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| (87) Abstract

A medical retrieval device, and related method, uses a basket formed by one or more legs to retrieve material such as calculi. At
least one of the legs has at least an inner and an outer surface. The outer surface is an atraumatic surface such as a curved surface. The
atraumatic surface can include one or more radii. The inner surface can be flat such that the leg has a D—shaped cross section. Other shapes
are possible for the inner surface including a pointed shape that enhances the basket’s stone crushing or breaking ability. The inner surface

whatever its shape, can have a rough surface (e.g., serrated, etched, toothed, etc.) for further enhancing the basket’s ability to capture stones
and other calcull.
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MEDICAL RETRIEVAL BASKET WITH LEGS SHAPED TO ENHANCE
CAPTURE SOLID MATTER AND REDUCE TRAUMA

Technical Field

The invention relates generally to baskets for retrieving material in a body. More
particularly, the invention relates to urology baskets having legs with a certain cross-section

designed to retrieve kidney stones, urinary calculi, choleliths, or the like from within the body

while causing less trauma to the body and enhancing stone capture.

Background Information

Baskets are used to retrieve various foreign or biological materials (e.g., kidney
stones, urinary calculi, choleliths, etc.) from within a body. Baskets are used 1n the field of
urology and other areas such as, for example, endoscopy. Existing retrieval baskets typically
include a plurality of wires (or legs) which truncate at a base of the basket. It 1s known to
form the legs of the basket from wire having a rectangular cross-section (FI1G. 5A) or a round
cross-section (FIG. 5B). The legs are joined by solder, weld, or mechanical means at the base
of the basket and at its distal tip. At the base, the legs also are attached to a shaft coil (or
wire). This coil is moved back and forth within a sheath or catheter by an actuation device
(e.g., a proximal handle with a back-and-forth thumb-activated slider). By moving the coil
forward with the actuation device, the legs are extended out of the distal end of the catheter
and thus allowed to expand and form the basket shape beyond the distal end of the catheter.

Moving the coil back causes the basket to retract into the catheter.

Summary of the Invention

In general, the advantages of basket legs having a rectangular cross-section include
good dilatation force and good contact between the inner surface of the legs and the stone,
and the disadvantages of such legs include sharp edges (i.e., the top two corners of the

rectangle that contact
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the interior wall of the lumen 1n which the basket 1s disposed) and thus tissue trauma,
inability to rotate the basket due to the danger of tissue trauma, and the difficulty of
forming a helix-shaped basket structure when the basket 1s expanded. In general, the
advantages and disadvantages of basket legs having a round (or circular) cross-section
are the opposite of those encountered with legs of rectangular cross-section. That 1s,
the advantages of legs of round or circular cross-section generally include round
edges and thus reduced tissue trauma, ability to rotate the basket without danger of
tissue trauma, and ability to form a helix-shaped basket structure, and the
disadvantages of legs of round cross-section generally include less dilatation force

and less contact between the inner surface of the legs and the stone being captured.

The invention relates to a medical retrieval basket having legs with a cross
sectional shape designed to enhance the capture and retrieval of foreign materials or
biological materials (e.g., kidney stones, urinary calculi, etc.) from within a body
while causing less trauma to tissue. The two basic design objectives according to the
invention are (1) to cause less trauma to body tissues and to the linings of lumens of
the body in which the basket is placed and manipulated to accomplish the retrieval of
material and (2) to enhance the material-capturing ability of the basket. One shape
that meets the two basic design goals of the invention 1s a basket having legs with a
D-shape in cross-section. Advantages of the D-shape, and all other shapes according
to the invention, include less trauma to tissue, ability to rotate the basket without
forming the legs in a helix configuration, improved stone purchase and contact, ability
to use the basket for tissue biopsy because of its improved cutting ability, improved
stone breaking and/or crushing ability, ability to reduce the overall size of the catheter
basket device while maintaining or increasing the opening force of the basket, and
improved dilatation force compared to a basket with legs ot round cross-section while

making the basket less tissue traumatic.
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One aspect of the invention relates to a medical retrieval device, comprising a
proximal handle; a sheath including a proximal portion, a distal end, and a lumen, the
sheath extending distally from the handle; and a basket, the basket and the sheath
moveable relative to each other to achieve a retracted position in which the basket 1s
collapsed within the lumen of the sheath, and an extended position i which the
basket extends from the distal end of the sheath, the basket comprising at least three
wires, the wires joined at a distal end of the basket for capturing material when the
basket 1s in the extended position, and for holding material when the basket 1s at least
partially collapsed in the sheath, at least one of the wires comprising an nner surface
and an outer surface, wherein at least a portion of said inner surface 1s flat, and at least
a portion of said outer surface 1s curved, and wherein the basket 1s positioned at the
distal end of the device for capturing material in a hodv. Optionally, the inner surface
can be flat such that the wire has a B- or D-shaped cross section. The inner surface
may have a pointed shape that cnhances the basket's stone crushing or breaking
ability. The inner surface, regardless of its shape. mayv be smooth or rough (e.g.
serrated, etched, toothed, or the like), or rougher than the outer surface. Rough surface

may enhance the basket’s ability to capture material such as stones and other calcull.

Another aspect of the invention relates to a medical retrieval device,
comprising a proximal handle; a sheath including a proximal portion, a distal end, and
a lumen, the sheath extending distally from the handle; and a basket, the basket and
the sheath moveable relative to cach other to achieve a retracted position in which the
basket is collapsed within the lumcn of the sheath, and an extended position 1n which
the basket extends from the distal end of the sheath, the basket comprising at least
three wires, the wires joined at a distal end of the basket for capturing material when
the basket is in the extended position, and for holding material when the basket 1s at
least partially collapsed in the sheath, at least one of the wires comprising an inner
surface and an outer surface., wherein the mner surface and the outer surface are

curved and a cross-section of the wire comprises a crescent shape.
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Yet another aspect of the invention relates 1o the use of an extractor for
retrieving material from a body wherein the extractor comprises a proximal handle; a
sheath including a proximal portion, a distal end, and a lumen, the sheath extending
distally from the handle, and a basket, the basket and the sheath moveable relative to
cach other to achieve a retracted position in which the basket 1s collapsed within the
lumen of the sheath, and an extended position in which the basket extends from the
distal end of the sheath, the basket comprising at least three wires, the wires joined at
a distal end of the basket for capturing material when the basket 1s in the extended
position, and for holding material when the basket s at least partially collapsed 1n the
sheath, at least one of the wires comprising an inner surface and an outer surface,
wherein at least a portion of said inner surface is flat, and at least a portion ot said
outer surface is curved, and wherein the basket is positioned at the distal end of the
device for capturing material in a body. The material retrieved may be a calculus,
such as a kidney stone, a ureteral stone, a bladder stone, a stone 1n the biliary tree
(e.g., a gallbladder stone or a bilc duct stone), and the like. The matenal retrieved may

be broken into two or more pieces by the basket.

The foregoing and other objects, aspects, features, and advantages of the

invention will become more apparent from the following description and from the
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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.

FIG. 1 is a plan view of a surgical extractor with a handle at a proximal end and a retrieval

basket at a distal end.

FIG. 2 1s a perspective view of an expanded basket with D-shaped legs according to the

invention.
FIG. 3 is a plan view of the distal/basket end of the extractor of FIG. 1.

FIG. 4 1s an end view of the extractor showing the tip of the basket and the four legs

extending therefrom.

FIGS. 5A and 5B are exampies of legs of prior art baskets which include flat or

rectangular cross-section legs (FIG. 5A) and round or circular cross-section legs (FIG. 5B).

FIG. 6A shows one embodiment of basket legs according to the invention, namely, D-

shaped legs, the view being a cross section along ‘“‘cross sections” in FIG. 4.

FIG. 6B shows an inner surface of one of the basket legs of FIG. 6A. where the inner

surface 1s rough to further enhance capture.

FIGS. 7A and 7B together show another embodiment of basket legs according to the

invention, namely, V-shaped legs with atraumatic rounded outer surfaces, the views being cross

sections along “cross sections” in FIG. 4.
FIG. 7C shows an inner surface of one of the basket legs of FIGS. 7A and 7B.

FIGS. 8A-8E are various other possible cross-sectional shapes for the basket legs 1n

accordance with the invention, the views being cross sections along “cross sections” in FIG. 4.
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Description

Referring to FIG. 1, a basket 10 for retrieving biological material or foreign material is
attached to an actuation device 12 via a sheath or catheter 14. The basket 10 includes a plurality
of legs (or wires) attached at a basket tip 16 and base 18. At the base 18, the legs are also attached to
a shaft coll, cable, or wire 23 located in the sheath 14. This cable 23 is actuated by the actuation device
12 (e.g., a shder 21 on a proximal handle 19) to move the cable 23 and thus the basket legs, and the
basket 10 thus 1s advanced and retracted by use of the actuation device 12. ‘

More particularly, with continued reference to FIG. 1, the basket 10 typically is part of a distal
end of an extractor 11 which an operator (e.g., a physician) introduces into a patient in a form in which
the basket 10 is retracted. In the retracted state, the sheath 14 retains the basket 10 in a compact form
until the extractor 11 is positioned proximate to material to be retrieved such as, for example, a kidney
stone, a ureteral stone, urethral stone, a bladder stone, a gallbladder stone. cholelith or bile duct stone.
The operator holding the handle 19 moves the slider 21 connected to the sheath 14 from the position
I7A shown in phantom to the position 17. In the position 17A, the basket 10 is fully deployed out of
the sheath 14, and it is fully retracted when the slider 21 is in the position 17. The basket 10 is shown
fully deployed in FIG. 1. With the basket 10 fully deployed and extending out of the end of the sheath
14, the surrounding tissue is dilated and the basket 10 assumes a structure that can be manipulated over
the material (e.g., a calculus). The operator then manipulates the retrieval basket 10 via the proximally
extending control cable 23 connected to the wires or legs of the basket 10 and captures material in the
basket 10. After capture, the sheath 14 advances distally and reduces the volume of the retrieval

basket 10 until it contacts the entrapped material so the operator can withdraw the extractor 11 with

the entrapped material.

Known cross-sectional shapes for basket legs are rectangular (FIG. 5A) or round (F1G. 5B).
However, in accordance with the invention and as shown in FIGS. 6 and 7, the basket 10 can have D-
shaped legs (i.e., iegs that each have a rounded outer surface and a flat inner surface) or V-shaped
legs (1.e., legs that each have a rounded outer surface and an inner surface with a wedge shape
and a point). Other leg shapes according to the invention are shown in FIG. 8. Whatever the
particular leg shape, the shape will, according to the invention, (1) introduce less trauma and (2)
enhance material capture. Also, whatever the particular leg shape, the legs can be drawn or ground

or formed in a variety of other ways to achieve the shape. The legs can extend along a generally



10

15

20

25

30

CA 02272869 2002-09-23

-7 .
linear or helical path as described, for example, in U.S. Patent No. 5,658,296.

Referring to FIG. 2, the basket 10 of FIG. I is shown expanded. This particular basket
has four D-shaped legs. In general, the basket 10 is formed by one or more legs, and it
typically 1s formed by at least three legs. A simplified view of this basket is also shown in
FIGS. 3 and 4. In those drawings, FIG. 3 shows just the distal end of the extractor 11, and
FIG. 4 shows the legs of the basket 10 when viewed from the tip 16 down the length of the

extractor 11.

Referring to FIGS. 6A and 6B, which like FIGS. 7A-7C and 8A-8E are cross sections
taken generally along the cut labeled “cross sections” in FIG. 3, one disclosed embodiment of
a basket according to the invention includes four D-shaped legs (FIG. 6A). The inner surface
of one or more of these D-shaped legs can be rough so as to enhance the stone-capturing and
holding ability of the basket. The roughness can be created in a variety of manners including
serrations, tecth, etching, etc. on the mner surface(s). In FIG. 6B, teeth are shown on the inner
surface of one of the D-shaped legs of FIG. 6A. Even without the rough inner surface, the D-
shape, with its flat inner surface, enhances the ability of the basket to engage and hold stones.
The outer surface of each of the D-shaped legs 1s rounded to form a smooth, atraumatic outer
surface. The leg shape of FIG. 6A thus meets the two basic goals of any design 1n accordance
with the invention, and that 1s less trauma and enhanced capture. The shape of the legs shown
in FIG. 6A 1s a kind of hybrid between the known rectangular shaped legs (FIG. 5A) and the
known round shaped legs (FIG. 5B), and the D-shaped legs of FIG. 6 A generally have the
advantages of each of these types of known legs without the disadvantages associated with
the rectangular and round leg shapes. That 1s, the advantages of a basket with the D-shaped
legs of the invention include increased dilatation force, better contact between the inner
surface of the legs and the stone, atraumatic edges and thus reduced tissue trauma, ability to
rotate the basket without danger of tissue trauma thereby increasing the ability to access and
capture calculi disposed 1n difficult-to-reach locations, and ability to form easily a helix-
shaped basket structure or a non-helix-shaped basket structure, and such a basket according to

the mvention lacks the disadvantages of sharp traumatic outer surface edges, inability to
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rotate the basket due to the danger of tissue trauma, difficulty in forming a helix-shaped
basket structure, weak dilatation force, and poor contact between the inner surface of the legs

5 and the stone being captured.
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Although the outer surfaces of the basker legs are shown in FIG. 6A as being rounded, it is
possible to utilize other shapes for the ourer surface and still be within the scope of the invention, For
example, in FIG. 6A, the rounded outer surface could be replar ed with any curved surface (e.g., a B-
shape). In general, any type of outer surface is possible as long as it furthers one of the two goals of
the invention which is to reduce trauma to the body to something less than that provided by the
generally traumaric rwo-corner shape of the outer surface of the conventional rectanguiar wire basket
legs. In general, a curved ourter surface will satisfy this design requirement of the invention.

Also, althoush the inmer surfaces of the basket legs are shown in FIG. 6A as being flat if is
possible 10 utlize qther shapes far the inner surface and still be within the scope of the invention. For
example, in FIG. 6A, the flat inner surface cowld be replaced with a concave surface such that the D-
shape becomes a crescent shape (FIG. 8E). In general, any type of mner surface is possible as long as
it furthers the second of the two goals of the invention which i 10 enhance the capruring and holding

ability of the basket over that of the generally poar performanc & of conventional round wire basket

legs. Also, any type of mner surface according to the mvention can be smooth or it can be rough 2s
described above.

Some additional basket leg shapes according to the :nventon are shown in FIGS. 7A-7C
and 8A-BE and are descnibed below with reference to those drawings. In general, these, and the

other specific shapes disclosed herein, are just some of the jossible leg shapes according to the
invenation.

Referring to FIGS. 7A and 7B, another disclosed ernbodiment of a basket according to the
mvention mcludes four generally V-shaped or wedge-shaped legs. As with the D-shaped wires of

FIGS. 6A and 6B, the inner surface of one or more of thest: legs can be rough so as to ezhance

the stone-capturing and holding ability of the basket, and the roughness can be created in a variety

of manners including serrations, teeth, etching, etc. on the inner surface(s). In FIG. 7C, grooves
are shown on the inner surface of one of the V-shaped legs of FIGS. 7A and 7B. Even without
the rough mner surface, the V-shape, with its point enhanc:s the ability of the basket 10 engage
and hold stones and to break and/or erush the stones if desired. In fact, the point or ridge on the
inner surface of these wedge-shaped legs can be sharpened to form a curting edge that will easily
and firmly grip into caleuli when the basket is collapsed therearound and rhar can cur or bite into

stones To break and/or erush them into two or more pieces As with the D-ghaped wire of FIGS.
6A. and 6B, the outer surface of each of the V- or wedge-shaped legs 1s rounded to form a
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smooth, atraumatic outer surface. The leg shape of FIGS. 7A and 7B thus meets the two basic
goals of any design in accordance with the invention, and that is less trauma and enhanced
capture. Like the D-shaped legs of FIGS. 6A and 6B, the legs of FIGS. 7A-7C includes
advantages such as increased dilatation force, better contact between the inner surface of the legs and
the stone, atraumatic edges and thus reduced tissue trauma, ability to rotate the basket without danger
of tissue trauma thereby increasing the ability to access and capture calculi disposed in difficult-to-reach
locations, and ability to form easily a helix-shaped basket structure or a non-helix-shaped basket
structure, and the legs of FIGS. 7A-7C have none of the disadvantages of known basket leg shapes

such as sharp traumatic outer surface edges, inability to rotate the basket due to the danger of tissue
trauma, difficulty in forming a helix-shaped basket structure, weak dilatation force, and poor contact

between the nner surface of the legs and the stone being captured.

As discussed above for the D-shaped legs of FIG. 6A, although the outer surfaces of the basket
legs shown mn FIGS. 7A-7C are rounded, it is possible to utilize other shapes for the outer surface and
still be within the scope of the invention. The same is true for any of the other shapes according to the
invention including those shown in FIGS. 8A-8E and discussed below with reference to those
drawings. For example, in FIGS. 7A and 7B, the rounded outer surface could be replaced with any

curved surface (e.g., a B-shape). Again, in general, any type of outer surface is possible as long as it
furthers one of the two goals of the invention which is to reduce trauma to the body to something less
than that provided by the generally traumatic two-corner shape of the outer surface of the conventional

rectangular wire basket legs, and a curved outer surface satisfies this design requirement of the

invention.

Also and as discussed above for the D-shaped legs of FIG. 6A, although the inner surfaces of
the basket legs are shown in FIGS. 7A-7C as being V- or wedge-shaped, it is possible to utilize other
shapes for the inner surface and still be within the scope of the invention. The same is true for any of

the other shapes according to the invention including those shown in FIGS. 8 A-8E and discussed
below with reference to those drawings. Again, in general, any type of inner surface is possible as long
as 1t furthers the second of the two goals of the invention which is to enhance the capturing and holding
ability of the basket over that of the generally poor performance of conventional round wire basket

legs. Also, any type of inner surface according to the invention can be smooth or it can be rough as

described above.
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Referring to FIGS. 8A-8D, other possible cross-sectional shapes for the basket legs

according to the invention include a modified D-shape (FIG. 8A), a shape that is part round and

part trapezoidal (FIG. 8B), and a variety of other shapes including, for example, a two-groove shape
(FI1G. 8C) and a two-prong shape (FIG. 8D).

The cross-sectional shape of any of the basket legs can vary along the length of the leg. Also, a
single basket can have individual legs of different shape such as, for example, one D-shaped leg, one B-
shaped leg, and a third leg with the shape of FIG. 8B. Further, the various shapes according to the
inventions can be formed by the basket legs themselves (as shown) or by other means such as coatings

mcluding, for example, teflon on the outer surface and/or rubber on the inner surface.

As ndicated previously, the inner surface of each of the basket legs can be smooth or rough.
Also, the mnner surface can be rough along the entire length of the basket leg or for only a portion of
the basket leg. These are true whatever the shape of the legs and whether or not they vary in shape
along their length. In fact, even conventional basket legs can benefit from this enhancement, and thus

rough nner surfaces of basket legs generally are a part of this invention. That is, roughening all or a

portion of one or more of the inner surfaces of one or more of the legs of a conventional basket or of a
basket as described herein forms a part of this invention. A retrieval basket having all or a portion of
one or more of the inner surfaces of one or more of the basket legs roughened in accordance with the
invention provides the benefits of increased stone capture and retention. All or a portion of the inner
surface of any leg of any basket can be made rough in accordance with this invention by a variety of
means including forming serrations on the inner surface of the leg, forming teeth on the inner surface of

the leg, etching the inner surface of the leg to make it pitted and rough, sand blasting the inner surface

“of the leg, and a variety of other known techniques.

Variations, 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 illustrative
description but instead by the spirit and scope of the following claims.

What is claimed 1s:

mruw-&u-uwgwwmmwmmm : g
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WE CLAIM:

1. A medical retrieval device, comprising:

a proximal handle;

a sheath including a proximal portion, a distal end, and a lumen, the sheath extending
distally from the handle; and

a basket, the basket and the sheath moveable relative to each other to achieve a
retracted position in which the basket 1s collapsed within the lumen of the sheath, and an
extended position in which the basket extends from the distal end of the sheath, the basket
comprising at least three wires, the wires joined at a distal end of the basket for capturing
material when the basket is in the extended position, and for holding material when the basket
is at least partially collapsed in the sheath, at least one of the wires comprising an inner
surface and an outer surface, wherein at least a portion of said mner surface 1s flat, and at
least a portion of said outer surface is curved, and wherein the basket 1s positioned at the

distal end of the device for capturing matenal in a body.

2. The device of claim 1 wherein the inner surface comprises a flat surface such that a

cross section of said wire comprises a B-shape.

3. The device of claim 1 wherein the inner surface comprises a flat surface such that the

cross section comprises a D-shape.

4. The device of claim 1 wherein the inner surface comprises at least one point.

5. The device of claim 1 wherein the inner surface comprises a surface that 1s rougher

than the outer surface.

0. The device of claim 1 wherein the iner surface 1s rough.

7. The device of claim 6 wherein the rough inner surface comprises a serrated surface.
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8. T he'device of claim 6 wherein the rough inner surface comprises a toothed surface.
9. The device of claim 6 wherein the rough inner surface comprises an etched surface.
10.  The device of claim 1 wherein the curved surface comprises more than one radius.
11.  The medical retrieval device of claim 1 wherein the flat inner surface has at least a

portion adapted to contact material in a body, the portion of the inner surface comprising a

rough surface.

12.  The device of claim 3 wherein the inner surface 1s serrated.

13.  The device of claim 2 wherein the inner surface comprises a serrated surface.
14.  The device of claim 3 wherein the inner surface comprises a toothed surface.
15.  The device of claim 3 wherein the inner surface comprises an etched surface.

16. Use of an extractor for retrieving material from a body wherein the extractor
comprises a proximal handle; a sheath including a proximal portion, a distal end, and a
lumen, the sheath extending distally from the handle, and a basket, the basket and the sheath
moveable relative to each other to achieve a retracted position in which the basket 1s
collapsed within the lumen of the sheath, and an extended position in which the basket
extends from the distal end of the sheath, the basket comprising at least three wires, the wires
joined at a distal end of the basket for capturing material when the basket 1s in the extended
position, and for holding material when the basket is at least partially collapsed in the sheath,
at least one of the wires comprising an inner surface and an outer surface, wherein at least a
portion of said inner surface is flat, and at least a portion of said outer surface is curved, and

wherein the basket is positioned at the distal end of the device for capturing matenal in a

body.
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17.  The use of claim 16 wherein the matenal retrieved 1s a calculus.

18.  The use of claim 17 wherein the calculus comprises a kidney stone.

19.  The use of claim 17 wherein the calculus comprises a ureteral stone.

20.  The use of claim 17 wherein the calculus comprnises a bladder stone.

21.  The use of claim 17 wherein the calculus comprises a stone in the biliary tree.

22.  The use of claim 16 wherein the material retrieved 1s broken 1into two or more pieces

by the basket.

23. A medical retrieval device, comprising:

a proximal handle;

a sheath including a proximal portion, a distal end, and a lumen, the sheath extending
distally from the handle; and

a basket, the basket and the sheath moveable relative to each other to achieve a
retracted position in which the basket is collapsed within the lumen of the sheath, and an
extended position in which the basket extends from the distal end of the sheath, the basket
comprising at least three wires, the wires joined at a distal end of the basket for capturing
material when the basket is in the extended position, and for holding material when the basket
is at least partially collapsed in the sheath, at least one of the wires comprising an nner
surface and an outer surface, wherein said inner surface and said outer surface are curved and

a cross-section of said wire comprises a crescent shape.

24.  The device of claim 3 wherein the radius of the outer surface 1s greater than or equal

to 0.012 inches and less than or equal to 0.014 inches.
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25. The device of claim 3 wherein the flat surface of the cross-section is 0.004 + 0.0005

inches 1n length.

26.  The device of claim 3 wherein the radius of the curved surface is greater than or equal

to 0.012 inches and less than or equal to 0.014 inches and the flat surface of the cross-section

1s 0.0004 inches £+ 0.0005 inches in length.
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