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RETRIEVAL BASKET WITH RELEASABLE TIP

TECHNICAL FIELD

[0001] The present invention generally relates to medical retrieval devices for capturing
material such as stones within a body and to medical retrieval devices featuring a basket which
captures one or more stones located in a body tract and which optionally fragments, crushes, or

releases the stones.

BACKGROUND OF THE INVENTION

[0002] Medical retrieval devices for capturing stones in a body tract generally include a
basket. Some medical retrieval baskets are also mechanical lithotriptors which optionally crush
or fragment stones that are too large to be removed intact from the body tract after the stone has
been captured within the basket. One type of known device for crushing or breaking stones in a
body tract has a wire basket that is typically introduced into a body tract via a working channel

of an endoscope or by means of a guidewire.

[0003] Baskets designed for mechanical retrieval are typically constructed from a plurality of
wires that are arranged and shaped such that their natural form, when unrestrained, is to expand
radially outward. The basket wires are gathered together at their distal ends and at their proximal
ends to form a basket. An elongated traction member typically extends from the basket through

a sheath to a handle.

[0004] A typical retrieval basket is introduced into a body tract via an endoscope or catheter
and maneuvered around the stone until the stone enters the basket. Ifit is necessary to reduce the
size of the stone, it is then fragmented typically by applying tension to the basket wires
surrounding the stone until sufficient force is applied directly to the stones by the basket wires to

cause the stone to break apart.

[0005] Mechanical limitations and wide variation in the size, location, shape, and
composition of stones in the body present problems in retrieving stones in a body tract. Methods
that are used to reduce the size of the stone include lithotripsy such as by acoustic shock waves
delivered to the stone from within or outside the body, laser energy applied directly to the stone,

or compressive force applied to the stone by means of a mechanical basket. If mechanical basket
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lithotripsy is attempted on a stone composed of very hard material, the basket wire tension
required to fragment the stone may exceed the strength of the basket wires, the various
connecting joints of the medical device, the elongated traction member attached to the basket
base, or the sheath. If the path of the body tract is very tortuous, the bends in the body tract will
cause intimate contact of the traction member with the interior surface of the sheath. The friction
generated between the traction member and the sheath will cause the tension applied to the
proximal end of the traction member to be greatly reduced when delivered to the basket wires. It
is possible for the mechanical strength of the basket wires, the various connecting joints in the
device, the traction member, or the sheath to be exceeded even when fragmenting stones of only

moderately hard composition.

[0006] Failure of the medical retrieval device, including the retrieval basket or any of its
components, following capture of a stone may require release of the stone before the basket can
be withdrawn from the body tract. Failure of a medical device may occur, for example, near the
proximal end of a traction member impairing the ability of the operator to manipulate the basket
from the proximal end of the device to remove the basket and captured stone from the body tract.
Alternatively, the traction member may fail at the distal end of the device. The broken end of the
traction member may traumatize the lining of the body tract if an attempt is made to withdraw
the failed device from the body tract. If one or more of the basket wires fail, it may be
impossible to remove the basket via the same route by which the basket was introduced into the
body tract without traumatizing the lining of the body tract with the fragmented ends of the

broken basket wires.

[0007] With most known retrieval baskets, it is difficult to disengage the stone from the
basket so that the basket can be removed from the body tract. Retrieval baskets typically lack
sufficient strength to break the stone. Attempts to perform lithotripsy may result in failure of the
device, including failure of the retrievable basket or any of its components. If the stone can not
be released from the basket, more invasive surgical approaches are required to disengage the

stone from the basket and to remove the basket and stone from the body tract.
SUMMARY OF THE INVENTION

[0008] It is an object of the invention to provide a medical device useful for retrieval of one
or more stones and/or other calculi, objects, or other material from a body tract of a patient, such

as biliary and pancreatic ducts, hepatic ducts, cystic duct, common bile duct, ureters, urinary

bladder, urethra, and kidney.
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[0009] Further, it is an object of the invention to provide a medical device capable of
fragmenting a stone or other object in a body tract of a patient prior to removal. Finally, it is an
object of the invention to provide a medical device capable of safe disengagement from the
object being retrieved or fragmented and subsequent safe withdrawal of the device in case of

failure of any of the components thereof during the procedure.

[00010]  Accordingly, a medical device having a multi-wire retrieval basket which is
releasable when an amount of force that is less than the amount of force required to cause failure
of components of the retrieval device other than the tip joint is applied to the wires of the basket

1s disclosed herein.

[00011] In general, in one aspect, the invention features a medical device comprising a
handle, a sheath, and a basket. The sheath, having a lumen formed therein, distally extends from
the handle. In one embodiment of the invention, the basket consists of a plurality of wires having
a proximal end and a distal end. The proximal ends of the basket wires are joined at a basket
base and the distal ends of the basket wires are releasably joined by a tip joint. An elongate
traction member may be axially disposed within the lumen of the sheath. In one embodiment,
the traction member distally extends from the proximal end of the handle and is connected to the
basket base. The traction member may comprise a cable, a coil, a shaft, a guidewire or a mandril
wire. In one embodiment, the traction member and the basket wires may be formed from a
single piece of material. In another embodiment, the proximal ends of the basket wires are

joined at the basket base to the traction member by a proximal connector.

[00012] The tip joint is releasable from the distal end of the basket wires when the
predetermined force, which is less than the force required to cause the traction member or at least

one basket wire to fail, is applied to the tip joint.

[00013] Embodiments of this aspect of the invention include the following features. The tip
joint may comprise an adhesive joint, a solder joint, a welded joint or an over-molding joint. In
one embodiment, the tip joint comprises a tubular tip member. The lumen of the tubular tip
member is adapted to receive the distal end of the basket therein. In a particular embodiment,
the lumen of the tubular tip member is compressed around the basket wires thereby securing the
distal end of the basket therein. At least one wire of the plurality of wires forming the basket is
capable of sliding out of the tubular tip member when the predetermined force is applied to the
tubular tip member so that the tubular tip member deforms. The predetermined force is less than

the force required to cause the traction member or at least one wire of the plurality of wires
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forming the basket to fail. In one embodiment, the tubular tip member is made of, for example,
sterling silver, silver, gold, platinum, stainless steel, or a nickel titanium alloy. In other

embodiments, the tubular tip member is made of plastics.

[00014] In one embodiment of the invention, the basket is moveable between a withdrawn
position in which the basket is collapsed within the lumen of the sheath, and an expanded
position in which the basket extends from the distal end of the sheath and is disposed outside of
the lumen for capturing the objects in the body. Movement of the basket between the expanded
position and the withdrawn position causes the objects in the body captured in the basket to

fragment.

[00015] In one embodiment of the invention, the handle includes at least one actuating
mechanism. In a particular embodiment, the traction member is slideably moveable relative to
the sheath when actuated by the actuating mechanism in the handle, which causes the traction

member to shift the basket between the withdrawn position and the expanded position.

[00016] In another embodiment of the invention, the sheath is slideably moveable relative to
the traction member. In this embodiment, the sheath is connected to the actuating mechanism at
the handle, which causes the sheath to shift the basket between the withdrawn position and the -

expanded position.

[00017] The handle of the device according to the invention may be detachable. In one
embodiment, the sheath is dimensioned to fit within a working channel of an endoscope. In one
embodiment, the plurality of wires forming the basket is made of, for example, stainless steel or

a nickel titanium alloy.

[00018] In general, in another aspect, the invention features a method for removing objects
from a body tract, including the steps of providing a medical device as described above,
introducing the medical device with the basket in the withdrawn position into the working
channel of the endoscope; accessing the target body tract; shifting the basket into the expanded
position; manipulating the basket to capture the objects therein; and withdrawing the medical
device from the body tract. In a particular embodiment of this aspect of the invention, the
method further includes the step of applying traction to the traction member in the proximal
direction thereby generating tension within the basket and causing the captured objects to
fragment. In another embodiment, the method further includes the step of applying traction to

the sheath in the distal direction thereby generating tension within the basket and causing the
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captured objects to fragment. In some embodiments, the method also includes the step of

Injecting contrast material for fluoroscopic visualization.

BRIEF DESCRIPTION OF THE DRAWINGS

[00019] Inthe drawings like reference characters generally refer to the same parts throughout
the different views. The drawings are not necessarily to scale, emphasis instead generally being

placed upon illustrating the principles of the invention.

[00020] FIG. 1A illustrates an embodiment of a medical retrieval device according to the

invention with the basket in the expanded position.

[00021] FIG. 1B illustrates an enlarged cross-sectional view of the basket and the sheath
according to the embodiment of the invention illustrated in FIG. 1A with the basket in the

expanded position.

[00022] FIG. 1C illustrates an enlarged cross-sectional view of the basket and the sheath
according to the embodiment of the invention illustrated in FIG. 1A with the basket in the

withdrawn position.
[00023] FIG. 2 illustrates a basket with a captured stone, the basket extended from the sheath.

[00024] FIG. 3 illustrates a basket with a captured stone, the basket partially withdrawn into
the distal end of the sheath.

[00025] FIG. 4 illustrates an embodiment of a retrieval basket according to the invention.

[00026] FIG. 5A illustrates an enlarged view of the structure of the basket wire according to

one embodiment of the invention.

[00027] FIG. 5B illustrates a sectional view of the basket wire according to the embodiment

of the invention shown in FIG. 5A.

[00028] FIG. 6A illustrates an embodiment of the tip joint of the retrieval basket according to

the embodiment of the invention.

[00029]  FIG. 6B illustrates an enlarged cross-sectional view of the tip joint of the retrieval

basket according to the embodiment invention shown in FIG. 6A

[00030] FIG. 7A illustrates a step in releasing a captured stone from the retrieval device

according to the invention.

[00031] FIG. 7B illustrates another step in releasing a captured stone from the retrieval device
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according to the invention.

[00032] FIG. 7C illustrates another step in releasing a captured stone from the retrieval device

according to the invention.

[00033] FIG. 7D illustrates another step in releasing a captured stone from the retrieval device

according to the invention.

[00034] FIG. 8 illustrates the forces acting on the tip joint of the retrieval basket according to

the invention.

[00035] FIG. 9 graphically illustrates failure load for the tip joint compared to failure load for

all other components of the retrieval device according to the invention.
DESCRIPTION

[00036]  All of the following disclosed embodiments of the medical retrieval device according
to the invention generally have at least one thing in common, and that is that the tip of a multi-
wire retrieval basket is releasable when an amount of tensile force that is less than the amount of
force required to cause failure of components of the retrieval device other than the tip joint, for
example, the traction member, is applied to the wires of the basket. Failure of one or more
components of the retrieval device means that the component is no longer useful for its intended
purpose, because of, for example, permanent deformation or breakage. The retrieval basket of
the invention is used to retrieve one or more stones and/or other calculi, objects, or other material
from a body tract such as biliary and pancreatic ducts, hepatic ducts, cystic duct, common bile

duct, ureters, urinary bladder, urethra, and kidney.

[00037] Referring to FIGS. 1A-1C, the medical device 10, according to the invention,
includes a handle 30, a catheter, such as a sheath 12, and a retrieval basket 20 slideably
moveable in the sheath 12. Alternatively, the retrieval basket 20 can be fixed in a stationary
position with the sheath 12 configured to be slideably moveable to expose (FIG. 1A-1B) and
cover/collapse (FIG. 1C) the basket 20. The retrieval basket 20 is flexibly connected to one or
more elongated traction members 40 by a proximal connector 16. Alternatively, the retrieval
basket and one or more traction members 40 can be made from a single piece of material. The
retrieval basket 20 is of a type that can be collapsed within a sheath 12 for entry into the body.
In general, the handle 30, sheath 12, and retrieval basket 20 illustrated in FIGS. 1A-1C are not
necessarily shown in their correct size or proportion to each other. In one embodiment, the

handle 30 is detachable from the rest of device 10 without disassembly of the entire device 10,
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and a new handle 30 may be attached. In one embodiment, the handle and catheter assembly
must be compatible with and attachable to a handle system, such as Alliance II™ Inflation
System, manufactured by Boston Scientific Corporation of Natick, Massachusetts, without
disassembly. In another embodiment, the basket and the traction member must be compatible
with and attachable to a mechanical lithotripsy system by removing the handle 30 and the sheath
12, and attaching the traction member 40 to the handle of the lithotripsy system.

[00038] The size of the entire sheath 12 is dimensioned to fit the requirements of the
application of the sheath 12 in the body. For example, for most biliary type applications, the
working length of the device 10 from the distal end 15 of the sheath 12 to the distal end 17 of the
handle 30 ranges from about 60 inches (150 cm) to about 120 inches (300 cm), preferably about
70.9 inches (180+/- 0.5 cm). In one embodiment, the size of the basket 20 and sheath 12 is
dimensioned to fit in a 3.2 mm diameter or larger working channel of an endoscope, such as

duodenoscope.

[00039] Referring to FIGS. 1B-1C, the sheath 12 has at least one lumen 14 therein that
extends from the handle 30 to the distal end of the sheath 15. In one embodiment of the
invention, the sheath 12 includes a wire coil reinforced tube terminated distally by a
reinforcement ring, such as a stainless steel reinforcement ring 13 illustrated in FIGS. 1B and
1C. In a particular embodiment of the invention, the reinforcement ring is made of 303 stainless
steel. The wire coil is made of stainless steel, for example, 304 stainless steel, and is coated with
polytetrafluorethylene (PTFE) to provide a low friction surface. As one of ordinary skill would
appreciate, the 300 series stainless steels are nickel-chromium austenitic steels with low carbon
content. Particularly, 303 stainless steel typically contains 17-19% chromium, 8-10% nickel,
.15-.45% sulfur, no more than .15% carbon, no more than 2% manganese, no more than .02%
phosphorus, no more than .6% molybdenum, and no more than 1% Si with balance iron.
Further, 304 stainless steel typically contains 18-20% chromium, 8-10.5% nickel, no more than
.03% sulfur, no more than .08% carbon, no more than 2% manganese, no more than .45%

phosphorus, and no more than 1% Si with balance iron.

[00040] The device 10 can be used in conjunction with a guidewire, such as, for example, a
.035 Jagwire™ guidewire available from Boston Scientific Corporation of Natick,
Massachusetts. In such embodiment, the sheath 12 also includes a sidecar 19 located at the distal
end 15 of the sheath 12 extending proximally therefrom. The sidecar 19 has a lumen 19a therein

adapted to receive a guidewire. The lumen 19a may be lined with polytetrafluorethylene
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(PTFE), perfluroethylenepropylene (FEP), or similar coating. The ends of the sidecar 19 are
tapered to promote cannulation and withdrawal and to avoid inflicting trauma to surrounding
tissues. In a particular embodiment of the invention, the diameter of the lumen 19a of the sidecar
19 is in the range of about .035 inches to .040 inches, preferably 0.038 inches; and the length of

the sidecar is in the range of about 7 inches to about 10 inches, preferably 8.25 inches.

[00041]  An elongated traction member 40 can be a cable, coil, shaft, guidewire or mandril
wire 40 and extends within the lumen 14 of the sheath 12 from the handle 30. In a particular
embodiment, the traction member 40 is a 304 stainless steel wire. In one embodiment, the
traction member 40 is joined at its proximal end 9 to at least one actuating mechanism 32 at the
device handle 30 and at its distal end 18 to the base 11 of the retrieval basket 20. In another
embodiment, the traction member 40 is joined at its proximal end 9 to handle 30, and at its distal
end 18 to the base 11 of the retrieval basket 20. In yet another embodiment, the traction member

40 and the basket wires 21 are formed from a single piece of material.

[00042] Referring to FIGS. 1B and 1C, operation of one or more actuating mechanisms 32 on
the handle 30 by an operator causes the traction member 40 to slideably move in the sheath 12
causing the retrieval basket 20 to move in and out of the sheath 12. Alternatively, the
mechanism 32 can cause movement of the sheath 12 to advance the sheath 12 over the stationary
retrieval basket 20 and traction member 40 combination to thereby collapse the retrieval basket
20 within the sheath 12, and the mechanism 32 can slide the moveable sheath 12 back to expose
the stationary retrieval basket 20 and allow it to open/expand. In general, both types of retrieval
basket /sheath movement configurations and related handle mechanisms are known, and can be
seen in existing product designs available from, for example, Boston Scientific Corporation of

Natick, Massachusetts.

[00043] With the retrieval basket 20 collapsed within the sheath 12 as shown in FIG. 1C, the
sheath 12 can be inserted into the body by an operator to a site in the body where the stone 50 or
stones to be retrieved are located (e.g., a stone in the common bile duct). By placing the retrieval
basket 20 into its expanded position, as illustrated in FIGS. 1A, 1B, and 2, the retrieval basket 20
can be manipulated by the operator to entrap or capture a stone 50 within the retrieval basket 20.
In some clinical situations it is desirable to fragment the captured stone(s) 50. For example,
when the combination of the stone 50 and basket 20 is too large to be withdrawn atraumatically

from the body tract, the stone 50 may be fragmented by, for example, mechanical lithotripsy.

[00044] Referring now to FIGS. 2 and 3, according to the invention, stone 50 is fragmented
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by applying traction on the traction member 40 in a proximal direction indicated by arrow a in
FIG. 2. Referring now to FIG. 3, as traction is applied to traction member 40, the basket wires
21 tend to collapse around the stone 50 as the retrieval basket 20 enters the sheath 12. As an
increasing amount of traction is applied to the traction member 40, the basket wires 21 tighten
around the stone 50 until the tension generated in the wires 21 is sufficient to crush or fragment

the stone 50.

[00045] Referring to FIG. 4, in one embodiment, the retrieval basket 20 is composed of a
plurality of wires 21, such as four wires 21a, 21b, 21c, 21d spaced at 90 degree angle apart from
each other that are bent or formed to provide the desired basket shape. The basket wires 21 in
one embodiment are round, or alternatively, rectangular in cross section. Other cross-sectional
wire shapes are also contemplated by the invention, such as D-shaped or V-shaped. In one
embodiment, each of wires 21 is formed with four bends so that the width of the basket 20 in its
expanded position is greater at the distal end 24 of the wires 21 than at the proximal end 11 of
the retrieval basket 20 to ease effective capture of stones 50. The basket wires 21 may be
manufactured from stainless steel, nickel titanium, other metal alloys, or other materials or
combinations of materials known in the art suitable for basket wires. In a particular embodiment
of the invention, the basket wires are manufactured from a nickel-titanium alloy containing
between 54% and 57.5% nickel with balance titanium. In one embodiment of the invention, the
radial stiffness of the basket wires 21 is greater than .7 g/mm. In another embodiment of the

invention the radial stiffness of the basket wires 21 is greater than 1.0 g/mm.

[00046] Other numbers of basket wires and other wire shapes are also contemplated by the
invention other than the four bent wires illustrated in FIG. 4. The typical dimensions for a
retrieval basket 20 for biliary applications, according to the invention, range from about 0.6
inches (1.5 cm) in diameter by about 1.8 inches (3 cm) in length to about 1.8 inches (3 cm) in
diameter by about 2.36 inches (6.0 cm) in length. Preferably, the basket dimensions in one
embodiment are about 0.6 inches (1.5 cm) in diameter by about 1.18 inches (3.0 cm) in length, in
another embodiment, about 0.79 inches (2.0 cm) in diameter by about 1.58 inches (4.0cm) in
length, in another embodiment, about 1.0 inch (2.5 cm) in diameter by about 1.97 inches (5.0
cm) in length, and in yet another embodiment, 1.18 inches (3.0 cm) in diameter by about 2.36
inches (6.0 cm) in length. The dimensions of the retrieval basket 20 may be smaller or larger
depending on the application of the retrieval basket 20 in the body. For example, the dimensions

of the retrieval basket 20 used for typical urinary tract applications may be smaller than the
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basket used for biliary applications.

[00047] In one embodiment, illustrated in FIGS. SA and 5B, for example, each of the basket
wires 21 are manufactured from three filaments 51a, 51b, and 51¢ of 0.0085 inch PRECURSOR

nickel titanium alloy twisted together into a single stranded cable 21.

[00048] The stones 50 that may be fragmented by the retrieval basket 20 according to the
invention may vary in size from about 0.2 inches (0.5 cm) in diameter up to about 1.18 inches
(3.0 cm) in diameter and vary in physical characteristics as soft, such as cholesterol stones 50, to
hard, such as bilirubin stones 50. In one embodiment of the invention, the retrieval basket 20 is a
four-wire basket capable of capturing up to five separate stones 50 for simple extraction without
fragmenting the stones 50. In one embodiment, the retrieval basket 20 is capable of capturing up
to five separate stones 50 for simple extraction without fragmenting the stones 50 where the
force applied to the retrieval basket 20 does not exceed 20 pounds. In another embodiment, the
retrieval basket 20 is capable of capturing up to five separate stones 50 for simple extraction
without fragmenting the stones 50 where the force applied to the handle during each stone

capture is a minimum of 15 pounds.

[00049] In one embodiment, the retrieval basket 20 is capable of fragmenting at least two
separate stones 50 where the force applied to the handle during each capture does not exceed the
range of 25-50 pounds. In a particular embodiment, the retrieval basket 20 is capable of
fragmenting at least two stones at a force that does not exceed 35 pounds for either stone. In
another embodiment, the retrieval basket 20 is capable of fragmenting at least two separate
stones 50 where the force applied to the handle during fragmenting of a first stone is at least 36
pounds, and the force applied to the handle during fragmenting of a second stone is at least 25
pounds. Following fragmentation of one or more stones 50, the retrieval basket 20 is fully

capable of being fully collapsed in the lumen 14 of the sheath 12.

[00050] Referring again to FIG. 4, in one embodiment of the invention, the basket wires 21a,
21b, 21c, 21d of the retrieval basket 20 are joined at their proximal ends at the base 11 of the
retrieval basket 20 by, for example, a proximal connector 16. In one embodiment, the proximal
connector 16 comprises a tube having a lumen extending longitudinally therethrough. The
proximal connector 16 is swaged to hold the wires 21a, 21b, 21c, 21d together tightly. Other
methods of joining the wires 21a, 21b, 21¢, 21d known in the art such as adhesives, solder,
welding, or binding, or by any of their combination with or without proximal connector 16 may

be used to join or gather together the proximal ends 52 of basket wires 21 at the basket base 11.
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In one embodiment of the invention, the proximal connector 16 is made of 303 stainless steel and

is joined to a 304 stainless steel traction member 40.

[00051] Referring now to FIG. 6A, according to the invention, the distal ends 24 of the basket
wires 21 are gathered together and held in place by a tip joint 25. In one embodiment of the
invention, tip joint 25 is a tubular tip member, for example, as illustrated in FIG. 6A and 6B.
The tubular tip member 25 comprises a tube having a lumen 27 extending longitudinally through
the tube. The tubular tip member 25 may be manufactured from materials such as sterling silver,
coin silver or other silver-based alloys, pure silver, gold, platinum, stainless steel, nickel
titanium, other metal alloys, or plastics. The material for the tubular tip member is chosen to fit
the requirements of the application of the retrieval basket in the body. For example, if the
tubular tip member 25 is manufactured from a silver-based alloy, for example silver/copper
alloy, a higher percentage of silver would result in a softer alloy. As a result, the tubular tip
member 25 will release from the basket wires 21 at a release force that is lower than that of the
tubular tip member of identical dimensions made from an alloy with a lower percentage of silver.

In one embodiment, the tubular tip member 25 is sealed at its distal end 53.

[00052] In aparticular embodiment of a biliary-type retrieval basket 20 illustrated in FIG. 1A,
the tubular tip member 25 is releasable at a predetermined force from the distal ends 24 of the
basket wires 21. Referring to FIG. 6B, the tubular tip member 25 may be manufactured from
sterling silver. The overall length of the tubular tip member 25 is 0.123 inches and the diameter
at the narrowest region 25a 1s 0.0510 to 0.0520 inches. The inside diameter of the lumen 27 is
0.0352 to 0.0358 inches. The length of the lumen 27 is about 0.086 inches. The distal ends 24
of the basket wires 21 are inserted 0.0545 to 0.688 inches into the lumen 27 of the tubular tip
member 25. The diameter of the tubular tip member at the widest region 25b is .085 inches. The
distal end 25¢ of the tubular tip member 25 has a spherico-conical shape to ease cannulation and
reduce the risk of trauma to surrounding tissue. The radius of the distal end 25¢ of the tubular tip

member 25 is .030 inches.

[00053] Referring again to FIG. 6A, in one embodiment of the tip joint 25 of the invention,
the distal ends 24 of the basket wires 21 are gripped by the tubular member 25 because the tip
member 25 is reduced in diameter, i.e. swaged, to cause the wire ends 24 to be compressed
together. In other embodiments of the invention, the distal ends 24 of the wires 21 may be joined
by adhesives, solder, welding, over-molding, or other means of binding, or by any combination

of joining methods, with or without a tubular tip member 25. All of the embodiments of the
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distal ends 24 of the wires 21 have in common the feature that the distal ends 24 are releasable
when a predetermined force is applied to the tip joint 25 causing the tip joint 25 to become

disengaged from the wires 21.

[00054] Referring to FIGS. 7A, 7B, 7C, and 7D, in order to overcome the problems caused
when a component of a medical retrieval device 10 breaks during retrieval of a stone 50 in a
body tract, the tip joint 25, according to the invention has an interface which is releasable. By
releasing the tip joint 25, the distal ends 24 of the basket wires 21 are freed, i.e. no longer joined
together. With the distal ends 24 of the basket wires 21 free, the distal end of the retrieval basket
20 is open, as shown in FIG. 7C. To illustrate this point more clearly, referring to FIG. 7A, the
retrieval basket 20 with captured stone 50 is shown extended beyond the distal end 15 of the
sheath 12 in its expanded configuration. The retrieval basket 20 has a releasable tubular member

25 according to the invention.

[00055] Referring now to FIG. 7B, as traction is applied to traction member 40, the basket
wires 21 tend to collapse around the stone 50 as the retrieval basket 20 enters the sheath 12. As
an increasing amount of traction is applied to the traction member 40, the basket wires 21 tighten

aroungl the stone 50.

[00056] Referring to FIG. 7C, to release the stone 50, an operator applies tension to traction
member 40 by pulling on traction member 40 in the proximal direction indicated by the arrow a.
As basket wires 21 enter the distal end 15 of the sheath 12, a load generated at the tip joint 25 of
the retrieval basket 20 that is less than the load that would cause one or more basket wires 21 to
fail or break, but sufficient to cause deformation of the tubular tip member 25. When the tubular
tip member 25 deforms, it loosens the grip of the basket wires 21 thereby allowing the distal
ends 24 of the basket wires 21 to slide out of the tubular member 25. In one embodiment, the
load required to cause the retrieval basket 20 to fail at the tip joint 25 is in the range of about 20
to 50 pounds at the basket tip. In a particular embodiment, the load required to cause the

retrieval basket 20 to fail at the tip joint 25 is about 42 pounds.

[00057]  Thus, as illustrated in FIG. 7C, the distal ends 24 of the basket wires 21, slide out of
tubular member 25 as the retrieval basket 20 is withdrawn further into the sheath 12. The stone
50, illustrated in FIG. 7C, is released from the retrieval basket 20 through the basket distal end.
Referring to FIG. 7D, the retrieval basket 20 is withdrawn further into sheath 12 until the distal
ends 24 of the basket wires 21 are retained within the sheath 12. With the basket wires 21

retained by sheath 12, the medical retrieval device 10 can be safely withdrawn from the body
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fract.

[00058] To ensure safe release of the stone 50 in overload conditions during stone retrieval,
the retrieval basket distal tip joint 25 fails at a load that is less than the load which would cause
any other component in the device 10, such as the traction member 40, to fail. The distal tip
joint 25 is strong enough to perform the task for which the device 10 is intended, i.e., stone
retrieval or reducing the size of the stone. The design of the device 10 must take the variation in
strength of each component and joint of the retrieval device 10 into consideration to ensure that
the that the tip joint 25 will fail at a lower load than will any other component or joint of the

device 10.

[00059] FIG. 8 illustrates distribution of forces acting on the distal end 24 of the basket wires
21 restrained by a tip joint such as the tubular tip member 25. Tension, indicated by arrow a, on
basket wires 21 is resolved into a force component B, indicated by arrow b that is aligned with
the long axis 26 of the tubular tip member 25 and a force component C indicated by arrow ¢ that
is at an angle nearly perpendicular to the long axis 26 of the tubular tip member 25. The force
component indicated by arrow b that is aligned with the long axis 26 of tip member 25 is resisted
by the retention force E indicated by arrow e generated by the tubular tip member 25 on the
basket wires 21. If the force component B aligned with the long axis 26 of the tubular tip
member 25 exceeds the available retention force E, the basket wires 21 will slide out of the

tubular tip member 25 and release the stone 50.

[00060] Retention force E, indicated by arrow e in FIG. 8, is a result of friction between the
basket wires 21 and the tubular tip member 25. The friction between the basket wires 21 and the
tubular tip member 25 is influenced by the pressure exerted on the distal ends 24 of the wires 21
by the tubular tip member 25, the surface form of the interior of the tubular tip member 25, the
exterior of the basket wires 21, the physical dimensions of the tubular tip member 25, and the
distance the distal ends 24 of the basket wires 21 are inserted within the tubular tip member 25.
The force component C indicated by arrow c that is at an angle nearly perpendicular to the long
axis 26 of the tubular tip member 25, acts upon the tubular tip member 25 to reduce the pressure
exerted upon the basket wires 21, which reduces the friction and resulting retention force E
indicated by arrow e in FIG. 8. As the tension A increases, the tubular tip member 25 begins to
deform and, as a result, retention force E reduces. If the combined components of the basket
wire tension cause the retention force E to be exceeded by the aligned force B, and the total

tensile load on the basket wires 21 is less than their failure load, the basket wires 21 will be
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released from the tip joint 25.

[00061] The amount of force required to cause tubular tip member 25 to release may also be
changed, for example, by varying the crimp length of the tip, varying the thickness of the wall of
the tubular region of the tip comprising the crimp, or by scoring the distal ends 24 of the basket

wires 21.

[00062]  Although the description above describes the action of basket wire tension upon a
tubular tip member 25, a similar effect can be produced with other methods of joining the basket
wires 21 where the forces acting upon the tip joint 25 exceed the strength of the tip joint 25
without exceeding the strength of the basket wires 21. For example, if the basket wires 21 are
joined by welding, the weld joint 25 can be designed to fail at a load that is less than the load
required to cause the basket wires 21 to fail. Because welding typically causes a localized
reduction in the strength of the welded material, such a tip joint 25 can be readily produced.
Alternatively, the basket wires 21 may be joined by an adhesive or solder where the mechanical
properties of the adhesive or solder material will allow failure of the tip joint 25 at a load that is
lower than the failure load of basket wire 21. Alternatively yet, the basket wires 21 may be
joined by forming a tip joint 25 around the distal ends 24 of the wires by molding or casting a
meltable material such as metal or thermoplastic, or by molding a curable liquid, such as a
thermosetting polymer or epoxy around the distal ends 24 of the basket wires 21. The joining
method and materials used are dictated largely by the loading requirements of the medical device
10. For example, with respect to medical devices intended for simple stone retrieval without
lithotripsy, the sheath 12 and retrieval basket 20 are constructed of lighter and more flexible
materials to allow easier capture of the stone 50. Because the strength of components comprising
such a device is low as compared to devices intended for lithotripsy, the basket wire 21 could be
joined at the distal tip joint 25 by adhesive, which would allow release of the stone 50 at a more

modest load.

[00063] FIG. 9 illustrates the design rationale of the medical retrieval device according to the
invention including a retrieval basket 20 with a releasable tip joint 25. Curve A illustrates the
distribution of basket tip joint 25 failure forces and curve B illustrates the distribution of the
failure forces of all other components of the medical retrieval device 10. The distribution of
failure forces for basket tip joint 25 is sufficiently lower than the distribution of failure forces for
all other components of device 10. Thus, the probability that the basket tip joint 25 strength

exceeds the strength of any other component of the device 10 is exceedingly small. |
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[00064] In another aspect of the invention, the medical device 10, including the retrieval
basket 20 according to the invention, is used in a method for removing stones 50 from a body
tract. The body tract may be any cavity in the body including but not limited to pancreatic ducts,
biliary ducts including the hepatic ducts, cystic duct, and common bile duct, ureter, urethra,

urinary bladder and kidney.

[00065] Referring again to FIGS. 1A-1C and 7A-7D, in this aspect of the invention, in
general, an operator inserts the medical device 10 according to the invention including retrieval
basket 20 into the working channel of an endoscope with the retrieval basket 20 in the closed
position within sheath 12 as illustrated in FIG. 1A. The medical device 10 alternatively may be
passed over a .035 inch guidewire, such as a Jagwire™ guidewire, manufactured by Boston
Scientific Corporation of Natick, Massachusetts, using a sidecar 19, through the working channel
of the endoscope. Once the device has accessed the body tract of interest, typically an injection
of contrast material is made for fluoroscopic visualization. When the retrieval basket 20
approaches the stone or stones 50 to be captured and fragmented, the traction member 40 is
advanced distally (in the direction away from the operator) advancing retrieval basket 20 into its
expanded configuration where the retrieval basket 20 is no longer restrained by sheath 12. The
retrieval basket 20 assumes its expanded configuration outside the distal end 15 of the sheath 12.
Then, the operator maneuvers the expanded retrieval basket 20 around stone 50 until stone 50
passes between the basket wires 21 into the retrieval basket 20. Generally, after a stone 50 s
captured in the retrieval basket 20, the medical retrieval device 10 including the retrieval basket
20 and captured stone 50 is withdrawn through the body tract. If the combination of the stone 50
and retrieval basket 20 is too large to be withdrawn from the body tract, the stone 50 must be
reduced in size or released from the basket 20. To reduce the size of the stone 50 according to
the invention, the stone 50 is fragmented by applying traction in the proximal direction to
traction member 40 by actuating mechanism 32 forcing basket wires 21 to tighten around stone
50. The degree of force applied to traction member 40 is increased to generate sufficient tension
within basket wires 21 to cause the stone 50 to fragment. If additional tension is required to
facilitate lithotripsy, the handle 30 may be attached to an Alliance II™ Inflation System,
manufactured by Boston Scientific Corporation of Natick, Massachusetts, or to a mechanical
lithotripsy system by removing the handle 30 and the sheath 12, and attaching the traction
member 40 to the handle of the lithotripsy system. Additional tension may be required when the
actuating mechanism 32 in the handle 30 is unable to generate sufficient tension in the basket

wires 21, where, for example, the retrieval basket 20 is in almost collapsed position when the
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stone 50 is captured because of the small size of the stone 50.

[00066] According to the invention, when the tension needed to fragment the stone 50
approaches the force that would cause any component of the device 10 to fail, the tip joint 25
fails first. In some cases, however, the traction member 40 may fail at the distal end 17 of the -
handle 30, where, for example, a particular path of the catheter in the patient’s body tract results
in an increased friction at the proximal end 9 of the traction member 40. If the traction member
40 so fails, a mechanical lithrotripsy system can be attached to the traction member 40 by
removing the handle 30 and the sheath 12, and attaching the traction member 40 to the handle of
the lithotripsy system to provide tension to the basket wires 21 to fragment the stone 50 or
achieve the release of the tip joint 25 when the tension needed to fragment the stone 50

approaches the force that would cause any component of the medical device 10 to fail.

[00067] According to one embodiment of the invention, the tip joint 25 fails when the distal

ends 24 of basket wires 21 are freed by releasing tubular tip member 25 as illustrated in FIGS.

- 7C-7D. As the operator applies traction in the proximal direction on the traction member 40, the

tubular tip member 25 is released from the distal ends 24 of the basket wires 21 when the force
applied to the basket wires 21 through the traction member 40 is less than the force required to
cause the basket wires 21 to break, but great enough to cause tubular tip member 25 to deform
thereby allowing basket wires 21 to slide out of tubular tip member 25. In one embodiment of
the invention, the force required to cause tip member 25 to be released from the distal ends 24 of

the basket wires 21 is in the range of about 20 to 50 pounds at the basket tip.

[00068] It will be apparent to those skilled in the art of medical stone retrieval that various
modifications and variations can be made to the above-described structure and methodology

without departing from the scope or spirit of the invention.



= oW N R WN R WN R N R WN RN RN R, SN U DA ROy e

1.

2.

10.

WO 02/053037 PCT/US02/00383

-17-
CLAIMS
A medical device for removing objects from a body, comprising:
a basket comprising a plurality of wires, the wires comprising a proximal end and
a distal end, and
a tip joint disposed at the distal end of the basket wires, wherein the tip joint is
releasable from the distal ends of the wires when a predetermined force is applied to
the tip joint.
The device of claim 1 further comprising:
a handle,
a sheath extending distally from the handle, the sheath having a lumen extending
therethrough from a distal end of the sheath to a proximal end of the sheath, and
an elongate traction member axially disposed within the lumen of the sheath, the
traction member distally extending from the handle and connected to the proximal end
of the basket.
The device of claim 2 wherein the predetermined force is less than the force required to
cause the traction member or at least one wire of the basket to fail.
The device of claim 1 wherein the tip joint is selected from a group consisting of an
adhesive joint, a solder joint, a welded joint and an over-molding joint.
The device of claim 3 wherein the tip joint comprises a tubular tip member having a
distal end, a proximal end, and a lumen extending therethrough, wherein the lumen of the
tubular tip member is adapted to receive the distal end of the basket therein.
The device of claim 5 wherein the lumen of the tubular tip member is compressed around
the basket wires thereby securing the distal end of the basket therein.
The device of claim 5 wherein at least one wire of the plurality of wires forming the
basket is capable of sliding out of the tubular tip member when the predetermined force is
applied to the tip joint.
The device of claim 5 wherein the tubular tip member deforms at a force that is less than
the force required to cause the traction member or at least one wire of the plurality of
wires forming the basket to fail.
The device of claim 8 wherein the tubular tip member is manufactured from a material
which deforms at a force that is less than the force required to cause the traction member
or at least one wire of the plurality of wires forming the basket to fail.

The device of claim 8 wherein the tubular tip member is manufactured from a material



= N = N R DN WN R, N N R D WN R, N NP NN DN R WN R N = WN

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

WO 02/053037 PCT/US02/00383

- 18-
selected from a group consisting of silver-based alloy, silver, gold, platinum, stainless
steel, and nickel titanium alloy.
The device of claim 8 wherein the tubular tip member is manufactured from sterling
silver.
The device of claim 8 wherein the tubular tip member is manufactured from plastics.
The device of claim 8 wherein the force that is less than the force required to cause the
traction member or at least one wire of the plurality of wires forming the basket to fail is
in the range of about 20 pounds to 50 pounds.
The device of claim 2 wherein the traction member is selected from a group consisting of
a cable, a coil, a shaft, a guidewire and a mandril wire.
The device of claim 2 wherein the traction member and the basket are formed from a
single piece of material.
The device of claim 2 wherein the basket wires are joined to the traction member by a
proximal connector.
The device of claim 16 wherein the proximal connector is selected from a group
consisting of an adhesive joint, a solder joint, a welded joint and an over-molding joint.
The device of claim 16 wherein the proximal connector comprises a proximal tubular
member having a distal end, a proximal end, and a lumen extending therethrough,
wherein the lumen of the proximal tubular member is adapted to receive the proximal end
of the basket therein.
The device of claim 18 wherein the lumen of the proximal tubular member is compressed
around the basket wires thereby securing the proximal end of the basket therein.
The device of claim 19 wherein the proximal tubular member is manufactured from
stainless steel.
The device of claim 2 wherein the basket is moveable between a withdrawn position in
which the basket is collapsed within the lumen of the sheath, and an expanded position in
which the basket extends from the distal end of the sheath and is disposed outside of the
lumen for capturing the objects in the body.
The device of claim 21 wherein movement of the basket between the expanded position
and the withdrawn position causes the objects in the body to fragment.
The device of claim 2 wherein the handle comprises at least one actuating mechanism
therein.

The device of claim 2 wherein the traction member is slideably moveable relative to the
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sheath.
The device of claim 2 wherein the traction member is connected to the actuating
mechanism, the actuating mechanism causing the traction member to shift the basket
between the withdrawn position and the expanded position.
The device of claim 2, wherein the sheath is slideably moveable relative to the traction
member.
The device of claim 2 wherein the sheath is connected to the actuating mechanism at the
handle, the actuating mechanism causing the sheath to shift the basket between the
withdrawn position and the expanded position.
The device of claim 1 wherein the plurality of wires comprise stainless steel.
The device of claim 1 wherein the plurality of wires comprise a nickel titanium alloy.
The device of claim 3 wherein the handle is detachable.
The device of claim 3, wherein the sheath is dimensioned to fit within a working channel
of an endoscope.
A 1ﬁeth0d for removing objects from a body tract, comprising the steps of:

providing a medical device comprising:

a handle,

a sheath extending distally from the handle, the sheath having a lumen
extending therethrough from a distal end of the sheath to a proximal end of
the sheath, the sheath is dimensioned to fit within a working channel of an
endoscope,

a basket comprising a plurality of wires, the wires comprising a proximal end
and a distal end, the basket moveable between a withdrawn position in
which the basket is collapsed within the lumen of the sheath, and an
expanded position in which the basket extends from the distal end of the
sheath and is disposed outside of the lumen for capturing the objects in the
body, and

a tip joint disposed at the distal end of the basket wires, wherein the tip joint is
releasable from the distal ends of the wires when a predetermined force is
applied to the tip joint;

introducing the medical device with the basket in the withdrawn position into the
working channel of the endoscope;

accessing the target body tract;
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shifting the basket into the expanded position;

manipulating the basket to capture the objects therein; and

withdrawing the medical device from the body tract.

33.

34.

35.

36.

37.

The method of claim 32, wherein the medical device further comprises an elongate
traction member axially disposed within the lumen of the sheath.

The method of claim 32, wherein the predetermined force is less than the force required
to cause the traction member or at least one wire of the basket to fail.

The method of claim 32, further comprising the step of applying traction to the traction
member in the proximal direction thereby generating tension within the basket and
causing the captured objects to fragment.

The method of claim 32, further comprising the step of applying traction to the sheath in
the distal direction thereby generating tension within the basket and causing the captured
objects to fragment.

The method of claim 32, further comprising the step of injecting contrast material for

fluoroscopic visualization.
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