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MEDICAL RETRIEVAL DEVICE

Technical Field

The invention relates generally to baskets for retrieving material from within a body.
More particularly, the invention relates to medical retrieval baskets that have atraumatic distal
ends that are contoured or tipless both to minimize the chances of damage to tissue during use
and to enhance the ability of the basket to capture material (€.g., stones) disposed or lodged 1n

"nockets" or other areas that are difficult to access in the body.

Background Information

Known stone retrieval devices typically have baskets that are constructed by joining
multiple legs together at a base of the basket and at a distal end or tip of the basket such that a
"cage" is formed. At the distal tip, the individual legs are joined by soldering, adhesives, etc.
such that a protruding tip results. This protrusion or outward projection at the distal end of the
basket can poke tissue and cause tissue trauma. In general, the tips or ends of known baskets
protrude outward and thus can cause damage by poking or piercing tissue. Also, the protruding
tips of known baskets generally do not permit access to or intimate contact with certain areas
within the body such as "pockets," and thus stones residing in such areas are difficult or

impossible to retrieve with known baskets.

Summary of the Invention

It is an object of the invention to provide a retrieval device that does not have a
substantially protruding distal basket end or basket tip. That is, a basket according to the
invention is substantially atraumatic and does not have any significant distal protrusion or
outward projection that can poke tissue, pierce tissue, or otherwise cause trauma to tissue or
inhibit or hinder capturing of material.

[t is yet another object of the invention to provide a method of using such baskets to
retrieve material from within a body. The material can be biological or foreign matter. The
material can be, for example, urological stones or any of a variety of any other types ot material

within a body.
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It 1s another object of the invention to provide a medical device that permits
access to and/or intimate contact with certain areas of the body such as pockets where
material to be retrieved (e.g. stones) might reside or be lodged, impacted, or embedded.
A tipless or contoured basket arrangement can access these areas and retrieve material
from those areas whereas a conventional basket with a traumatic tip would not be able
to do so because of the protruding tip that prevents intimate contact between the distal
end of the basket and body tissue.

A medical device according to the invention is used to treat an internal organ
which includes a material such as a calculus or a thromboembolus. The medical
retrieval device typically includes an elongated member, a handle, a sheath, and a
basket. The elongated member extends within a sheath along an axis from a proximal
end to a distal end. The elongated member and the sheath are sized for insertion into a
body. The handle is located at the proximal end of the elongated member and the
sheath. The basket is positioned at the distal end of the elongated member opposite to
the handle. The basket may be withdrawn into or extended from the distal end of the
sheath by moving the basket relative to the sheath via an actuating mechanism on or
near the handle. Thus, the basket is moveable between a collapsed position, where the
basket is enclosed within the sheath, and an extended or opened position, where the
basket 1s extended from and out of the distal end of the sheath.

In one aspect, the invention relates to a medical device comprising a plurality of
legs forming a basket for retrieving material from a body. A tip, at a distal end of the
basket, comprises two or more legs knotted and tightened together. A basket tip,
according to the invention, is atraumatic, i.e., substantially devoid of points or
protrusions that might otherwise poke or cause injury to tissue.

Embodiments of this aspect of the invention can include the following features.
For example, the basket of the device can have three or more legs. Also, the legs of the
basket can be formed from a single wire or a plurality of wires. The device can have an
elongated member extending from a proximal end of the basket. The elongated member
and the basket legs can be formed from a single (common) wire. The tip of the basket
can be formed by entwining the basket legs. Entwining the legs can be accomplished in
similar ways such as by braiding or twisting the legs together. Alternatively, the legs
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can be coupled together at the tip by knotting, looping or weaving. A portion of a
basket tip, according to the invention, is atraumatic, i.e., devoid of points or protrusions
that might otherwise poke or cause injury to tissue, and it enhances the ability of the
basket to capture material located in difficult to access areas of the body.

In another aspect, the invention relates to a medical device for retrieving
material from a body comprising a distal end and a plurality of legs extending
proximally from the distal end. The distal end and the plurality of legs are formed
integrally from a single twisted wire.

Embodiments of this aspect of the invention can include the following features.
For example, at least a portion of one of the legs can be braided. The legs can be
formed from at least one twisted wire. The plurality of legs can be twisted together at
the distal basket end portion to form an atraumatic basket. At least one of the legs can
be braided.

In yet another aspect, the invention relates to a medical device comprising a
basket comprising a distal end and a plurality of pairs of twisted basket legs extending
proximally from the distal end. Each of the pairs of baskets legs are formed from a
single twisted wire. The distal end portion is formed by entwining together the pairs of
basket legs.

Embodiments of this aspect of the invention can include the following features.
For example, the legs can be formed of metal, or polymers, or any other suitable
material such as a composite material. The legs can be joined at a basket base to other

legs and/or affixed to an elongated member. The legs can be joined at the base by
crimping, twisting, soldering, gluing, welding, or by other means known to one skilled
in the art.

In another aspect, the invention relates to a medical device, comprising: a
proximal handle; a sheath extending from the proximal handle and including a lumen
and a distal end away from the proximal handle; and a basket including a plurality of
wires and a tip at a distal end of the basket, the tip comprising two or more of the wires
knotted together, the basket and the sheath moveable relative to each other to achieve a
collapsed position of the basket within the lumen of the sheath, and another position

with the basket extending beyond the distal end of the sheath.
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Methods of making and using such devices are also part of the invention. One
method of making a device is to introduce a plurality of crimps along the length of a
wire. The wire is then subjected to tension and twisted to cause a length of the wire to
twist on itself thereby forming a braided leg. A number of legs can be made from the
single length of wire. One or more wires can be inserted between the twists of a braided
leg to form additional legs of the basket. The inserted wire can be twisted, as described
above, to form one or more additional braided legs.

In another aspect, the invention relates to a method of making a medical
retrieval basket tip, comprising the steps of: laying a second wire over and substantially
perpendicular to a first wire; securing the second wire to the first wire by tying a first
knot in the first wire and tightening the first knot on the second wire; and securing the
first knot in a second knot by tying the second knot in the second wire and tightening
the second knot on the first knot.

One method of retrieving material from a body using such devices includes
inserting the device into a body and capturing the material with the device. The device

is then withdrawn from the body to remove the captured material from the body.
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Brief Description of the Drawings

In the drawings, like reference characters generally refer to the same parts throughout the
different views. Also, the drawings are not necessarily to scale, emphasis instead generally being
placed upon illustrating the principles of the invention.

5 FIG. 1A shows an embodiment of a medical retrieval device according to the invention
with a basket in a fully-extended or open position.

FIG. 1B shows the device of FIG. 1A with the basket in a collapsed or retracted position.

FIGS. 2A-2C show certain stages in the construction of a single wire basket structure.

FIG. 2D shows an embodiment of a basket of the invention made according to the method

10  1llustrated in FIGS. 2A-2C.

FIG. 2F shows another embodiment of a basket of the invention made according to the
method illustrated in FIGS. 2A-2C.

FIGS. 3A-3D show another series of stages in the construction of a single wire basket
structure.

15 FIG. 3E shows an embodiment of a basket of the invention made according to the method
illustrated in FIGS. 3A-3D.

FIG. 3F shows another embodiment of a basket of the invention made according to the
method illustrated in FIGS. 3A-3D.

FIGS. 4A-4C show certain stages in the construction of a basket formed from two wires.

20 FIG. 5A shows an embodiment of a single wire basket having a knotted atraumatic tip.

FIG. 5B shows another embodiment of a single wire basket having a knotted atraumatic
tip.

FIG. 5C shows another embodiment of a single wire basket having twisted loops at the
atraumatic tip.

25 FIG. 5D shows a method for constructing the atraumatic tip illustrated n FIG. 5C.

FIG. SE shows another embodiment of a single wire basket having a knotted atraumatic
tip.

FIGS. 6 A-6D show cértain stages in the construction of a single wire braided leg.

FIG. 6F shows an embodiment of a braided leg made according to the method 1llustrated

30 1n FIGS. 6A-6D.

FIG. 6F shows an alternate method for twisting wire from that shown 1n FIG. 6D.
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FIGS. 7A-7D show certain stages in the construction of a single wire distal end portion of
a basket with a plurality of braided legs.
FIG. 7E shows an embodiment of a basket made from the structure illustrated in FIG. 7D.
FIG. 8 shows an embodiment of a basket having a distal end portion different from a

proximal end portion of the basket.

FIGS. 9A-9B show the stages in construction of a two-wire, four-leg atraumatic tip ot a

medical retrieval basket.

FIG. 9C shows an embodiment of a four leg basket made according to the stages

i1llustrated in FIGS. 9A-9B.

FIG. 9D shows another embodiment of a four leg basket made according to the method
1llustrated in FIGS. 9A-9B.

FIGS. 9E-9F show the stages in construction of a two-wire, three-leg basket.

FIGS. 9G-9H show the stages in construction of an atraumatic distal basket tip having
linked ends of three-braided legs.

FIGS. 10A-10B show the stages in construction of a four-wire, braided, four-leg basket.

FIG. 10C is an expanded view of the boxed area of the atraumatic basket tip illustrated 1n
FIG. 10B.

FIG. 10D shows another embodiment of the structure illustrated in FIG. 10A.

FIG. 11A shows another embodiment of a four wire atraumatic distal tip of a medical
retrieval basket having interwoven pairs of wires at the distal tip.

FIG. 12A shows another embodiment of a four wire atraumatic distal tip of a medical
retrieval basket having interwoven pairs of wires.

FIG. 13A shows a stage in the construction of another embodiment of a two wire
atraumatic distal tip of a medical retrieval basket.

FIG. 13B shows an embodiment of an atraumatic distal tip formed according to the

method 1llustrated in FIG. 13A.
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Description

All of the following embodiments of the invention have at least one thing in common, a
substantially atraumatic basket tip according to the invention. Referring to FIG. 1A, one
embodiment of a retrieval device 8 for removing material from a body includes a handle portion
16, a sheath portion 14, and a basket 10. The handle 16, the sheath 14, and the basket 10 are not
shown in their correct size or proportion to each other. The sheath 14 typically is much longer
than the handle 16 or the basket 10 to allow insertion into a body cavity, canal, or tract. The
basket 10 can be made of resilient material, such as metal wires, forming three or more basket
legs 12a, 12b, 12¢, 12d.

With continued reference to FIG. 1A, the basket 10 is the type that can be collapsed
within the sheath 14 for entry into the body. The sheath 14 has at least one lumen 15 therein, and
it extends from the handle to a distal sheath end 26. An elongated member 18 such as a cable,
coil, shaft, guidewire, or mandril wire 18 extends within the lumen 15 from an actuating
mechanism 20 in the handle portion 16 to a base 13 of the basket where the elongated member 18
is joined to the basket base 13. Operation of the actuating mechanism 20 by an operator causes
the basket 10 to move relative to the sheath 14 between a collapsed position within the sheath 14
as illustrated in FIG. 1B, to an extended position outside of the sheath 14 where the basket 10 1s
open/extended and extending beyond the distal end of the sheath 26 as shown in FIG. 1A. With
the basket withdrawn into and collapsed within the sheath 14 as shown in FIG. 1B, the basket 10
can be inserted into the body by an operator to a site in the body where the material to be
retrieved is located (e.g., a stone in the ureter). The basket 10 is then moved relative to the
sheath 14 and placed in the extended position illustrated in FIG. 1A, such that the basket 10
dilates the body tract and can be manipulated by the operator to entrap or capture material within
the basket 10. The basket 10 can then be moved relative to the sheath 14 to cause the legs 12a,
12b, 12¢, 12d of the basket to close around the material and capture it. The captured material 1s
then withdrawn from the body along with the sheath and the basket that is holding the material.

With continued reference to FIG. 1A, the basket 10 has a proximal end portion 24, a
distal end portion 22, and a tip 40. The tip 40, in accordance with the invention, is devoid of
protrusions, fasteners, or outward projections. There is no adhesive used at the basket tip 40 to
hold the basket legs 12a, 12b, 12¢, 12d together as at least the basket tip 40 is formed by
entwining or coupling the legs 12a, 12b, 12¢, 12d of the basket 10 together at the distal tip 40.
Entwining or coupling of the basket legs 12a, 12b, 12¢, 12d at the basket tip 40 can be
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accomplished by twisting, spiraling, wrapping, or braiding together two or more legs of the
basket 10. Coupling could also be accomplished alternatively by looping, knotting, or weaving
the legs together. The distal end portion 22 of a basket 10, thereby, is substantially atraumatic 1in
that the basket tip 40 is devoid of outward projections or protrusions that might cause injury or
trauma to tissue and/or that presents an impediment to contacting the tip 40 of the basket 10
directly and intimately with tissue.

In one embodiment, a medical device of the invention comprises a plurality of legs 12
that form a medical retrieval basket. The device also includes an atraumatic basket tip 40. In
FIGS. 2A-2C, a series of steps or stages, herein referred to as the horizontal method, are
illustrated to construct a basket 10 having four legs 12a, 12b, 12¢, 12d and an atraumatic tip 40,
and an elongated member 18, all made from a single wire 28. Referring to FIG. 2A, in a first
step, a single wire 28 is shaped to form an elongated member 18, a basket region 64 comprised of
legs 12a and 12b, and two end segments 42a, 42b of the legs 12a, 12b formed by the wire 28.
The intersection of the end segments 42a and 42b is the nascent site of an atraumatic basket tip
40 illustrated in FIGS. 2D-2E. In a subsequent step illustrated in FIG. 2B, end segments 42a and
42b are entwined by twisting or wrapping end segments 42a and 42b in the direction indicated by
the arrows around basket legs 12a, 12b at a distal end 60 of the basket region 64. With continued
reference to FIG. 2B, in particular, end segment 42a is twisted around basket leg 12a and end
segment 42b is twisted around basket leg 12b to form a twisted segment 66. Referring to FIG.
2C, end segment 42a and 42b can become additional legs 12¢, 12d of the basket 10 by drawing
the untwisted portions of end segments 42a, 42b proximally, i.e., toward a basket base 13. Heat
treatment, cold-forming, or other shaping processes using a ball-shaped die is then performed to
shape the legs into a basket shape. Twisted segment 66 in FIG. 2C forms the atraumatic basket
tip 40 in FIG. 2D. With continued reference to FIG. 2D, the free ends 42¢, 42d of end segments
42a, 42b may be joined to elongated member 18 by twisting free ends 42c, 42d on elongated
member 18 to complete construction of a three-dimensional basket 10 with an atraumatic tip 40.
Other means 41 of joining the free ends 42¢, 42d to the elongated member 18, such as by
crimping, gluing, welding, or soldering, could also be used as shown in FIG. 2E. Baskets with a
different number of legs may also be constructed according to the invention. A three leg basket.
for example, can be formed by trimming away one of the end segments, 42a or 42b, adjacent 10

tip 40 and drawing the remaining end segment proximally toward the basket base 13 to form a
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three leg basket (not shown). In other embodiments, the basket has a different number of legs
than the four legs shown, e.g., five or six legs.

In FIGS. 3A-3D, a series of steps or stages are shown to illustrate another method of
manufacturing a four leg basket 10 with atraumatic tip 40 and elongated member 18 all from a
single wire 28, hereinafter referred to as the vertical method. Referring now to FIG. 3A, 1n a first
step, a single wire 28 is shaped to form an elongated member 18, a basket region 64 comprising
legs 12a and 12b, and two end segments 42a and 42b of the legs 12a, 12b formed by the wire 26.
End segments 42a and 42b intersect at the distal end 60 of the basket region 64. In a subsequent
step, end segments 42a and 42b are entwined by twisting together end segment 42a and 42b at
distal end 60 in the direction of the arrows shown in FIG. 3A. FIG. 3B illustrates a twisted
segment 68 comprising vertical twists of end segments 42a and 42b at the distal end 60 of the
basket region 64. Referring now to FIG. 3C, end segments 42a and 42b are drawn proximally to
form the third and fourth basket legs, 12c and 12d, respectively, of the basket 10. Alternatively,
referring now to FIG. 3D, twisted segment 68 is moved proximally with end segments 42a and
42b to form legs 12c and 12d. Heat treatment, cold-forming, or other processes using a ball-
shaped die is then performed to shape the legs into a basket shape. The free ends 42¢, 42d of end
segments 4251, 42b may be joined to elongated member 18 by twisting, as shown in FIG. 3E, or
by any other means 41 known in the art, such as by crimping, gluing, welding, or soldering, as
shown in FIG. 3F. Referring now to FIG. 3E or FIG. 3F, a basket 10 includes an atraumatic
basket tip 40 comprising a twisted segment 68 and four basket legs 12a, 12b, 12¢, and 12d.
Baskets with a different number of legs such as three, five, or six legs are also contemplated by
the ivention.

In FIGS. 4A-4B, a series of steps are illustrated for constructing a basket having four legs
12a, 12b, 12¢, 12d and an atraumatic tip 40, and an elongated member 18 comprised of two wires
28a, 28b. Referring to FIG. 4A, each of two wires, 28a and 28b are combined to form the
structure 15 illustrated in FIG. 4A, the structure having an elongated member 18, a basket region
64, an end segment 42a of leg 12a formed by wire 28a, and an end segment 420 of leg 12b
formed by wire 28b. Following steps similar to the steps illustrated in FIGS. 3A-3D, referring
now to FIGS. 4A-4B, end segments 42a and 42b are twisted together at approximately a
midpoint 70 of wire 28a and 28b to form a twisted segment 68. By applying heat treatment,
cold-forming, or other known processes using a ball-shaped die, four legs, 12a. 12b, 12¢, 12d,

shown in FIG. 4C are thereby formed from a portion of the two wires 28a and 28b on each side
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of the twisted segment 68. An atraumatic tip 40, as illustrated in FIG. 4C, is formed from
twisted segment 68. The four legs 12a, 12b, 12c, 12d are secured to one another or to an
elongated member 18 at the basket base 13 to complete construction of the basket 10 comprising
four legs 12a, 12b, 12¢, 12d and an atraumatic tip 40 formed from two wires 28a, 28b.

Other methods for entwining the basket legs at the distal end of a basket to form an
atraumatic tip are illustrated in FIGS. SA-5E. Referring to FIG. 5A, a four leg, single wire basket
10 of the invention is illustrated. The steps used to construct the basket in FIGS. 5A and 5B are
similar to the steps illustrated in FIGS. 2A-2C and 3A-3D. The difference between the baskets
illustrated in FIGS. 5A-5B and 5E and the baskets in FIGS. 2A and 3A, is that the step that forms
atraumatic tip 40 in FIGS. 5A-5B and 5E is accomplished by making a knot 68, such as an
overhand knot (FIG. 5A), a granny knot (FIG. 5B), or a square knot in end segments 42a, 42b,
rather than by twisting as pertains to FIGS. 2A and 3A.

In another embodiment of the invention, with reference to FIG. 5C, a basket having 6 legs
and an atraumatic tip 40, and an elongated member 18 is constructed from a single wire. As
illustrated in FIG. 5D, to construct the basket illustrated in FIG. 5C, two loops 50a and 50b, are
made along the length of a wire 28. The two loops 50a, 50b are coupled together by twisting the
two loops 50a, 50b together at approximately a midpoint along the wire 28, 1n the direction of the
arrows shown in FIG. 5D, to form a twisted segment 68. The twisted segment 68 forms an
atraumatic tip 40 as illustrated in FIG. 5C. The ends 52a, 52b of the loops are drawn proximally
toward basket base 13 to form four additional legs 12¢, 12d, 12e, 12f of a three-dimensional
basket with an atraumatic tip 40. In other embodiments, the basket is formed from a different
number of loops than the two loops illustrated (e.g., three, four, five or more) and has a different
number of legs than the six legs shown (e.g., 8, 10 or more legs). Additionally, the basket may
be formed from a plurality of wires, each wire forming at least one loop.

In another embodiment, a series of steps are required for manufacturing a medical
retrieval device including an atraumatic basket, illustrated in FIG. SF, formed from at least two
wires, each wire having a knot, the knots of each wire knotted together at the distal basket end.
The steps begin by cutting at least a first and a second piece of, for example, Nitinol wire 15a,
15b to 300 cm in length. The second wire is placed over and perpendicular to the first wire.
Next, a first single overhand knot 68a is placed in the first wire 15a securing the second wire 15b
within the knot 68a of the first wire 15a. The first overhand knot 68a is tightened. A second

single overhand knot 68b is tied into the second wire 15b securing the wire(s) of the knot from
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the first wire 15a within the knot 68b of the second wire. The knot 68b of the second wire 1s
tightened. These steps may be repeated with additional wires for a basket having more than four
legs. The knotted wires 15a, 15b are picked up and with two wires in each hand, the knots 68a,
68b are pulled tighter. The knotted end 40 of the basket is illustrated in FIG. 5E as a greatly
expanded view of the basket end 40 in FIG. SF.

After the knots 68a, 68b have been tightened, the knots are glued to the center of a basket
forming ball with, for example, 4014 Loctite adhesive. The forming ball is placed in a table vise
with the basket tip end down.

Next, a cannula (not shown) is slid over the wire ends to the basket forming fixture and
the knot is aligned with the tip pin on the bottom of the ball fixture. One drop of adhesive 1s
placed on the cannula and held until dry.

A long mandril (not shown) is slid over the four wires and the cannula and an adhesive,
for example, Loctite 498 is applied to hold the wires straight during the heat treating step. The
entire forming fixture is wrapped in 3-4 layers of aluminum foil. The foil covered fixture 1s
dipped in molten solder and secured with a holding fixture. The fixture is removed from the
molten solder after the appropriate time and submerged in cooling water. The forming fixture 1s
disassembled and the wires are carefully removed and wiped with alcohol to remove any residue.

The joints on each device are soldered. The wires are cleaned and MEDI-GLIDE 11 1s
applied. The proper length catheter and handle assembly is assembled on the wire assembly.

In another aspect, the invention relates to a medical device comprising a distal end
portion and a plurality of legs extending proximally from the distal end portion. The distal end
portion and the legs are formed from a single twisted wire. One or more of the basket legs can be
braided. Referring to FIGS. 6A-6E, an exemplary series of steps or stages in the construction of
a braided leg 12 from a single wire 28 is illustrated. Referring to FIG. 6A, 1n a first step, a
braided leg 12 is formed by introducing a crimp, ridge or fold 30 along a length of wire 28. A
crimp 30 can be made by, first, bending the wire 28 at a point along its length, and then
straightening the wire 28 as indicated by the arrow in FIG. 6A. Referring to FIG. 6B, the wire 28
is straightened only to the extent that a crimp, ridge, or fold 30 remains at the site along the
length of wire 28 where the wire 28 was bent. Referring to FIG. 6C, 1n a subsequent step, one
end 36 of the length of wire 28 is attached to a support. The length of wire 28 is twisted, as
illustrated by the arrow, from the opposite, free end 38 while the wire 28 is under tension.

Referring to FIG. 6D, as the wire 28 is twisted, a first segment or strand 44 of wire 28 on one
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side of the crimp 30 begins to coil on a second segment or strand 46 of wire 28 on the other side
of the crimp 30 as tension on wire 28 is gradually released. A braided leg 12 is formed, thereby,
comprising a ﬁrst strand 44 and a second strand 46 as illustrated in FIG. 6E. The crimp 30 forms
one end of the braided leg 12.

Alternatively, to form a braided leg, neither end of wire 28 is attached to a support and
both ends of wire 28 are free ends (not shown). The free ends of wire 28 are twisted in opposite
directions as illustrated by the arrows in FIG. 6F, to form a braided leg.

In another embodiment, as shown in FIG. 7D, a single wire, distal end portion of a basket
structure according to the invention can have four braided legs. Referring to FIG. 7A, the steps
in making a distal end portion 22 of a basket structure having four legs 12a, 12b, 12¢, 12d begin
by introducing three crimps 30a, 30b, 30c in a length of wire 28 by the method for making a
crimp illustrated above in FIGS. 6A and 6B. Each of the crimps 30a, 30b, and 30c are made by
first bending, followed by straightening the wire 28 in the manner described above and illustrated
by FIGS. 6A-6C. Referring to FIG. 7B, one end 36 of the length of wire 28 is fixed to a support
while the length of wire 28 is twisted, as shown by the arrow, at the opposite or free end 38 with
wire 28 under tension. Still referring to FIG. 7B, as the wire 28 is twisted, the segment or strand
44a of wire 28 on one side of crimp 30a coils on a segment or strand 46a of wire 28 on the other
side of crimp 30a. Segment or strand 44b of wire 28 on one side of a crimp 30b coils on a
segment or strand of wire 46b on the other side of crimp 30b, and so on along the length of wire
on each side of a crimp. With reference to FIG. 7C, from three crimps 30a, 30b and 30c, three
braided legs 12a, 12b, and 12c are formed. One end of each of the braided legs 12a, 12b, and 12c
is formed by crimp 30a, 30b, and 30c, respectively. With reference to FIG. 7D, after three
braided legs are formed in the manner described above and illustrated in FIGS. 7A-7C, the
remaining uncoiled segments 48a and 48b of wire 28 are twisted or coiled together in the
direction of the arrows shown in FIG. 7D to form a fourth braided leg 12d of a distal end portion
22 of a basket. Distal end portions of a basket having other than the four braided leg structure 2.
illustrated in FIG. 7D, such as 3, 5, 6, 7 or more legs, are also contemplated by the invention.
For example, a three braided leg distal end portion according to the invention may be formed

from a single wire by following the steps for twisting a wire with two crimps 1n the manner

described above.

With reference to FIG. 7E, a basket 10 having four braided legs 12a, 12b, 12¢. 12d

formed from a single wire 28 is illustrated. The basket structure illustrated in FIG. 7E 1s
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constructed by following the steps for making a distal end portion 22 with four braided legs 12a,
12b, 12c, 12d.in the manner described above and illustrated in FIGS. 7A-7D. The ends 30a, 30b,
30c, 30d of the braided legs 12a, 12b, 12¢, 12d of the distal end portion 22 in FIG. 7D are drawn
together at basket base 13 and secured to one another, as shown in FIG. 7E, or to an elongated
member (not shown), to form a basket formed from a single wire having four braided legs.

In another embodiment, the basket, according to the invention, may have a distal basket
portion comprising braided legs and a proximal basket portion comprising non-braided legs.
Referring to FIG. 8, a basket has a distal end portion 22 and a proximal end portion 24. A distal
end portion 22 of a basket 10, similar to the distal end portion illustrated in FIG. 7D, comprises
four braided legs 12a, 12b, 12¢, 12d. A proximal portion 24 of the basket comprises four non-
braided legs 12e, 12f, 12g, 12h. Proximal ends 56a, 56b, 56¢, 56d of the tour legs of the distal
end portion 22 of the basket 10 are joined to a corresponding distal end 54a, 54b, 54c, 54d of the
four non-braided legs 12e, 12f, 12g, 12h of the proximal portion 24 of the basket 10. The legs ot
the proximal portions 12e, 12f, 12g, 12h and the legs of the distal end portions 12a, 12b, 12¢, 12d
of the basket 10 may be secured to one another by twisting together their ends, or by gluing,
welding, soldering, or by any other means known to one skilled in the art. The relative
contribution of the distal end portion 22 to the overall size of the basket 10 may be greater or
lesser than that represented in FIG. 8. The proximal end portion 24 of the basket 10 may include
exclusively braided legs or exclusively non-braided legs or a combination of braided and non-
braided legs. Thus, according to the invention, a basket 10 may have a distal end portion 22
having a plurality of braided legs and a proximal end portion 24 having braided or non-braided
legs or a combination of braided and non-braided legs.

In another embodiment of the invention, a basket includes a plurality of pairs of braided
legs, each pair of legs being constructed from a single wire. With reference to FIGS. 9A-9D, a
series of steps for constructing a four leg embodiment of a basket 10 comprising two pairs of
single wire braided legs is illustrated. With reference to FIG. 9A, a single wire 28b having a
crimp 30 introduced along the length of the wire 28b in the manner illustrated in FIGS. 6A-6B, 1s
inserted between the braids of a braided leg 28a. Braided leg 28a is constructed according to the
steps illustrated in FIGS. 6C-6E. By inserting the crimped wire 28b between the braids of
braided wire 28a, the braided wire 28a is “divided” into two legs, i.e., a pair of legs 12a and 12b.
A second pair of braided legs 12¢ and 12d, shown in FIG. 9B, is formed by twisting wire 28b at

the free end 38 while the wire is under tension. A first pair of braided legs 12a, 12b. and a
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second pair of braided legs 12c, 12d, are thereby entwined or coupled together at the intersection
of the two pairs of legs as illustrated in FIG. 9B. The closed ends 30 and the opposite ends 31 of
each of the pairs of legs are drawn proximally, as shown by the arrows in FIG. 9B, to form a
three-dimensional basket 10 of the invention having two pairs of braided legs 12a, 12b, 12¢, 12d
as shown 1n FIG. 9C.

In another embodiment, the structure represented in FIG. 9B, constructed from two wires,
may form a distal end portion 22 of a basket, similar to the basket shown in FIG. s, comprised of
pairs of braided legs. Referring now to FIG. 9D, a basket 10 having four legs 12a, 12b, 12¢, 12d
and a braided distal portion 22 and a non-braided proximal portion 24 may be constructed by
applying the structure represented in FIG. 9B as a distal end portion 22 of a basket 10. The
proximal ends 56a, 56b, 56¢, and 56d of the legs 12a, 12b, 12c, 12d of the distal end portion 22
are attached to the corresponding distal ends 54a, 54b, 54c, and 54d of the legs 12a, 12b, 12c,
12d of the proximal portion 24 to form a basket 10 comprising braided and non-braided portions.

Referring still to FIG. 9D, in other embodiments, the basket 10 may have a different
number of legs than that shown (e.g., 6, 8, or more legs) and may include more than two pairs of
braided legs.

Another embodiment of the invention may include a two wire, three leg basket having a
pair of braided legs entwined with a single braided leg. A basket having these features may be
constructed by inserting wire 28b, shown in FIG. 9E, between the braids of wire 28a until crimp
30 of wire 28b intersects wire 28a. Wire 28b is twisted in the manner illustrated in FIG. 9A to
form a third (but not a fourth) braided leg 12¢ on one side of wire 28a. Thus, three braided legs
12a, 12b, 12¢, formed from a pair of braided legs entwined with a single braided leg 1s illustrated
in FIG. 9F.

[n yet another embodiment, the medical device of the invention can include a medical
retrieval basket formed from three wires having three braided legs and an atraumatic basket tip.
Referring to FIG. 9G, a basket having these features may be constructed by first making braided
leg 12a in the manner described above and illustrated in FIGS. 6A-6E. Next, a crimp 30b, 30c 1s
formed in wire 28b and wire 28c, respectively, in the manner described above and illustrated 1n
FIGS. 6A-6B. Wire 28b is inserted through the loop at the end 30a of leg 12a up to as far as the
crimp 30b of wire 28b. Wire 28c is also inserted through the loop at the end 30a of leg 12a up to
as far as crimp 30c of wire 28c, respectively. Wires 28b and 28c are twisted as described above

and illustrated in FIGS. 6C-6E or 6F to form leg 12b and leg 12¢c. A basket distal end having a
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substantially atraumatic tip 40 and three braided legs 12a, 12b, 12¢ 1s formed thereby. as
illustrated in FIG. 9H. Additional wires may be used to form a basket with more than three
braided legs.
' In another aspect, the invention relates to a medical device including a medical retrieval

basket having four braided legs made from four wires. Referring to FIG. 10A, the first step In a

series of steps or stages in construction of four braided legs from four wires 1s lustrated. In the
first step, each of four wires 28a, 28b, 28c, 28d is bent to an angle of about 90° to form two limbs
per wire. For example, with continued reference to FIG. 10A, wire 28a is bent to form limb 28a
and 28a". wire 28b is bent to form limb 28b' and 28b", and so on for wires 28¢ and 28d. Each
wire is paired with two other wire limbs to form the shape illustrated in FIG. 10A. For example.
wire 28a is paired with wire limb 28b' of wire 28b and wire limb 28d" of wire 28d. Next.
parallel pairs of limbs forming the shape illustrated in FIG. 10A are braided together by rotating
each of the limbs of a pair simultaneously. and in the direction indicated by arrows 27a and 272,
27b and 27b', 27¢ and 27¢', 27d and 27d". For example, wire limb 28a" and 28d" are rotated
together to form leg 12d and so on until four braided legs 12a, 12b, 12¢, 12d are formed. The
ends of braided legs 12a, 12b, 12c, 12d can be brought together to form the base 13 of a medical
retrieval basket 10 having an atraumatic tip 40 illustrated in FIG. 10B. The distal up 40 of the
basket 10 1s substantially atraumatic as illustrated in FIG. 10C. which is an expanded view of the
boxed area of atraumatic tip 40 in FIG. 10B. Baskets having other than four legs made from four
wires, such as three legs made from three wires. or five legs made from five wires. are also
contemplated by the invention.

In another embodiment of an atraumatic tip of a medical retrieval device, referring to

FIG. 10D, the four wires 28a, 28b, 28c, 28d are bent to a 90° angle as described above and
illustrated in FIG. 10A. Each bent wire 28a. 28b. 28¢. 28d forms two limbs 28a' and 28a". 28b
and 28b". 28¢' and 28¢". 28d' and 28d", respectively. The limbs are paired as described above
and illustrated in FIG. 10A (but not twisted) to form basket legs 12a. 12b. 12¢. 12d. Referring to
FIG. 10D. a sheath 72a. 72b. 72c. 72d having a lumen (not shown). such as a catheter or coil.
encloses each pair of limbs. Each limb, paired with another limb. extends axially within the
lumen of one of the sheaths 72a, 72b. 72¢, 72d. For example. basket leg 12a 1s formed by pairing
limb 28a' of wire 28a and limb 28b' of wire 28b. Limbs 28a' and 28b' extend axially within the

lumen of sheath 72a. Sheath 72a. for example. may enclose a portion of leg 12a as shown in

FIG. 10D, or all of leg 12a. The sheath 72a, 72b, 72c. 72d is manufactured from flexible
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material such as, for example, stainless steel, polymers or superelastic alloys, to permit the ends
of basket legs 12a, 12b, 12¢, 12d enclosed by sheaths 72a, 72b, 72¢, 72d, to be drawn together to
form a basket base (not shown). Thus, the distal end of the medical retrieval basket (not shown)
formed by the legs illustrated in FIG. 10D is a substantially atraumatic tip 40.

In another aspect, a substantially atraumatic tip of a medical retrieval basket according to
the invention, includes four wires that are combined to form two wire pairs 76, 78, each wire pair
76, 78 forming two legs of a medical retrieval basket. As illustrated in FIG. 11A, wires 28a and
28d are paired to form a first wire pair 78 and wires 28b and 28c¢ are paired to form a second wire
pair 76. Leg pairs 12a and 12c¢ are formed from wire pairs 78, and leg pairs 12b and 12d are
formed from wire pairs 76. Wires of pair 78 are interwoven with wires of pair 76 at about the
mid-section (dashed circle) 74 of each wire where the wire pairs 76, 78 intersect at right angles;
pair 76 forming a warp indicated by directional arrow 82 and pair 78 forming a woof indicated by
directional arrow 84 to form an atraumatic distal basket tip. In other words, wire 28a goes over
wire 28b and under wire 28c. Wire 28d goes under wire 28b and over wire 28c. Wire 28b goes
over wire 28d and under wire 28a. Wire 28¢ goes under wire 28d and over wire 28a. Alternate
features of this embodiment of the invention can include a sheath 72a, 72b, 72¢, 72d such as a
coil. Legs 12a, 12b, 12¢, 12d extend axially within and are enclosed by sheath 72a, 72b, 72c,
72d, respectively.

In a variation of the aforementioned embodiment of a substantially atraumatic tip medical
retrieval basket described immediately above, illustrated in FIG. 12A, each of the four wires 28a,
28b, 28¢, 28d of a basket have a coiled end 28a’, 28b', 28¢', 28d' and a straight end 28a", 28b",
28¢", 28d". Asillustrated in FIG. 12A, each of the four legs 12a, 12b, 12¢, 12d include a straight
end 28a", 28b", 28¢", 28d" and a coiled end 28a', 28b', 28¢', 28d'. The straight end of one wire in
a pair extends axially within the coils of another wire forming the pair of wires of a leg as shown
in FIG. 12A. For example, leg 12a is formed by pairing coiled end 28a' of wire 28a, and straight
end 28b" of wire 28b; leg 12b is formed by pairing coiled end 28d' of wire 28d, and straight end
28c" of wire 28¢, and so on for the remaining two legs 12c, 12d. The four wires 28a, 28b, 23c,

28d are interwoven at about the mid-section of each wire (outlined by dashed circle) 74 where,
each pair of wires intersects the other pair at about 90°.
In another aspect, the invention relates to a medical device having a distal end portion and

two wires forming four legs that extend proximally from the distal end portion to form a medical

retrieval basket. Referring to FIG. 13A, a distal end portion 60 is illustrated with four legs 12a,
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12b, 12¢, 12d formed by two wires 28a, 28b. Leg pairs 12a and 12b are formed by wire 28b and
leg pairs 12c, 12d are formed by wire 28a. At about the mid-section (boxed area) 80 of wire 23a,
loop 82a is formed and at about the mid-section (boxed 'area) 80 of wire 28b, loop 82b 1s formed.
Wire loop 82a is linked through wire loop 82b as shown in FIG. 13A. The two ends of wire 28a
extend from loop 82a to form legs 12¢, 12d. A coil made from a single length of wire forms a
sheath enclosing a pair of legs formed by a single basket wire. For example, as illustrated in
FIG. 13A, leg 12a formed from a single wire 28b is enclosed by sheath 14¢ and leg 12b formed
from single wire 28b is enclosed by sheath 14d. Sheath 14c and 14d are formed from a common
wire. Legs 12a, 12b, 12¢ and 12d are pulled in the direction indicated by the arrows at the end of
each leg to cause wires 28a and 28b to straighten. Thus, in this embodiment of an atraumatic tip
of a medical retrieval basket according to the invention, the distal basket end 60 1s formed by
linking together wire loop 82a and 82b, followed by straightening wires 28a and 28b to remove
loops 82a and 82b to form an atraumatic tip as illustrated in FIG. 13B. Each leg 12a, 12b, 12c,
12d of the basket is ensheathed by a coil 14a, 14b, 14c, 12d.

All of the above-described embodiments have in common, a substantially atraumatic
basket tip according to the invention.

In yet another aspect, the invention relates to a method for retrieving material from a body
such as a body tract or body canal. Material (e.g., biological or foreign) can be retrieved from a
body by using a basket with an atraumatic tip where the atraumatic tip is formed by entwining the
legs of the basket at the basket tip or by coupling braided legs of the basket at the basket tip. The
basket of the retrieval device has an atraumatic distal end and thus allows the capture of material
that is located in pockets or other difficult-to-access areas within the body. Because the distal
basket end is atraumatic, it can make intimate contact with the surface of tissue, even the walls or
lining of a pocket-type area, and allow the retrieval of stones or other materials that are
unrecoverable with conventional tipped baskets that can cause tissue trauma and are limited in
how close the basket can get to the tissue by the existence of the protruding tip.

A method for retrieving material from a body includes inserting a retrieval device
according to the invention into the body, moving the tipless basket into the extended position,
maneuvering the basket via the proximal handle (which is located outside of the body) ot the
retrieval device until the material (e.g., stone) is entrapped within the three-dimensional basket
structure, and then capturing the material within the basket by moving the basket relative to the

sheath to close the basket legs around the material. With the material so gripped or held by the
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basket, the basket can be withdrawn from the body to remove the material from the body. Before
the basket is withdrawn from the body with the captured material, the material can be broken
apart by, for example, laser energy or lithotripsy. Mechanisms for breaking up the material
before its removal from the body can be part of the retrieval device or can be separate
tools/devices that are also inserted into the body and utilized at the appropriate time in the stone
removal procedure. The material that can be captured with tipless baskets according to the
invention includes a calculus, or a stone, such as a kidney stone, a ureteral stone, a urinary
bladder stone, a gall bladder stone, or a stone within the biliary tree.

Vanations, modifications, and other implementations of what is described herein will
occur to those of ordinary skill in the art without departing from the spirit and the scope of the

invention as claimed. Accordingly, the invention is to be defined not by the preceding

Ilustrative description but instead by the spirit and scope of the following claims.
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WHAT IS CLAIMED IS:

. A medical device, comprising:

a plurality of legs forming a basket for retrieving material from a body, and a tip
at a distal end of the basket, said tip comprising two or more of the legs knotted and
tightened together.

2. The medical device of claim 1 further comprising an elongated member, said

elongated member and one of said legs comprising a single wire.

3. The medical device of claim 1 wherein said two or more knotted legs include a

distal segment said distal segment forming at least one other of the legs of the basket.

4, The medical device of claim 3 further comprising an elongated member wherein

a portion of said distal segment is attached to said elongated member.

5. The medical device of claim 1 wherein each of the legs is braided and the legs

are each formed from a single wire.

6. The medical device of claim 1 wherein said knot comprises a square knot or a
granny knot.
7. The medical device of claim 1 wherein said tip at said distal end of said basket

comprises a plurality of knots.

8. The medical device of claim 7 wherein said basket comprises two wires, each of
said wires having a knot, and each of said knots knotted together at the distal end of
said basket.

9. A medical device, comprising:

a basket for retrieving material from a body, the basket comprising a distal end
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and a plurality of legs extending proximally from the distal end, both the distal end and

the plurality of legs being formed integrally from a single twisted wire.

10.  The medical device of claim 9 wherein said legs comprise at least one braided
leg.

11.  The medical device of claim 9 wherein at least a portion of one of the legs is
braided.

12.  The medical device of claim 9 wherein the legs are formed from at least one

twisted wire and are twisted together at said distal basket end portion.

13.  The medical device of claim 9 wherein said plurality of legs are formed from a

plurality of twisted wires.

14.  The medical device of claim 9 wherein said distal end portion of the basket

comprises a knot.

15. The medical device of claim 14 wherein said knot comprises two wire loops

twisted together.

16.  The medical device of claim 15 wherein said knot comprises a square knot or a

granny knot.

17. A medical device, comprising:

a basket comprising a distal end and a plurality of pairs of twisted basket legs
extending proximally from the distal end, each of the pairs of basket legs being formed
from a single twisted wire, the distal end being formed by entwining together the pairs

of basket legs.

18. A medical device, comprising:
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a proximal handle;

a sheath extending from the proximal handle and including a lumen and a distal
end away from the proximal handle; and

a basket including a plurality of wires and a tip at a distal end of the basket, said
tip comprising two or more of the wires knotted together, said basket and said sheath
moveable relative to each other to achieve a collapsed position of the basket within the
lumen of the sheath, and another position with the basket extending beyond the distal

end of said sheath.

19.  The medical device of claim 18 wherein said tip comprises a first knot formed

in a first one of said plurality of wires and a second knot formed in a second one of said

plurality of wires.

20.  The medical device of claim 19 wherein said first knot comprises an overhand
knot.

21.  The medical device of claim 20 wherein said second knot comprises an
overhand knot.

22, The medical device of claim 19 wherein said first and second knots are knotted
together.

23. The medical device of claim 19 wherein said second wire 1s secured to said first

wire by knotting together said first and second knots.

24. A method of making a medical retrieval basket tip, comprising the steps of:
laying a second wire over and substantially perpendicular to a first wire;
securing said second wire to said first wire by tying a first knot in said first wire

and tightening said first knot on said second wire; and
securing said first knot in a second knot by tying said second knot in said

second wire and tightening said second knot on said first knot.
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25.  The method of claim 24 further comprising shaping said first and second wires

extending from said first and second knots into a substantially ball-shaped medical

retrieval basket.

26.  The method of claim 24 wherein said securing steps comprise tying said first

and second knots which are overhand knots.



PCT/US00/05996

WO 00/53106

1/19

dl Ol

9¢ ¢l vhosk 31
e < VA A A A A A A A 0 A A
-—_———
Ol
AN
91

e Ve

AT Vi Old
PSl .
I S
Ot — T I T T T T T T T T T 777
El
1A
. ezl .
\. — W I A W ~/ J .
Ol vl




CA 02367057 2001-09-04
WO 00/53106 PCT/US00/05996

2/19

i®
QN
b
-
)
\ S
g § ¢
— <t

40
NWAA
12
34a7
FIG. 2D

42C—

e
™
(T
QA
T
£ O
8§ g ! 2
QN
= _
(C
93 S O
= LL
C(\)l O
& ¢ o
h B

Y
© Q\l
QO\\ ]
2N g
S )

0
0O QX
N
< <
,\\ T A
B\ O
LR Ll
Q\l
© S
) X
\..___V_J
<<
©



CA 02367057 2001-09-04
WO 00/33106 PCT/US00/05996

3/19
S
N
— O
f L LL
3 1§ ¢ @ Y
Q\ — .
T —L ] O
- — O
A% X ¢ © t1

12a



WO 00/53106

42a 42b
\\30
{ <,
12a

64{ 12D

28

18

FIG. 3A

68

’\CL

42a
42b

28

FlG. 3D

CA 02367057 2001-09-04

4/19

FIG. 3B

FIG. 3E

PCT/US00/05996

42b

42a

12¢C 12d
12D 12a

42C

FIG. 3C

40 10

12C 68 12d
124 \ / 12a

A —41
18
FIG. 3F



CA 02367057 2001-09-04

PCT/US00/05996

WO 00/53106

5/19

g} el

dv Ol
gl
a8z \ gz
Azl cet
3 189
azy

¥9

Vv Old

31
dcl ezl
61"
0L
qzcy )

v9



WO 00/53106

CA 02367057 2001-09-04

6/19

42b 68

28

68
: 42a 42a
=S 12¢ .
- 4%2: l=8
12a 12d
12b |/ ~12d X12h
28

FIG. 5A FIG. 5B
12a 40 50a
52a
52b 50b 28  12b
FIG. 5D

PCT/US00/05996

68a

)
15a <__68b

15D

FIG. SF



CA 02367057 2001-09-04
WO 00/53106 PCT/US00/05996

7/19
38
30
28
FIG. 6A
38
36 28 30
FIG. 6B
/\
36 28 30 38
FIG. 6C
. /N
36 28 44 \46 \3g
30

FIG. 6D



CA 02367057 2001-09-04
WO 00/33106 PCT/US00/05996

8/19

0 Ll
o
o @
O
LL
©
o
0
N
©
<
F—( N © L1
\_/\\/\\/T)_\ N O
< \/\\/L\/\ 8 (D
S g ToCcy) O
3 Ll
ANAN\\N



WO 00/53106

443 46a 44b 46b  44cC 46¢C N\
30a 28 30b 30cC
FIG. 7A
443 46a 44b 46b 44c¢ 46C

CA 02367057 2001-09-04

9/19

PCT/US00/05996

FIG. 7B
2 28 /MY 2] 7 30d 28
%l Y 48b 48a §48b |
304 M1 2a \SS¢1 2d
12a 12¢ L oo \ﬁ'\\ﬁ?}‘ S 40
12b /gfjﬁﬁfjpnééfé2
30a ~30b 30c 30p 12b §-120
FIG. 7C FIG. 7D %\30
)
NAVAY 2 b
rﬁ“'ffyqidlqii
SN
12— SS Zg %
S $12b Byp0 S—120
e
82 LL'W 30a (S’)SOCCS)



CA 02367057 2001-09-04
WO 00/53106 PCT/US00/05996

10/19
/1 0
40
1 2§\ ~/ ~ RN 120
=/S NN

Rl i e S

SS SS 1o 1 20—4_% L)H 22
/S 5@5 56d - S
56a £y, 54b 56¢C A 54d}
12e 12f

. 120 v 24

FIG. 8



CA 02367057 2001-09-04
WO 00/53106 PCT/US00/05996

11/19

' 28a S /\
38
3
D
»

30
28b

3 5125



WO 00/53106

CA 02367057 2001-09-04

12/19

PCT/US00/05996



CA 02367057 2001-09-04
WO 00/53106 PCT/US00/05996

13/19

\_28a A
§ 38
§ g 28b
)
36 SS
(SSS FIG. 9k
31
—
2 12a
D
38
36 120 30 S
)
S 12b.

(5330 FIG. OF



00000000000000000000
WO 00/53106 PCT/US00/05996

14/19



WO 00/53106

CA 02367057 2001-09-04

15/19

27a/Lf\I\27a'

28¢ 28b

d D—12a

28d 28C

270'1{\ ‘[\-270
FIG. 10A

PCT/US00/05996



CA 02367057 2001-09-04
WO 00/53106 PCT/US00/05996

16/19

1 FIG. 10C



CA 02367057 2001-09-04

WO 00/53106 PCT/US00/05996
17/19
12a
28a 28b
.
(s
723

N/

)(

v

28a' K] 28b
12d 28a'l 28b" 12b
RYURNY, B806d0
28d_/ ~ 28d" 28¢" 28¢
72d s Aaa 72D
28d -Z-O: 28C
= — 72C
:21
12C

FIG. 10D




CA 02367057 2001-09-04
WO 00/53106 PCT/US00/05996

18/19

28a"




CA 02367057 2001-09-04
WO 00/53106 PCT/US00/05996

19/19

60
""""""""""""""""""""" — 80
§ 12b
28b |
14cC
FIG. 13A



64+

42a

12a

28

18

60

42b

12b

60
42b
42a
>
28
B

66
12a ~rerm 12D

42a
42b

13

42¢C 420

28

12a

40

//10

R

12C

13
42¢

34a

L/

12d

42d

34b
18

12b



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - abstract drawing

