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A catheter for use In a body vessel includes a relatively stiff proximal shaft that is shaped as a tube formed with a lumen and having
a proximal end and a distal end. Further, the catheter includes a relatively flexible distal tube formed with a lumen and having a
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(57) Abrege(suite)/Abstract(continued):

proximal end and a distal end. An Inflatable balloon may be attached to the outer wall of the distal tube near the distal end. The
proximal end of the distal tube Is attached to the distal end of the proximal shaft at a transitional joint. The transitional joint provides
a gradual transition In flexibility over the length of the joint between the stiff proximal shaft and the flexible distal tube. Importantly,
the transitional joint includes an extension made of a material having superelastic properties when positioned inside the body
vessel. One end of the extension Is attached to the distal end of the proximal shaft. The other end of the extension projects into the

lumen of the distal tube. The extension may be formed as a ribbon, core wire or may constitute a tapered section of the proximal
shatft.
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ABSTRACT

A catheter for use in a body vessel includes a relatively stiff proximal
shaft that 1s shaped as a tube formed with a lumen and having a proximal end
and a distal end. Further, the catheter includes a relatively flexible distal tube
formed with a lumen and having a proximal end and a distal end. An
Inflatable balloon may be attached to the outer wall of the distal tube near the
distal end. The proximal end of the distal tube is attached to the distal end of
the proximal shaft at a transitional joint. The transitional joint provides a
gradual transition in flexibility over the length of the joint between the stiff
proximal shaft and the flexible distal tube. Importantly, the transitional joint
includes an extension made of a material having superelastic properties when
positioned inside the body vessel. One end of the extension is attached to the
distal end of the proximal shaft. The other end of the extension projects into

the lumen of the distal tube. The extension may be formed as a ribbon. core

wire or may constitute a tapered section of the proximal shaft.
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CATHETER HAVING IMPROVED SHAPE RETENTION

FIELD OF THE INVENTION

The present invention pertains generally to medical catheters and
methods for manufacturing medical catheters. More particularly, the present
invention pertains to medical catheters having improved shape retention. The
present invention is particularly, but not exclusively, usetful as an angioplasty

catheter for movement through vessels wherein turns of up to 120 degrees

are required.

BACKGROUND OF THE INVENTION

Intravascular procedures are commonly utilized to treat a stenosis
within a vessel or artery of a human. One procedure used to treat a stenosis
is commonly referred to as .angioplasty. During an angioplasty procedure, a
guidewire is first positioned in the vessel to establish a mechanical pathway to

the stenosis. Next a balloon catheter is placed over the guidewire and

pushed through the vasculature until the balloon Is adjacent the stenosis.

Finally, the balloon is inflated to compress the stenosis and thereby dilate the
lumen of the vessel.

The human vasculature is curved, branched and contains vessels
having relatively small inner diameters. As a result thereof, the doctor or
physician often needs to maneuver and twist the catheter to move the
catheter through the body vessel. In some circumstances, for example near
the aorta, the catheter must be capable of bending over 120 degrees as it Is
advanced through the curved vessel. To do this, the shaft of the catheter
must have good strength and stiffness to withstand the axial and torsional
forces which occur as the catheter is pushed and steered through the
vasculature. Additionally, however, the catheter shaft must be sufficiently
flexible to allow the catheter to track the guidewire.

The tradeoff between stiffness and flexibility may be partially overcome

by using a two-part catheter shaft. Specifically, the distal portion of the shaft,
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where flexibility is required for adequate tracking, can be made of a flexible
material such as plastic. On the other hand, in the proximal portion of the
shaft where more strength and stiffness are required for adequate
pushability, the shaft can be made from a metallic material such as stainless
steel. Unfortunately, for such a two-part construction, the area of the catheter
shaft near the joint between the flexible portion and the stiff portion is
generally subject to kinking. In particular, when the catheter shaft is made to
bend through angles of up to 120 degrees, the area near the joint absorbs
nearly all the stress of the bend. The result can be a sharp bend in which
permanent deformation occurs. This permanent deformation or kink does not
recover as the joint area subsequently passes into straighter vessel paths.
Rather. the kink interferes with and limits the subsequent movement of the
catheter throughout the vasculature.

Certain alloys, called shape-memory alloys, are known for their ability
to recover large strains (up to approximately 8 percent). As is well known, the
crystal structure of alloys can be manipulated by thermal treatments and other
processes to alter the microstructure of the alloy from one crystal structure to
another. Each crystal structure is known as a phase, such as an austenite
phase or a martensite phase, and the change from one phase to another Is
termed a phase transformation. To use a traditional shape-memory ailloy, a
part is initially shaped from the alloy at a first temperature, above the phase
transformation temperature. Next, the shaped part can be cooled to a second
temperature, below the phase transformation temperature, thus inducing a
phase transformation such as an austenite to martensite phase
transformation. At the lower temperature, while the alloy is in the martensite
phase, a stress can be applied to deform the part to strains of up to
approximately 8 percent. Upon release of the applied stress, the 8 percent
strain will remain. Next, the deformed part can be heated back above the
phase transformation temperature, thereby transforming the alloy back to the
austenite phase. During this last phase transformation, the strain will be

recovered, and the original (unstrained) shape of the part will return.
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Some shape memory alloys will isothermally transform from the
austenite phase to the martensite phase in response to an applied stress.
These alloys are called stress-induced martensite (SIM) alloys. For example,
at a temperature slightly above the austenite to marensite phase
transformation temperature, the SIM alloy can be isothermally deformed (up
to 8 percent) causing the alloy to transform from the austenite to the
martensite phase. In the absence of the phase transformation, a strain of 8
percent could not be recovered. In the SIM alloy, when the stress Is removed,
the alloy will return to the austenite phase and strain will be recovered.
iImportantly, the strain and recovery process in SIM alloys can occur
isothermally. The ability of SIM alloys to recover large strains isothermally
through the phase transformation process is termed superelasticity.

Importantly for the present invention, some SIM alloys are known in the
art. such as some nickel-titanium alloys, that have an austenite to martensite
phase transformation temperature slightly below the human body
temperature. Consequently, in light of the above discussion, these alloys are
superelastic when positioned inside a body vessel. When a part made from
these alloys is inserted into the body and subsequently placed under stress
creating deformations of up to 8 percent, these deformations or strains can be
recovered when the stress is removed. For example, a catheter shaft made
of a SIM alloy may bend while negotiating a 120 degree curve in a vessel.
During the bend, strains of up to 8 percent may occur near the outer radius of
the shaft. As the deformed portion of the shaft is advanced from the curved
portion of the vessel to a straighter vessel portion, the stress from the bend
will recover, and the deformed portion of the shaft will return to its originai
shape.

In light of the above, it is an object of the present invention to provide a
catheter and a method of manufacturing a catheter having good pushability
and trackability in the body vessel. Another object of the present invention is
to provide a catheter and a method of manufacturing a catheter that can
traverse a path having a 120 degree bend within the vasculature of a patient

without kinking. Still another object of the present invention 1s to provide a




10

15

20

29

CA 02349979 2001-06-07

catheter and a method of manufacturing a catheter having good flexibility,
durability, and torsional strength characteristics. Another object of the present
invention is to provide a joint that creates a gradual transition between a stiff
proximal shaft and a flexible distal tube. Yet another object of the present
invention is to provide a catheter which is relatively simple to manufacture, is

easy to use, and is comparatively cost effective.

SUMMARY OF THE PREFERRED EMBODIMENTS

The present invention is directed to a catheter and a method for
manufacturing a catheter for use in a body vessel. For the present invention,
the catheter includes a relatively stiff proximal shaft that is shaped as a tube
formed with a lumen and having a proximal end and a distal end. Further, the
catheter includes a relatively flexible distal tube formed with a lumen and
having a proximal end and a distal end. Each tube has an inner wall and an
outer wall. An inflatable balloon may be attached to the outer wall of the distal
tube near the distal end. The proximal end of the distal tube is attached to the
distal end of the proximal shaft at a transitibnal joint which provides a gradual
transition in flexibility over the length of the joint between the stiff proximal
shaft and the flexible distal tube.

Importantly, the transitional joint for the catheter of the present
invention includes an extension made of a material having supereiastic
properties when positioned inside the body vessel. Functionally, the
extension allows for the gradual transition in flexibility required in the joint
section. One end of the extension is attached to the distal end of the proximal
shaft. The other end of the extension projects into the lumen of the distal
tube. The extension may be formed as a ribbon, core wire or may constitute a
tapered section of the proximal shaft. Using these component elements, at
least three embodiments for a transitional joint are contemplated for the
present invention for interconnecting the distal tube, the extension, and the

proximal shaft.
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In a first embodiment., in addition to the distal tube,' extension, and
proximal shaft, the transitional joint includes an extension tube and an insert.
Preferably, the extension tube and insert are made from a material having
superelastic properties when positioned inside the body vessel. In this
embodiment, one end of the insert I1s disposed within the lumen of the
proximal shaft and is affixed to the inner wall of the proximal shaft. The
second end of the insert is disposed within the lumen of the extension tube
and is affixed to the inner wall of the extension tube. Further, the extension is
affixed to the outer wall of the extension tube, thereby becomihg attached to
the proximal shaft. The extension then projects into the lumen of the distal
tube. In this embodiment, the inner wall near the proximal end of the distal
tube is affixed to the outer wall of the extension tube, thereby attaching the
distal tube to the proximal shaft.

In another embodiment of the transitional joint for attaching both the
distal tube and the extension to the proximal shaft, a tapered section formed
integrally with the proximal shaft and extending from the distal end of the
proximal shaft constitutes the extension. In this embodiment, the tapered
section (extension) projects into the lumen of the distal tube. The inner wall
near the proximal end of the distal tube is bonded to the outer wall of the
proximal shaft near its distal end. Preferably, in this embodiment, both the
proximal shaft and extension are made from a material having superelastic
properties when positioned inside the body vessel.

In yet another embodiment of the transitional joint for attaching both the
distal tube and the extension to the proximal shaft, the catheter includes a coll
spring made from a material having superelastic properties when positioned
inside the body vessel. The coil spring has an inner wall and an outer wall,
and Is formed with a lumen. Further, the coll spring has a proximal end and a
distal end. In this embodiment, the distal end of the proximal shaft is
deformed or collapsed. This deformation results in a portion of the outer wall
of the proximal shaft at the distal end having a concave surface. The inner
wall of the coil spring near the proximal end is affixed to the outer wall of the

proximal shaft adjacent and proximal to the concave surface. The outer wall
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near the distal end of the coil spring is affixed to the inner Wall of the distal
tube thereby attaching the distal tube to the proximal shaft. In this
embodiment, the extension is preferably a core wire. One end of the core
wire is affixed to the concave surface of the proximal shaft and the other end
of the core wire projects through the lumen of the coll spring and into the

lumen of the distal tube.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of this invention, as well as the invention itself, both
as to its structure and its operation, will be best understood from the
accompanying drawings, taken in conjunction with the accompanying
description, in which similar reference characters refer to similar parts, and in
which:

Fig. 1 is a perspective view of a portion of a catheter having features of
the present invention operationally positioned in the vasculature of a patient;

Fig. 2 is an elevational view of a catheter having features of the present
invention,; . ‘

Fig. 3 is a cross sectional view of a portion of the catheter of the
present invention as seen along line 3-3 in Fig. 2 showing a first embodiment
of a transitional joint between a proximal shaft and a distal tube;

Fig. 4 is a cross sectional view of a portion of the catheter as in Fig. 3
showing an alternative embodiment of a transitional joint between a proximal
shaft and a distal tube;

Fig. 5 is a cross sectional view of a portion of the catheter as in Fig. 3
showing yet another alternative embodiment of a transitional joint between a
proximal shaft and a distal tube; and

Fig. 6 is a cross sectional view of a catheter having features of the
present invention as seen along line 6-6 in Fig. 5 showing the deformed end

of the proximal shaft and the core wire.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring inttially to Fig. 1, a catheter 10 in accordance with the present
invention 1s shown inserted into the vessel 12 of a patient 14. For the present
invention, the catheter 10 includes a proximal shaft 16 and a distal tube 18 as
shown in Fig. 2. The proximal shaft 16 is preferably formed as a tube, but
may be solid. The proximal shaft 16 has a proximal end 20 and a distal end
22. Similarly, the distal tube 18 has a proximal end 24 and a distal end 26.
An Inflatable balloon 28 may be attached to the distal tube 18 near the distal
end 26. A manifold 29 IS shown attached to the proximal end 20 of the
proximal shaft 16. As further shown in Fig. 2, the proximal end 24 of the distal
tube 18 I1s attached to the distal end 22 of the proximal shaft 16 at a
transitional joint 30. The overall length 31 of the catheter 10 is preferably
between approximately 130 centimeters and 150 centimeters.

Importantly, the catheter 10 of the present invention includes an
extension 32 as shown in Fig. 3, made of a material having superelastic
properties when posttioned inside the body vessel. For purposes of the
present invention, the term “superelastic properties” means the material can
experience an Isothermal phase transformation with the ability to recover
strains of up to 8 percent upon the removal of an applied stress. With this in
mind, the extension 32 is made of a material having superelastic properties
and it may be formed as a ribbon, or as a core wire, or it may constitute a
tapered section of the proximal shaft 16. A suitable superelastic material for
this purpose includes the Nitinol alloys which are alloys having approximately
equal parts of nickel and titanium. TINEL'™ sold by Raychem is one such
alloy. As indicated above, for the material to be superelastic during use in the
body vessel, the phase transformation temperature of the alloy must be
slightly below the ambient temperature of the body vessel, allowing the alloy
to undergo a stress-induced martensite transformation. Other suitable alloys
include CuZnAl alloys and CuAINi alloys. In accordance with the

manufacturing method of the present invention, the structures herein
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disclosed that are preferably formed of a superelastic material should be

shaped at a temperature sufficiently above the phase transformation
temperature such that the maternial after shaping is entirely in the austenite
phase. Next, the austenitized and shaped part is allowed to cool to room
temperature for subsequent use within a body vessel.

Three embodiments of a transitional joint 30 for attaching both the
distal tube 18 and the extension 32 to the proximal shaft 16 are contemplated
for the present invention and shown in Figs. 3, 4 and 5. For the embodiment
shown in Fig. 3, the transitional joint 30 includes an extension tube 34 and an
iInsert 36. Preferably, the extension tube 34 and insert 36 are made from a
material having superelastic properties when positioned inside the body
vessel. In this embodiment, an end 38 of the insert 36 is disposed within the
lumen 40 of the proximal shaft 16 and is affixed to the inner wall 42 of the
proximal shaft 16. Preferably, in this embodiment, the proximal shaft 16 is
made of either stainiess steel or a superelastic material. The second end 44
of the insert 36 I1s disposed within the lumen 46 of the extension tube 34 and
affixed to the inner wall 48 of the extension tube 34. Further, the extension 32
s affixed to the outer wall 50 of the extension tube 34, thereby becoming
attached to the proximal shaft 16. In this embodiment, the extension 32 is
preferably shaped as a ribbon having a length 49 of between approximately
15 centimeters and 30 centimeters and a width 51 of between approximately
0.003 inches and 0.010 inches. The extension 32 projects into the lumen 52
of the distal tube 18. In this embodiment, the inner wall 54 of the distal tube
18 near the proximal end 24 is affixed to the outer wall 50 of the extension
tube 34, thereby attaching the distal tube 18 to the proximal shaft 16. In this
embodiment, the distal tube 18 is preferably made of a polymer material such
as PEBA, PET, Polyurethane, Polyethylene or nylon. Also shown in Fig. 3, a
guidewire lumen 56 is provided near the transitional joint 30.

An alternative embodiment of a transitional joint (designated 30') for
attaching both the distal tube 18" and the extension 32’ to the proximal shaft
16" 1s shown in Fig. 4. As shown, the extension 32’ is a tapered section 58

that is formed integrally with the proximal shaft 16' and extends from the distal
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end 22 of the proximal shaft 16°. In the embodiment shown in Fig. 4 the
tapered section 58 projects into the lumen 52" of the distal tube 18'. The inner
wall 54° of the distal tube 18" near the proximal end 24’ i1s bonded to the outer
wall 60 of the proximal shaft 16" near the distal end 22'. Preferably, in the
embodiment shown In Fig. 4, both the proximal shaft 16" and extension 32’

are made from a matenal having superelastic properties when positioned
iInside the body vessel.

Fig. 5 shows yet another alternative embodiment of the transitional joint
30" for attaching both the distal tube 18" and the extension 32" to the
proximal shaft 16”. As shown in Fig. 5, this embodiment of transitional joint
30" includes a coil spring 62 that is preferably made from a material having
superelastic properties when positioned inside the body vessel. The coil
spring 62 has an inner wall 64, and outer wall 66 and is formed with a lumen
68. Further, the coll spring 62 has a proximal end 70 and a distal end 72. By
cross-referencing Figs. 5 and 6, it can be seen that the distal end 22" of the
proximal shaft 16" i1s deformed (i.e. coliapsed). This deformation results in a
portion of the outer wall 60" of the proximal shaft 16" at the distal end 22"
having a concave surface 74. The inner wall 64 of the coll spring 62 near the
proximal end 70 I1s affixed to the outer wall 60" of the proximal shaft 16”
adjacent and proximal to the concave surface 74. The outer wall 66 of the coil
spring 62 near the distal end 72 is affixed to the inner wall 54" of the distal
tube 18", thereby attaching the distal tube 18" to the proximal shaft 16”. In
this embodiment, the extension 32" is preferably a core wire. One end 76 of
the extension 32" is affixed to the concave surface 74 of the proximal shaft
16" and the other end 78 of the extension 32" projects through the lumen 68
of the coll spring 62 and into the lumen 52" of the distal tube 18”. Any
method known In the pertinent art for affixing the extension 32" to the proximal
shaft 16", such as brazing or bonding, may be used.

While the particular catheter and method of manufacturing a catheter
as herein shown and disclosed in detail is fully capable of obtaining the
objects and providing the advantages herein before stated, it is to be

understood that it is merely illustrative of the presently preferred embodiments
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of the Invention and that no limitations are intended to the details of
construction or design herein shown other than as described in the appended

claims.
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What is claimed is:

1 A catheter for use within a body vessel, the catheter comprising:
a distal tube having a proximal end and a distal end and formed

with a lumen: and

a proximal shaft having a proximal end and a distal end, said
proximal shaft being made of a material having superelastic properties
when positioned inside the body vessel, said distal end of said proximal
shaft being attached to said proximal end of said distal tube and
projecting into said lumen of said distal tube to provide shape retention

to said catheter.

2. The catheter as recited in claim 1 wherein said distal end of said

proximal shaft is formed as an extension.

3. The catheter as recited in claim 1 further comprising a coll
spring surrounding said extension, wherein said distal tube Is attached to said
proximal shaft by said coil spring having a first end affixed to said distal tube

and a second end affixed to said proximal shaft.

4 The catheter as recited in claim 3 wherein said coil spring Is
made from a material having superelastic properties when positioned inside

the body vessel.

S. The catheter as recited in claim 1 wherein said distal tube is
attached to said proximal shaft by an insert and an extension tube having an
inner wall and an outer wall, said outer wall of said extension tube affixed to
said distal tube and said insert affixed to said inner wall of said extension tube
and said distal end of said proximal shaft, and wherein said extension Is
attached to said proximal shaft by said insert and said extension tube, said

extension affixed to said outer wall of said extension tube.

11
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6. The catheter as recited in claim 5 wherein said extension has a

ribbon shape.

7. The catheter as recited in claim 5 wherein said insert and said
extension tube are made from a material having superelastic properties when

positioned inside the body.

8. The catheter as recited in claim 7 wherein said shaft is made

from stainless steel.

9. The catheter as recited in claim 1 wherein said shaft is a
cylindrical tube having an outer surface, and wherein a portion of said outer

surface at the distal end of said shaft is formed as a concave surface.

10. The catheter as recited in claim 1 wherein said extension Is a

core wire.
11 The catheter as recited in claim 1 wherein said proximal shatft is

made of a material having superelastic properties when positioned inside the

body vessel.

12 The catheter as recited in claim 1 wherein said superelastic

material is a nickel-titanium alloy.

13 The catheter as recited in claim 1 wherein the superelastic

‘material is a copper-base alloy.

14 The catheter as recited in claim 1 further comprising a balloon

attached to said distal tube.

12
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15  The catheter as recited in claim 1 wherein said proximal shaft is

tubular shaped.

16. The catheter as recited in claim 1 wherein said distal tube is
made of a polymer material, said polymer material selected from the group

5 consisting of PEBA, PET, Polyurethane, Polyethylene and nylon.

17. A catheter for use within a body vessel, the catheter comprising:
a proximal shaft having a proximal end and a distal end,
a distal tube formed with a lumen and having a proximal end
and a distal end; and
10 a coil spring made of a material having superelastic properties
when positioned inside the body vessel, said coil spring formed with a
lumen and having a distal end and a proximal end, said proximal end of
said coil spring being attached to said distal end of said proximal shaft
and said distal end of said coil spring being attached to said proximal

15 end of said distal tube to provide flexibility and shape retention to said

catheter.

18. A catheter as recited in claim 17 further comprising a core wire
partially disposed in said lumen of said distal tube and partially disposed In
said lumen of said coil spring and attached to said distal end of said proximal

20 shaft, said core wire made of a material having superelastic properties when

positioned inside the body vessel.

13
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19. A method for manufacturing a catheter for use within a body

vessel comprising the steps of:

providing a proximal shaft having a proximal end and a distal

end;
providing a distal tube having a proximal end and a distal end

and formed with a lumen,;
forming an extension made of a material having superelastic

properties when positioned inside the body vessel, said forming step
occurring when said superelastic material is at a temperature greater
than the temperature of the body vessel,
attaching said extension to said distal end of said proximal shaft
inserting said extension into said lumen of said distal tube to
provide shape reténtion to said catheter; and

attaching said proximal end of said distal tube to said distal end

of said proximal shaft.

20. A method as recited in claim 19 wherein said - superelastic

material is a nickel-titanium alloy.

21. A catheter for use within a body vessel, the catheter comprising:

a distal tube having a proximal end and a distal end,

a proximal shaft having a proximal end and a distal end and
having a first configuration, said proximal shaft being made of a
material that isothermally transforms from an austenite phase to a
martensite phase under an applied stress to change the first
configuration to a second configuration while at the temperature of said
body vessel, and isothermally transforms from the martensite phase to
the austenite phase when said stress is removed to recover the first
configuration; and

means for attaching said distal end of said proximal shaft to said

proximal end of said distal tube.

14
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