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(57) Abstract: A platform of devices for removing obstructions and other objects within a blood vessel or other interior lumen of an
animal is provided. The system may be deployed in the lumen from a catheter(s) and the system includes a proximal hub, and a distal
basket comprised of a plurality of cells. A number of different baskets designs are disclosed. Methods of manufacturing such baskets
out of a single tube of a memory metal without the need for any welding, and methods of use are also disclosed.
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INTERNATIONAL PATENT APPLICATION

CLOT RETRIEVAL SYSTEM

BACKGROUND

TECHNICAL FIELD
[0001] The present invention relates to a deployable system for removing a blood clot or

other object from a lumen of an animal.

BACKGROUND OF THE INVENTION

[0001a] The following discussion of the background to the invention is intended to
facilitate an understanding of the invention. However, it should be appreciated that the
discussion is not an acknowledgement or admission that any aspect of the discussion was
part of the common general knowledge as at the priority date of the application.

[0002] Acute ischemic strokes develop when a blood clot (thrombus) blocks an artery
supplying blood to the brain. Needless to say, when a blood clot creates such a blockage,
time in removing the clot is critical.

[0003] 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 skull) of the cervical and proximal
intracranial vasculature, the small size of the vessels and the extremely thin walls of
intracranial vessels, which lack a significant muscular layer. These limitations require a
device to be small and flexible enough to navigate through tortuous vessels within a guide
catheter and microcatheter, expand after delivery at the site of occlusion and be retrievable
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.
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[0004] 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. (Mountainview, CA), the
PENUMBRA™ gystem marketed by Penumbra Inc. (Alameda, CA) to retrieve clots, and
the newer stent retrieval devices TREVO™ (Stryker, Kalamazoo, MI) and SOLITAIRE™
(eV3 Endovascular Inc., Plymouth, MA, which is 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 to 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 material.
The method of use is deployment distal to the thrombus and by withdrawing the device
through the thrombus, the thrombus becomes entangled in the coil and mesh and then is
retrieved. The MERCI system requires occlusion of the proximal vessel with a balloon
catheter and simultaneous aspiration of blood while the thrombus is being removed. Most
of the time, the device fails to dislodge the thrombus from 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.

[0005] The next attempt at a thrombus removal 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, organized thrombus
which has embolized from the heart, cholesterol plaque 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 in a manner similar to the MERCI
system. Again, these devices are ineffectual at treating hard thrombus. In fact, the
thrombus is often compressed against the vessel wall by the stent which temporarily opens
the vessel by outwardly pressing the clot against the vessel wall. Upon retrieval of the
devices, the clot remains or is broken up into several pieces which embolize to vessels
further along the vessel.

[0007] Thus, there is a need for new, easy-to-use, easy-to-manufacture, safe surgical
devices for removing obstructions, such as blood clots, from internal lumens of humans

and other animals in a timely manner.
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BRIEF SUMMARY

[0008] The present disclosure provides several systems for removing obstructions and other
objects within a blood vessel or other lumen of an animal.

[0008a] In one form of the invention there is provided 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; 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 forming the proximal end of the distal body, a plurality of proximal strips, a
basket comprised of a plurality of cells formed by a plurality of basket strips, and a single distal
hub comprising a proximal end, the proximal end of the single distal hub forming a distal end of
the basket, the basket comprising a basket interior, each proximal strip having a distal end
attached to a cell and a proximal end, the proximal ends of the proximal strips converging at the
proximal hub, 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 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 distal crowns in the first pair of distal crowns located
approximately the same distance from the proximal hub and between 150 degrees and 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 the first pair of distal
crowns, each of the distal crowns in the second pair of distal crowns located between 60 degrees
and 90 degrees relative to a distal crown in the first pair of distal crowns, the distal crowns in the
second pair of distal crowns located approximately the same distance from the proximal hub and
further wherein each of the distal crowns in the first and second pair of distal crowns comprises
an x-ray marker, the x-ray marker 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 and further wherein each distal crown in the first and
second pair of distal crowns forms part of a cell that further comprises a non free-floating
proximal crown pointing generally in the proximal direction, wherein at least some of the basket
strips are located at the distal end of the basket, wherein each of the basket strips located at the

distal end of the basket have a distal end, wherein each of the distal ends of the basket strips
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located at the distal end of the basket converge at the single distal hub and further wherein the
distal body, in the relaxed state, comprises a tapered region in which the distal body height and
width decrease as the basket strips located at the distal end of the basket approach the single
distal hub, wherein the basket comprises a plurality of cells distal to the second pair of distal
crowns, and further wherein each of the first and second pair of distal crowns is proximal to the
single distal hub.
[0008b] In another form of the invention there is provided a method of removing a blood clot
from a blood vessel of an animal the method comprising the steps of:

a) providing the system as described above;

b) positioning the system in the blood vessel;

c) 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;

f) moving the blood clot into the basket interior; and

g) moving the distal body proximally out of the blood vessel.
[0008¢] The system may be deployed in the lumen from a distal end of a catheter and, in some
embodiments, 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, an exterior, a proximal end, a distal end, a
plurality of proximal memory metal strips located 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 a 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 second 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 in the collapsed state. Each of the proximal memory metal strips has a
proximal end and a distal end and preferably, in the relaxed state, each of the proximal ends of
the proximal memory metal strips is 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 each other and towards the pull wire when an operator moves the proximal hub

distally and closer to the stationary distal hub (i.e., when the operator decreases the
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distance between the hubs). Preferably, in the relaxed state, the proximal ends of the
proximal memory metal strips are configured to move away from each other and away
from the pull wire by moving the proximal hub proximally away from the stationary distal
hub (i.e., when the operator increases the distance between the hubs).

[0009] Optionally, the system further includes a plurality of memory metal connector
strips, the plurality of memory metal connector 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 strips are integral with the proximal hub (i.e., optionally, the
connector strips and the proximal hub are formed from the same piece of memory metal).
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 slideable along the pull
wire (i.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 slideable along the pull wire.
Optionally, the distal body further comprises a lead 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 proximal 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 memory metal strips form 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 cach has
an ouler diameter and an inner diameter that forms the apertures of the proximal and distal hubs,
the outer diameters of the proximal and distal hubs are 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 inner 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 inches. Optionally, the proximal memory metal
strips have a length of between about 10 and about 60 nullimeters. Optionally, the first height
and first width of the distal body arc between about 2 millimeters (mm} and about 6 millimeters.
Optionally, the proximal memory metal strips are configured to a separate a clot from a blood
vessel wall.
[0018] The present 1nvention also provides a method of removing an object {rom an interior
lumen of an animal, the lumen having an interior wall forming the lumen. In some
embodiments, the method includes:

a) providing a systern comprising: i) a pull wire having a proximal end and a distal
end; i) 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 meruory 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 secoud height and width, the secound height less than said first
height, the second width less than said first width; and i} a catheter having an interior, a
proximal cnd leading to the interior and a distal end leading to the iterior, the catheter
comprised of a biocompatible material and configured to envelope the distal body when said

distal body 1s in said collapsed state;

b} positioning the system in the lumen;

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

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

e} moving the memory metal strips towards each other and the pull wire so as to
capture the obstruction. Optionally, the claw and the memory metal strips are located at

the proximal end of said distal body and the distal body 1s 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 includes 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 strips has a proximal end
and a distal end, ecach of the proximal ends of the memory metal strips is located proximal
relative to the proximal hub, and the proximal ends of the memory retal 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 memory metal strips are configured to move
away from each other and away from the pull wire by moving the proximal hub proximally and
away from 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. Optionally, the method turther
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 tension on the proximal memory metal strips.
[6¢11] The present invention also provides a method of manufacturing a system for removing
objccts 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 interior, a proximal
portion comprising an aperture leading to the hollow iterior, a distal portion comprising an
aperture lecading to the hollow interior, and a middle portion between the proximal 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 proximal
tube, a nuddle portion comprnising a plurality of memory metal strips attached to the proximal

tube and a distal tube;

d) altering the shape of the middle portion;

e) 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 memory ruetal strips, and a second segment 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 inside an interior of
said distal body, and such that the proximal tube 1s 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 puil wire to the distal tube. Optionally, the step of joining
the proximal segments to the distal segments comprises welding the proxirual 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 metal strips configured to move away
from cach 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 includes 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 sare 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 is tapered. Optionally, the
proximal portion and the distal portion arc 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 0.00% inches to about 0.051
inches.

[0013] In an alternate embodiment, the present disclosure provides a system for removing
objects 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 plurality 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 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
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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 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 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 same 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 pair of distal crowns (e.g., each 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 pair of distal
crowns), the distal crowns in the second pair of distal crowns located approximately the same
distance from the proximal hub and further wherein each of the distal crowns in the first and
second pair of distal crowns comprises an x-ray marker, the x-ray marker 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. When it is 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 is located X distance plus or minus
(+/-) 3 mm from the proximal hub, more preferably X distance plus or minus (+/-) 0.5 mm 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
pair of distal crowns is located Y distance plus or minus (+/-) 3 mm 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.

Optionally, the x-ray markers are comprised of a material different than the material forming the
basket strips. Optionally, in the relaxed state, the basket interior 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 {rom 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 pair of x-ray markers arc the only markers their respective distances from the
proximal hab. Optionally, each distal crown mn the first and second pair of distal crowns forms
part of an enlarged cell and further wherein the surface area of cach cnlarged cell in the relaxed
slate is greater than the surface area of each of the other individual cells of the basket and further
wherein the enlarged cells are configured to allow a thrombus to pass thercthrough and into the
basket interior. Optionally, in the relaxed state, the distal body does not have another free distal-
pointing crown that is 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 is
located approximately the samc distance from the proximal hub as the sccond pair of distal
crowns. Optionally, the basket strips arc comprised of a memory metal. Optionally, each of the
distal crowus 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 contact cach other when an exterior, external corupressive force (such as a
thrombus} is cxerted on a distal crown of the first pair of distal ecrowns 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 each other when an exterior, external compressive force {(such as a
thrombus) is cxerted on a distal crown of the second pair of distal crowns when the distal body
1s 1n the relaxed state, Optionally, the proximal hub 1s located approximately in the center of the
first height and first width in the relaxed state. For example, preferably the proximal hub is
located within 0.5 mm of the center of first width aund the first height. Optionally, the catheter 1s
comprised of a polymeric material {i.c., onc or more polymeric materials such as silicone, PVC,
latex rubber or braided nylonj). Optionally, the pull wire 1s comprised of a biocompatible
metallic material {¢.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 80 degrees) relative to the distal end of the first proximal strip, wherein the proximal
end of a sccond proximal strip is located at least about 65 degrees {c.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 0 and about 4 mm 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 compriscd of a memory metal). In other words, the proximal crowns are not free.
Optionally, the basket, the proximal hub and the proximal strips arc 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 wirc) is from
about 20 mm to about 65 mm. Optionally, the system is used 1o a method of removing a blood

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

a) providing the system;

b} positioning the system in the lunen;

) deploying the distal body from the distal end of the catheter;
d) allowing the height and width of the distal body to increase;
c) 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.

[8015] Optionally, the method {urther comprises irradiating 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 is deployed from the distal end of the catheter. Optionally, the
method further comprises applying 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 fluid from the suction catheter using a syringe and then locking the syringe at the pre-
determined volume. Optionally, the method further compriscs delivering the suction catheter
adjacent to the clot by advancing the catheter over the pull wire.

[8016] In vel another cmbodiment, the system includes:

a pull wire having a proximal cnd 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
compriscd of a plurality of cells formed by a plurality of basket strips, a plurality of proximal
strips, aud 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 proximal strip having a proximal end
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attached to the proximal hub, and a distal end attached to a cell, the distal body having a relaxed
statec wherein the distal body has a first height and a first width, and a collapsed statc 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 imterior 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 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 same distance from the proximal hub and approximately 80
degrees relative to cach other (c.g., between about 130 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 gencrally 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 {c.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 pair of distal
crowns), the distal crowns in the second pair of distal crowns located approximately the same
distance from the proximal hub, wherein each distal crown of the first and second pair of distal
crowns form a cell, each cell further comprising a proximal crown pointing 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 interior in
the relaxed state, wherein the distal crowns of the first pair of distal crowns are configured to
contact each other when an exterior, external compressive force (¢.g., a thrombus) 1s exerted on a
distal crown of the first pair of distal crowns when the distal body is in the rclaxed state, and
further wherein the distal crowns of the second pair of distal crowns are configured o 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 is meant that the proximal crown is either connected to a basket strip or a
proximal strip comprised of a memory metal (e.g., nitinol}. When it is 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 focated X distance from the proximal

hub, the other of the first pair of distal crowns 1s 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 pair of distal crowns is located 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.

10017} Optionally, the proximal hub is located approximately in the center of the first height and
first width 1o the relaxed state. For example, preferably the proximal hub is located within 8.5
mm of the center of first width and the first height. Optionally, the catheter 1s comprised of a
polymerie material (i.c., one or more polymeric materials such as silicone, PVC, 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 substantialty hollow. Optionally, the proximal end of a first proximal strip is
located at least about 65 degrees {(e.g., between about 65 and about [80 degrees) relative to the
distal end of the first proximal strip, wherein the proximal end of a second proximal strip is
located at least about 65 degrees (e.g.. between about 65 and about 180 degrees) rclative 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 ¢ mm and about 4 mm 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 cnlarged cell in the refaxed
state 1s 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 1s attached to the proximal hub. Optionally, the
basket, the proximal hub and the proximal strips are coruprised of a memory metal, wherein the
proximal hub compriscs a proximal end and a distal end, and further wherein the proximal strips
arc integral with the distal end of the proximal hub. Optionally, the distal body further compriscs
a lead wire extending distally from the distal hub, the lead wirc having a length of from about 3
mmn to about 10 mm. Optionally, the distal hub, the proximal hub, and the basket are comprised
of a nitinol having the same material composition and {urther wherein the proximal and the distal
hubs are tubular and generally cylindrical in shape and each 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 proximal 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) 1s from about 20 mm to about 65 mm.
[6018] Optionally, the system ts used in a method of removing a blood clot from a blood vessel

of an animal the method comprising the steps of:

a) providing the system;

b) positioning the system in the lumen;

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

) moving the clot into the distal basket interior: and

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

[0019] Optionally, the method further comprises irradiating the distal body with x-rays at at least
two difterent angles.

10020} In other embodiments the present disclosure provides a systern 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 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 interior, 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
cxtending from the distal basket proximal end to the distal basket distal end, a distal basket
height perpendicular to the distal basket length, a plarality 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 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 {rom 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 measured at the proximal-most crown, has a first height,

a proximal collapsed state in which the distal end of the coaxial sheath is located at a
sccond 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 is located at a third
position along the pull wire, the third position distal to the proximal crowns and located i the
basket interior, and in 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
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 15 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.

[80621] Optionally, each 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 comprises an eyelet and further wherein cach
proximal strip passes through an eyelet. Optionally, the distal end of each 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
relaxed state to the distal collapsed state and when the distal basket moves from the rclaxed state
to the proximal collapsed state. Optionally, the proximal 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 is a braided catheter
comprised of a plurality of braids, and further wherein the proximal segments of the braids are
wound together to form the braided catheter and turther wherein an unwound distal segment 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 strips are mtegral with the coaxial
sheath. Optionally, the proximal ends of the proximal strips arc attached to the coaxial sheath.
Optionally, the system comprises between two and {our proximal strips and the proximal strips
arc spaced substantially cvenly apart. Optionally, the proximal strips have a length of from
about 5 millimeters to about 40 millimeters 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 trom moving
through the coaxial sheath interior. Optionally, 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. Optionally, the distal basket and the distal were prepared {rom the same memory
metal tube. Optionally, the second and third position along the pull wire each comprise an x-ray
marker. Optionally, the distal tube 1s attached to the pull wire such that the distal tube is not
shideable 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. Optionally, the proximal strips and the distal basket have a different
material composition. Optionally, the proximal strips are comprised of a polymer. Optionally,
the polymer is sclected from the group consisting of fluorinated ethylene propylene,
polyvtetratiuorocthylene, and tetrafluoroethtylenc. Optionally, the proximal strips are comprised
of a material selected from the group consisting of plastic, rubber, nylon, suture material, and
braided catheter material.
0022} Optionally, the system is used in a method of removing a clot from 4 blood vessel of an
animal, the blood vessel having an interior wall forming the blood vessel, the method comprising
the steps ot

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} posttioning 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 cclls 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 1o the basket interior but proximal to the third position
(this third position 1s not sufticiently distal to the proximal crowns to place tension on the
proximal strips; thus, the crowns do not begin to move towards each other aud the pull wire);

) capturing the clot in the distal basket interior;

e} moving the coaxial sheath further distally into the basket interior (i.c., to or ncar)
the third position 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

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

[0023] In still further embodiments, the present disclosure provides a system for removing
objects within an nterior fumen of an anial, 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
cnveloping 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 ond 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 ponting geunerally in 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, cach 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 interior, the catheter comprised of a biocompatible material,

the distal basket comprised of a memory metal,

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

whercin cach proximal strip passes through an cyelet.
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19824] The present disclosure also provides additional modular, easy-to-manufacture platform of
systems for retrieving hard clots and other objects in animal lumens. In 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 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 {(e.g., a memory metal alloy 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 1s from about 0.02 inches to about (.03
inches (e.g.. about 8.027 inches) so that the device fits inside a standard microcatheter and an
inner diameter that 1s 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 rehably manufacture. The systern also includes 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 microcatheter. The
coaxial tube cnvelopes the pull wire, is slideable along at least a segment of the pull wire, and 1s
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 on 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 plurality of proxirnal
tether memory metal strips, which have a proximal end attached 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
cmbodiments in the platform based on the f{eatures needed for the particular operation {c.g.,
vessel anatomy and hardness of the clot).

10025] In some embodiments, the present disclosure provides a method of manufacturing a
system for removing objects within an interior lumen of an animal that includes:

aj 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 interior, a proximal portion

comprising an aperture leading to the hollow interior, a distal portion comprising an aperture
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feading to the hollow nterior, and a middle portion between the proximal portion and the distal

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

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

d) altering the shape of the middle 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, iserting 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 wirc having a proximal end
and a distal end; and

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

[0026] In other embodiments, instead of sieps ) and g) noted above, thc method includes
nserting 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 interior, 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. 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

[6627] In some embodiments, either of the above methods further include k) providing a coaxial
tube, said coaxial tube comprising a hollow interior receiving said pull wire, a proximal end, and
a distal end, and 1) 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
cmbodiments, 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 said proximal tube. 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, cach
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 1n the proximal direction and a distal crown
located at a distal end of the cell and pointing in the distal direction and further wherein each 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 cclls
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 proxtmal 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
further comprises a row of distal crowns distal to said proximal crowns and pointing 1o the distal
direction and further whercin the number of distal crowns in said row is twice the number of
proximal crowns attached to said proximal tether merory metal strip.

[6029] Optionally, after step e, the basket system further comprises a row of strut memory metal
strips, each 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
basket comprises no welded components and said proximal tether memory metal strips are
imtegral with said proximal cell erowns.

[0036] Optionally, after step e, the basket system 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 middie portion. Optionally, the
method further comprises cooling the proximal portion, the middle portion, and the distal portion
after step D} and, after cooling, the proxirual and distal portions have substantially the sarue 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 muddle portion. Optionally, the method of
altering the shape of the middle portion comprises using a mandrel.  Optionally, the mandrel is
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 s from about 0.011 1nches to about 0.054 inches 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 .02 inches to about 0.03 inches and an inner diameter
that 1s from about 0.01 inches to about 0.92 inches. Optionally, the method further includes
placing said basket inside a catheter comprised of a biocompatible material.  Optionally, the
method further includes the steps 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
iterior lumen of an animal. In some embodiments, the system includes:

a pull wire having a proximal end, a distal cnd 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 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 1interior, said pull wire passing through said proximal hub hollow
interior, said proximal hub slideable along at Icast 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, 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
direction, cach proximal tcther 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 fror
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 mterior,
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-
most crown,

a gaping state in which said proximal hub is located a second distance from said proximal
crowns and wherein has a sccond height, as measured at the proximal-most crown, said sccond
height greater than said first height, said 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 interior, said catheter comprised ot 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 trom said relaxed state to said gaping
state by moving said proximal hub distally relative to said distal hub; and
wherein said distal basket is contigured to move from said expanded state to said proximal
collapsed statc by moving said proximal hub proximally relative to said distal hub.

[9032] 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
deforms 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 {e.g., between about 100% and 175% of the thickness of the memory
metal strips 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
erubodirnents, moving the proximal hub towards the distal hub when the basket is in the relaxed
state causes the proximal crowns of the proximal cells to move apart from each other, thereby
expanding the opening of the distal basket. Pre{erably, in the embodiruents with the thin tethers,
i the relaxed state, the tethers have a length of from about 3 mm to about 1} mm, and in the
embodiments with the thick tethers, the tethers have a length of from about 10 mm to about 20
mm.

{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 mcasured at the proximal-most crown, said fourth height less than said first height and,
wherein said catheter 1s configured to envelope said distal basket when said distal basket is i
said distal collapsed state, and turther whercein 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 hub. 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 interior, 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
cmbodiments 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 is 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 offsct from the center of the distal basket
height, as rueasured 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 arc attached to a proximal tether memory metal strip.
Optionally, said distal basket further comprises a plurality of strut memory wetal strips and
plurality of distal cells detined 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 merory netal strips having a proximal end
attached to a distal crown of a proximal ccll 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 metal strips.  Optionally, said proximal memory metal strips arc 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 whercin said size and shape of said proximal hub interior
are 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 is a tube. Optionally, said
distal hub 1s 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 {urther corprises an
x-ray marker. Optionally, said proximal and said distal hubs are generally cyvlindrical in shape
and each 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
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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 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 {rom about 0.008 inches to about 0.051 inches.
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 nner diameter that is from about 0.0 inches to about 0.02
imches. Optionally, the pull wire 1s 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 is between about 2 millimeters and about & 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 1s located between about 90 and about 270
degrees relative to said proximal end of the same proximal tether memory metal strip.

[0034] The present disclosure also provides a method of removing an object from an interior
lumen of an ammal, said lumen having an interior 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;

<) 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;

) moving said proximal 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

g} removing said distal basket and said obstruction from said lumen.

[6035] Optionally, the interior lumen is 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 hub and allow said distal basket to move to said gaping state.
Optionally, the method further compriscs using a coaxial tube to push said proximal hub distally
relative to satd distal hub and allow said distal basket to move to said gaping state. Optionally,
the method further includes, afier step e, 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

N
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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
lumen 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 said 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 proxirual 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 segmeunt of said pull wire, 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 generally in the
proximal direction and a distal crown located at the distal end of the proximal cell and pointing
generally 1o the distal direction,

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 cnd to 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 plurality of rows of cells, each cell defined by a plurality of
memory metal strips, each ccll 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 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 lcss 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 sccond 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 said proximal tube distally relative to said distal tube;
said distal basket having

a relaxed state wherein said distal basket has a f{irst height and

a collapsed statc 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 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.
[0037] Optionally, said proximal tether memory metal strips rotate about said pull wire
longttudinal axis such that a distal end of a proximal tether memory metal sirip is located
between about 90 and about 270 degrees relative to said proximal end of the same proximal
tether memory metal strip.

[6038] In some embodiments, the system does notl include a proximal hub and the system
includes soft cords in place of or in addition to the proximal memory metal strips. For example,
in one embodiment, 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 coaxial tube having a proximal end, a distal end and a hollow interior, said pull wirc 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 said distal end, a distal basket height perpendicular to said distal basket length and said pull
wire longitudinal axis, a plurality of cords, a plarality of proximal cells defined by a plurality of
proximal ccll 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 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
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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 comprising a hollow interior,

said distal basket having

a relaxed state in which said coaxial tube is located a f{irst distance proximal to said proximal
crowns and wherein said distal basket, as measured at the proximal-most crown, has a [irst
height,

a proximal collapsed state in which said coaxial tube is located a second 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 intcrior, a proximal cnd leading to said interior and a distal end
leading to said interior, said catheter comprised of a biocompatible material and configured to
cnvelope said coaxial tube and said distal basket when said distal basket is in said proximal
collapsed state;

wherein said distal basket i1s 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 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 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 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 material sclected {from the group consisting of
plastic, rubber, nylon, sututre material, braided catheter material, platinum coils, and ultrafine
nitinol. Optionally, said cords arc intecgral 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 thickness of about 0.004 to about 0.1 inches (more preferably, from
about 0.604 to .018 inches). Optionally, said cords 1 said relaxed state, have a length of about
3 to about 20 mm. Optionally, said pull wirc 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 proximal crown, and not all {e.g., only two) of

the proximal crowns arc attached to a cord. Optionally, said distal basket further comprises a
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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 located at a distal cnd of said distal cells, said strat 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 coruprises between
two and four cords. Optionally, said distal hub is attached to said pull wire such that said distal
hub 1s 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 nitinel 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 8.011 inches to about 0.054 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 is from about 0.02 inches to about 8.03 inches and an inner diameter that
is from about 0.01 inches to about 0.02 inches. Optionally, the pull wire is generally cylindrical
and turther 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,
1s between about 2 mullimeters and about 8 millimeters. Optionally, said cords arc soft.

[0040] In some cmbodiments, the present disclosure provides a method of removing an object
from an nterior Jumen of an animal, said lumen having an interior wall forming said humen, 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) 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;

€) 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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23 moving said coaxial sheath distally relative to said distal hub so that said distal basket
height, as measurcd at the proximal-most crown, decreases and said coaxial tube is 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 wirc and said coaxial tube proximally so that said
distal basket moves over said obstruction;

) rooving said coaxial sheath proxirually relative to said distal hub 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;

1) removing said distal basket and said obstruction from said fumen.

[0042] Optionally, said interior lumen is an intracranial artery and said obstruction is a blood
clot.

10043} In other embodiments that do not include a proximal hub, 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 coaxial tube having a proximal 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 satd distal end, a distal basket height perpendicular to said distal basket length and said puil
wire longitudinal axis, a plurality of proximal tether memory metal strips, a plurality of cords, a

5~
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plurality of proximal cells defined by a plurality of proximal cell memory wetal 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 direction, cach proximal tether memory metal
strip having a proximal end attached lo said coaxial tube and a distal end, each cord having a
proximal cnd 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 lo 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 first height,

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

[8844] Optionally, said cord is comprised of a material sclected 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 are shrink wrapped to said proximal tether memory metal strips.
Optionally, said cords have a thickness of from about 0.004 and about 0.1 inches {(morc
preferably about 0.004 to about 0.018 inches) and said cords have a length of {rom 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 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 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 plurality of strut memory metal strips and plurality of distal cells detined by
a plurality 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 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 ccll. 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 wmarker. 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 diamcter of
the distal hub i1s from about 0.011 inches to about 0.054 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 is from about .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 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, is between about 2 millimeters and about & millimeters.  Optionally,
the cords are soft.
[0045] In somc embodiments, the above system is used in a method of removing an object from
an interior lumen of an animal, said lumen having an interior wall forming said lumen that
includes
a) providing the above system;
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 arc distal to said obstruction, said coaxial sheath is proximal to
said obstruction, said proximal tether memory metal strips are proximal to said obstruction, and

said cords are adjacent to said obstruction;

dy 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-ruost crown and said obstruction is
sandwiched between said proximal tether memory metal strips and said proximal crowns of said
proximal cells;

£ removing said distal basket and said obstruction from said lumen.
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[0046] Optionally said interior lumen is an intracranial artery and said obstruction is a blood
clot.

[6647] In sull further embodiments, the system includes a first wire that is attached to the
proximal tube (but not the distal tube) and a sccond wire that is attached to the distal wbe (but
not the proximal tube). Preferably, in such embodiments, the system includes two catheters — a
guide cathcter 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
cnd attached to the distal end of the proximal tube. In some embodiments, the present
disclosure provides a method of manufacturing a system for removing objects within an interior
fumen of an animal comprising:

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

leading to the hollow interior, and a middle portion between the proximal 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 tubc comprising a proximal end, a distal end, and a hollow interior
extending through said proximal tube, a distal tube comprising a hollow interior extending
through said distal tube, and a middle portion located between said proximal tube and said distal
tube and comprising a plurality of proximal memory metal tether strips, each 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;

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

£) attaching a second wire to the distal wbe.

[8048] Optionally, after step e, the basket system further comprises a row of proximal cells, each
proximal cell defined by a plurality of memory mctal strips and comprising a proximal crown
focated 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 each of
said proximal crowns of said proximal cells 1s attached to a distal end of a proximal tether

memory metal strip.
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10048] 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 1s twice the number of proximal cells. Optionally, after step ¢, the basket
system further comprises a row of strut memory metal strips, each strut 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, afler step ¢, the basket system further comprises 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
gluing said first wire to said proxirnal tube. Optionally, the step of altaching said first wire to
said proximal tube comprises placing said first wire inside said aperturc of said proximal tube
and welding said first wire to said proximal tube. Optionally, the step of attaching said first wire
to said proximal tube comprises shrink wrapping said first wire to said proximal tube.
Optionally, afler step e, the basket system 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 middle portion.  Optionally, the
method further comprises cooling the proxirual 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 proxirnal and distal portions had prior to step A).  Optionally, the method of allowing said
middle portion to cxpand compriscs heating the middle portion.  Optionally, the method of
altering the shape of the middle portion comprises using a mandrel.  Optionally, the mandrel is
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 froru about 0.011 inches to about 0.054 inches and an inner diameter that is from about
0.008 inches to about 0.051 inches. Optionally, after step ¢}, the proximal tube and distal tube
have an outer diameter that 1s 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

facing said baskel inside a catheter coruprised of a biocompatible ruaterial,
&=
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10050] The present disclosure also provides a system for removing objects within an interior
lumen 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 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 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, each proximal cell comprising a
proximal crown located at the proximal end of the proximal cell and pointing gencrally 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 length 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
1s 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 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 interior and a distal end lcading to
said Interior, said catheter comprised of a biocompatible material and configured to envelope
said distal body when said distal basket is in said collapsed state.

[0051] 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 metal strips and said
proximal cell memory mectal strips cach have a thickness and further wherein said thickness of
said proximal tether memory metal strips is 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 (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 strul 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 a
proximal crown of a distal cell. Optionally, the distal basket comprises between two and four
proximal tether memory metal strips. Optionally, said proximal tether memory roetal strips are
integral with said proximal tube. Optionally, said distal body further comprises a lcad wire
cxtending 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 wubes are
generally cylindrical in shape and each has an outer diameter and an inner diameter, the inner
diameter forming the apertures of the proximal and distal tubes and further wherein the outer
diameters of the proximal and distal tubes are substantially the sarue 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 {rom about 0.011 inches to about 0.054
inches, and further wherein the inner 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 {urther
wherein the diameter of the pull wire is between about (.00% inches and about 0.051 inches.
Optionally, the first height is between about 2 millimeters and about § millimeters,

[80632] The present disclosure also provides a method of rermoving an object {rom an interior
lumen of an animal, said 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 said collapsed
siate;

<) deploying said distal basket {rom 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) rooving satd distal basket over said obstruction; and

removing said distal basket and said obstruction from said lumen.
{0053] Optionally, said interior lumen is an intracranial artery and said obstruction is a blood

clot.
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18854] 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
exterior, 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, 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 generally n the proximal
direction and a distal crown located at the distal end of the proximal cell and pointing gencerally
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 pull
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
memeory 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, 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 proximal crown of a cell located at the proximal end of said distal basket,

said proximal basket having

a rclaxed 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 {irst 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 second height and a second width, said second

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 nterior, 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 tcther memory metal sirips rotate about said pull wire longitudinal axis
such that a distal end of a tether memory metal strip is located between about 90 and about 270
degrecs relative to said proximal end of the same proximal tether memory metal strip.
BRIEF DESCRIPTION OF THE DRAWINGS
[0056] FIG. 1A illustrates a side, clevation view of a memory metal tube prior to being cut by a
laser,
10057] FIG. 1B illustrates a side, elevation view of the memory metal tube of FIG. 1A being cut
by a laser.
[6058] FIG. 2A illustrates a side, elevation view of the memory metal tube of FIG. 1B after
being cut by a laser; in FIG. 2A, the tube is shown as though it were flat for purposes of
tlustrating the cut pattern only.
[0059] FIG. 2B illustrates a side, perspective view of the memory metal tube of FIG. 1B after
being cut by a laser.
[0066] FIG. 2C illustrates another side, perspective view of the memory metal tube of FIG. 1B
after being cut by a laser; in F1G. 2C, the tube is rotated as compared to FIG. 2B,
[0061] FiGs. 3A-3H illustrate a method of manufacturing a distal body of one embodiment of
the present invention using the laser cut memory metal tube of FIGs. 1 and 2; in FIGs. 3A-3H,
the basket portion of the distal body 1s not shown for simplicity of iflustration.
[0062] FIGs. 4A-4D illustrate the welding steps of the method of manufacturing shown in FIG.
3; in FiGs. 4A-4D, the basket portion of the distal body is not shown for simplicity of
Ulustration.
[0063] FIGs. 5 and 6 illustrate diffcrent locations that connector strips may be welded to the
proximal memory metal strips.
[0064] FIG. 7 illustrates a side, clevation view of a catheter and the distal body of FIG. 6.
[0065] FIG. 8 llustrates a side, elevation view of a deployable system of one embodiment of the
present invention being uscd to capture a blood clot; in FIG. 8, the basket portion of the distal
body is not shown {or simplicity of illustration.
[0066] FIG. 9 illustrates a side, elevation view of a claw of onc embodiment of the present
wnvention being closed by a claw actuator tube; in FIG. 9, the basket portion of the distal body is

not shown for simplicity of illustration.
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[9867] FI1G. 10 llustrates a side, elevation view of a deployable system of one embodiment of
the present invention being used to capture a blood clot; in FIG. 10<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>