveness of the systems 2068, the systems 206 of FIGs, 11-20,
without the use of a suction catheter 272, were used to retrieve soft and hard clots 270A and
2748 induced in a pig weighing between 30 to 50 kg. The weight of the pig was chosen so that
the size of its vessels 266 would be approximate to the size of a human vessel. The pig was
anesthetized.  Several hard clots 2708 were prepared by mixing pig blood and banium and
incubating the mixture for 2 hours. Several soft clots 270A were prepared by mixing pig blood,
thrombin and bartam and incubating the mixture for 1 hour.  The clots 2708A and 278B, cach of
which had a width of 4 to 6 mm and a length of 10 to 40 mm, were then inserted into a vessel
266 having a diameter of 2 to 4 mm. {Only one clot 278A and 278B was located in the vessel
266 at a time). Aungiograms were then performed to confirm occlusion.  After waiting ten
minutes after confirming occlusion, the distal bodies 216 of FIGs, 11-20 were then delivered
distal to the clots 378A and 2788 as described above and were used to retnieve the clots 2704
and 2708 as described in FiIGs. 11-19. In cach case, the distal bodies 216 were successful in
retrieving the clots 270A and 2708,
{BBIRT] The Embodiments of FiGs, 36-358
[00188] Figures 30-35 illustrate additional cmbodiments of object retricval syston.
Optionally, the system 306 of FIGs, 33-35 includes:

a pull wire 308 having a proximal end 316, a distal end 312 and a pull wire longitudinal
axis 314 extending from the proximal end 3198 to the distal end 312;

a coaxial sheath/tube 316 having a hollow interior, an open proximal end 318 leading to
the hollow interior, and an open distal end 320 lcading to the hollow wnterior, the coaxial sheath
316 enveloping the pull wire 308, the coaxial sheath 316 slideable along at lcast a segment of the

pull wire 388;
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a distal basket 322 comprising an interior 324, a proximal end 326, a distal end 328, a
distal basket length 338 extending from the distal basket proximal ond 326 to the distal basket
distal end 32K, a distal basket height 332 perpendicular to the distal basket length 334, a phurality
of proximal cells 336 defined by a plurality of proximal cell memory metal strips 338, cach
proximal cell 336 comprising a proximal crown 348 located at the proximal end of the proximal
cell 336 and pointing generally in the proximal direction and a distal crown 342 located at the
distal end of the proximal cell 336 and pointing generally in the distal direction, and a plurality
of distal cells 358 distal to the proximal cells 336;

a plurality of proximal strips 352, cach proximal strip 352 having a proximal end 354
extending from the coaxial sheath distal end 328, a distal end 356 attached to a proximal crown
348 of a proximal cell 336 and a length 358 extending from the proximal end 354 to the distal
end 356; and

a delivery catheter 368, as described above, and having a hollow interior 366, a proximal
end 362 leading to the interior 366 and a distal end 364 leading to the mterior 366, the delivery
catheter 368 comprised of a biocompatible material.

160189] Optionally, the distal basket 322 is coraprised of a memory metal and has:

a relaxed state in which the distal end 328 of the coaxial sheath 316 is located a first
distance proximal to the proximal crowns 336 and wherein the distal basket 322, as measured at
the proximal-most crown 336, has a first height,

a proximal collapsed state 1 which the distal end 328 of the coaxial sheath 316 1s located
a second distance proximal to the proximal crowns 336 and wherein the distal basket 322, as
measured at the proximal-most crown 336, has a second height, the second distance greater than
the first distance, the second height less than the first height, and

a distal collapsed state in which the distal end 320 of the coaxial sheath 316 is located
distal to the proximal crowns 336 and in the basket interior 324 and wherein the distal basket
322, as measured at the proximal-most crown 336, has a third height, the third height less than
the first height,

wherein the delivery catheter 366 is configured to envelope the distal basket 322 when
the distal basket 322 1s in the proximal collapsed state;

whereimn the distal basket 322 1s configured to move from the relaxed state to the proximal
collapsed state by moving the distal end 326 of the coaxial sheath 316 proximally relative to the

proximal crowns 336; and
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wherein the distal basket 322 is configured to move from the relaxed state to the distal
collapsed state by moving the distal end 328 of the coaxial sheath 316 distally beyond the
proximal crowns 336 and into the distal basket interior 324.
180190} Optionally, cach proximal crown 340 comprises a proximal tip 344 and further
wherein cach proximal strip 352 1s configured Lo cover a proximal tip 344 when the distal basket
322 is in the distal collapsed state. See FIG. 35C, where the proximal strip 352 1s folding back
on itself to cover the proximal tip 344, Optionally, each proxamal crown 348 comprises an evelet
378 and further wherein each proximal strip 352 passes through an eyelet 376, Optionally, the
distal end 356 of each proximal strip 352 comprises a loop 372 attaching the proximal sirip 382
to an eyelet 37¢. Optionally, cach proximal crown 340 has an interior surface 348 facing the
distal basket interior 324 and an exterior surtace 350 opposite the interior surface 348 and turther
wherein each proximal strip 382 contacts an exterior surface 356 of a proximal crown 348 in the
proximal collapsed state and the distal collapsed states, as best seen in FIGs. 35A-C. Without
being bound to any particular theory, it is belicved that threading the proximal strips 352 through
the eyelets 378 as shown in FiIGs. 35A-35C, helps protect the proximal crowns 348 (in
particular, the proximal tips 344 of the proximal crowns 348) from damaging the vessel wall 386
when the proximal crowns 348 move towards each other and the pull wire 308 when the distal
basket 322 moves to the distal collapsed state and the proximal collapsed state. Optionally, the
pull wire 308 extends through the distal basket interior 324 and further wherein the proximal
crowns 348 are configured to move towards cach other and towards the pull wire 388 when the
distal basket 322 moves from the gaping state to the distal collapsed state.  Optionally, the
proximal crowns 34¢ are configured to remain a fixed distance from the distal end 328 of the
distal basket 322 when the distal basket 322 moves {rom the relaxed siate to the distal collapsed
statc. In other words, preferably, the distal basket length 338 does not change when the distal
basket 322 moves from the distal basket relaxed state to the distal basket. Optionally, the coaxaal
sheath 316 i3 a braided catheter comprised of a phlurality of braids and further wherein the
proximal segments of the brawds are wound/woven together to form the braided catheter and
further wherein an unwound/unwoven distal segment of each braid forms a proximal strip 352,
as shown in FIG. 34. Optionally, at least one component of the system 388 (c.g., the proximal
crown 348 or the distal tube 334) comprises an x-ray marker 374 that is roore visible under x-ray
as compared to the other components when the distal basket 322 is located in a cranial blood
vessel 304 inside the body of a human and the x-ray s taken from outside the human’s body.

Preferably, the x-ray marker 374 is a radiopague material.  Some examples of radiopague
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materials can include, but are not limited to, gold, platinum, palladium, tastalum, tangsten alloy,
polymer material loaded with radiopaque filler, and the hike. Preferably, the non x-ray marker
components are comprised of nitinol and the x-ray marker 374 1s comprised of a material having
a density greater than the nitinol, In some embodiments, as shown in FiGs. 30A, 30B, 314,
31B, 32A-F, the proximal ends 384 of the proximal strips 352 are integral with the coaxial
sheath 316. In other embodiments, as shown in FIG. 33, the proximal ends 354 of the proximal
strips 382 are attached to the coaxial sheath 316. Optionally, the system 308 corprises between
two and four proximal strips 352 and the proximal strips 352 arc spaced substantially evenly
apart {e.g,, 1{ there arc two proximal strips 252, the strips arc located about 180 degrees relative
to each other, as shown in FIG. 30D; if there are three proximal strips 252, the strips are located
about 120 degrees relative to cach other, as shown in FIG. 30C; and if there are four proximal
strips 252, the strips are located about 1200 degrees relative to each other, as shown in FIG.
30E). Optionally, the proximal strips 352 have a length 358 of from about 5 mm to about 40 mm
n the relaxed state. Optionally, the pull wire 308 extends through the basket mterior 324 from
the distal basket proximal end 326 to the distal basket distal end 328. Optionally, the coaxial
sheath 1uterior has a size and shape, and {further wherein the size and shape of the coaxial sheath
intertor are configured to prevent a segment 376 of the pull wire 388 located in the basket
interior 322 and distal relative to the distal end 326 of the coaxial sheath 316 from moving
through the coaxial sheath mnterior, In other words, optionally the pull wire 308 has a stop 376
that consists of a knot or other enlargement, Optionally, the distal cud 328 of the distal basket
322 comprises a distal tube 334 having an open proximal end and an open distal end, the distal
tube 334 comprised of a memory metal. Optionally, the distal tube 334 is attached to the pull
wire 308 so that the distal tube 334 is not shideable along the pull wive 308. This allows the
entire distal basket 322 to be fixed to (i.c., not slideable alongjithe pull wire 308. Optionally,
wherein all proximal crowns 346 of the proximal cells 336 are attached to a proximal strip 352,
which is designed to minimize damage to the vessel wall 386, Optionally, the distal basket 322
turther comprises a lead wire 378 extending distally from the distal basket 322, Optionally, the
proximal strips 352 and the distal basket 322 have a different material composition. In other
words, whereas the proximal strips 352 are designed to be soft, preferably, the distal basket 322
is comprised of a memory wetal such as nitinol.  Optionally, the proxamal sirips 352 are
comprised of a polymer, which as used herein includes a co-polymer. Optionally, the polymer is
selected from the group consisting of fluorinated ethylene propylene, polytetrafluoroethyvlene,

and tetrafluorocthtylene. Optionally, the proximal strips 352 are comprised of a material
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selected from the group consisting of plastic, rubber, nylon, suture material, and braided catheter
material,

(66191} Optionally, as illustrated in FiGs. 32A-32F, the system 380 is used in method of
removing a clot 302 from a blood vessel 384 of an animal, the blood vessel 304 having an
interior wall 386 forming the blood vessel 304, the method comprising the steps ofd

a) providing the system 308, wherein the coaxial sheath 316 is located in the catheter
mterior 366 and the distal basket 322 is located n the catheter interior 366 in a collapsed state;

b} positioning the catheter 360 in the blood vessel 304 (see FIG. 32A})

) deploying the distal basket 322 from the distal end 364 of the catheter 360 so that
the proximal crowns 34§ of the proximal cells 336 are distal to the clot 362;

dy allowing the distal basket 322 to move to the relaxed state (see FIG. 32B; the

coaxial sheath 316 is in the first position along the pull wire 348);

£} moving the distal end 320 of the coaxial sheath 316 distally along the pull wire
308 to the fourth position {see FIG. 32C; note that the proximal crowns 348 have remained in the

same location and that the distal basket height 332, as measured at the proximal-most crown 346,
has not decreased yet; preferably, an x-ray marker 374 on the pull wire 308 allows the surgeon to
locate the fourth position);

H moving the distal basket 322 and the coaxial sheath 316 proximally and capturing
the clot 302 in the distal basket interior 324 (see FIG. 32D);

¢} moving the coaxial sheath 316 further distally along the pull wire (i.c., at or near
the third position; preferably, an x-ray marker 374 on the pull wire 308 aliows the surgeon to
locate the third position) so that the distal basket height 332, as measured at the proximal-most
crown 348, decreases and the proxumal crowus 340 move toward cach other and towards the pull
wire 308 (see FIGs. 32D and 32E; it will be appreciated that the proximal crowns 340 collapse
like a claw i FIGs. 31B, 32D and 32E due to tension exerted on the crowns 348 by the proximal
strips 352, simtlar to the mechanism described in FIGs. 3-10); and

h} moving the system 308 proximally out of the blood vessel 364,
{09192} The Embodiments of Figoves 36-44
1061931 Figures 36-44 further illustrate other embodiments of a modular, casy-to-
manufacture platform of systems for retrieving hard clots and other objects in animal lumens, o
some embodiments, the system includes a proximal tube, a distal tube, and a plurality of memory
metal strips between the proximal and distal tubes. The plurahity of maemory metal strips formo a

wide range of basket designs. Preferably, the proximal tube, memory metal strips, and distal
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tube are derived from a standard, off-the-shelf single tube of memory metal {e.g., nitinol}, with
the proximal tube and distal tube having the same inner diameter and outer diamcter as the native
tube from which they were derived and with the basket formed by cutting the middle portion of
the native tube and expanding and shape-setting this cut portion. Preferably, the proximal tube
and distal tube have an outer diameter that is from about 0.02 inches to about §.03 mnches (e.g.,
about 0.027 inches) so that the device fits inside a standard microcatheter and an inner diameter
that is frow about 0.01 inches to about 0.02 inches. Preferably, there are no welded parts
between the proximal tube and distal tube, which makes the system easy and cheap to reliably
manutacture. The system also includes one or more catheters for deploying the system, and a
first wire that is attached to the proximal tube and a second wire that is attached to the distal
tube. Preferably, the systom includes two catheters — a guide catheter and a microcatheter. The
plurality of memory metal strips attached to the proximal hub include a plurality of proximal
tether memory metal strips, which have a proximal end attached to the distal end of the proximal
tube.

1001944 The present disclosure also provides a system for removing objects within an
mterior lumen of an animal. In some embodiments, the system inchudes

a pull wire having a proximal end, a distal end and a pull wire longttudinal axis extending
tfrom said proximal end to said distal end;

a distal basket attached to said pull wire, said distal basket comprising a proximal end, a
distal end, a distal basket length extending from said distal basket proximal end to said distal
end, a distal basket height perpendicular to said distal basket length and said pull wire
longitudinal axis, a proximal tube located at said proximal end of the distal basket, said proximal
tube comprising a hollow interior, a plurality of proximal tether memory metal strips, a row of
proximal cells defined by a plurality of proximal cell memory metal strips, cach proximal cell
comprising a proximal crown located at the proximal end of the proximal cell and pointing
generally in the proximal direction, each proximal tether memory metal strip baving a proximal
end attached to said proximal tube, a distal end attached to a crown of a proximal cell and a
fength extending from said proximal end to said distal end, a row of distal crowns located distal
to said proximal cells pointing in the distal direction, and further wherein the number of distal
crowns in said row is twice the number of proximal crowns attached to said proximal tether
memory metal strips, and a distal tube located at said distal end of said distal basket,
said distal basket having

a relaxed state wherein said distal basket has a first height and
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a collapsed state wherein said distal basket has a second height, satd second height less
than said first height, and

a catheter baving an interior, a proximal end leading to said interior and a distal end
leading to said mterior, said catheter comprised of a biocompatible material and configured to
envelope said distal body when said distal basket is in said collapsed state.
{80195} Optionally, said proximal tether memory metal strips rotate about said pull wire
longitudinal axis such that a distal end of a proximal tether memory wetal stiip 1s located
between about 90 and about 270 degrees relative to said proximal end of the same proximal
tether memory metal strip.  Optionally, said proximal tether roomory metal strips and said
proximal cell memory metal strips each have a thickness and further wherein satd thickness of
said proximal tether memory metal strips 18 between about 100 to about 175 percent of the
thickness of the proximal cell memory metal strips. Optionally, the length of said proximal
tether memory metal strips is about 10 mm to about 20 mm in the relaxed state {and the length of
the remainder of the basket 1s about 10 to about 20 mm in the relaxed state so that the total
basket length is between about 20 to about 40 mm in the relaxed state}. Optionally, said distal
end of sard pull wire 1s atiached to said proximal tube. Some or all of the proximal crowns of
said proximal cells may be attached to a proximal tether memory metal strip. Optionally, said
distal basket turther comprises a row of strut memory metal strips, cach strut memory metal strip
having a proximal end attached to a distal crown of a proximal cell and a distal end attached to 2
proximal crown of a distal cell. Optionally, the distal basket comprises between two and four
proximal tether memory wetal strips. Optionally, said proxumal tether memory roetal strips are
integral with said proximal tube. Optionally, said distal body further comprises a lead wire
extending distally from said distal tube. Optionally, said distal tube, said proximal tube, and said
basket are comprised of a nitinol having the same material composition. Optionally, said distal
body further comprises an x-ray marker, Optionally, said proximal and said distal tubes are
generally cylindrical in shape and each has an outer diameter and an inner diameter, the inner
diameter formung the apertures of the proximal and distal tubes and further wherein the outer
diameters of the proximal and distal tubes are substantially the same size and further wherein the
inner diameters of the proximal and distal tubes are substantially the same size. Optionally, the
outer diameters of the proximal and distal tubes are from about 0.011 inches to about 0.054
inches, and further wherein the inner diameters of the proximal and distal tubes are from about

{(.008 inches to about 8.051 inches, Optionally, the pull wire is generally cylindrical and {urther
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wherein the diameter of the pull wire is between about 0.808 inches and about 0.051 inches.
Optionally, the first height 1s between about 2 millimeters and about 8 nullimacters,

[66196] The present disclosure also provides a method of removing an object from an
interior lumen of an animal, said lumen having an nterior wall forming said lumen, the method

comprising the steps oft

a) providing the system described above;

b) positioning the system in said luroen, said basket located i said catheter in said collapsed
state:;

) deploying said distal basket from said distal end of said catheter so that said proximal

crowns of said proximal cells are distal to said obstruction;

d} aliowing said distal basket to move to said relaxed state;

e} moving satd distal basket over said obstruction; and

£) removing said distal basket and said obstruction from said lumen.

{80197} Optionally, said juterior lumen is an intracranial artery and said obstruction is a

blood clot.

[66198] In further embodiments, the system includes:

a pull wire having a proximal end, a distal end and a pull wire longitudinal axis extending from
said proximal end to said distal end;

a proximal basket attached to said pull wire, said proximal basket comprising an interior, an
exterior, a proximal end, a distal end, a proximal basket length extending from said proximal
basket proxumal end to said distal end, a proxirual basket height perpendicular to said proximal
basket length and said pull wire longitudinal axis, a proximal tube located at said proximal end
of the proximal basket, said proximal tube comprising a hollow interior, a plurahity of rows of
cells, cach cell defined by a plurality of memory metal strips, each cell comprising a proximal
crown located at the proximal end of the proximal cell and pointing generally in the proximal
direction and a distal crown located at the distal end of the proximal cell and pointing generally
in the distal direction,

a distal basket attached to said pull wire, said distal basket comprising an iunterior, an exterior, a
proximal end, a distal end, a distal basket length extending from said distal basket proximal end
to said distal eud, a distal basket height perpendicular to said distal basket length and said poll
wire longitudinal axis, a distal tube located at said distal end of the distal basket, said distal tube
comprising a distal tube aperture, a plurality of rows of cells, each cell defined by a plurality of

memory metal strips, cach cell comprising a proximal crown located at the proximal end of the
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proximal cell and pointing generally in the proximal direction and a distal crown located at the
distal end of the proximal cell and pointing generally in the distal direction,

a plurality of tether memory metal strips, each tether memory metal strip having a proximal end
attached to a distal crown of a cell located at the distal end of said proximal basket and a distal
end attached to a proxamal crown of a cell located at the proximal end of said distal basket,

said proximal basket having

a relaxed state wherein said proximal basket has a first height and

a collapsed state wherein said proximal basket has a second height, said second height less than
said first height and said second width less than said first width,

said distal basket having

a relaxed state wheretn said distal basket has a first height and a frst width and

a collapsed state wherein satd distal basket has a second height and a second width, said second
height less than said first height, and

a catheter having an interior, a proximal end leadimg to said interior and a distal end leading to
said interior, said catheter comprised of a biocompatible material and configured to envelope
said distal and said proximal basket when said baskets are in said collapsed state.

(64199} Optionally, said tether mewory metal strips rotate about said pull wire
longitudinal axis such that a distal end of a tether memory metal strip 18 located between about
90 and about 270 degrees relative to said proximal end of the same proximal tether memory
metal strip.

[806200] More particularly, with reference to FiGs. 36~-44 the present disclosure provides a
deployable system, generally designated by the numeral 418, for removing an obstruction such
as a blood clot 417 or other object {rom a blood vessel 488 or other interior lumen of an ammal.
In addition to a blood clot 417, the obstruction may be, for example, extruded coils during
ancurysm treatment, imtravascular embolic matenial such as onyx or other obstructions requiring
mechanical intravascular removal from small distal vessels. In the drawings, not all reference
numbers are included in each drawing for the sake of clarity.

{80201} One example of a deployable basket system 416 is shown in FIGs, 37A-378,
38A-F and 39A. As shown in FIGs, 31A-31E, 32G-32H and 35A, the system 418 includes a
pull wire 443 having a proximal end 445, a distal end 444 and a pull wire longitudinal axis 446
extending from said proximal end 4485 to said distal end 444. Optionally, the diameter of the pull

wire 443 is between about 0.008 inches and about 8.051 inches,
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108202} The system 418 further includes a distal basket 411 attached to said pull wire 443,
said distal basket 411 comprising a proximal end 469, & distal end 465, a distal basket length 467
extending from said distal basket proximal end 469 to said distal end 465, a distal basket height
461 perpendicular to said distal basket length 467 and said pull wire longitudinal axis 446, a
proximal hub 439 located at said proximal end 469 of the distal basket 411 and comprising a
hollow interior 441, said distal end 444 of said pull wire 443 attached to said proximal hub 439,
a plurality of proximal tether merory roetal strips 457, a plurality of proximal cells 436 defined
by a plurality of proximal cell memory metal strips 466, cach proximal cell 436 comprising a
proximal crown 438 located at the proximal end of the proximal cell 436 and pointing generally
in the proximal direction and a distal crown 424 located at the distal end of the proximal cell 436
and pomting generally in the distal direction, cach proximal tether memory metal strip 487
having a proximal end 4358 attached to said proximal hub 439 {(preferably said proximal hub
distal end 448}, a distal end 453 attached to a crown of a proximal cell 438 and a length 4585
extending from said proximal end 455 1o said distal end 483, a plurality of distal cells 422 distal
to the proximal cells 436, and a distal hub 425 located at said distal end 465 of said distal basket,
comprising a hollow interior 427 and attached to a proximal end of a leader wire 431.
Preferably, the proximal hub 439 and distal hub 428 are hollow tubes formed from the same tube
of memory metal, as described below, In some embodiments, the basket 411 inclades a first row
of two crowns {i.e., the proximal crowns 438 of the proximal cells 436} and then subsequent
repeating rows of twice as many crowns as compared to the number of proximal crowns 438
(i.e., four crowns) along the basket length 467,

106263) The system further includes a guide catheter 438 and a microcatheter 432, which
s wider and shorter thau the guide catheter 438, so that the microcatheter 432 can {it inside the
guide catheter 438, The microcatheter 432 has a hollow mterior 415, a proximal end 416 lcading
to said interior 415 and a distal ond 414 leading to said mierior 415, The microcatheter 432 18
comprised of a biocompatible material. For purposes of FIGS. 36-44, the terms “guide catheter”,
“microcatheter” and “catheter” generally refers to any suitable tube through which the systom
418 can be deployed. Preferably, the catheters are sterile and comprised of a biocompatible
material (i.e., a material that does not irritate the human body during the course of a 45 minute
operation that 1ovolves using the systern 410 to remove a clot 417 from an ntracranial blood
vessel 488). The catheter can be any suitable shape, including but not limited to generally
cylindrical. For purposes of the present invention, when it is said that the catheter envelopes the

system 4198, it will be understood that the catheter cnvelopes at least one component of the
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system 4180 (preferably, the distal basket 411, the lead wire 431, which is a wire that extends
distally from the pull wire 443, and the pull wire 443). In some embodiments, the microcatheter
32 is about 2.5 French in diameter. Optionally, the catheter is delivered to the region of the
lumen that has the obstruction 417 as follows: a guide wire 18 delivered to the obstruction region
past the obstruction 417; the catheter is delivered over the guide wire; the guide wire is removed;
and the system 41¢ is delivered with its pull wire 443 and lead wire 431 through the catheter.
Optionally, the pull wire 443 1s used to push the systern 418 through the catheter as well as to

ctrieve the distal basket 411 after capturing the obstruction 417 as described below. The system
419 may utilize a plurality of catheters as described above, such as, for example, a wider catheter
that travels to the brain and a very flexible, smaller diameter microcatheter that is delivered from
the first catheter and travels through the small arteries of the brain.

166204 FIG. 37A shows the distal basket 411 collapsed inside a microcatheter 432, The
distal basket 411 is in what's referred to as the collapsed state. In this state, the system 419 is
able to be located inside the microcatheter 432 and the basket height 461 s collapsed. For
purposes of FiGs. 36-44, the basket height 461 generally refers to the height at a particular
location {e.g., at the proximal-most crown 438 of the distal basket 411 or the distal-most crown
564 of the proximal basket 433), it being understood that the height of the distal basket 411 and
proximal basket 433 may vary along the distal basket length 467 and the length of the proximal
basket 433.

[00285] As shown i FIGs. 36-44, the distance 463 between the proximal hub 439 and
distal hub 425 (1.¢., the basket length 467} is geunerally longer in the collapsed state, as compared
to the relaxed state.

1802861 FIG. 378 shows the same basket system as FIG. 374, except that the basket 411
has been deployed from the distal end 414 of the microcatheter 432 by pulling the microcatheter
432 proximally. As shown in FIG. 378, the basket 411 1s now 1n 4 relaxed state and the basket
height 461 has increased. In the relaxed state exemplified, the basket length 467 and the distance
463 between the proximal and distal hubs 439 and 425 has decreased shightly as the basket 411
has relaxed. Optionally, the length of said proximal basket 467 is between about 20 and about
40 mim and the length 454 of said proximal tether memory metal strips 457 are between about 10
and about 20 ram in the relaxed state.

106267) FIG. 38 illustrates use of the basket system shown in FIG. 37 in an intracranial
artery 488, As shown wn FIG, 38A, {irst the guide catheter 430 is deployed proximal to the clot

417. The microcatheter 432 is then advanced distally beyond the clot 417, The basket 411 is
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collapsed inside the microcatheter 432, Next, as shown in FIG. 388, the microcatheter 432 is
moved proximally to deploy the basket 411 so that the proxamal tether memory metal strips 457
are distal to the clot 417. The basket 411 is now in the relaxed state. Next, as shown in FIG.
38C, the user moves the basket 411 proximally over the clot 417.

100208} FIG. 39A shows a close-up view of the proximal end of the basket 411, including
the proximal tube interior 441, the attachment of the proximal tether memory metal strips 457 at
the distal end 455 of the proximal hub 438, aud the proximal crowns 438 of the proximal cells
436. In FIG. 39A, all proximal crowns 438 of the proximal cells 436 are attached to a proximal
tether memory metal strip 487, FIG. 39B idlustrates an alternative embodiment in which two
proximal crowns 438a of a proximal cell 436 (the top and bottom crowns 438a) are attached to a
proximal tether memory metal strip 457 and one proximal crown 438b of a proxamal cell 436 1
not attached to a proximal tether memory metal strip 457.

[64269] FIG. 40 illustrates a similar to basket systom 419 to the above systems, In FIG.
44, the proximal tether memory wetal strips 487 are velatively thick {(e.g., about 150% of the
thickness of the proximal cell memory metal strips 466).

1606218} It will be noted that the proximal end of the system 418 is shown at the bottor
end of FiGs. 36-44 and the distal end of the system 418 is shown at the top end of FiGs. 36-44
because a principal use of the system 418 is to remove a blood clot 417 from a human
intracranial artery 488, in which case the systern 4190 generally will enter the artery 48R at its
proximal end by the surgeon entering the patient’s body near the groin and pushing the catheter
432 towards the brain.  The diameter of human arierics 488 generally decrease {row their
proximal end to their distal end. However, when used in other types of lumens, the distal basket
411 may be located proximally relative (o the catheter 432 as the term proximally and distally are
used in that lumen.

1080211} FIG. 41 illustrates another embodiment of a basket system 411 with a proximal
basket 433 and a distal basket 411. In this embodiment, the system 411 includes a proximal hub
439 (similar to the prior embodiments). The difference is that the tether memory metal strips
457 actually join the proximal basket 433 and the distal basket 411, More particularly, the
proximal basket 433 is comprised of a plarality of proximal cells 436 attached to the proximal
hub 439 and a plurality of distal cells 422 and the distal basket s comprised of a phlurality of
proximal cells 43¢ attached to the proximal hub 439 (preferably to the proximal end 499 of the

distal hub 425) and a plurality of distal cells 422 and the tether mernory metal sirips 457 jown a
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distal crown 423 of a distal cell 422 of the distal basket 411 with a proximal crown 438 of a
proximal ccl 436 of the proximal basket 433,

160212} FIG. 42 illustrate an embodiment of the tether memory metal strips 457 rotating
about said pull wire longitudinal axis 446 such that the distal end 453 of a proximal tether
memory metal strip 457 is located between about 90 and about 270 degrees relative to said
proximal end 4585 of the same proximal tether memory metal strip 457, In addition, the proximal
tether memory metal strips 4587 may rotate around thewr longitadinal axis 454 such that a distal
end 433 of a proxumal tether memory metal strip 457 rotates about 90 degrees arcund this tether
longitudinal axis 454 from the distal end 4383 to the proximal cnd 435 of the same proximal
memory metal strip 457, FlGs. 43B and 43C illustrates an exemplary embodiment, where the
proximal cnd 4558A of the first proximal tether memory metal strip 457A 18 located attached to
the proximal tube 439 at the 12 o’clock position and the distal end 453A of the same proximal
tether memory metal strip 457A is attached to a proximal-most crown 439 at the 9 o'clock
position. In addition, the second proximal tether memory metal strip 457B is located atiached to
the proximal tube 439 at the 6 o’clock position and the distal end 453B of the same proximal
tether memory metal strip 4537B is atlached to the other proximal-most crown 439 at the 3
o’clock position. FiGs. 43D and 43E dlustrate an exemplary embodiment of 180 degree
rotation, where the proximal end 435A of the f{irst proximal tether memory metal sirip 457A 1s
focated attached to the proximal tube 439 at the 12 o’clock position and the distal end 453A of
the same proximal tether memory metal strip 457A is attached to s proximal-most crown 439 at
the 6 o’clock position. In addition, the second proximal tether wemory metal strip 4578 1
located attached to the proximal tube 439 at the 6 o'clock position and the distal end 4538 of the
same proximal tether merory metal strip 457b is attached to the other proximal-most crown 439
at the 12 o’clock position.

100213 FIGs. 44A-44E illustrate a side, perspective view of stepwise deployment and use
of a basket system 418 with a proximal basket 433 and a distal basket 411 in 2 blood vessel to
reirieve a clot 417, As shown, the distal basket 411 s deployed proximal to said clot 417 and
said proximal basket 433 1s deployed at said clot 417 so that said proximal basket 433 is at level
of the clot. After allowing some time for clot debris to penetrate the proximal basket 433, the
basket system 433 1s moved proximally toward said microcatheter 432, Sece FIGs. 448 and 44C.
As shown in FIG. 44D, the clot 417 falls moves medially into the void or space 498 between the
proxirual basket 433 and distal basket 411, The system 418 continues to move proxumally. The

clot 477 is then located mnside the distal basket 411, See FIG. 44E. The proximal basket 433
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optionally has a length in the relaxed state of preferably from about 10 to about 20 mm, as
measured from the proximal-most crown to the distal-most crown,

[606214] The proximal basket 433 is used to deploy the system 411 across the obstruction
417 and 1s the mitial site where the clot 417 enters through the struts 452, As the basket system
411 1 pulled/dragged proximally, the siie of the proximal tether memory metal strip 457 gives a
relative “open” arca 498 for the clot 417 to fall into in the lumen of the vessel 488. The distal
basket 411 captures the clot 417 that has entered wnto the systems 418 either through the baske
cell openings or at the level of proximal tether memory metal strips 457 and prevents
embolization nto distal vessels 483, Preferably, the proximal basket 433 has two distal crowns
500 at the distal end of the proximal basket 433 that are attached to the proximal end 455 of the
proximal tether memory ructal strips 457 and then one or more rows of proximal cells 581, with
four cells in each row.,

[60215] In some embodiments, the basket system 418 is prepared by a process that
wmechades one or more of the following steps, as illustrated in FIG. 36

a) providing a single tube 468 comprised of 2 memory metal such as nitinol, the single tube
468 having au exterior, a subsiantially hollow wnterior, a wall 482 separating the extenior from
the substantially hollow interior, an open proximal end 474, an open distal end 476, a middie
portion 478 between the open proximal end 474 and the open distal end 476 (see FIG. 36A);

by cutting the wall of the nmiddle portion 478 with a laser 488 {see FIG, 36B);

) rermoving the pieces of the middie portion cut by the laser 486 to form a basket system
418 compnsing a proximal tube 439 comprising a hollow wnterior 441 extending through said
proximal tube 439, said proximal tube having a proximal end 442 and a distal end 440, a distal
tube 425 comprising a hollow interior 441 extending through said distal tube 423, and a middie
portion 478 located between said proximal tube 439 and said distal tube 425 and comprising a
plurality of proximal tether memory metal strips 457, cach proximal tether oemory metal strip
4587 having a proximal end 485 attached to the distal end 448 of the proximal tube 439 and a
distal end 433;

d} altering the shape of the middle portion 478 using a mandrel and allowing the middle
portion 478 to expand relative to the distal tube 476 and proximal tube 474 to form a distal

basket 411 that includes a plorality of cells 422 and 436;

)] quenching the middle portion 478 at room temperature;
£) removing the mandrel from the middie portion 478;
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2} mechanically or chemically electropolishing the middle portion 478 to remove oxides
{(see FIG. 36C);
h) inserting a pull wire 443 to said proximal tube 439; and
1) attaching a leader wire 431 to said distal hub 428 (sec FIG. 36D).
100216} In some embodiments, the middle portion 478 is expanded by heating the mandrel
and the nmuddle portion 478 by, for example, placing the mandrel and the middle portion 478 ina
fluidized sand bath at about S00°C for about 3 {o about 7 minutes. As the middle portion 478 15
heated, the heating causes the crystalline structure of the memory metal tube 468 to realign.
Preferably, the mandrel is tapered {(e.g., substantially conical or bullet in shape) so that the
portion of the distal basket 411 formed from the middle portion 478 tapers from the proximal-
most crown 438 to the distal end 466. Preterably, the proximal and distal ends of the tube 474
and 476 are not shape set by the mandrel and are not cut by the laser 488 so that the proximal
and distal ends 474 and 476 do not change in shape and only slightly expand in size under
heating and return to the size of the native tube 468 after the heat is remaoved. Preferably, the
laser cuts are programmed via a computer. To ensure that the laser cuts only one surface of the
tube wall at the time {and not the surface directly opposite the desired cutting surface), the laser
480 is preferably focused between the inner and outer diameter of the desired cutting surface and
a coolant is passed through the memory metal tube 468 so that the laser 486 cools before
reaching the surface directly opposite the desired cutting surface.
1980217} The portions of the wall not cut by the laser 488 create the proximal and distal
tubes 474 and 476 as well as the other compouents of the distal basket 411, and memory metal
strips 457 and 466, as described.
{80218} Preferably, the memory metal selected for the native tube 468 bas a heal of
transformation below average human body temperature (37°C) so that the distal basket 411 has
sufficient spring and flexibility after deployment from the catheter 432 in the human blood vessel
8&.
[06219] In some embodiments, the native tube 468 (and hence the distal and proximal
tubes 474 and 476) have an outer diameter of less than about 4 French, e.g., a diameter of about
1 to about 4 French. In some embodiments, the diameter of the pull wire 443 is between about
0.008 1nches and about 0,051, as noted above, and 1 such emabodivents, the diameter of the pull
wire 443 may be approximately equal to the inner diameter 472 of the native nitinol tube 468,
100220] Without being bound by any particular theory, it is believed that manufacturing

the distal basket 411 from a single memory metal tube 468 provides case of manufacturing and

81



10

15

20

WO 2015/179324 PCT/US2015/031447
safety from mechanical faiture and provides tensile strength necessary for the system 418 to
remove hard thrombus 417 and other obstructions,

160221} Optionally, after step e, the basket 411 further comprises a row 448 of proximal
cells 436, cach proximal cell 436 defined by a phlurality of momory mctal sirips 466 and
comprising a proximal crown 438 located at a proximal end of the cell 436 and pointing in the
proximal direction and a distal crown 424 located at a distal end of the cell and pointing in the
distal direction and further wherein each of said proximal crowns 438 of said proximal cells 436
is attached to a distal end 453 of a proximal tether memory metal strip 457, Optionally, after
step e, the basket 418 further comprises a row 447 of distal cells 422 located distal to said
proximal cells 436 and connected to said distal crowns 424 of said proximal cells 436, each
distal cell 422 defined by a plurality of memory metal strips 466 and comprising a proximal
crown 437 located at a proximal end of the cell 422 and pointing in the proximal direction and a
distal crown 423 located at a distal end of the cell 422 and pointing in the distal direction, and
further wherein the nuber of distal cells 422 is twice the number of proximal cells 436.
Optionally, after step ¢, the basket system 418 further comprises a row 449 of strut memory
metal strips 482, each strut memory metal stnip 452 having a proximal end 481 attached to a
distal crown 424 of a proximal cell 436 and a distal end 458 attached to a proximal crown 437 of
a distal coll 422, Optionally, the basket 411 comprises no welded components and said proximal
tether memory metal strips 457 are integral with said proximal cell crowns 438,

100222} Optionally, after step e, the basket system 411 comprises between two and four
proximal tether memory metal strips 457, Optionally, prior to cutting the weemory ruetal tube
468, the memory metal tub 468 has an outer diameter 486 that is from about 0.011 inches to
about 0.054 inches and an inner diameter 484 that 1s from about 8.008 inches to about 0.051
inches. Optionally, after step ¢), the proximal tube 439 and distal tube 425 have an outer
diameter that 15 from about 8.02 mnches to about 0.03 inches and an inner diameter that s from
about 0.01 inches to about 8.02 inches. Optionally, the method further inchides placing said
basket 411 inside a catheter 432 comprised of a biocormpatible material. Optionally, the method
further includes the steps of placing the basket 411 inside a lumen 488 of an animal and using the
basket to retrieve an object 417 located mside said lnmen 488.

106223] The Emboediments of Fils, 45-62

166224 Fi1Gs, 45-62 illustrate additional embodiments of a modular, easy-to-manufacture
platform of systems for retrieving hard clots and other objects in animal lumens. In some

embodiments, the system mcludes a proximal tube, a distal tube, and a plurality of memory metal
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strips between the proximal and distal tubes. The plarality of memory metal strips form a wide
range of basket designs. Preferably, the proximal tube, memory metal strips, and distal tube are
derived from a standard, off-the-shelf single tube of memory metal {e.g., nitinol), with the
proximal tube and distal tube having the same inner diamcter and outer diameter as the native
tube {rom which they were derived and with the basket formed by cutting the muddie portion of
the native tube and expanding and shape-sctting this cut portion. Preferably, the proximal tube
and distal tube have an outer diameter that 1s from about 8.02 inches to about 0.83 inches (e.g.,
about 0.027 inches) so that the device fits inside a standard microcatheter and an inner diameter
that i1s from about 0.01 inches to about 0.02 inches. Preferably, there are no welded parts
between the proximal tube and distal tube, which makes the system easy and cheap to reliably
manufacture. The system also mchades one or more catheters for deploying the system, a pull
wire that passes through the hollow interior of the proximal tube, and a coaxial tube. Preferably,
the system includes two catheters — a guide catheter and a nucrocatheter. The coaxial tube
envelopes the pull wire, is shideable along at Ieast a segment of the pull wire, and 1s attached o
the proximal hub. The coaxial tube allows a user to move the proximal hub toward and away
from the distal hub while keeping the distal hub stationary. Movement of the proximal hub
toward and away from the distal hub causes conformational changes in the basket, inchuding
{depending on the basket design and the location of the proximal tube), collapsing the basket,
expanding the basket, strengthening the basket, and moving the basket around the clot. The
plurality of memory metal strips atiached to the proximal hub include a plurality of proximal
tether memory metal strips, which have a proximal end atiached to the distal end of the proximal
tube. The length and thickness of the proximal tether memory metal strips vary in the different
embodiments described herein, which allows the surgical user to select from the various
embodiments in the platform based on the features needed for the particular operation (e.g.,
vessel anatomy and hardness of the clot),

[60225] ln some embodiments, the disclosure provides a system for removing objects
within an nterior lumen of an animal that includes

a pull wire having a proximal end, a distal end and a pull wire longitudinal axis extending
from said proximal end to said distal end;

a distal basket attached to said pull wire, said distal basket comprising a proximal end, a
distal end, a distal basket length cxtending from said distal basket proximal end to said distal
end, a distal basket height perpendicular to said distal basket length and said pull wire

longitudinal axis, a proximal hub located at said proximal end of the distal basket, said proximal
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hub comprising a bollow interior, said pull wire passing through said proximal hub holiow
interior, said proximal hub shdeable along at least a segment of the pull wire, a plurality of
proximal tether memory metal strips, a plurality of proximal cells defined by a plurality of
proximal cell memory metal strips, cach proximal cell comprising a proximal crown located at
the proximal eud of the proximal cell and pointing generally n the proximal direction and a
distal crown located at the distal end of the proximal cell and pointing generally in the distal
direction, cach proximal tether mewmory wetal strip haviog a proximal end attached to said
proximal hub, a distal end attached to a crown of a proximal cell and a length extending from
said proximal end to said distal end, a plurality of distal cells distal to the proximal cells, and a
distal hub located at said distal end of said distal basket and comprising a hollow interior,

said distal basket having

a relaxed state in which said proximal hub is located a first distance proximal to said
proximal crowns and wherein said distal basket has a first height, as measured at the proximal-
o8t crown,

a gaping state in which said proximal hub is located a second distance from said proximal

crowns and wherein has a secound height, as measured at the proximal-maost crown, said second
height greater than said first height, said second distance less than said first distance,
a proximal collapsed state i which said proximal hub 1s located a third distance proximal to said
proximal crowns and wheretn said distal basket has a third height and a third width, as measured
at the proximal-most crown, said third distance greater than said first distance, said third height
less than said first height,

a catheter having a hollow interior, a proximal end leading to said mterior and a distal
end leading to said wnterior, said catheter comprised of a biocompatible ruaterial and configured
to envelope said distal basket when said distal basket is in said proximal collapsed state;
wherein said distal basket 1s configured to move from said relaxed state to said gaping state by
moving said proximal bub distally relative to said distal hub; and

wherein said distal basket is configured to move from said expanded state to said
proximal collapsed state by moving said proximal hub proximally relative to said distal hub.
100226] Optionally, the distal basket further comprises a distal coliapsed state in which
said proximal hub is located distal (o said proximal crowns and wherein said distal basket has a
fourth height, as measured at the proximal-most crown, said fourth height less than said first
height, wherein said catheter 1s configured to envelope said distal basket when said distal basket

is in said distal collapsed state, and further wherein said distal basket is configured to move from
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said gaping state to said distal collapsed state by moving satd proximal bub distally relative to
said distal hub. Optionally, the system further meludes a coaxial tube, said coaxial tube
configured 10 be received in said catheter, said coaxial tube having a proximal end, a distal end
attached to said proximal hub, and a hollow terior, said pull wire passing through said coaxial
tube hollow interior, said coaxial tube slideable along at least a segment of said pull wire, In
some embodiments, said proximal tether memory metal strips and said proximal celi memory
metal strips each have a thickuess and further wherein said thickness of said proximal tether
memory metal strips is between about 25 to about 75 percent of the thickness of the proximal
cell memory metal strips. In such embodiments, the length of the proximal tother memory metal
strips 18 between about 3 mm to about 10 mm in the relaxed state. In some embodiments with
thin proximal tether memory metal strips, the combined length of two of said proximal tether
memory metal strips is within about 2 mm of said second height. In other embodiments with
thin proximal tether memory metal strips, the combined length of two of said proximal tether
memory metal strips 1s within about 2 vow of said second height multiphied by a factor of two.
1802271 In other embodiments, the proximal tether memory metal strips are as thick or
thicker than the memory metal strips forming the proximal cells and in such embodiments, the
length of the proximal tether memory metal strips may be between about 10 mum and about 20
mm in the relaxed state.

{O0218] Optionally, said pull wire extends from said distal basket proximal end to said
distal basket distal end, Optiovally, said pull wire is not in contact with said distal hub.
Optionally, 1 said gaping state, said proximal hub is located parallel to said proxirual crown.
Optionally, said pull wire and said proximal hub are offset from the center of the distal basket
height, as measured at the proximal-most crown. Optionally, all proximal crowns of said
proximal ceils are attached to a proximal tether memory metal strip. Optionally, said distal
basket further comprises a plurality of strut memory metal strips and plurality of distal cells
defined by a phurality of distal memory metal strips, said distal cells comprising a proximal
crown located at a proxamal end of said distal cells and a distal crown located at a distal end of
said distal cells, said strut memory metal strips having a proximal end attached to a distal crown
of a proximal cell and a distal end attached to a proximal crown of a distal cell.  Optionally, the
disial basket comprises between two and four proximal tether memory metal strips. Optioually,
said proximal memory metal strips are integral with said proximal hub. Optionally, said
proximal hub is a tube, wherein said interior of said proximal hub has a size and shape, and

further wherein said size and shape of said proximal hub interior are configured to prevent a
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segment of said pull wire distal relative to said proximal hub from moving through proximal hub
interior, Optionally, said distal hub 1s a tube, Optionally, said distal hub 1s attached to said pull
wire such that said distal hub is not shdeable along said pull wire. Optionally, said distal basket
turther comprises 4 lead wire extending distally from said distal hub, Optionally, said distal hub,
said proximal hub, and said basket are comprised of a nitinol having the same waterial
composition. Optionally, said distal basket further comprises an x-ray marker that is more
visible under x-ray as compared to the other components when the distal basket is located in a
cranial blood vessel inside the body of a human and the x-ray is taken from outside the human’s
body. Preferably, the x-ray marker is a radiopague material.  Some examples of radiopague
materials can include, but are not limited to, gold, platinum, palladium, tastalum, tangsten alloy,
polymer matenial loaded with radiopaque filler, and the hike, Preferably, the components are
comprised of nitinol and the x-ray marker is comprised of a material having a density greater
than the nitinol. Optionally, said proximal and said distal hubs are generally cylindrical in shape
and each has an outer diameter and an inner diameter, the nner diameter forming apertures of
the proximal and distal hubs and further wherein the outer diameters of the proximal and distal
hubs are substantially the same size and further wherein the inner diameters of the proximal and
distal hubs are substantially the same size. Optionally, the outer diameters of the proximal and
distal hubs arc from about 0.011 nches to about 0.054 nches, and further wherein the inner
diameters of the proximal and distal hubs are from about 0.008 inches to about 0.051 inches.
Optionally, the proximal tube and distal tube have an outer diameter that s from about 0.02
mches to about 0.03 inches and an wnner diameter that is from about §.01 inches to about 6.02
inches., Optionally, the pull wire is generally cylindrical and further wherein the diameter of the
pull wire 1s between about 0.008 1nches and about 0.051 inches. Optionally, the first height is
between about 2 millimeters and about 8 millimeters. Optionally, said proximal tether memory
metal strips rotate about said pull wire longitudinal axis such that a distal end of a proximal
tether memory metal strip is located between about 90 and about 270 degrees relative to said
proximal end of the same proximal tcther memory metal strip,

1832291 The present disclosure also provides a method of removing an object from an
interior lumen of an animal, said lumen having an interior wall forming said lumen. In some

embodiments, the method includes:

a} providing the system described above;
b} posttioning the systern i said lumen, said basket located in said catheter in a

collapsed state;
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¢} deploying said distal basket from said distal end of said catheter so that said
proximal crowns of said proxamal cells are distal to said obstruction;
d} allowing said distal basket to move 1o said relaxed state;
e} moving said proxamal hub distally relative to said distal hub so that said distal

basket height, as measured at the proximal-most crown, increase;

) moving said distal basket over said obstruction; and
3 removing said distal basket and said obstruction {rom said lumen.
[64230] Optionally, the interior lumen is an infracranial artery and said obstruction is a

blood clot.  Optionally, the method further comprises using said blood clot to move said
proximal hub distally relative to said distal hub and allow said distal basket to move to said
gaping state.  Optionally, the method further comprises using a coaxial tube to push said
proximal hub distally relative to said distal hub and allow said distal basket to move to said
gaping state. Optionally, the method further includes, after step ¢, moving said proximal hub
relative to said distal hub so that said distal basket beight, as weasured at the proximal-most
crown, decrease. Optionally, after step e, said pull wire and said proximal hub are offset with
respect to the center of said distal basket height, as measured at the proximal-most crown, as
measured at the proximal-most crown, and the center of said lumen.

180231} The present disclosure also provides a systern for removing objects within an
interior tumen of an animal, the system comprising:

a pull wire having a proximal end, a distal end and a pull wire longitudinal axis extending
from said proximal end to sad distal end;

a proximal basket attached to said pull wire, said proximal basket comprising a proximal
end, a distal end, a proximal basket length extending from said proximal basket proximal end to
said distal end, a proximal basket height perpendicular to said proximal basket length and said
pull wire longitudinal axis, a proximal tube located at said proximal end of the proximal basket,
said proximal tube comprising a hollow interior, said pull wire passing through said hollow
interior and said proximal tube shideable along at least a segment of said pull wire, a plurality of
rows of cells, each cell defined by a pharality of memory metal strips, each cell comprising a
proximal crown located at the proximal end of the proximal cell and pointing generally in the
proximal direction and a distal crown located at the distal end of the proximal cell and pointing
generally in the distal direction,

a distal basket attached to said pull wire, said distal basketl comprising a proxirmual end, a

distal end, a distal basket length extending from said distal basket proximal end to said distal
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end, a distal basket height perpendicular to said distal basket length and said pull wire
longitudinal axis, a distal tube located at said distal end of the distal basket, said distal tube
comprising a hollow interior, a plurality of rows of cells, cach cell defined by a phuwality of
memory metal strips, each cell comprising a proximal crown located at the proximal end of the
proximal cell and pointing generally in the proximal direction and a distal crown locaied at the
distal end of the proximal cell and pointing generally in the distal direction,

a plurality of tether memory wetal strips, cach tether wemory wetal strip having a
proximal end attached to a distal crown of a cell located at the distal end of said proximal basket
and a distal end attached to a proximal crown of a cell located at the proximal end of said distal
basket,
said proximal basket having

a relaxed state wherein said proximal basket has a first height as measured at the distal-
most crown, and said proximal hub is located a first distance proximal to said distal hub;

a collapsed state wherein said proximal basket has a second height, as measured at the distal-
most crown, said second height less than said first height;

a gaping state wherein said proxiroal basket has a third height, as measured at the distal-
most crown, and said proximal hub is located a second distance proximal to said distal hub, said
third height greater than said first height and said second distance less than said first distance,
said proximal basket configured to move from said expanded state to said gaping state by
pushing sawd proximal tube distally relative to said distal tube;
said distal basket having

a relaxed state wherein said distal basket has a first height and

a collapsed state wherein said distal basket has a second height, said second height less
than said first height, and

a catheter having an interior, a proximal end leading to said wnterior and a distal end
leading to said interior, said catheter comprised of a biocompatible material and configured to
envelope said distal and said proximal basket when said baskets are in said collapsed state.
{80232} Optionally, satd proximal tether memory metal strips rotate about said pull wire
longitudinal axis such that a distal end of a proximal tether memory metal strip is located
between about 90 and about 270 degrees relative to said proximal end of the same proximal

tether memory metal strip.
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{80233} In some embodiments, the system does not include a proximal hub and the system
includes soft cords i place of or 1 addition to the proximal memory metal strips, For example,
in one embodiment, the system includes:

a pull wire having a proximal cud, & distal end and a pull wire longitudinal axis extending
from said proximal end to said distal end;

a coaxial tube having a proximal end, a distal end and a hollow interior, said pull wire
passing through said coaxial tube hollow nterior, said coaxial tube shideable along at least a
segment of said pull wire;

a distal basket attached to said pull wire and said coaxial tube, said distal basket
comprising 8 proximal end, a distal end, a distal basket length extending fron said distal basket
proximal ond to said distal end, a distal basket height perpendicular to said distal basket length
and said pull wire longitudinal axis, a plurality of cords, a plurality of proximal cells defined by a
plurality of proximal cell memory metal strips, each proximal cell comprising a proximal crown
tocated at the proximal end of the proximal cell and pointing generally n the proximal direction
and a distal crown located at the distal end of the proximal cell and pointing generally in the
distal direction, each cord having a proximal end attached to said coaxial tube, a distal end
attached to a crown of a proximal cell and a length extending from said proximal end to said
distal end, a plurality of distal cells distal to the proxamal cells, and a distal hub located at said
distal end of said distal basket and corprising a hollow interior,
said distal basket having

a relaxed state m which said coaxial tube is located a first distance proximal to said
proximal crowns and wherein said distal basket, as measured at the proximal-most crown, has a
first height,

a proximal collapsed state in which said coaxial tube is located a sccond distance
proximal to said proximal crowns and wherein said distal basket, as measured at the proximal-
most crown, has a second height, said second distance greater than said first distance, said
sccond height less than said first height,

a catheter having a hollow interior, a proximal end leading to said interior and a distal
end leading to said interior, said catheter comprised of a biocompatible material and configured
to envelope said coaxial tube and said distal basket wheu said distal basket is 1u said proximal
collapsed state;

wherein said distal basket is configured to move from said relaxed state to said proximal

collapsed state by moving said coaxial tube proximally relative o said distal hub.
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180234} Optionally, the distal basket further comprises a distal collapsed state in which
said coaxial tube is located distal to said proximal crowns and wherein said distal basket, as
measured at the proximal-most crown, has a third height, said third height less than said first
height, wherein said catheter is configured to envelope said distal basket when said distal basket
is in said distal collapsed state, and further wherein said distal basket is configured to move from
said relaxed state to said distal collapsed state by moving said coaxial tub distally relative to said
distal hub. Optionally said cord is comprised of a waterial selected from the group consisting of
plastic, rubber, nylon, sututre material, and braided catheter material. Optionally, said cords are
integral with said coaxial sheath. Optionally, said cords are glued o said coaxial sheath,
Optionally, said cords are shrink wrapped to said coaxial sheath. Optionally, said cords have a
thickness of from about 0.001 to about 0.1 inches (more preferably about 0.004 to about 0.018
inches) and have a length of from about 3 mm to about 20 mm in said relaxed state. Optionally,
said pull wire extends from said distal basket proximal end to said distal basket distal end and
said pull wire 15 attached to said distal bub. Optionally, all proximal crowns of said proximal
cells are attached to a cord. Optionally, the basket comprises four proximal cells, cach proximal
cell having a proximal crown, and not all {e.g., only two) of the proximal crowus are attached to
a cord. Optionally, said distal basket further comprises a plarality of strut memory metal strips
and plurality of distal cells defined by a plurality of distal memory metal strips, said distal cells
comprising a proximal crown located at a proximal end of said distal cells and a distal crown
located at a distal end of said distal cells, said strut memory metal strips having a proximal end
attached to a distal crown of a proximal cell and a distal end attached to a proximal crown of a
distal cell. Optionally, the distal basket comprises between two and four cords. Optionally, said
distal hub is attached to said pull wire such that said distal hub is not slideable along said pull
wire. Optionally, said distal basket further comprises a lead wire extending distally from said
distal hub, Optionally, said distal hub and said basket are comprised of a nitinol having the same
material composition. Optionally, said distal basket and/or said coaxial tube further comprises
an x-ray marker that 18 more visible under x-ray as compared to the other compounents when the
distal basket is located 1o a cranial blood vessel inside the body of a human and the x-ray is taken
from outside the human’s body. Preferably, the x-ray marker is a radiopaque material. Some
examples of radiopaque matenials can include, but are not himited to, gold, platinurm, palladium,
tantalum, tungsten alloy, polymer material loaded with radiopaque filler, and the like
Preferably, the components are comprised of nitinol and the x-ray marker 13 comprised of a

material having a density greater than the nitinol.  Optionally, said distal hub is generally
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cylindrical in shape and has an outer diameter and an inner diameter, the inner diameter forming
the aperture of the distal hub and further wherein the outer diameter of the distal hub from about
0.011 inches to about 4.054 inches, and further wherein the inner diameter of the distal hub is
tfrom about §.008 inches to about 0.051 mches. Optionally, the distal tube has an outer diameter
that is from about 0.02 inches to about §.03 inches and an inner diarseter that is from about 8.01
inches to about 0.02 inches. Optionally, the pull wire is generally cylindrical and further wherein
the diameter of the pull wire 1s between about 0.008 inches and about 0.051 inches. Optionally,
the first height of the distal basket, as measured at the proximal-most crown, is between about 2
millimeters and about § nullimeters, Optionally, said cords are soft,

{80235} In some embodiments, the present disclosure provides a method of removing an
object from an mterior lumen of an animal, said lumen having an nterior wall forming said

humen, the method comprising the steps oft

a} providing the system described above;
b} posttioning the systern i said lumen, said basket located in said catheter in a

collapsed state;
) deploying said distal basket from said distal end of said catheter so that said

proximal crowns of said proximal cells are distal to said obstruction;

dy allowing said distal basket to move to said relaxed state;
e) moving said coaxial tube distally relative to said distal hub so that said coaxial

tube moves distally to the proximal-most crown;

y moving said distal basket, said pull wire and said coaxial tube proxirsally so that
said distal basket moves over said obstruction;

g) moving said coaxial sheath distally relative to said distal hub so that said distal
basket height, as measured at the proximal-most crown, decreases and said coaxial tube is closer

to said distal hub as compared to the proximal-most crown; and

i} removing said distal basket and said obstruction from said lumen.
100236} In other embodiments, the method includes
a) providing the system described above;
b} positioning the system in said lumen, said basket located in said catheter in a

collapsed state;
c} deploying said distal basket from said distal end of said catheter so that said
proximal crowns of said proximal cells are distal to said obstruction;

d) allowing said distal basket to move fo said relaxed state;
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e} moving said coaxial tube distally relative to said distal hub so that said coaxial
tube moves distally to the proximal-most crown;

) moving said distal basket, said pull wire and said coaxial tube proximally so that
said disial basket moves over said obstruction;

g) moving said coaxial sheath proximally relative to said distal hab so that said distal
basket height, as measured at the proximal-most crown, decreases;

h} moving said catheter distally relative to said distal hub so that said catheter re-
sheaths said coaxial sheath and partially re-sheaths said cords, thereby decreasing said distal

basket height, as measured at the proximal-most crown;

i} removing said distal basket and said obstruction from said lumen.
{06237 Optionally, said interior lumen is an intracranmial artery and said obstruction 18 a
blood clot.
[00238) In other embodiments that do not include a proximal hub, the system includes

a pull wire having a proximal eud, a distal end and a pell wire longitudinal axis extending
from said proximal end to said distal end;

a coaxial tube having a proxumal eud, a distal end and a bollow interior, sard pull wire
passing through said coaxial tube hollow interior, said coaxial tube slideable along at least a
scgment of said pull wire;

a distal basket attached to said pull wire and said coaxial tube, said distal basket
comprising a proximal end, a distal end, a distal basket Iength extending from said distal basket
proximal end to said distal end, a distal basket height perpendicular to said distal basket length
and said pull wire longitudinal axis, a plurality of proximal tether memory metal strips, a
plurality of cords, a plurality of proximal cells defined by a plurality of proxirsal cell memory
metal strips, cach proximal cell comprising a proximal crown located at the proximal end of the
proximal cell and pointing generally i the proximal direction and a distal crown located at the
distal end of the proximal cell and pointing generally tn the distal divection, each proximal tether
memory metal strip having a proximal end attached to said coaxial tube and a distal end, cach
cord having a proximal end attached to a distal end of a proximal tether memory metal strip and
a distal end attached to a crown of a proximal cell and a length extending from said proximal end
to snd distal end, and a plurality of distal cells distal to the proximal cells, and a distal hub
located at said distal end of said distal basket and comprising a hollow interior,

said distal basket having
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a relaxed state in which said distal basket, as measured at the proximal-most crown, has a
first height,

a collapsed state in which said said distal basket, as measured at the proximal-most
crown, has a second height, said second height less than said first height,

a catheter having a hollow interior, a proximal end leading (o said interior and a distal
end leading to said interior, said catheter comprised of a biocompatible material and configured
to envelope said coaxial tube and said distal basket when said distal basket is m said coliapsed
state.

{80239} Optionally, said cord is comprised of a matenial selected from the group
consisting of plastic, rubber, nylon, suture material, and braided catheter material. Optionally,
said proximal tether memory metal strips are integral with said coaxial sheath. Optionally, said
cords are glued to said proximal tether memory metal strips. Optionally, said cords are shrink
wrapped to said proximal tether memory metal strips. Optionally, said cords have a thickness of
from about 0.004 to about 8.1 inches (imore preferably about §.004 inches to about 0.018 inches)
and further wherein said cords have a length of from about 3 mm to about 20 mm in said relaxed
state.  Optiovally, said pull wire extends from said distal basket proximal end to said distal
basket distal end and said pull wire is attached to said distal hub. Optionally, all proximal
crowns of said proximal cells are attached to a cord. Optionally, the basket comprises four
proximal cells, each proximal cell having a proxumal crown, and not all (e.g., only two} of the
proximal crowns are attached to a cord.  Optionally, said distal basket further comprises a
plurality of strut meroory wetal strips and plurality of distal cells defined by a plurality of distal
memory metal strips, said distal cells comprising a proximal crown located at a proximal end of
said distal cells and a distal crown located at a disial end of said distal cells, said strut memory
metal strips having a proximal end attached to a distal crown of a proximal cell and a distal end
attached to a proximal crown of a distal cell. Optionally, the distal basket comprises between
two and four cords. Optionally, said distal hub is attached to said pull wire such that said distal
hub is not shideable along said pull wire. Optionally, said distal basket further comprises a lead
wire extending distally from said distal hub. Optionally, said distal hub and said basket are
comprised of a nitinol having the same material composition. Optionally, said distal basket
and/or said coaxial tube further comprises an x-ray marker that is more visible under x-ray as
compared to the other components when the distal basket is located in a cranial blood vessel
wmside the body of a human and the x-ray is taken from outside the human’s body. Preferably,

the x-ray marker is a radiopague material. Some examples of radiopaque materials can include,
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but are not limited to, gold, platimum, palladium, tantalum, tungsten alloy, polymer material
loaded with radiopaque filler, and the like, Preferably, the coraponents are comprised of nitinol
and the x-ray marker is comprised of a material having a density greater than the nitinol.
Optionally, said distal hub 18 generally cylindrical in shape and has an outer diameter and an
mnner diameter, the fnner diameter forming the aperture of the distal hub and further wherein the
outer diameter of the distal hub from about 0.011 inches to about 0.054 inches, and further
wherein the inner diaraeter of the distal hub s from about 0.008 inches to about 0.051 inches.
Optionally, the distal tube has an outer diameter that 1s from about (.02 inches to about 0.03
inches and an inner diameter that 1s from about 0.01 inches to about .02 inches. Optionally the
pull wire is generally cylindrical and further wherein the diameter of the pull wire is between
about 0.008 inches and about 0.051 inches. Optionally, the first height of the distal basket, as
measured at the proximal-most crown, s between abouwt 2 millimeters and about 8 millimeters.
Optionally, the cords are soft.
180240} In some ewmbodiments, the above system is used in a method of removing an
object from an interior lumen of an animal, said lumen having an mterior wall forming said
lursen that includes

a} providing the above systeny;

b} posttioning the systern in said lumen, said basket located in said catheter in a
collapsed state;

) deploying said distal basket from said distal end of said catheter so that said
proximal crowns of said proximal cells are distal to said obstruction, said coaxial sheath 1s
proximal to said obstruction, said proximal tether memory metal strips are proximal to said

obstraction, and said cords are adjacent to said obstruction;

d) allowing said distal basket to move to said relaxed state;
) moving said coaxial tube distally relative to said distal hub so that said proximal

tether memory metal strips move distally relative to the proximal-most crown and said
obstruction 18 sandwiched between said proximal tether memory metal strips and said proximal

crowns of said proximal cells;

) emoving said distal basket and said obstruction from said lumen.
100241} Optionally said interior lumen 19 an intracramal artery and said obstruction is a
blood clot.
190242} With reference to FlGs, 45-62 the preseut disclosure provides a deployable

system, generally designated by the numeral 618, for removing an obstruction such as a blood
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clot 617 or other object from a blood vessel 688 or other interior lumen of an animal.  In
addition to a blood clot 617, the obstruction may be, for example, extruded coils during
aneurysm treatment, intravascular embolic material such as onyx or other obstructions requiring
mechanical intravascular removal from small distal vessels. In the drawings, not all reference
nurabers are included i each drawing for the sake of clarity.

1802431 One example of a deployable basket system 618 is shown in FIGs. 46A-46E,
47G-47H and 50A. As shown in FIGs, 46A-46E, 47G-47H and 504, the system 616 includes a
pull wire 643 having a proximal end 645, a distal end 644 and a pull wire longitudinal axis 646
extending from said proximal cnd 645 to said distal end 644, Optionally, the diameter of the pull
wire 643 is between about 0.008 inches and about 8.051 inches.

100244 The system 618 further includes g distal basket 611 attached to said pull wire 643,
said distal basket 611 comprising a proximal end 669, a distal end 665, a distal basket length 667
extending from said distal basket proximal end 669 to said distal end 665, a distal basket height
661 perpendicular to said distal basket length 667 and said pull wire longitudinal axis 646, a
proximal hub 639 located at said proximal end 669 of the distal basket 611, said proximal hub
639 comprising a hollow interior 641, said pull wire 643 passing through said proxamal hub
hollow interior 641, said proximal hub 639 slideable along at least a segment of the pull wire
643, a plurality of proximal tether memory metal strips 657, a plurality of proxamal cclls 636
defined by a plurality of proximal cell memory metal strips 666, cach proximal cell 636
comprising a proximal crown 638 located at the proximal end of the proximal cell 636 and
pointing generally n the proximal divection and a distal crown 624 located at the distal end of
the proximal cell 636 and pointing generally in the distal direction, cach proximal tether
memory metal stiip 657 having a proximal end 635 attached to said proximal hub 639, a distal
end 663 attached to a crown of a proximal cell 638 and a length 655 extending from said
proximal end 655 to said distal end 653, a plurality of distal cells 622 distal to the proximal cells
636, and a distal hub 625 located at said distal end 665 of said distal basket and comprising a
hollow interior 627. Preferably, the proximal hub 639 and distal hub 625 are hollow tubes
formed from the same tube of memory metal, as described below. In some embodiments, the
basket 611 includes a first row of two, three, or four crowns (i.c., the proximal crowns 638 of
the proximal cells 638) and then subsequent repeating rows of {wice as magy crowns as
compared to the number of proximal crowns 638 (i.e., four, six, or eight crowns} along the

basket leugth 667,
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{80245} The system further includes a guide catheter 630 and a microcatheter 632, which
is wider and shorter than the guide catheter 638, so that the microcatheter 632 can fit nside the
guide catheter 638. The microcatheter 632 has a hollow tnterior 615, a proximal end 616 leading
to said nterior 615 and a distal end 614 leading to said mterior 615, The microcatheter 632 is
comprised of a biocompatible material.  As used herein, the terms “guide catheter”,
“microcatheter” and “catheter” generally refers to any suitable tube through which the system
610 can be deployed. Preferably, the catheters are sierile and comprised of a biocompatible
material (i.c., a material that does not irritate the human body during the course of a 45 minute
operation that involves using the system 618 to remove a clot 617 from an intracranial blood
vessel 688). The catheter can be any suitable shape, including but not limited to generally
cylindrical. For purposes of the present invention, when 1t 1s said that the catheter envelopes the
systemy 618, it will be understood that the catheter envelopes at least one component of the
system 618 (preferably, the distal basket 611, the lead wire 631, which is a wire that extends
distally from the pull wire 843, and the pull wire 643). In some embodiments, the ricrocatheter
632 s about 2.5 French in diameter. Optionally, the catheter is delivered to the region of the
huren that has the obstruction 617 as follows: a gwde wire 1s delivered to the obstruction region
past the obstruction 617; the catheter s delivered over the guide wire; the guide wire 1s removed;
and the system 616 1 delivered with its pull wire 643 and lead wire 631 through the catheter,
Optionally, the pull wire 643 15 used to push the system 618 through the catheter ag well as to
retrieve the distal basket #11 after capturing the obstruction 617 as described below. The system
610 may utilize a plurality of catheters as described above, such as, for example, a wider catheter
that travels to the brain and a very flexible, smaller diameter microcatheter that is delivered from
the first catheter and travels through the small arteries of the brain.

100246 Preferably, a coaxial tube 618, which has a hollow interior 628 and is slideable
along at least a portion of the pull wire 643 1s attached to the proxamal hub 639,

166247] FIG. 40A shows the distal basket 611 collapsed inside a microcatheter 632, The
distal basket 611 1s 1n what's referred to as the proximal collapsed state. In this state, the systom
619 is able to be located inside the microcatheter 632 and the basket height 661 is collapsed. For
purposes of the present invention, the basket height 661 generally refers to the height at a
particular location (e.g., at the proximal-most crown 638 of the distal basket 611 or the distal-
most crown 623 of the proximal basket 633}, it being understood that the height of the distal
basket 611 and proximal basket 633 may vary along the distal basket length 667 and the length

of the proximal basket 633,
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108248} In FI(, 404, the proximal hub 639 is located a maximum distance from the distal
hub 625, The distance from the proximal hub 639 to the distal hub 625 changes by exerting
force on the proximal hub 639, as described herein, and the distance 18 shown in the drawings
using the numeral 663, This distance 1 also generally equal to the length of the basket 667, as
shown.

1002494 FIG. 468 shows the same basket system as FIG, 46A, except that the basket 611
has been deployed from the distal end 614 of the microcatheter 632 by pulling the microcatheter
632 proximally. As shown in FIG. 468, the basket 611 is now in a relaxed state and the basket
height 661 has increased. In the relaxed state exemplified, the proximal tube 639 is located a
short distance 629 proximal to the proximal-most crown 63K, In addition, the basket length 667
and the distance 663 between the proximal and distal hubs 639 and 625 has decreased as the
basket 611 has relaxed. In addition, the user has moved the coaxial twbe 618 proximally relative
to the pull wire 643 as shown by the linc in the lower part of FIG. 468, which indicates that the
distance between the proximal stop 664 and the coaxial tube proximal end 621 has increased
from FIG. 46A to FIG. 46B. The present invention may utilize a variety of stops, such as a
proximal stop 664, which s any barner that prevenis the coaxial tube 618 from woving
proximally beyond the proximal stop 664. In some forms, the proximal stop 664 is merely an
enlargement or x-ray marker 658 in the pull wire 643 that 15 taller and/or wider than the open
coxial tube interior 620 (1.e., the inner diameter of the coaxial tube 618). Instead of stops or in
addition to stops, the pull wire 643 may be ciched to provide guidance fo the surgeon on the
distance to push and pull the coaxial tube 618,

[60250] FIG. 46C exemplifies what is reforred to as the gaping state of the basket 611, To
move the basket 611 from the relaxed state to the gaping state, a user merely pushes the proximal
hub 639 distally towards the stationary distal hub 625. This canses the proximal tether memory
metal strips 637 to increase the height 661 of the distal basket 611 at the proximal-most crown
638. The proximal tether memory metal strips 657 of the embodiment shown in FiGs. 46, 47
and 50 are relatively short.  The proximal tether memory metal sirips 657 are relatively thin
compared to the memory metal strips 666 that make up the proximal cells 636, which makes the
proximal tether memory metal strips 687 casy to bend. Preferably, in the gaping state of short,
relatively thin proximal tether memory metal strips 657, the proximal memory metal sirips 657
are substantially perpendicular (e.g., about 75 to about 105 degrees) relative to the longitudinal

axis of the pull wire 646,
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{80251} FIG. 46D exemplifies what is referred to as the distal collapsed state. To move
the basket 611 from the gaping state to the distal collapsed state, a user merely pushes the
proximal hub 639 distally towards the stationary distal hub 625, This causes the proximal tether
memory metal strips 657 to reduce the height 661 of the distal basket at the proximal-most crown
638, which in certain embodiments, allows the user o recapture the system 618 m the
nicrocatheter 632, This is particularly helpful if the system 618 was deployed at the wrong
location. Preferably, the pull wire 643 jucludes a distal stop 666, which prevents the proximal
hub 3% from moving too far distally and breaking.

{80252} FIG. 46F also exemplifies the proximal collapsed state. To move the basket 611
from the relaxed state to the proximal collapsed state, a user merely pulls the proximal hub 639
away from the stationary distal hub 625. This causes the proximal fother memory metal strips
657 to reduce the height 661 of the distal basket at the proximal-most crown 638, which in
certain embodiments, allows the user to recapture the system 618 in the microcatheter 632, This
1s particularty helpful U the systern 618 was deployed at the wrong location. Preferably, the pull
wire 643 includes a middle stop 635, which prevents the proximal hub 639 from moving too far
proxumally.
106253] FIG. 47 illustrates use of the basket system shown in FIG. 46 in an intracranial
artery 688, As shown in FIG, 47A, first the guide catheter 630 15 deployed proximal to the clot
617. The microcather 632 is then advanced distally bevond the clot 617. The basket 611 is
collapsed inside the microcatheter 632, Next, as shown in FIG. 47B, the microcatheter 632 is
moved proximally to deploy the basket 611 distal to the clot 617, The basket 611 1 now in the
claxed state. Next, as shown in FIG, 47C, the user continucs to move the microcatheter 632
proxiraally. Then, as shown w FIG, 471, the basket 611 s moved closer to the ¢lot 617 by a
user pulling the pull wire 643 and coaxial tube 618 proximally at the same time. Then, as shown
in FI1G. 47E, the user uses the coaxial tube 618 to move the proxamal hub 639 toward the distal
hub 625 so that the basket 611 is in the gaping state. The gaping state is particularly important,
as 1t believed to allow the basket 611 to capture the clot 617 without having the clot 617 collapse
the basket 611, Then, as shown in FIG. 47F, the basket 611 is moved proximally over the clot
617. Then, as shown in FIG. 47G, the coaxial tube 618 is moved further proximally to close the
proximal end 669 arcund the clot 617. The system 611 is moved proximally by rmaoving the pull
wire 643 and the coaxial tube 618 proximally simultaneously.
100254] FIG. 50A shows a close-up view of the proximal end of the basket 611, wnclading

the proximal tube interior 641, the attachment of the proximal tether memory metal strips 657 at
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the distal end 655 of the proximal hub 639, and the proximal crowns 638 of the proximal cells
636, In FIG. 50A, all proxamal crowns 638 of the proximal cells 636 are attached to a proximal
tether memory metal strip 637, FiG. 508 illustrates an alternative embodiment in which two
proximal crowns 638a of a proximal cell 636 (the top and bottorm crowns 638a) are attached to a
proximal tether memory metal strip 657 and one proximal crown 638b of a proximal cell 636 is
not attached to a proximal tether memory metal strip 687, FiGs. 50C — 30F illustrate that the
haskel system may include, for example, between 2 and 4 proximal tether miemory metal strips
657.
[00255] FIG. 56 dlustrates a sade, perspective view of a basket systerm 618 with relatively
thick and short proximal tether memory metal strips 6587 (i.e., the proximal tether memory metal
sirips 657 are slightly thicker than the mermory metal strips 666 making up the proximal cells
636.
[60256] In, FIG, 57 the proximal tether memory metal strips 657 are thicker than the
memory metal sirips 666 forming the proximal cells 636 of the distal basket 611, lu these
embodiments with thicker proximal tether memory metal strips 657, the proximal tether memory
metal strips 657 resist deforming when the proximal hub 635 is translated distally toward the
stationary distal bub 629 and instead the proximal tether memory metal strips 657 are bowed out
laterally, dissecting through or around the clot 617 and centering, buttressing and strengthening
the opening of the basket 611, In particular, as illustrated in FIG. 57A, the basket 611 is
deployed distal to the clot 617, The basket 611 is move distally so that the clot 617 partially
collapses the proximal tether wemory metal strips 637, See FIG. 57B. The proximal hub 614C
is moved distally to slice the proximal tether memory metal strips 657 through the clot 617, See
FIG. 57C. The basket 611 is moved proximally to ensare the clot 617, See FUG.57. The tether
proximal memory metal strips 6587 are partially withdrawn into the microcatheter 632 and the
system is removed from the body, See FIG, 57E.
[66257] FIG. 51 illustrates a similar to basket system 616 to FlGs, 46, 47 and 50. In FIG.
51, the proximal tether memory metal strips 657 are relatively thin and short and the proximal
memory metal strips making up the remainder of the basket are thickest at the proximal-most
crown 38 and decrease gradually along the distal basket length 667,
[60258] FIG. 52 dlustrates a similar to basket system 610 to FliGs, 46, 47, 50, and 51,
Again, the proximal tether memory metal strips 687 are relatively thin and short. In this
embodiment, the length 654A of the first proxirnal wemory metal strip 687A aund the length

6348 of the second proximal memory metal strip 6578 arc equal to the height 661 of the basket
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611 in the relaxed state, as measured at the proximal-most crown 638, plus or minus two mm.
Thus, if for exarmple, the height of the vessel 688 18 4 mm and the length of the proximal tether
memory metal strips is 3 mm, the height 661 of the basket 611 as measured at the proximal-nost
crown 638 could be 4 mm., This 1s believed to allow the basket 611 in the gaping state to fill the
vessel 688,

1002549 FIG. 48 illustrates another embodiment of the basket systom 618, In this
erabodiruent, the pull wire 643 does not extend through the eutire basket 611 but rather cuds at
distal stop 668, As comparcd to the embodiment of FiGs. 46, 47 and 50, the proximal tether
memory metal strips 637 of the embodiment of FIG. 48 are about the samoe thickness as the
thickness 686 of the proximal cell memory metal strips 666, which makes the basket 611
relatively rigid and the proximal tether mernory metal strips 657 relatively inficxible, which may
be desired for certain applications. As shown, moving the basket 611 from the relaxed state (see
FIG. 48A) to the gaping statc by moving the coaxial tube 618 proximally does not greatly
enhance the basket height 661 in this embodiment due to the ngudity.

100260} FIGs. 49A-49C ilustrate stepwise deployment and use of a basket system 610
with three relatively thin and short proximal tether memory metal strips 8587; the system 610 1
deployed in a blood vessel 688 to retrieve a clot §17.

100261} FIG. 53 illustrates another embodiment of the basket system 618, In this
embodiment, the proximal tether memory metal strips 637 are relatively thin (like the
ernbodiment of FIGs. 46, 47 and 50) but longer than the FIG. 46, 47, and 50 prior embodiment.
This length allows the basket 611 to open asymmetrically around the clot 617 (see FIG. 53,
which s helpful if the microcatheter 632 and pull wire €43 are pushed against the vessel 688
wall by the ¢lot 617. As shown i FIG. 53B, the length 6544 of the first proximal tether
memory metal strip 657A also may be two times the height 661 of the basket 611, as measured at
the proximal-most crown 638 plus or munus 2 mm and the length 654B of the second proxamal
tether memory metal strip 65378 may be two times the height 661 of the basket 611 plus or minus
2mam. Thus, for example, if the vessel 688 has a height of 4 mum and the length 654A and 654B
of the proximal tether memory metal strips $37A and 6578 are 7 mm each, the height 661 of the
distal basket 611 as measured at the proximal-most crown may be set to for example 4 mm in the

relaxed siate.

160262} It will be noted that the proximal end of the system 618 is shown at the bottom
end of FiGs. 45-62 and the distal end of the system 618 is shown at the top end of FIGs. 45-62

because a principal use of the system 618 is to remove a blood clot 617 from a human
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intracranial artery 688, in which case the system 616 generally will enter the artery 68K at its
proximal end by the surgeon entering the patient’s body near the groin and pushing the catheter
632 towards the brain.,  The diameter of human arteries 688 generally decrease from their
proximal end to their distal end. However, when used in other types of lumens, the distal basket
611 may be located proximally relative to the catheter 632 as the term proximally and distally are
used in that lumen.

160263 FIG. 534 illustrates another embodiment of a basket systemn 611, In this
cembodiment, the system 611 includes a proximal hub 63% that is slideable towards a distal hub
625 (similar to the prior embodiments). The difference is that the tether memory metal strips
657 actually join the proximal basket 633 and the distal basket 611, More particularly, the
proximal basket 633 15 comprised of a plurality of proximal cells $36 attached to the proximal
hub 63% and a plurality of distal cells 622 and the distal basket is comprised of a plurality of
proximal cells 636 attached to the proximal hub 63% and a plurality of distal cells 622 and the
tether memory metal sirips 657 join a distal crown 623 of a distal cell 622 of the distal basket
611 with a proximal crown 638 of a proximal cell 636 of the proximal basket 633. As shown, in
FIG. 348, movement of the proximal hub 639 toward the distal hub 625 increases the height 634
of the proximal basket 633 as measured at the distal-most crown 623 of the distal basket 611.

[80264] FIG. 55 A and S5B illustrate an embodiment of the proximal tether memory metal
strips 657 rotating about said pull wire longitudinal axis 646 such that the distal end 653 of a
proximal tether memory metal strip 57 1s located between about 90 and about 270 degrees
relative to said proximal end 685 of the same proximal tether mewmory metal strip 6587, o
addition, the proximal tether memory metal strips 657 may rotate around their longitudinal axis
654 such that a distal end 653 of a proximal tether memory metal strip 657 rotates about 90 and
about 270 degrees around this tether longitudinal axis 654 from the distal end 6583 to the
proximal cnd 655 of the same proximal memory metal strip 687, FIG. 55C illusirates an
exemplary embodiment, where the proximal end 6554 of the first proximal tether memory metal
strip 657 A 1s located attached to the proximal tube 639 at the 12 o’clock position and the distal
end 653A of the same proximal tether memory metal strip 687A is attached to a proximal-most
crown 639 at the 9 o’clock position. In addition, the second proximal tether memory metal strip
6578 1s located attached to the proximal tube 639 at the 6 o’clock position and the distal end
6338 of the same proximal tether memory metal strip 657b is attached to the other proximal-
most crown 639 at the 3 o’clock position. FIGs. 55D and 55E llusirate a simniar erobodimuent

with the proximal tether memory metal strips 657A and 6578 rotating 180 degrees. FIG. 55D
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tlustrates an exemplary embodiment, where the proximal end 635A of the first proximal tether
memory metal strip 857A 18 located attached to the proximal tube 639 at the 12 o’clock position
and the distal end 653A of the same proximal tether memory metal strip 657A is attached to a
proximal-most crown 639 at the 6 o’clock position. In addition, the second proximal tether
memory metal strip 6578 is located attached to the proximal tube 639 at the 6 o’clock position
and the distal end 6538 of the same proximal tether memory metal strip 687b is attached to the
other proximal~-most crown 639 at the 12 o’clock position.

[60265] In some embodiments, the basket system 610 is prepared by a process that
inchudes one or more of the following steps, as illustrated in FI1G. 45;

a) providing a single tube 668 comprised of a memory metal such as nitinol, the
single tube 668 having an exterior, a substantially hollow interior, a wall 682 separating the
exterior from the substantially hollow interior, an open proximal end 674, an open distal end 6786,
a middle portion 678 between the open proximal end 674 and the open distal end 676 (see FIG.
45A%;

b) cutting the wall of the middle portion 678 with a laser 680 (see FIG. 458

) removing the pieces of the middle portion cut by the laser 686 to form a basket
system 616 comprising a proximal tube 63% comprising a hollow interior 641 extending through
said proximal tube 639, said proximal tube having a proximal end 642 and a distal end 649, a
distal tube 625 comprising a hollow wnterior 641 extending through said distal tube 6258, and a
middle portion 678 located between said proximal tube 639 and said distal tube 625 and
comprising a plurality of proximal tether memory metal strips 687, each proximal tether memory
metal strip 657 having a proximal end 655 attached to the distal end 6490 of the proximal tube
639 and a distal end 653;

d) altering the shape of the middle portion 678 using a mandrel and allowing the
middle portion 678 to expand relative to the distal tube 676 and proximal tube 674 to form a

basket that includes cells 623 and 636;

e} guenching the muddle portion 678 at room termperature;
£} removing the mandrel from the middle portion 678;
g} mechanically or chemically electropolishing the middle portion 678 to remove

oxides {(see FIG. 45C);
h} inserting a pull wire 643 through said proximal tube interior 641 so that said
proxirual tube 639 is shdeable along at least a portion of said pull wire 643, said pull wire 643

having a proximal end 645 and a distal end 644; and
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i} attaching said pull wire 643 to said distal tube 628 so that the distal tube 625 is
not shideable along the pull wire 643 but instead the distal tube 6235 moves with the pull wire 643
{see FIG. 45D},
[00266] In other embodiments, steps h} and 1) above replaced with the stops of inserting a
pull wire comprising a proximal end, a distal end, a stop located adjacent to said distal end,
through said proximal tube interior, said stop having a width and/or height that is greater than
said proximal tube nterior, said stop located distal relative to said proximal tube interior, so that
said proximal tube is slideable distally until the proximal hub reaches said stop, said pull wire
not contacting said distal tube; and  attaching a leader wire to said distal tube.
{80267} in some ewbodiments, the middle portion 678 is expanded by heating the
mandrel and the middle portion 678 by, for example, placing the mandrel and the middle portion
678 in a fludized sand bath at about 500°C for about 3 to about 7 minutes. As the middle
portion 678 is heated, the heating causes the crystalline structure of the memory metal tube 668
to vealign. Preferably, the mandrel is tapered (e.g., substantially conical or bullet m shape) so
that the portion of the distal basket 611 formed from the middle portion 678 tapers from the
proximal-most crown 638 to the distal end 666. Preferably, the proxirual and distal ends of the
tube 674 and 676 are not shape set by the mandrel and are not cut by the laser 688 so that the
proximal and distal ends 674 and 676 do not change in shape and only shightly expand n size
under heating and return to the size of the native tube 668 after the heat is removed. Preferably,
the laser cuts are programmed via a computer. To ensure that the laser cuts only one surface of
the tube wall at the time (and not the surface directly opposite the desived cutting surface), the
lascr 680 is preferably focused between the inner and outer diameter of the destred cutting
surface and a coolant is passed through the memory metal tube 668 so that the laser 680 cools
before reaching the surface directly opposite the desired cutting surface.
180268} The portions of the wall not cut by the laser 688 create the proximal and distal
tubes 674 and 676 as well as the other components of the distal basket 611, and memory metal
strips 657 and 666, as described,
1802691 Preferably, the memory metal selected for the native tube 668 has a heat of
transformation below average human body temperature (37°C) so that the distal basket 611 has
sufficient spring and flexability after deployment from the catheter 632 in the haman blood vessel
688.
{80270} In some embodiments, the vative tube 668 (and hence the distal and proximal

tubes 674 and 676) have an outer diameter of less than about 4 French, e.g., a diameter of about
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1 to about 4 French. In some embodiments, the diameter of the pull wire 643 1s between about
(.008 inches and about 0.051, as noted above, and in such embodiments, the diameter of the pull
wire 43 may be approximately equal to the tnner diameter 672 of the native nitinol tube 668.
80271} Without being bound by any particular theory, 1t is believed that manufacturing
the distal basket 611 from a single memory metal tube 668 provides case of manufacturing and
safety from mechanical faitlure and provides tensile strength necessary for the system 618 to
remuove hard thrombus 617 and other obstructions.

166272} In some embodiments, the method further includes providing a coaxial tube 618,
said coaxial tube 618 comprising a hollow interior 628 receiving said pull wire 643, a proximal
end 621, and a distal end 619, and attaching said distal end 619 of said coaxial tube 643 to said
proximal tube 625, In some embodiments, the method of attaching said distal end 619 of said
coaxial tube 618 to said proximal tube 625 comprises welding said distal end 619 of said coaxial
tube 618 to said proximal tube 623, In other embodiments, the method of attaching said distal
end 619 of said coaxial tube 618 to said proximal tube 625 comprises shrink wrapping said distal
end 619 of said coaxial tube 618 to said proximal tube 625. In other embodiments, the method
of attaching said distal end 619 of said coaxial tube 618 to said proximal tube 628 comprises
gluing said distal end 619 of said coaxial tube 618 to said proximal tube 625.

180273} Optionally, afier step e, the basket 611 further comprises 4 row #48 of proximal
celis 636, cach proximal cell 636 defined by a plurality of memory metal strips 666 and
comprising 4 proximal crown 638 located at a proxamal cud of the cell 636 and powmnting in the
proximal direction and a distal crown 624 located at a distal end of the cell and pointing in the
distal direction and further wherein each of said proximal crowns 638 of said proximal cells 636
1s attached to a distal end 683 of a proximal tether memory metal strip 687, Optionally, after
step ¢, the basket 619 further comprises a row 647 of distal cells 622 located distal to said
proximal cells 636 and connected to said distal crowns 624 of said proximal cells 636, cach
distal cell 622 defined by a plurality of memory metal strips 666 and comprising a proximal
crown 637 located at a proximal end of the cell $22 and pointing in the proximal direction and a
distal crown 623 located at a distal end of the cell 622 and pointing in the distal direction, and
further wherein the number of distal cells 622 is twice the number of proximal cells 636,
Optionally, after siep ¢, the basket system 610 further comprises a row 64% of strut memory
metal strips 682, each strut memory metal strip 652 having a proximal end 651 attached to a

distal crown 624 of a proximal cell 636 and a distal end 658 attached to a proxirual crown 637 of
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a distal cell 622, Optionally, the basket 611 comprises no welded components and said proximal
tether meomory metal strips 687 are intogral with said proximal ccll crowns 638,
160274} Optionally, after step e, the basket system 611 comprises between two and four
proximal tether memory metal strips 657, Optionally, prior to cutting the mermory metal tube
668, the memory metal tub 668 has an outer diameter 686 that is from about $.011 mches io
about 0.054 inches and an inner diamcter 684 that is from about 0.008 inches to about 0.051
inches,  Optionally, afier step ¢), the proximal tube 639 and disial tube 625 have an outer
diameter that i1s from about 0.02 inches to about 0.03 inches and an inner diameter that is from
about 6.01 inches to about 0,02 inches. Optionally, the method further includes placing said
basket 611 inside a catheter 632 comprised of a biocompatible material. Optionally, the method
further includes the steps of placing the basket 611 mside g lomen 688 of an animal and using the
basket to retrieve an object 817 located inside said lumen 68K,
[00275] In other embodiments, as shown in FIGs, 58-60, the basket system 610 does not
wmechade a proximal hub 639 and the systemn 618 wcludes a plurality of cords 783 (e.g., 2-4 cords
703} instead of or in addition to said proximal tether memory metal strips 657. For example,
FIG, 15-17 shows a first set of emboduments, where soft cords made of rubber, nylon, suture
material, braided catheter material, platinum coils, and uitrathin nitinol for example, are used.
The cords 783 have a proximal end 704 attached to the distal end 619 of the coaxial tube 618 and
a distal end 708 attached to a proximal crown 638 of a proximal cell 636. FIG. 58 illustrates one
erabodimnent m which the cords 783 are relatively long. FIG. 59 illustrates another embodiment
in which the cords 783 are relatively short,
160276] In some embodiments, the system 618 1s used in a method that includes
a) providing the system 618;
b} positioning the system 618 in said lumen 688, said basket 611 located in said catheter
632 i a collapsed state {see FIG, 60A);
c} deploying said distal basket 11 from said distal end 614 of said catheter 632 o that said

proximal crowns 638 of said proxirmal cells 636 arc distal to said obstruction 617;

d) aliowing said distal basket 611 to move to said relaxed state (see FIG. 60B);
€} moving said coaxial tube 618 distally relative to said distal hub 625 so that said coaxial

tube 618 moves distally to the proximal-most crown 638 (see FIG. 60C);
£) moving said distal basket 611, said pull wire 643 and said coaxial tube 618 proximally

simnultancously so that said distal basket 611 moves over said obstruction 617 (see FIG. 60D},

105



10

15

20

WO 2015/179324 PCT/US2015/031447
g3 moving said coaxial sheath 618 distally relative to said distal hub 625 so that said distal
basket height 661, as measured at the proximal-rmost crown 638, decreases and said coaxial tube

618 is closer to said distal hub 628 as compared to the proximal-most crown 638 (see FIG. 60E};

and

b} removing said distal basket 611 and said obsiraction 617 from said humen 688 (see FIG.
60F).

1606277} I other embodiments, steps g-h above are replaced with the steps below:

g} moving said coaxial sheath 618 proximally relative to said distal hub 625 so that said

distal basket height 661, as measured at the proximal-most crown 661, decreases;
) moving said catheter 632 distally relative to said distal hub 625 so that said catheter 632
re-sheaths said coaxial sheath 618 and partially re-sheaths said cords, thercby decreasing said

distal basket height 661, as measured at the proximal-most crown 638;

i} removing said distal basket 611 and said obstruction 617 from said lumen 688,
{80278} As shown, an advantage of this embodiment is that the cords 783 move distally to

the proximal-most crowns 638 so they do not obstruct entry way of the clot 617 mnto the distal
basket 611.
[66279] in other embodiments, as shown in FIGs. 61 and 62, the system 610 includes
cords 783 and proximal tether memory metal strips 657, In such emsbodiments, the proximal
tether memory metal strips 687 have a proximal end 688 attached to the distal end 619 of the
coaxial tube 618. The cords have a proximal end attached to the distal cnd 653 of the proximal
mewmory metal sirips 637 and  a distal end attached to a proxirual crown 638 of a proxamal cell
636.
{80280] In some embodiments, the system 618 1s used in a wethod of removing an object
from an interior lumen 688 of an animal, said lumen 688 having an interior wall forming said
lumen 688 that includes:

a} providing the system 618;

b} positioning the system 619 1n said lumen 688, said basket 611 located m said
catheter 632 in a collapsed state;

¢} deploying said distal basket 611 from said distal end 614 of said catheter 632 so
that send proximal crowns 638 of said proximal celis 636 are distal to said obstruction 617, said
coaxial sheath 618 1s proximal to said obstruction 617, said proximal tether memory metal strips
657 are proximal to said obstruction 617, and said cords are adjacent to said obstruction 617,

d) allowing said distal basket 611 to move {o said relaxed state (sce FIG. 62A);
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e} moving said coaxial tube 618 distally relative to said distal hub 625 and moving
said basket 611 proximally so that said proximal tether memory metal strips 657 move distally
relative to the proximal-most crown 638 and said obstruction 617 is sandwiched between said
proximal tether memory metal sirips 657 and said proximal crowns 638 of said proximal cells

636 (see FIG. 62B); and

) emoving said distal basket 611 and said obstruction 617 from said lumen 688.
100281} Having now described the invention in accordance with the requirements of the

patent statutes, those skilled in the art will understand how to make changes and modifications to
the disclosed embodiments to mccet thewr specific requitements or conditions, Changes and
modifications may be made without departing from the scope and spinit of the invention, as
defined and linuted solely by the following claims.  In particular, although the system has been
exemplified for use in retrieving blood clots, the system may be used to retrieve other objects
from animal lumens. In addition, the steps of any method described herein may be performed in
any sutiable order and steps may be performed simultancously (fneeded.

{80282} Terms of degree such as "substantially”, "about" and "approximately” as used
herein mean a reasonable amount of deviation of the modified term such that the end result is not
significantly changed. For example, these terms can be construed as including a deviation of at
least = 5% of the modified term if this deviation would not negate the meaning of the word it

modifies.
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CLAIMS

What is clatmed 1s:
i. A system for removing objects from an interior fumen of an animal, the system
comprising:

a pull wire having a proximal end and a distal end, the pull wire comprised of a
biccompatible metallic material;

a distal body attached to the pull wire, the distal body comprising an interior, a proximal
end, a distal ond, a distal body length extending from the proximal end to the distal end, a
proximal hub forming the proximal end of the distal body, a basket comprised of a plurality of
cells formed by a plurality of basket strips, a plurality of proximal strips, and a distal hub
forming a distal end of the basket, the basket coruprising a basket interior, each proximal strip
having a proximal end attached to the proximal hub, and a distal end attached to a cell, the distal
body having a relaxed state wherein the distal body has a first height and a first width, and a
collapsed state wherein the distal body has a second height and a second width, the second height
less than the first height, the second width less than the first width: and

a catheter having an interior, a proximal end leading to the interior and a distal end
leading to the interior, the catheter comprised of a biocompatible polymeric material and
contigured to cnvelope the distal body when the distal body 1s in the collapsed state,

wherein, in the relaxed state, the basket comprises a first pair of distal crowns not
attached to another cell of the basket and pointing generally 1n the distal divection, the first pair
of distal crowns located approximately the same distance from the proximal hob and
approximately 180 degrees relative to cach other, and further wherein the basket further
comprises a second pair of distal crowns not attached to another cell of the basket and pointing
generally in the distal direction, the sccond pair of distal crowns located distally relative to, and
approximately 90 degrees relative to, the first pair of distal crowns, the distal crowns i the
second pair of distal crowns located approximately the same distance from the proximal hub and
turther wheretn cach of the distal crowns 1n the first and second pair of distal erowns coraprises
an x-ray marker, the x-ray maker more visible under x-ray as compared to the basket strips when
the distal body is located in a cranial blood vessel inside the body of a human and the x-ray is
taken from outside the human’s body.
2. The system of claim 1, wherein, the x-ray markers are comprised of a material different

than the material forming the basket strips.
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3 The system of claim 1, wherein, in the relaxed state, the basket interior 1s substantially
hollow.
4, The system of claim 1, wherein, in the relaxed state, the distal body does not have

another x-ray marker that s located approximately the same distance from the proximal hub as
the first pair of x-ray markers and the distal body does not have another x-ray marker that is
located approximately the same distance from the proximal hub as the second pair of x-ray
markers,

5. The system of claim 1, wherein cach distal crown in the first and second pair of distal
crowns forms part of an enlarged cell and further wherein the surface arca of cach cularged cell
in the relaxed state ts greater than the surface area of each of the other ceils of the basket and
further wherein the enlarged cells are configured to allow a thrombus to pass therethrough and
into the basket interior.

6. The system of claim | wherein, in the relaxed state, the distal body does not have
another free distal-pointing crown that is located approximately the sawe distance fromn the
proximal hub as the first pair of distal crowns and the distal body does not have another free
distal-pointing crown that s located approximately the sarne distance from the proxirual hab as

the second pair of distal crowns.

7. The system of claim 1 wherein the basket sirips are comprised of a memory metal.
8. The system of claim 1, wherein each of the distal crowns in the first patr and second pair

of distal crowns curve radially inward toward the basket nterior in the relaxed state, wherein the
distal crowus of the fivst pair of distal crowns are configured to coutact each other when an
exterior, external compressive force is exerted on a distal crown of the first pair of distal crowns
when the distal body 1s 1 the relaxed state, and {urther wherein the distal crowus of the second
pair of distal crowns are configured to contact each other when an exterior, external compressive
foree is exerted on a distal crown of the sccond pair of distal crowns when the distal body 1s in
the relaxed state.

9. The system of claim | wheren the proximal hub 1s located approximately o the center
of the first height and first width in the relaxed state.

10. The system of claim 1, wherein the proximal end of a first proximal strip is located at
least about 63 degrees relative to the distal end of the first proximal sirip, wherein the proximal
end of a second proximal strip is located at least about 65 degrees relative to the distal end of the
second proximal sirip, and further wherein the first and second proximal strips intersect adjacent

and distal to the proximal hub.
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11 The system of claim 1, wherein each distal crown forms part of a cell that further
comprises a proximal crown pointing generally in the proximal direction and connected o a
memory metal strip.

12, The system of claim I, wherein the basket, the proximal hub is a tube and the proximal
strips are comprised of a memory metal, wherein the tube comprises a proximal end and a distal
end, and further wherein the proximal strips are integral with the distal end of the tube.

13 A method of removing a blood clot from a blood vessel of an animal the method

comprising the steps oft

a} providing the systerm of claim 1;
b} positioning the systen in the lumen;
¢} deploying the distal body from the distal end of the catheter;
d} allowing the height and width of the distal body to increase;
£} irradiating the distal body with x-rays;
H moving the clot into the distal basket interior; and
g} moving the distal body proximally out of the blood vessel.
14, The method of claim 13 further comprising uradiating the distal body with x-rays at at

least two different angles.

15. The method of claim 13, wherein at least one x-ray marker attached to the distal crowns
1s distal to the clot when the distal body is deployed from the distal end of the catheter,

16. The method of claim 13 further comprising applying contrast dye proximally and
distally to the clot.

17. The method of claim 13 further comprising the steps of providing a suction catheter
having a proximal end and a distal end, and attaching the distal end of the suction catheter to the
clot by applying suction to the suction catheter.

8. The method of c¢laim 17 further comprising aspirating by hand a pre-determined volume
of fluid from the suction catheter using a syringe and then locking the syringe at the pre-
determined volume.

19. The method of claim IR further comprising the step of delivering the suction catheter

adjacent to the clot by advancing the catheter over the pull wire.
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20. A system for removing objects from an interior lumen of an animal, the system
comprising:

a pull wire having a proximal end and a distal end, the pull wire comprised of a
biocompatible metaliic material;

a distal body attached to the pull wire, the distal body comprising an interior, a proximal
end, a distal end, a distal body length extending from the proximal end to the distal end, a
proximal bub forming the proximal end of the distal body, a basket comprised of a plurality of
cells formed by a plurality of basket strips, a plurality of proximal strips, a distal hub forming a
distal end of the basket, the basket comprising a basket interior, cach proximal strip having a
proximal end attached to the proximal bub, and a distal end attached to a cell, the distal body
having a relaxed state wherein the distal body has a first height and a first width, and a collapsed
state wherein the distal body has a second height and a second width, the second height less than
the first height, the second width less than the first width; and

a catheter having an interior, a proximal end leading to the interior and a distal end
leading to the interior, the catheter comprised of a biocompatible polymeric material and
configured to envelope the distal body when the distal body is 10 the collapsed state,
wherein, in the relaxed state, the basket comprises a first pair of distal crowns not attached to
another cell of the basket and pomting generally in the distal direction, the first pair of distal
crowns located approximately the same distance from the proximal hub and approximately 180
degrees relative to cach other, and further wherein the basket further comprises a second pair of
disial crowns not attached to another cell of the basket and pointing generally 1 the distal
direction, the second pair of distal crowns located distally relative to, and approximately 90
degrees relative to, the fivst pair of distal crowns, the distal crowus in the second pawr of distal
crowns located approximately the same distance from the proximal hub, wherein cach distal
crown of the first and second pair of distal crowns form a cell, each ccll further comprising a
proximal crown pointing generally in the proximal direction and connected to a2 memory metal
strip,
wherein each of the distal crowns in the first pair and second pair of distal crowns curve radially
inward toward the basket interior in the relaxed state, wherein the distal crowns of the first pair
of distal crowns are configured to countact cach other when an exierior, external compressive
force is exerted on a distal crown of the first pair of distal crowns when the distal body is in the

relaxed state, and further wheren the distal crowns of the second pawr of distal crowns are
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configured to contact each other when an exterior, external compressive force s exerted on a
distal crown of the sccond pair of distal crowns when the distal body 1s in the relaxed state.

21 The systens of claim 20, wherein the proximal hub s located approximately in the center

of the first height and first width 1n the relaxed state,

22. The system of claim 20 wherein, in the relaxed state, the basket interior 1s substantially
hollow.
23 The system of claim 20, wherein the proximal end of a first proximal strip s located at

least about 65 degrees relative to the distal end of the first proximal strip, wherein the proximal
end of a second proximal strip s located at least about 65 degrees relative to the distal end of the
second proximal strip, and further wherein the first and second proximal strips intersect adjacent
and distal to the proximal hub.

24, The system of claim 20 wherein each distal crown in the first and second pair of distal
crowns forms part of an enlarged cell and further wherein the surface arca of cach enlarged cell
n the relaxed state is at least twice as large as the surface arca of cach other cell of the basket
and further wherein the enlarged cells are configured to allow a thrombus to pass therethrough

and mio the basket interior.

25. The systens of claim 20 wherein the pull wire is attached to the proximal hub.
20. The system of claim 20 wherein the basket, the proximal hub and the proximal strips are

comprised of a memory metal, wherein the proximal hub is tube, wherein the tube comprises a
proximal end and a distal end, and further wherein the proximal strips are integral with the distal
end of the tube,

27.  The system of claim 20 wherein the distal body further comprises a lead wire extending
cdistally from the distal hub, the lead wire having a length of from about 3 mim to about 10 mm.
Z8. The system of claim 20 wherein the distal and the proximal hubs are tubes, and the basket
arc comprised of a nitinol having the same material composition and further wherein the
proximal and the distal tubes are generally cylindrical in shape and each has an outer diameter
and an inner diameter, the inner diameter forming apertures of the proximal and distal tubes and
further wherein the outer diameters of the proximal and distal tubes are substantially the same
size and further wherein the inner diameters of the proximal and distal tubes are substantially the
same size.

29, A method of removing a blood ciot from a blood vessel of an animal the method
comprising the steps oft

a) providing the system of claim 20;
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b} positioning the systen in the lumen;
¢} deploying the distal body from the distal end of the catheter;
d} allowing the height and width of the distal body to increase;
e} irradiating the distal body with x-rays;
£ moving the clot into the distal basket interior; and
g} moving the distal body proximally out of the blood vessel.
30. The method of claim 29 further comprising uradiating the distal body with x-rays at at

least two different angles,
31, A system for removing objects within an wnterior lumen of an amimal, the systom
comprising:

a pull wire having a proximal end, a distal end and a pull wire longitudinal axis extending
from the proximal end to the distal end;

a coaxial sheath having a hollow interior, an open proximal end leading to the interior,
and an open distal end leading to the intenior, the coaxial sheath cuveloping the pull wire, the
coaxial sheath shideable along at least a segment of the pull wire;

a distal basket comprising an interior, a proximal end, a distal end, a distal basket length
extending from the distal basket proximal end to the distal basket distal end, a distal basket
height perpendicular to the distal basket length, a plurality of proximal cells defined by a
plurality of proximal cell memory metal strips, each proximal cell comprising a proximal crown
located at the proximal end of the proximal cell and pointing generally in the proximal direction
and a distal crown located at the distal end of the proximal cell and pointing generally 1n the
distal direction, and a plurality of distal cells distal to the proximal cells;

a plurality of proximal sirips, cach proxiumal strip having a proximal end extending from
the coaxial sheath, a distal end attached to a proximal crown of a proximal cell and a length
extending from the proximal end to the distal end; and

a catheter having a hollow interior, a proximal end leading to the interior and a distal end
leading to the mterior, the catheter comprised of a biocorupatible material,

the distal basket comprised of a memory metal and having

a relaxed state in which the distal end of the coaxial sheath is located at a first position
along the pull wire, the first position located a first distance proximual {o the proximal crowans,
and in which the distal basket, as measured at the proximal-most crown, has a first height,

a proximal collapsed state in which the distal end of the coanal sheath s located at a

second position along the pull wire, the second position located a second distance proximal to the
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proximal crowns, and in which the distal basket, as measured at the proximal-most crown, has a
sccond height, the second distance greater than the first distance, the second height less than the
first height, and

a distal collapsed state in which the distal end of the coaxial sheath s located at a third
position along the pull wire, the third position distal to the proximal crowuns and located 1o the
basket interior, and in which the distal basket, as measured at the proximal-most crown, has a
third height, the third height less thao the first height,

wherein the catheter is configured to envelope the distal basket when the distal basket is
in the proximal collapsed state;

wherein the distal basket is configured to move from the relaxed state to the proximal
collapsed state by moving the distal end of the coaxial sheath proximally to the second position
while keeping the distal basket at a fixed location along the pull wire; and

wherein the distal basket is configured to move from the relaxed state to the distal
collapsed state by moving the distal end of the coaxial sheath distally to the third position while
keeping the distal basket at a fixed location along the pull wire.
32. The system of claim 31, wherein each proxamal crown comprises a proximal tip and
further wherein cach proximal strip is configured to cover a proximal tip when the distal basket
is in the distal collapsed state.
33, The systemn of claim 31, wherein cach proximal crown comprises an evelet and further
wherein cach proximal strip passes through an eyelet,
34. The system of claum 33, wherein the disial end of cach proximal strip comprises a loop
attaching the proximal strip to an cyelet.
35, The system of claim 31, wherein each proximal crown has an interior surface facing the
distal basket interior and an exterior surface opposite the interior surface and further wherein
each proximal strip contacts an exterior surface of a proximal crown in the proximal collapsed
state and in the distal collapsed state.
36.  The system of claim 31, whercin the pull wire extends through the distal basket mterior
and further wherein the proximal crowns are configured to move towards each other and towards
the pull wire when the distal basket moves from the relaxed state to the distal collapsed state and
when the distal basket moves from the relaxed state to the proximal collapsed state.
37.  The system of claim 31, wherein the proximal crowns are configured to remain a fixed
distance from the disial end of the distal basket when the distal basket moves from the relaxed

state to the distal collapsed state.
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38.  The system of claim 31, wherein the coaxial sheath is a braided catheter comprised of a
phurality of braids, and further wherein the proximal segments of the braids are wound together
to form the braided catheter and further wherein an unwound distal segment of each braid forms
a proximal strip.
38, The system of claim 31 wherein at least one proximal crown further comprises an x-ray
marker configured to be detected by an x-ray radiation of 0.01 mrem when the distal basket is
located in a cranial blood vessel wside the body of a human and the x-ray s taken from outside
the human’s body.
40.  The systemn of claim 31, wherein the proximal cnds of the proximal strips arc mtegral
with the coaxial sheath.
41. The systern of claim 31, wherein the proximal ends of the proximal strips are attached to
the coaxial sheath.
42, The system of claim 31, wherein the system comprises between two and four proximal
strips and the proximal strips are spaced substantially evenly apart.
43. The system of claim 31, wherein the proximal strips have a length of from about 5
millitoeters to about 40 millimeters 1o the relaxed stale.
44, The system of claim 31, wherein the pull wire extends through the basket interior from
the distal basket proximal end to the distal basket distal end,
45, The system of claim 31, wherein the coaxial sheath interior has a size and shape, and
further wherein the size and shape of the coaxal sheath interior are configured to prevent a
segment of the pull wire located in the basket wmiterior and distal relative to the distal end of the
coaxial sheath from moving through the coaxial sheath interior.
46.  The system of claim 31, wheremn the distal end of the distal basket coruprises a distal tube
having an open proximal end and an open distal end, the distal tube comprised of a memory
metal.
47.  The system of claim 46, wherein the distal basket and the distal were prepared from the
sarme memory metal tube,
48.  The system of claum 46, wherein the distal tube is attached to the pull wire such that the
distal tube is not slideable along the pull wire,
49, The systern of claim 31, wherein all proximal crowns of the proximal cells are attached to
a proximal strip.
5. The system of claum 31, wherein the secound and third positions along the pull wire each

comprise an x-ray marker configured to be detected by an x-ray radiation of 8.01 mrem when the
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distal basket is located 1o a cranial blood vessel inside the body of a human and the x-ray is taken
from outside the humaan’s body
51, The systens of claim 31, wherein the proximal strips and the distal basket have a different

material composition,

52, The aystem of claim 31, wherein the proximal strips are comprised of a polymer.
53 The system of claim 52, wherein the polymer is selected from the group consisting of

fluorinated ethylene propvlene, polytetrafluorocthylene, and tetralluorcethiylene.
54.  The system of claim 31 wherein the proximal strips are comprised of a material selected
trom the group consisting of plastic, rubber, nylon, suture matenial, and braided catheter material,
55, A method of removing a clot from a blood vessel of an animal, the blood vessel having
an interior wall forming the blood vessel, the method comprising the steps off

a} providing the system of claim 31, wherein the coaxial sheath is located in the
catheter interior and the distal basket 1s located in the catheter interior in a collapsed state;

b} positioning the catheter in the blood vessel;

¢} deploying the distal basket from the distal end of the catheter so that the proximal

crowus of the proximal cells are disial to the cloi;

d} allowing the distal basket to move to the relaxed state;
e} moving the coaxial sheath to a fourth position along the pull wire, the fourth

position located distal to the proximal crowns but proximal to the third posttion;

£ capturing the clot in the distal basket interior;
£} moving the coaxial sheath further distally into the basket interior so that the distal

basket height, as measured at the proximal-most crown, decreases and the proximal crowns

move toward cach other and the pull wire; and

) moving the system proximally out of the blood vessel.
56, A system for removing objects within an interior lumen of an amimal, the systemn
comprising:

a pull wire having a proximal cud, & distal end and a pull wire longitudinal axis extending
from the proximal end to the distal end;

a coaxial sheath having an open proximal end and an open distal end, the coaxial sheath
enveloping the pull wire, the coaxial sheath shdeable along at least a segment of the pull wire;

a distal basket comprising an interior, a proximal end, a distal end, a distal basket length
extending from the distal basket proximal end to the distal end, a distal basket height

perpendicular to the distal basket length, a plurality of proximal cells defined by a plurality of

116



10

15

20

WO 2015/179324 PCT/US2015/031447
proximal cell memory metal strips, each proximal cell comprising a proximal crown located at
the proximal end of the proximal cell and pointing generally in the proximal direction and a
distal crown located at the distal end of the proximal cell and pointing generally in the distal
dircction, and a plurality of distal cells distal to the proximal cells;

a phlurality of proximal strips, each proximal strip having a proximal end extending from
the coaxial sheath, a distal end attached to a crown of a proximal cell and a length extending
from the proximal end to the distal end; and

a catheter having a hollow interior, a proximal end leading to the interior and a distal end
leading to the mterior, the catheter comprised of a biocorupatible material,

the distal basket comprised of a memory metal,
wherein cach proximal crown of cach proximal cell comprises an eyelet and further wherein cach
proximal strip passes through an eyelet.

57. A system for removing objects adhered to a wall of an interior lumen of an animal, the
aystem comprising:

a pull wire having a proximal end and a distal end;

a distal body attached to said pull wire, said distal body coruprising an interior, an
exterior, a proximal end, a distal end, a plurality of proximal memory metal strips located at said
proximal end, a proximal hub located in said distal body mterior, and a distal hub located distal
relative to satd proximal bub, said distal body having a relaxed state wherein said distal body has
a first height and width, and a collapsed state wherein said distal body has a second height and
width, said second height less than sawd first height, sand second widih less than said first width;

a catheter having an interior, a proximal end leading to said interior and a distal end
leading to said nterior, said catheter comprised of a biocorapatible material and configured o
envelope said distal body when said distal body is in said collapsed state;

wherein cach of said proximal memory metal strips has a proximal end and a distal end,
wherein, 1y said relaxed state, each of said proximal ends of said memory metal strips is located
proximal relative to said proximal hub,

wherein, in said relaxed state, said proximal ends of said proximal memory metal strips
are configured to move towards each other and towards said pull wire, while remaining a fixed
distance from said distal bub, by moving said proximal bub distally towards said distal hub,
wherein, in said relaxed state, said proximal ends of said proximal memory metal strips are
configured to wove away from each other and away from said pull wire, by moving said

proximal hub proximally and away from said distal hub, and
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wheretn said proximal memory metal sirips are configured to remove an object adhered
to a wall of an interior lumen of an ammal.
58, The system of claimy 57 further comprising a plurality of memory metal connector strips,
the plurality of memory metal connector strips cach having a proximal end attached to a
proximal memory metal sirip and a distal end attached to said proximal hab and further wherein,
in said relaxed state, said proximal ends of said memory metal connector strips are configured to
move towards said pull wire upon moving said proximal hab distally towards said distal bub and
said movement of said memory metal connector strips is configured to cause said proximal ends

of said proximal memory metal strips to move towards each other and towards said pull wire,

58, The system of claim 58, wherein said connector strips are integral with said proximal
hub.
60.  The system of claim 57, wherein said proximal hub is a tube having an aperture and said

pull wire passes through said aperture.

a1, The system of claim 60, wherein, in said relaxed state, said proximal hub is slideable
along at least a segment of said pull wire distal to said proximal hub and forther wherein said
distal hub 13 attached to said pull wire such that said distal hub is not slideable along said pul
wire,

62.  The system of claim 57, wherein, in said relaxed state, said proximal memory metal strips
are distributed substantially cvenly about a perimeter of the distal body.

63.  The system of claiva 57, wherein said distal hub is a tube having an aperture, wherein said
pull wire extends from said proximal hub to said distal bub and further wherein said distal hub is
attached to said pull wire such that said distal hub s not slideable along said pull wire.

6

ot

4. The system of claim 57, wherein said pull wire extends from said proximal hub to said
distal hub and further wherein said distal hub is attached to said pull wire such that said distal
hub is not slideable along said pull wire.

65.  The system of claim 57, wherein said distal body turther comprises a lead wire extending
distally from said distal hub.

66. The system of claim 57, wherein said distal body comprises a basket comprised of a
plurality of memory metal strips distal relative to said proximal memory metal strips,

67. The system of claim 66, wherein said distal hub, said proximal hub, and said distal basket

are comprised of a nitinol having the same matenal composition.
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68.  The system of claim 537, wherein said distal body further comprises an x-ray marker
configured to be detected by an x-ray radiation of 0.01 mrem when the distal body 1s located n a
cranial blood vessel inside the body of a human and the x-ray is taken from outside the human’s
body.
69.  The systeru of claim 57, wherein said proximal memory metal strips form a claw, said
claw having a closeable proximal end formed by said proximal ends of said proximal memory
metal strips.
76.  The system of claim 69, wherein between 2 and 4 proximal memory metal strips form
said claw.

~
i/
i

71.  The system of claim 57, wherein said distal body, in said relaxed state, has a tapered

shape in which the distal body height and width decrease from the proximal end to the distal end.

72. The system of claim 71, wherein said distal body, in said relaxed state, has a bullet shape.
73.  The system of claim 57, wherein said proximal and said distal hubs are generally

cylindrical in shape and each has an outer diameter and an inner diameter, the inner diameter
forming aperturcs of the proximal and distal hubs and further wherein the outer diameters of the
proximal and distal hubs are substantially the same size and further wheren the foner diameters
of the proximal and distal hubs are substantially the same size.

74.  The system of claim 73, further wherein the outer diameters of the proximal and distal
hubs are from about 0.011 inches to about 0.054 inches, and further wherein the inner diameters
of the proximal and distal hubs are from about 0,008 inches to about 0.051 inches.

75. The system of claim 57, wherein the pull wire 1s generally cyhindrical and further wherein
the diameter of the pull wire is between about 0.008 inches and about (.051 inches.

76.  The system of claim 57, wherein said proximal memory metal strips bave a length of
between about 10 and about 60 millimeters.

7
7

77.  The system of claim 57, wherein the first height and first width of the distal body are
between about 2 millimeters and about 6 millimeters.

78.  The basket systern of claim 57, wherein the proximal memory metal sirips are configured
to separate a clot from a blood vessel wall.

79. The system of claim 57, wherein said proximal ends of said proximal memory metal
sirips are not connected to each other.

80, The system of claim 57, wherein, in said relaxed state, said interior of said distal body is

hollow.
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81. A method of removing an object adhered to a wall of an interior lumen of an animal, the
method comprising the steps off
a} providing the system of claim 57;
b} positioning the system in said lumen;
¢} deploying said distal body from said distal end of said catheter;
d} allowing said height and width ot said distal body to increase; and
¢} moving said proximal meraory metal strips towards each other and said pull wire so as

to capture said object.

§2.  The method of claim 81, wherein said distal body is deployed distal to said object,
83.  The method of claim 81, wherein said method further comprises moving said proximal

hub distally and closer to said distal hub so as to capture said object.
84, The method of claim 83, wherein said interior lumen is an intracranial artery and said
, Ty

object is a blood clot.

85.  The method of claim 84, wherein said method further comprises using said blood clot to
move said proximal hub toward sed distal hub and exert tension on said proximal memory metal
Strips.

§6.  The method of claim 84, wherein said method further comprises using a tube to move
said proximal hub toward said distal hub and exert tension on said proximal memory metal

sirips,
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