a2 United States Patent

US008052620B2

(10) Patent No.: US 8,052,620 B2

Ishida et al. 45) Date of Patent: Nov. 8, 2011
(34) GUIDE WIRE AND STENT 5171383 A 12/1992 Sagaye etal.
5,238,004 A 8/1993 Sahatjian et al.
R i : : a0 WK : 5,269,759 A 12/1993 Hernandez et al.
(75) Inventors: Kiyohito ¥sh1(.ia, Ml} agl (IP); Kiyoshi 334623 A 101994 Hall
Yamauchi, Miyagi (JP); Ryosuke 5368049 A 11/1994 Raman et al.
Kainuma, Miyagi (JP); Yuji Sutou, 5402799 A 4/1995 Colon et al.
Miyagi (JP); Toshihiro Omori, Miyagi 5411476 A 5/1995 Abrams et al.
(IP); Yuuki Tanaka, Miyagi (JP); ?3;?;;2 : 2; }ggg Su_rflr(lemef etal.
, : . 5,497, . Tic
Hirakn Murayama, Shizuoka (JP); 5498250 A 3/1996 Prather

Ryouichi Souba, Kanagawa (IP)

(73) Assignees: Japan Science and Technology Agency,
Kawaguchi Shi, Saitama (JP); Terumo
Kabushiki Kaisha, Shibuya-Ku, Tokyo
(P)

(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 581 days.

(21) Appl. No.: 12/108,882

(22) Filed: Apr. 24, 2008

(65) Prior Publication Data
US 2008/0281396 A1 Nov. 13,2008

(30) Foreign Application Priority Data
May 9,2007  (JP) .covvececciccicciccnn. 2007-124871
(51) Imt.CL
AGIB 5/00 (2006.01)
A6IM 25/00 (2006.01)
(52) US.CL i 600/585

(58) Field of Classification Search 600/585
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

4925445 A 5/1990 Sakamoto et al.
5,069,226 A 12/1991 Yamauchi et al.

(Continued)

FOREIGN PATENT DOCUMENTS
Jp 1-124473 A 5/1989
(Continued)

OTHER PUBLICATIONS

Non-English language version of International Search Report dated
May 20, 2008 (with English language translation of category of cited
documents).

(Continued)

Primary Examiner — Max Hindenburg

Assistant Examiner — Devin Henson

(74) Attorney, Agent, or Firm — Buchanan Ingersoll &
Rooney PC

(7) ABSTRACT

A guide wire includes a distal core member made of a ferrous
alloy which has shape memory properties and superelasticity.
The ferrous alloy preferably includes substantially two
phases, and has a difference of 100° C. or less between an Af
point and an Ms point in a thermal hysteresis of martensitic
transformation and reverse transformation. The guide wire
may include a proximal core member made of an iron-con-
taining alloy and having a higher modulus of elasticity than
the distal core member. The two core members may be joined
together by welding to form a core of the guide wire.
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1
GUIDE WIRE AND STENT

The entire contents of all documents cited in this specifi-
cation are incorporated herein by reference.

BACKGROUND

The present invention relates to a medical device. More
particularly, the invention relates to a guide wire and stent for
insertion into a body lumen such as a blood vessel or a bile
duct.

One technique that is used in the diagnosis and treatment of
conditions such as heart disease involves inserting a guide
wire to a target site, then inserting and passing a catheter or
the like along the guide wire.

For example, in percutaneous coronary intervention (PCI),
first a guide wire is advanced to, then made to traverse, the
area of stenosis that is the target site while selecting the
branches of the coronary artery under fluoroscopic guidance.
Next, a dilatation catheter fitted at the distal end with a bal-
loon is introduced into the body along the guide wire, and the
balloon on the catheter is positioned at the stenosis. By then
expanding the balloon and enlarging the lumen at the steno-
sis, blood flow is ensured. Conditions such as angina pectoris
can be treated in this way.

Treatment can also be carried out by introducing a self-
expanding stent to the target stenosis, and allowing the stent
to self-expand at the stenosis.

Titanium-nickel alloys are sometimes used as the material
making up such guide wires and stents. When a titanium-
nickel alloy is used as the guide wire core, because the push-
ability and torque transmission of such alloys are inferior to
those of materials such as stainless steel, the surface is some-
times coated with a resin to ensure good slideability.

To enhance the torque transmission and other properties,
JP 3-264073 A discloses a catheter guide wire core that is a
linear body made of a ferrous superelastic metal material, the
core being distally tapered so as to become increasingly flex-
ible toward the distal end. Examples of ferrous superelastic
metal materials include Fe—Pt, Fe—Pd, Fe—Ni—Co—T1,
Fe—Ni—C,Fe—Mn—Si, Fe—Cr—Mn, Fe—Cr—Mn—S8i,
Fe—Cr—Ni—Mn—Si and Fe—Cr—Ni—Mn—Si—Co
alloys. These are noted as being desirable because they have
a high elasticity and are not readily prone to plastic deforma-
tion.

In connection with such ferrous superelastic metal materi-
als,JP03-257141 A,JP 2003-268501 A, JP 2000-17395 A, IP
09-176729 A, and Scripta Materialia 46, 471-475 describe
Fe—Ni—Co—Al—C alloys, Fe—Ni—Al alloys, Fe—Ni—
Si alloys, Fe—Mn—Si alloys and Fe—Pd alloys.

Good superelasticity is not achieved in conventional fer-
rous alloys because of, at the time of deformation, (a) the
introduction of permanent strain such as dislocations, and (b)
the formation of irreversible stress-induced lenticular mar-
tensite which does not exhibit shape memory effects. To avoid
problems (a) and (b), it is effective to improve the strength of
the matrix phase in ferrous shape-memory alloys; materials
which are precipitation strengthened with an intermetallic
compound are particularly effective. It is considerations such
as these that have led to the disclosure of the foregoing ferrous
alloys.

Although Ti—Ni alloys such as the above are sometimes
used in guide wires and stents, the superelastic strain region
for Ti—Ni alloys is at best about 8%; when a larger deforma-
tion is applied, the alloy undergoes plastic deformation,
which is undesirable. It would be preferable to use a material
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having a broader superelastic strain region than Ti—Ni alloys
as the guide wire and stent material.

In cases where a Ti—Ni alloy is used as the core material
on the distal portion of a guide wire, a ferrous alloy is used as
the core material on the proximal portion, and these core
materials are welded together to form a single guide wire
core, the fact that the Ti—Ni alloy is a different material
which has, in particular, a poor weldability with ferrous
alloys, imposes limitations on the materials to which it can be
bonded and the bonding conditions. In medical devices for
insertion and extended placement within the body in particu-
lar, the device must be manufactured while taking the greatest
possible care to avoid the possibility of the weld failing within
the body; hence the need for special bonding conditions, etc.

As noted above, in some cases where a Ti—Ni alloy is used
as the guide wire core, the surface is coated with a resin.
However, when a plastic material having a high melting point,
such as a fluorocarbon resin, is used as the resin, the proper-
ties of the Ti—Ni alloy may change under the influence of the
high temperature. The distal portion of the guide wire core,
while slender, undergoes repeated bending and twisting. To
be able to withstand such use, the resin coated onto the surface
must have an improved peel resistance.

In addition, stents made of Ti—Ni alloys are sometimes of
insufficient strength and durability. It is especially difficult to
satisfy the requirements for strength and durability in stents
used at placement sites where there is a lot of movement, such
as the legs. Also, while it is preferable for a stent to be
thin-walled, the strength in such cases decreases even further.
Hence, thin-walled Ti—Ni alloy stents are often unable to
withstand normal use.

Guide wires and stents made of Ti—Ni alloys also lack a
good visibility under fluoroscopic imaging. To enable the
insertion site and placement site to be verified under fluoro-
scopic imaging, a high-contrast member made of gold or the
like must be bonded to the distal end of the guide wire and the
ends of the stent.

The ferrous metal materials listed in JP 3-264073 A as
preferable for use in guide wires are referred to as being
“superelastic,” yet the amount of strain from which superelas-
tic recovery is possible in such materials is in fact less than
1%, which hardly satisfies the properties required of a guide
wire core.

Nor do JP 03-257141 A, JP 2003-268501 A and JP 2000-
17395 A make any mention of such properties of practical
importance as the amount of strain from which superelastic
recovery is possible, the percent recovery, and the superelas-
tic operating temperature ranges for Fe—Ni—Co—Al—C
alloys, Fe—Ni—Al alloys and Fe—Ni—Si alloys.

Scripta Materialia 46, 471-475 reports on the superelas-
ticity of Fe—Pd alloys containing unusually large amounts of
costly palladium, but such alloys have an amount of strain
from which superelastic recovery is possible of less than 1%,
which is small, and thus cannot be regarded as having a good
superelasticity. Moreover, these alloys are difficult to pro-
duce.

JP 09-176729 A mentions that Fe—Mn—Si alloys are
nonmagnetic but, by utilizing a fcc/hep transformation,
exhibit a shape memory effect and superelasticity. However,
there are limitations on the temperatures at which such
Fe—Mn—Si alloys can be used because the superelasticity is
achieved at temperatures higher than room temperature.
Moreover, these alloys have a poor corrosion resistance and
cold workability, complicated thermomechanical treatment is
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required to achieve further superelasticity, and there are prob-
lems with the manufacturability.

SUMMARY

A guide wire includes a member having a ferrous alloy.
According to one aspect, the ferrous alloy may have shape
memory properties and superelasticity, include substantially
two phases having a y phase and a y' phase, and have a
difference of 100° C. or less between areverse transformation
finish temperature and a martensitic transformation start tem-
perature in a thermal hysteresis of martensitic transformation
and reverse transformation. The guide wire also includes a
proximal core member which is made of an iron-containing
alloy and has a higher modulus of elasticity than the distal
core member. The distal core member and the proximal core
member are joined together by welding to form a core of the
guide wire. The proximal core member preferably is made of
stainless steel or is piano wire. The guide wire may include a
tubular member which covers the distal core member. The
tubular member preferably is a coil. The tubular member
preferably is made of plastic.

According to another aspect, a guide wire may includes a
proximal tube which may be made of a metallic material
having a higher modulus of elasticity than the ferrous alloy
and which covers at least part of the proximal portion of the
core, the ferrous alloy has shape memory properties and
superelasticity, includes substantially two phases having a y
phase and a y' phase, and has a difference of 100° C. or less
between a reverse transformation finish temperature and a
martensitic transformation start temperature in a thermal hys-
teresis of martensitic transformation and reverse transforma-
tion. The guide wire may preferably further include a tubular
member which covers a distal portion. The tubular member
may be made of plastic.

According to further aspect, a guide wire may include a
coating which has at least one layer and covers at least part of
a surface of the proximal core meniber, the at least one layer
of the coating is made of a fluorocarbon resin, and the ferrous
alloy has shape memory properties and superelasticity,
includes substantially two phases having a y phase and a y'
phase, and has a difference of 100° C. or less between a
reverse transformation finish temperature and a martensitic
transformation start temperature in a thermal hysteresis of
martensitic transformation and reverse transformation.

A stent includes a body made of a ferrous alloy. According
to another aspect, the ferrous alloy preferably has shape
memory properties and superelasticity, includes substantially
two phases having a y phase and a y' phase, and has a differ-
ence of 100° C. or less between a reverse transformation
finish temperature and a martensitic transformation start tem-
perature in a thermal hysteresis of martensitic transformation
and reverse transformation. The body preferably has a plural-
ity of undulating bends provided in an axial direction. The
body is preferably composed of braided wire.

According to furthermore aspect, a medical device
includes a first member including a ferrous alloy. A second
member may be joined with the first member. A member, for
example a wire, a plate, a pipe or a rod, is made of a ferrous
alloy having shape memory properties and superelasticity,
including substantially two phases having a y phase and a y'
phase, and having a difference of 100° C. or less between a
reverse transformation finish temperature and a martensitic
transformation start temperature in a thermal hysteresis of
martensitic transformation and reverse transformation, the
ferrous alloy including a composition which includes from 25
to 35% by mass of nickel, from 10 to 30% by mass of cobalt,
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and from 2 to 8% by mass of aluminum, the composition
including a total of from 1 to 20% by mass of at least one
selected from the group consisting of from 1 to 5% by mass of
titanium, from 2 to 10% by mass of niobium, from 3 to 20%
by mass of tantalum, and the balance being from 35 to 50% by
mass of iron and inadvertent impurities. An abundance of a
specific crystal orientation in a working direction for the
ferrous alloy preferably is at least 2.0. The medical device
may be a guide wire.

The guide wire of an embodiment according to a first
aspect (also referred to below as “guide wire (A)”) includes a
core having a distal core member made of a ferrous alloy (also
referred to below as “the ferrous alloy of the invention™)
which has shape memory properties and superelasticity, con-
sists substantially of two phases having a y phase and a '
phase, and has a difference of 100° C. or less between a
reverse transformation finish temperature and a martensitic
transformation start temperature in a thermal hysteresis of
martensitic transformation and reverse transformation, and a
proximal core member which is made of an iron-containing
alloy and has a higher modulus of elasticity than the distal
core member, the distal core member and proximal core
member being joined together by welding. The guide wirehas
a broad superelasticity region and a high Young’s modulus,
and is thus endowed with both suppleness and pushability.
Moreover, the guide wire has an excellent weldability
between the distal core member and the proximal core mem-
ber. In addition, when coated on the surface with a high-
melting plastic material such as a fluorocarbon resin, this
guide wire is not readily affected by heat treatment and has an
excellent slideability. This guide wire also has an excellent
fluoroscopic visibility. Furthermore, it uses a superelastic
ferrous alloy that is relatively easy to produce. In addition,
this guide wire has a smaller LPS (recovery stress)}—a tensile
property—than Ti—Ni alloys, and is thus more gentle on
blood vessels. Finally, because the maximum tensile strength
is higher than that of Ti—Ni alloys, this guide wire has a high
safety even after it has been tapered.

The guide wire of an embodiment according to a second
aspect (also referred to below as “guide wire (B)”) includes a
core having distal and proximal portions, of which at least the
distal portion is made of the ferrous alloy of the invention, and
a proximal tube which is made of a metallic material having
a higher modulus of elasticity than the ferrous alloy making
up the core and which covers at least part of the proximal
portion of the core. This guide wire (B), owing to a broad
superelasticity region and a high Young’s modulus, is
endowed with both suppleness and pushability. Moreover,
when coated on the surface with a high-melting plastic mate-
rial such as a fluorocarbon resin, it is not readily affected by
heat treatment and has an excellent slideability. In addition,
this guide wire has an excellent bondability between the distal
core and the proximal tube. This guide wire also has an
excellent fluoroscopic visibility. Furthermore, it is made
using a superelastic ferrous alloy that is relatively easy to
produce.

The guide wire of an embodiment according to a third
aspect (also referred to below as “guide wire (C)”) includes a
distal core member and a proximal core member, each made
of a ferrous alloy, and a coating which is composed of at least
one layer and covers at least part of a surface of the proximal
core member, at least one layer of the coating being made of
a fluorocarbon resin. This guide wire (C), owing to a broad
superelasticity region and a high Young’s modulus, is
endowed with both suppleness and pushability. Moreover, it
is a guide wire which, when coated on the surface with a
high-melting plastic material such as a fluorocarbon resin, is
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not readily affected by heat treatment and has an excellent
slideability. In addition, it has an excellent fluoroscopic vis-
ibility.

The stent of an embodiment according to a fourth aspect,
which includes a body composed of a ferrous alloy, is
endowed with excellent strength and durability. The stent has
excellent fluoroscopic visibility. Moreover, the body is com-
posed of a superelastic ferrous alloy that is relatively easy to
produce.

The invention can provide such guide wires and stents.

BRIEF DESCRIPTION OF THE DIAGRAMS

In the accompanying drawings:

FIG. 1 is a longitudinal sectional view showing a first
embodiment of a guide wire (A) according to one aspect of
the present invention;

FIG. 2 presents diagrams illustrating a procedure for con-
necting together the distal core member and the proximal core
member in the guide wire (A) shown in FIG. 1,

FIG. 3 is a longitudinal sectional view showing a second
embodiment of a guide wire (A);

FIG. 4 is a longitudinal sectional view showing a first
embodiment of a guide wire (B) according to another aspect
of the invention;

FIG. 5 is a longitudinal sectional view showing an embodi-
ment ofa guide wire (C) according to yet another aspect of the
invention;

FIG. 6 is a front view of a stent according to Examples of
the invention,

FIG. 7 is a development view of the stent shown in FIG. 6;

FIG. 8 is a development view of the stent shown in FIG. 6,
in the contracted state;

FIG. 9 is apartial, enlarged view of the stent shown in FIG.
6;

FIG. 10 shows a typical electrical resistance curve for a
shape-memory alloy (the martensitic transformation start
temperature (Ms point) and the reverse transformation finish
temperature (Af point) can be determined from an electrical
resistance curve of the martensitic transformation in cooling
and the reverse transformation in heating);

FIGS. 11A-11E are schematic diagrams showing examples
of the sequence of operations from first annealing to aging in
the production of ferrous alloys in Examples 1 to 5 of the
invention and Comparative Example 1 (FIG. 11A), and in
Examples 6 to 9 of the invention (FIGS. 11B to 11E);

FIG. 12 is a stress-strain curve which is obtained in a
tension cycling test on a plate at room temperature, and from
which the superelastic strain, Young’s modulus and strength
(0.2% yield strength) can be determined;

FIG. 13 is a stress-strain correlation diagram at an applied
strain of 2% for the ferrous alloy plate of Example 3;

FIGS. 14A and 14B show inverse pole figures which indi-
cate as contour lines the abundance of y phase crystal orien-
tations in the rolling direction of ferrous alloy plates obtained
in Example 6 (FIG. 14A) and Example 9 (FIG. 14B);

FIG. 15 is a stress-strain correlation diagram at an applied
strain of 15% for the ferrous alloy plate of Example 9;

FIG. 16 is a perspective view of a vascular filter composed
of the ferrous alloy of the invention; and

FIG. 17 is a perspective view of an orthodontic wire com-
posed of the ferrous alloy of the invention.

DETAILED DESCRIPTION

First, the guide wire (A) of a first embodiment according to
one aspect of the invention is described in detail based on the
preferred embodiments shown in the attached diagrams.
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FIG. 1 is a longitudinal sectional view showing a first
embodiment of a guide wire (A) according to one aspect of
the invention; FIG. 2 presents diagrams illustrating a proce-
dure for connecting together the distal core member and the
proximal core member in the guide wire (A) shown in FIG. 1;
and FIG. 3 is a longitudinal sectional view showing a second
embodiment of a guide wire (A) according to the aspect ofthe
invention. For the sake of convenience, in FIGS. 1 and 2, the
portion of the guide wire appearing on the right side of the
diagram is referred to herein as the “proximal side” and the
portion of the guide wire appearing on the left side of the
diagram is referred to as the “distal side.” Moreover, in FIGS.
1 and 2, the guide wire is shown schematically so as to appear
shortened in the length direction and exaggerated in the thick-
ness direction, as a result of which the ratio between the
length direction and the thickness direction as shown in the
diagrams differs considerably from the actual ratio (the same
applies also to the subsequently described diagram in FIG. 3).

A guide wire 1 shown in FIG. 1 is a catheter guide wire for
use by insertion into a catheter. The guide wire 1 has a core 10
obtained by welding and thereby joining together a distal core
member 2 on the distal side and a proximal core member 3
disposed on the proximal side of the distal core member 2,
and also has a helical coil 4. The guide wire 1 has a total length
which, while not subject to any particular limitation, is pref-
erably in a range of from about 200 mm to about 5,000 mm.
The core 10 has an outer diameter (referring to the outer
diameter of that portion of the core 10 where the outer diam-
eter 1s constant) which, while not subject to any particular
limitation, is preferably in a range of from about 0.2 mm to
about 1.2 mm.

The distal core member 2 is a wire having elasticity which
is composed of the ferrous alloy of the invention. The distal
core member 2 has a length which, while not subject to any
particular limitation, is preferably in a range of from about 20
mm to about 1,000 mm.

In the present embodiment, the distal core member 2 has a
constant diameter over a given length from the proximal end
thereof, then gradually tapers toward the distal direction start-
ing at some intermediate point. This latter portion is referred
to herein as the tapering diameter portion 15. By having such
a tapering diameter portion 15, the rigidity (flexural rigidity,
torsional rigidity) of the distal core member 2 can be gradu-
ally reduced in the distal direction. As a result, the guide wire
1 achieves a good flexibility in the distal portion, thus improv-
ing the safety and the ability of the guide wire 1 to navigate a
blood vessel, and preventing undesirable effects such as kink-
ing.

In the illustrated arrangement, the tapering diameter por-
tion 15 is formed over part of the distal core member 2,
although it is also possible for the tapering diameter portion
15 to make up the entire distal core member 2. The angle of
taper (rate of reduction in the outer diameter) on the tapering
diameter portion 15 may be constant along the length of the
wire or there may be points along the length where the angle
of taper changes. For example, a plurality of places where the
angle of taper is relatively large and a plurality of places
where the angle of taper is relatively small may be repeatedly
formed in alternation.

Or the distal core member 2 may have a portion with an
outer diameter that is constant in the lengthwise direction,
either partway along the tapering diameter portion 15 or distal
to the tapering diameter portion 15. For example, the distal
core member 2 may have formed, at a plurality of places in the
lengthwise direction, tapered portions on which the outer
diameter tapers in the distal direction, and may have formed,
between one such tapered portion and another such tapered
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portion, a portion having a constant outer diameter in the
lengthwise direction. The effects achieved in such cases are
the same as those indicated above.

Alternatively, unlike the arrangement shown in the forego-
ing diagrams, it is possible for the guide wire 1 to have a
configuration in which the proximal end of the tapering diam-
eter portion 15 is situated partway along the proximal core
member 3; i.e., the tapering diameter portion 15 is formed so
as to straddle the interface (weld 14) between the distal core
member 2 and the proximal core member 3.

The material making up the distal core member 2 is the
ferrous alloy of the invention, which is described more fully
later in the specification.

Compared with stainless steel, the ferrous alloy of the
invention is flexible, in addition to which it has resilience and
is not readily subject to deforming plastically. Therefore, by
having the distal core member 2 made of the ferrous alloy of
the invention, the guide wire 1 is able to achieve in the distal
portion thereof both sufficient flexibility and sufficient resil-
ience to bending, enhancing the ability of the guide wire to
navigate highly tortuous vasculature, and thus providing an
even better operability. Moreover, even when the distal core
member 2 is repeatedly curved and bent, because of its resil-
ience, the distal core member 2 does not deform plastically,
making it possible to prevent a decline in operability during
use of the guide wire 1 due to plastical deforming of the distal
core member 2. Furthermore, because the ferrous alloy of the
invention has a higher Young’s modulus than Ti—Ni alloys,
the distal core member 2 retains a suppleness even when the
diameter is reduced, and thus exhibits the above-described
operability.

The distal end of the proximal core member 3 is joined to
the proximal end of the distal core member 2 by welding. The
proximal core member 3 is in the form of a wire having
elasticity. The length of the proximal core member 3, while
not subject to any particular limitation, is preferably from
about 20 mm to about 4,800 mm.

The proximal core member 3 is made of a material having
larger moduli of elasticity (Young’s modulus (longitudinal
elastic modulus), modulus of rigidity (modulus of transverse
elasticity), volumetric elastic modulus) than the material
making up the distal core member 2. In this way, a suitable
rigidity (flexural rigidity, torsional rigidity) can be achieved
in the proximal core member 3, giving the guide wire 1 a good
stiffness that enhances pushability and torque transmission,
enabling a better operability to be achieved during insertion
of the guide wire 1.

The material making up the proximal core member 3 is not
subject to any particular limitation, provided it is an iron-
containing alloy (either iron or steel). Preferred examples of
materials that may be used include stainless steels (any SUS
grade, such as SUS 304, SUS 303, SUS 316, SUS 316L, SUS
316J1, SUS 316J1L, SUS 405, SUS 430, SUS 434, SUS 444,
SUS 429, SUS 430F and SUS 302) and piano wire.

When a stainless steel is used as the material making up the
proximal core member 3, the guide wire (A) of the invention
is able to achieve an even better pushability and torque trans-
mission.

Piano wire is desirable because it has a high modulus of
elasticity and a suitable elastic limit.

In the arrangement shown in the diagram, the proximal
core member 3 has a substantially constant outer diameter
over substantially its entire length. However, it may have
places in the lengthwise direction where the outer diameter
changes.

The coil 4 is a member composed of a fine, helically coiled
wire, and is disposed so as to cover the distal portion of the
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distal core member 2. In the illustrated arrangement, the distal
portion of the distal core member 2 has been inserted into the
coil 4 to substantially the center thereof. Moreover, the distal
portion of the distal core member 2 has been inserted therein
without being in contact with the inside wall of the coil 4. The
weld 14 is situated proximal to the proximal end of the coil 4.

In the illustrated arrangement, the coil 4, which is shown in
a state where no outside forces are applied thereto, has small
gaps open between adjoining turns of the helically coiled
wire. Alternatively, unlike the illustrated arrangement, when
the coil is in a state where no outside forces are applied
thereto, it is also possible for the helically coiled wire to be
tightly arranged without intervening gaps between adjoining
turns.

The coil 4 is preferably made of a metallic material.
Examples of suitable metallic materials include stainless
steels, superelastic alloys, cobalt alloys, precious metals such
as gold, platinum and tungsten, and alloys containing such
precious metals.

A radiopaque material such as a precious metal may be
used for this purpose. However. even if such a radiopaque
material is not used, because the ferrous alloy of the invention
is fluoroscopically visible, the guide wire 1 which includes
the above-described distal core member 2 will have fluoro-
scopic visibility and will thus be capable of insertion into the
body while tracking the position of the distal end under fluo-
roscopic control. Although the quality of the fluoroscopic
visibility is related to the density of'the metallic material used,
in the case of Ti—Ni alloys, because the titanium which
accounts for substantially half of the alloy has a relatively low
density of 4.54 g/cm®, slender portions such as the distal core
member are sometimes difficult to identify under x-ray fluo-
roscopy. By contrast, as shown in Table 1, the iron, nickel and
cobalt which are the chief ingredients in the ferrous alloys of
the invention have respective densities of 7.86 g/cm?, 8.85
g/em? and 8.8 g/em?, which are nuch higher than the density
of titanium. Hence, such ferrous alloys have a higher density
overall than Ti—Ni alloys, making even the slender portions
of the distal core member easier to track under fluoroscopy.

The coil 4 may be made of a different material than the
distal core member 2 and the proximal core member 3 of the
guide wire 1. The overall length of the coil 4, while not subject
to any particular limitation, is preferably from about 5 mm to
about 500 mm.

The proximal and distal ends of the coil 4 are respectively
secured to the distal core member 2 by fixing materials 11 and
12. In addition, an intermediate point (located closer to the
distal end) of the coil 4 is secured to the distal core member 2
by a fixing material 13. Fixing materials 11, 12 and 13 are
made of solder (braze). However, fixing materials 11, 12 and
13 are not limited to solder, and may even be adhesives.
Methods for securing the coil 4 are not limited to methods
involving the use of a fixing material, and include also, for
example, soldering. To prevent the guide wire from damaging
the inside wall of the blood vessel, itis preferable for the distal
endface of the fixing material 12 to be rounded.

In the present embodiment, because such a coil 4 is pro-
vided thereon, the distal core member 2 is covered by the coil
4 and has a small surface area of contact. This enables the
sliding resistance to be decreased, which further enhances the
operability of the guide wire 1.

In the present embodiment, a wire having a round cross-
section is used in the coil 4. However, the wire is not limited
to this cross-sectional shape; wires of other cross-sectional
shapes, such as elliptical or quadrangular (particularly rect-
angular) shapes, may instead be used for the same purpose.
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In the guide wire 1, the distal core member 2 and the
proximal core member 3 are mutually coupled (fixed) by
welding. In this way, a high coupling strength (bond strength)
can be achieved at the weld (junction) 14 between the distal
core member 2 and the proximal core member 3, enabling
torsional torque and pushing forces from the proximal core
member 3 of the guide wire 1 to be reliably transmitted to the
distal core member 2.

Tt is preferable for the outer periphery of the weld 14 to be
rendered substantially smooth by a method such as the sub-
sequently described procedures (iii) and (iv).

In the present embodiment, the distal core member 2 has a
connecting endface 21 for connection to the proximal core
member 3, and the proximal core member 3 has a connecting
endface 31 for connection to the distal core member 2 that are
each flat planes substantially perpendicular to the axial direc-
tion (lengthwise direction) of both cores. This arrangement
greatly facilitates the working operations required to shape
the connecting endfaces 21 and 31, enabling the above-de-
scribed effects to be achieved without further complicating
the guide wire 1 manufacturing process.

Alternatively, unlike in the diagrams, the connecting end-
faces 21 and 31 may be angled with respect to a plane per-
pendicular to the axial direction (lengthwise direction) of
both core members 2 and 3, or may even be concave or
CONvex.

Examples of methods for welding together the distal core
member 2 and the proximal core member 3, while not subject
to any particular limitation, include laser welding, and butt
resistance welding techniques such as upset welding and flash
welding. A butt resistance welding technique is preferred for
achieving the weld 14 having a higher bond strength.

Next, referring to FIG. 2, the steps involving in joining
together the distal core member 2 and the proximal core
member 3 by upset welding, which is one type of butt resis-
tance welding technique, are described. FIG. 2 shows steps (i)
to (iv) involved in joining together the distal core member 2
and the proximal core member 3 by upset welding.

Step (i) shows a distal core member 2 and a proximal core
member 3 which are secured to (mounted on) a butt welding
machine (not shown).

In step (ii), the connecting endface 21 on the proximal end
of the distal core member 2 and the connecting endface 31 on
the distal end of the proximal core member 3 are brought into
pressurized contact by the butt welding machine while a
predetermined voltage is applied. Under this pressurized con-
tact, a molten layer forms at the areas in contact, thereby
securely connecting the distal core member 2 with the proxi-
mal core member 3.

In step (iii), a protruding area that has arisen at the place of
connection (weld 14) due to deformation by the pressurized
contact is removed, thereby making the outer periphery of the
weld 14 substantially smooth. Methods for removing such a
protruding area include grinding, polishing, and chemical
treatment such as etching.

Next, in step (iv), areas of the distal core member 2 which
are distal to the place of connection (weld 14) are ground or
polished so as to form a tapering diameter portion 15 in which
the outer diameter gradually decreases toward the distal end.

In cases where the proximal end of the tapering diameter
portion 15 is proximal to the weld 14, step (iv) may be carried
out without first carrying out step (iii).

In the guide wire (A) ofthe embodiment, the proximal core
member is made of a SUS grade or other type of stainless
steel. After the distal core member and the proximal core
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member have been welded together, it is advantageous to
subject the proximal end of the distal core member to hard-
ening treatment.

Because the distal core member is more flexible than the
proximal core member, when the outer diameters of both core
members are about the same, the difference between the
rigidities of the two core members on either side of the weld
is large. However, it appears that the difference in rigidities
can be reduced by subjecting the proximal end of the distal
core member to hardening treatment.

The fact that the distal core member made of the ferrous
alloy of the invention has a broader superelasticity region than
Ti—Ni alloys, taken together with the difference in rigidities,
means that bending occurs at the distal side of the weld,
leading to stress concentration at the weld. However, it is
believed that by carrying out hardening treatment as
described above and thus reducing the difference between the
rigidities of the two core members, stress concentration at the
weld will be suppressed so that even when strongly flexed, the
guide wire will curve smoothly without localized bending.

Examples of hardening treatment include aging and peen-
ing. When hardening is carried out by aging, hardening
occurs by the precipitation of intermetallic compounds such
as Ni;Al on the proximal side of the distal core member. The
amount of precipitate on the proximal side of the distal core
member is higher than in untreated areas. In peening, the
surface layer can be work-hardened, enhancing the rigidity. In
both of these hardening treatments, it is preferable to carry out
treatment so that the flexibility gradually increases toward the
distal end. Also, it is desirable to reduce the diameter at the
distal end of the proximal core member so as to make it more
flexible than other portions of the proximal core member and
thereby reduce the difference in rigidity.

In the guide wire 1 shown in FIG. 1, the core 10 has a
coating 5 which covers all or part of the outer peripheral
surface (outside surface) of the guide wire 1. This coating 5
may be formed for a number of purposes, one of which is to
reduce friction (sliding resistance) by the guide wire 1, thus
improving slideability and in turn enhancing the operability
of the guide wire 1.

To achieve this purpose, it is preferable for the coating 5 to
be made of a material capable of lowering friction. In this
way, frictional resistance (sliding resistance) with the inside
wall of the catheter used together with the guide wire 1
decreases, improving slideability and resulting in even better
operability of the guide wire 1 within the catheter. Also,
because the guide wire 1 has a lower sliding resistance, when
the guide wire 1 is moved and/or rotated inside the catheter,
kinking and twisting of the guide wire 1, especially kinking
and twisting in the vicinity of the weld, can be more reliably
prevented.

Examples of such materials capable of reducing friction
include polyolefins such as polyethylene and polypropylene,
polyvinyl chloride, polyesters (e.g., PET, PBT), polyamides,
polyimides, polyurethanes, polystyrenes, polycarbonates,
silicone resins, fluorocarbon resins (e.g., PTFE, ETFE), and
various other elastomers, as well as composite materials
thereof.

Of the above, when a fluorocarbon resin (or a composite
material containing the same) is used, the frictional resistance
(sliding resistance) between the guide wire 1 and the catheter
inside wall can be more effectively reduced, enabling the
slideability to be improved, and thus making it possible to
achieve an even better guide wire 1 operability within the
catheter. Moreover, it is possible in this way to more reliably
prevent kinking and twisting of the guide wire 1, and espe-
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cially kinking and twisting in the vicinity of the weld, when
the guide wire 1 is moved and/or rotated inside the catheter.

When a fluorocarbon resin (or a composite material con-
taining the same) is used, the resin material is generally
coated onto the core 10 in a heated state by a process such as
baking or blowing, thereby resulting in an exceptionally good
adhesion between the core 10 and the coating 5.

The fluorocarbon resin coated in this way onto the core 10
is generally baked at about 300 to 400° C., although the
ferrous alloy of the invention is not readily affected by such
temperatures and is thus resistant to changes in its properties.

When the coating 5 is composed of a fluorocarbon resin
such as PTFE or PFA, another coating (undercoat) may also
be provided between the core 10 and the coating 5. Adhesion
between the coating and the undercoat can be improved by
having the undercoat be composed of a mixture of a heat-
resistance resin such as a polyimide, polyamide or polyami-
deimide with a fluorocarbon resin such as PTFE or PFA. In
this way, the core 10 made of a ferrous alloy having a wide
superelasticity region can be provided with an ability to navi-
gate bends and twists in the vasculature and, owing to the
coating 5 made of a fluorocarbon resin, can also be endowed
with a good slideability.

Other preferred materials capable of reducing friction
include hydrophilic materials.

TMustrative examples of such hydrophilic materials include
cellulose-based polymeric substances, polyethylene oxide-
based polymeric substances, maleic anhydride-based poly-
meric substances (e.g., maleic anhydride copolymers such as
methyl vinyl ether-maleic anhydride copolymers), acryla-
mide-based polymeric substances (e.g., polyacrylamides,
polyglycidyl methacrylate-dimethylacrylamide (PGMA-
DMAA) block copolymers), water-soluble nylons, polyvinyl
alcohols and polyvinylpyrrolidone.

Such hydrophilic materials often exhibit lubricity on wet-
ting (water absorption), lowering the frictional resistance
(sliding resistance) with the inside walls of the catheter used
together with the guide wire 1. As a result, the slideability of
the guide wire 1 is improved, and the guide wire 1 has an even
better operability within the catheter.

The coating 5 is preferably made of a thermoplastic elas-
tomer. Because the distal core member is made of the ferrous
alloy of the invention, it can be deformed in a broader super-
elasticity region than Ti—Ni alloys. However, even when the
distal core member made of the inventive ferrous alloy is
subjected to large deformation, because the coating is made
of a thermoplastic elastomer, stretching by the coating con-
forms to deformation of the distal core member, as a result of
which the coating does not readily peel from the distal core
member.

Examples of the thermoplastic elastomer include polyure-
thane elastomers and polyamide elastomers. It is desirable to
coat the outside surface of the coating 5 made of a thermo-
plastic elastomer with a hydrophilic material.

While such a coating 5 may be formed either over the entire
length of the core 10 or over a portion of the core 10 in the
lengthwise direction, it is preferable to form the coating in
places thatinclude the weld so as to cover the weld 14. In this
way, even in the unlikely event that bumps, flash or the like
should arise on the outer periphery of the weld 14, such areas
are covered by the coating 5, enabling slideability to be
ensured. Moreover, the coating 5 has a substantially uniform
outer diameter, further enhancing the slideability.

The coating 5 has an average thickness which, while not
subject to any particular limitation, is preferably from about 1
pm to about 20 um, and more preferably from about 2 um to
about 10 um. If the coating 5 is too thin, the purpose of
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forming the coating 5 may not be fully achieved, and peeling
of the coating 5 may arise. On the other hand, the coating 5
which s too thick may interfere with the properties of the wire
and may also lead to peeling of the coating 5.

In the guide wire (A) of the embodiment, treatment (e.g.,
chemical treatment, heat treatment) may be additionally cat-
ried out to improve adhesion of the coating 5 to the outside
peripheral surface of the core 10, or to provide an intermedi-
ate layer capable of enhancing adhesion of the coating 5.

Next, a second embodiment of the guide wire (A) is
described while referring to FIG. 3, with particular reference
to those features which differ from the foregoing first embodi-
ment of the invention. Descriptions of like features are omit-
ted.

In the guide wire 1 shown in FIG. 3, a first coating 5 has a
distal end located at a position proximal to the proximal end
of the coil 4, and a second coating 6 differing from the first
coating 5 is formed distal to the first coating 5.

The guide wire (A) may thus have two or more coatings.
Moreover, the coatings may partially or completely overlap.

The second coating 6 is provided so as to cover part or all
of the coil 4. In the arrangement shown in FIG. 3, the second
coating 6 covers the entire coil 4.

The material making up such a second coating 6 may be the
same as or different from those mentioned above in connec-
tion with the earlier described coating 5. Examples of suitable
materials for this purpose include plastics, and more specifi-
cally, polyolefins such as polyethylene and polypropylene,
polyvinyl chloride, polyesters (e.g., PET, PBT), polyamides,
polyimides, polyurethanes, polystyrenes, polycarbonates,
fluorocarbon resins, silicone resins, silicone rubbers, and
various other elastomers (e.g., polyamide-based and polyes-
ter-based thermoplastic elastomers).

As noted above, the materials making up the first coating 5
and the second coating 6 are not subject to any particular
limitation. However, it is preferable for the first coating to be
made of a silicone resin (or a composite material including the
same), and for the second coating 6 to be made of a fluoro-
carbon resin (or a composite material including the same).

In this way, the coatings can be made to possess both the
advantages of silicone resins and the advantages of fluorocar-
bon resins described above. That is, by combining the first
coating 5 material and the second coating 6 material in the
above way, the entire guide wire 1 can be endowed with a
sufficient slideability and an excellent operability while
retaining a good bond strength between the distal core mem-
ber 2 and the proximal core member 3 at the weld 14.

Alternatively, in cases where the first coating 5 is made of
a fluorocarbon resin (or a composite material containing the
same) and the second coating 6 is made of a polyurethane
resin (or a composite material containing the same), sub-
stances having good angiographic properties may be mixed
into the polyurethane resin, enabling the visibility under fluo-
roscopic imaging to be improved. Also, by having the poly-
urethane coating cover the underlying metal, safety is
enhanced because, for example, the risk of intravascular fail-
ure by the wire can be avoided. The hydrophilic material
coated onto the surface of the second coating 6 improves
lubricity. Fluorocarbon resin-covered areas are desirable
because they have a good slideability within the catheter.

In cases where the first coating 5 is made of a hydrophobic
resin and the second coating 6 is made of a hydrophilic resin,
the guide wire 1 has an especially good slideability within the
catheter and an excellent threadability through vascular
lumens.

The second coating has an average thickness which, while
not subject to any particular limitation, is preferably from
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about 1 um to about 20 um, and more preferably from about
2 um to about 10 um. The second coating 6 has a thickness
which may be the same as or different from that of the first
coating 5.

The guide wire (A) of the present embodiment may be one
that is not fitted with a coil 4, in which case the above-
described second coating 6 may or may not be provided in the
same places as indicated above.

That is, the guide wire (A) may be one which lacks a coil 4
and in which a coating composed of a plastic such as one of
those mentioned above is provided in place of the coil 4. For
example, the guide wire (A) may have a plastic coating which
is made of the same material as the above-described first
coating 5 or second coating 6, and which is provided as a
tubular member for covering the distal portion of the above-
described core. It is preferable for the plastic coating to be
composed of a polyurethane resin (or a composite material
containing the same). The reason is that substances having
good angiographic properties may be mixed into the polyure-
thane resin, enabling the visibility under fluoroscopic guid-
ance to be improved. Moreover, it is also preferable for the
plastic coating to be composed of a polyurethane resin and to
have a coating 5 made of a fluorocarbon resin. Here too, the
reason is that substances having good angiographic propet-
ties may be mixed into the polyurethane resin, enabling the
visibility under fluoroscopic guidance to be improved. An
additional reason is that by having polyurethane cover the
metal, doctors can satisfy because, for example, the occur-
rence of intravascular failure by the wire can be avoided.
Also, by coating a hydrophilic material onto the surface of the
polyurethane resin, a good lubricity is achieved. The first
coating 5 made of a fluorocarbon resin has a good slideability
within the catheter.

In the arrangement shown in FIG. 3, the distal end of the
first coating 5 and the proximal end of the second coating 6
are bonded together and formed so that the two layers are
continuous. Alternatively, the distal end of the first coating 5
and the proximal end of the second coating 6 may be located
away from each other, or the first coating 5 and the second
coating 6 may partially overlap.

Next, a preferred embodiment of another guide wire (B)
according to another aspect of the present invention is
described in detail while referring to FIG. 4.

FIG. 4 is a longitudinal sectional view of an embodiment of
a guide wire (B) according to another aspect of the invention.
For the sake of convenience, in FIG. 4 and in subsequently
described FIG. 5, the portion of the guide wire appearing the
right side of the diagram is referred to herein as the “proximal
side” and the portion of the guide wire appearing on the left
side of the diagram is referred to as the “distal side.” In FIG.
4 and subsequently described FIG. 5, the guide wire is shown
schematically so as to appear shortened in the length direction
and exaggerated in the thickness direction, as a result of
which the ratio between the length direction and the thickness
direction as shown in the diagrams differs considerably from
the actual ratio.

The guide wire 101 shown in FIG. 4is a catheter guide wire
for use in insertion into a catheter. The guide wire 1 has a core
102, a proximal tube 103 which is disposed on the proximal
side of the core 102 and covers the proximal side of the core
102, and a helical coil 104. The proximal side of the core 102
is thinner than the distal side, with the proximal tube 103
being disposed so as to cover this thin portion (also referred to
below as the “small diameter portion 110”).

The guide wire 101 has a total length which, while not
subject to any particular limitation, is preferably in a range of
from about 200 mm to about 5,000 mm. The core 102 has an
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outer diameter (outer diameter of portion having a constant
outer diameter) which, while not subject to any particular
limitation, is preferably from about 0.1 mm to about 1.0 mm
at the small diameter portion 110 on the proximal side, and is
preferably from about 0.2 mm to about 1.2 mm in other
portions on the distal side. The proximal tube 103 has an outer
diameter which, while not subject to any particular limitation,
is preferably from about 0.2 mm to about 1.2 mm. It is
preferable for the inner diameter of the proximal tube 103 and
the outer diameter of the small diameter portion 110 of the
core 102 to be substantially the same and for the proximal
tube 103 to be in close contact with the core 102.

At least the distal end of the core in the guide wire (B) is
made of the ferrous alloy of the invention. In the present
embodiment, all of the core 102 is a wire with elasticity that
is made of'the ferrous alloy of the invention. The core 102 has
alength which, while not subject to any particular limitation,
is preferably in a range of from about 200 mm to about 5,000
mm.

Also, in the present embodiment, apart from the small
diameter portion 110 thereof, the core 102 has an outer diam-
eter which is constant for a given length from the proximal
end thereof, then tapers toward the distal end starting at some
intermediate point. This latter portion is referred to herein as
the tapering diameter portion 115. By having such a tapering
diameter portion 115, the rigidity (flexural rigidity, torsional
rigidity) of the core 102 can be gradually reduced in the distal
direction. As a result, the guide wire 101 has a good flexibility
in the distal portion, thus improving the safety and the ability
of the guide wire to navigate a blood vessel, and preventing
undesirable effects such as kinking.

In the illustrated arrangement, the tapering diameter por-
tion 115 is formed as part of the core 102 outside of the small
diameter portion 110, although the core 102 may be in its
entirety a tapering diameter portion 115. The angle of taper
(rate of reduction in the outer diameter) on the tapering diam-
eter portion 115 may be constant along the length of the wire
or there may be points along the length where the angle of
taper changes. For example, a plurality of places where the
angle of taper is relatively large and a plurality of places
where the angle of taper is relatively small may be repeatedly
formed in alternation.

Or the core 102 may have a portion with an outer diameter
that is constant in the lengthwise direction, either partway
along the tapering diameter portion 115 or distal to the taper-
ing diameter portion 115. For example, the core 102 may have
formed, at a plurality of places in the lengthwise direction,
tapered portions on which the outer diameter tapers in the
distal direction, and may have formed, between one such
tapered portion and another such tapered portion, a portion
having a constant outer diameter in the lengthwise direction.
The effects achieved in such cases are the same as those
indicated above.

Alternatively, unlike the arrangement shown in FIG. 4, it is
possible for the guide wire 101 to have a configuration in
which the proximal end of the tapering diameter portion 115
is situated partway along the proximal tube 103; i.e., the
tapering diameter portion 115 is formed so as to straddle the
interface between the core 102 and the proximal tube 103.

The material making up the core 102 is the ferrous alloy of
the invention, which is described more fully later in the speci-
fication.

In the guide wire (B), when a portion of the core other than
the distal portion is made of a material other than the ferrous
alloy of the invention, the other material is not subject to any
particular limitation. For example, the material may the same
as that used in the subsequently described proximal tube 103.
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The proximal side of the core 102 is covered by the proxi-
mal tube 103. The proximal tube 103 is composed of metal
wire having a higher elasticity than the core 102. The proxi-
mal tube 103 has a length which, while not subject to any
particular limitation, is preferably in a range of from about 20
mm to about 4,800 mm.

In FIG. 4, the core 102 has on the proximal side thereof the
small diameter portion 110 which is covered by the proximal
tube 103. However, in the guide wire (B), the core 102 need
not necessarily have the small diameter portion 110. That is,
the core 102 may have a portion other than the tapering
diameter portion 115 which has an outer diameter that is
constant, which outer diameter is substantially the same as the
inner diameter of the proximal tube 103.

The proximal tube 103 is made of a material having larger
moduli of elasticity (Young’s modulus (longitudinal elastic
modulus), modulus of rigidity (modulus of transverse elas-
ticity), volumetric elastic modulus) than the material making
up the core 102. In this way, a suitable rigidity (flexural
rigidity, torsional rigidity) can be achieved in the proximal
tube 103, giving the guide wire 101 a good stiffness that
enhances the pushability and torque transmission, enabling a
better operability to be achieved during insertion.

The material making up the proximal tube 103 is not sub-
ject to any particular limitation, and may of the same type as
the material making up the proximal core member 3 in the
guide wire (A). Preferred examples of the material are the
same as those mentioned above for the material used in the
proximal core member 3 in guide wire (A). Alternatively, the
material may be a cobalt alloy.

Preferred combinations of the core 102 and the proximal
tube 103 are ones in which the core 102 is made of a ferrous
alloy of the invention and the proximal tube 103 is made of a
stainless steel or a cobalt alloy. The above-indicated effects
can be more distinctly achieved in this way. Alternatively,
bringing a pipe-shaped proximal tube made of an iron-con-
taining material such as stainless steel into close contact with
the proximal side of the core made of the ferrous alloy of the
invention is desirable because the ability for the core and the
proximal tube to mutually bond tends to increase as a result.
The diffusion therebetween of iron present in the core and the
proximal tube is thought to be an important factor in this
effect.

The cobalt alloy referred to here has a high modulus of
elasticity and a suitable elastic limit. The cobalt alloy used
may be any alloy which contains cobalt as a constituent
element, although the use of an alloy containing cobalt as a
primary component (cobalt-based alloys refer herein to alloys
in which, of the elements making up the alloy, the content of
cobalt in terms of weight ratio is the highest) is preferred, and
the use of a Co—Ni—Cr alloy is more preferred. Alloys
having such a composition, when used as the material making
up the proximal tube 103, render the above-described effects
of the embodiment even more striking. Moreover, because
alloys of such a composition have a plasticity even when
deformed at room temperature, they can be easily deformed
into a desired shape at the time of use, for example. Alloys
with such a composition have a high coefficient of elasticity
and are cold-formable even at a high elastic limit. Because of
the high elastic limit, a smaller diameter can be achieved
while fully preventing buckling from occurring. In addition,
the alloy can be provided with a flexibility and a rigidity
sufficient for insertion to the target site.

Preferred Co—Ni—Cr alloys include alloys having a com-
position which includes from 28 to 50 wt % cobalt, from 10 to
30 wt % nickel, and from 10 to 30 wt % chromium, with the
balance being iron; and alloys in which a portion of the above
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has been substituted with other elements (substitution ele-
ments). The inclusion of substitution elements elicits effects
that are specific to the particular elements. For example, by
including one or more elements selected from among tita-
nium, niobium, tantalum, beryllium and molybdenum as sub-
stitution elements, the strength of the proximal tube 103 can
be improved even further. When an element other than cobalt,
nickel and chromium is included, the content thereof (i.e., of
the substitution elements overall) is preferably not more than
30 wt %.

Tt is also possible for portions of the cobalt, nickel and
chromium to be substituted with other elements. For example,
a portion of the nickel may be substituted with manganese to
achieve, for example, a further improvement in workability.
Also, a portion of the chromium may be substituted with
molybdenum and/or tungsten so as to, for example, further
improve the elastic limit. Of such Co—Ni—Cr alloys, the use
of molybdenum-containing alloys, i.e., Co—Ni—Cr—Mo
alloys, is especially preferred.

The Co—Ni—Cr alloys are exemplified by alloys having
the following compositions (the numbers indicate percent by
weight):

40Co-22Ni-25Cr-2Mn-0.17C-0.03Be-balance Fe

40Co-15Ni-20Cr-2Mn-7Mo-0.15C-0.03Be-balance Fe

42Co-13Ni-20Cr-1.6Mn-2Mo-2.8W-0.2C-0.04Be-bal-
ance Fe

45C0-21Ni-18Cr-1Mn-4Mo-1Ti-0.02C-0.3Be-balance Fe

34Co-21Ni-14Cr-0.5Mn-6Mo-2.5Nb-0.5Ta-balance Fe

As used herein, “Co—Ni—Cr alloy” encompasses the
above alloys.

In the illustrated arrangement, the proximal tube 103 has a
substantially constant outer diameter over substantially its
entire length, although it may have sites thereon where the
outer diameter changes in the lengthwise direction.

The positioning, material and other features of the coil 104
may be the same as for the coil 4 in the above-described guide
wire (A). Preferred features of the coil 104 are likewise the
same as described for the coil 4 in guide wire (A).

In the guide wire 101 of the present embodiment, the core
102 and the proximal tube 103 are coupled (fixed) to each
other by placing them together, then subjecting them to a
drawing operation or the like. In this way, a high coupling
strength (bond strength) can be achieved at the connection
between the core 102 and the proximal tube 103, making it
possible in the guide wire 101 for torsional torque and push-
ing force from the proximal tube 103 to be reliably transmit-
ted to the core 102.

The core 102 (small diameter portion 110) and the proxi-
mal tube 103 may be joined together by spot-like laser weld-
ing to the outside surface of the proximal tube 103 or by
welding in the lengthwise direction as in a seam pipe. This is
preferable because the bondability between the core 102 and
the proximal tube 103 can be enhanced. In cases where a
proximal tube composed of stainless steel is used is in par-
ticular, this is even more preferable because the bondability is
further enhanced. The reason is that, in the guide wire (B), the
core 102 is made of the ferrous alloy of the invention. When
the core is made of, unlike the guide wire (B), a Ti—Ni alloy
for example, brittle intermetallic compounds composed of
titanium and iron form at the joint between the proximal tube
made of stainless steel and the core. In such a case, the
bondability between the core and the proximal tube is low. In
the guide wire (B), by using a proximal tube composed of
stainless steel, such brittle intermetallic compounds do not
readily form in the welded area, resulting in a strong bond.

The guide wire (B) has a coating 105 which covers part or
all of the outside peripheral surface of the core 102 and the
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proximal tube 103. This coating 105 may be formed for
various purposes, one example of which is to reduce friction
(sliding friction) by the guide wire 101, improve slideability,
and thereby improve the operability of the guide wire 101.

To this end, it is preferable for the coating 105 to be made
of a material capable of reducing friction. Frictional resis-
tance (sliding resistance) with the inside wall of the catheter
used together with the guide wire 101 is thereby reduced,
enhancing the slideability and thus resulting in a better guide
wire 101 operability within the catheter. Moreover, because
the sliding resistance of the guide wire 101 is lower, when the
guide wire 101 is moved and/or rotated within the catheter,
kinking and twisting of the guide wire 101, particularly kink-
ing and twisting in the vicinity of the weld, can be reliably
prevented.

Materials capable of being used as the coating 5 in the
above-described guide wire (A) may be used as such friction-
lowering materials in the present embodiment. The preferred
examples of such materials mentioned above in connection
with the guide wire (A) are preferable for use in the present
embodiment as well.

The places where the coating 105 are formed and the thick-
ness of the coating 105 are likewise the same as described
above withregard to the coating 5 used in the earlier described
guide wire (A).

In the guide wire (B), treatment (e.g., chemical treatment,
heat treatment) for the purpose of improving adhesion of the
coating 105 may be applied to the outer peripheral surface of
the core 102 and/or the proximal tube 103. Alternatively, an
intermediate layer capable of improving the adhesion of the
coating 105 may be provided thereto.

Next, an embodiment of a guide wire (C)is described while
referring to FIG. 5, with particular reference to those features
which differ from the foregoing embodiments of the guide
wires (A) and (B). Descriptions of like features are omitted.

In a guide wire 201 shown in FIG. 5, a distal core member
202 and a proximal core member 203 are composed of ferrous
alloys. At least part of the surface of the proximal core mem-
ber 203 has a first coating 205 therein made of a fluorocarbon
resin.

A second coating 206 differing from the first coating 205 is
formed distal to the first coating 205. The first coating 205 is
provided so as to cover all or part of the proximal core mem-
ber 203. In the illustrated arrangement, the first coating 205
covers substantially all of the proximal core member 203.

The second coating 206 is provided so asto cover all or part
of the distal core member 202. In the illustrated arrangement,
the second coating 206 covers substantially all of the distal
core member 202.

The first coating 205 is made of a fluorocarbon resin such
as PTFE or PFA. In addition, a separate coating (undercoat)
may be provided between the proximal core member 203 and
the first coating 205. By having the undercoat be composed of
a resin such as a polyimide, polyamide or polyamideimide
which is capable of resisting even the melting temperature of
the fluorocarbon resin, the resistance to separation (peel resis-
tance) of the first coating 205 made of a fluorocarbon resin
from the proximal core member 203 can be improved. Alter-
natively, the peel resistance between the first coating 205 and
the undercoat can be improved by mixing a fluorocarbon resin
such as PTFE and PFA into the undercoat. In this way, the
proximal core member 203 made of a ferrous alloy having an
extremely broad superelasticity region is capable of follow-
ing twists and turns, along with which a good slideability can
be achieved on account of the first coating 205 made of a
fluorocarbon resin.
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Tt is also possible to roughen the surface of the proximal
core member 203 so as to improve the peel resistance of the
first coating 205.

The second coating 206 is preferably made of a thermo-
plastic elastomer. Because the distal core member 202 is
made of the subsequently described ferrous alloy, it can be
deformed over a broader superelasticity region than Ti—Ni
alloys. However, even when the distal core member made of
the subsequently described ferrous alloy is subjected to a
large deformation, because the second coating 206 is made of
athermoplastic elastomer, stretching by the coating conforms
to deformation of the distal core member, as a result of which
the coating does not readily peel from the distal core member.

Examples of the thermoplastic elastomer include polyure-
thane elastomers and polyamide elastomers. It is desirable for
ahydrophilic material to be coated onto the outside surface of
the second coating 206 made of a thermoplastic elastomer. In
addition, to improve the peel resistance, it is possible to
provide between the second coating 206 and the distal core
member 202 a resin layer having a higher resistance to peel-
ing from the distal core member 202 than the second coating
206. Also, the resistance of the coating 206 to peeling from
the distal core member 202 can be improved by roughening
the surface of the distal core member 202.

The first coating 205 has an average thickness which, while
not subject to any particular limitation, is preferably from
about 1 um to about 20 um, and more preferably from about
2 pm to about 10 pm.

The distal core member 202 has a tapering diameter por-
tion 215, and the proximal core member 203 has a tapering
diameter portion 216. The second coating 206 is coated to a
uniform outer diameter along the length of the tapering diam-
eter portion 215. The first coating 205 is coated to a substan-
tially uniform diameter at the tapering diameter portion 216
and proximal thereto.

In an alternative arrangement, the second coating 206 on
the guide wire (C) may cover the proximal core member 203.
In such a case, the first coating 205 need not be provided.
Even in such an arrangement, to further improve the peel
resistance, it is possible to provide, between the second coat-
ing 206 and the proximal core member 203, a resin layer
having a higher resistance to peeling from the proximal core
member 203 than the second coating 206. Also, the peel
resistance of the second coating 206 from the proximal core
member 203 can be improved by roughening the surface of
the proximal core member 203.

In the arrangement shown in FIG. 5, the distal end of the
first coating 205 and the proximal end of the second coating
206 are located away from each other. However, the two
layers may be formed so as to be continuous, or the first
coating 205 and the second coating 206 may partially overlap.

Next, the stent according to further aspect of the present
invention is described.

The stent has a body composed of the ferrous metal of the
invention. For example, the stent body may have on the sur-
face thereof (inside surface and/or outside surface) a film
composed of a biocompatible material. Alternatively, a body
alone that does not have such a film thereon is also acceptable
and within the scope of the invention.

Next, the shape of the stent is described using preferred
embodiments shown in the attached diagrams.

FIG. 6 is a front view showing the shape of a stent accord-
ing to a preferred embodiment of the invention. FIG. 7 is a
development view of the stent shown in FIG. 6. FIG. 8 is a
development view of the stent shown in FIG. 6, in the con-
tracted state. F1G. 9 is a partial, enlarged view of the stent
shown in FIG. 6.
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The stent 301 of the present embodiment is a stent having
a plurality of undulating rings 302. Each undulating ring 302
has a plurality of first-side bends with an apex 302a on a first
side in the axial direction of the stent 301, and a plurality of
second-side bends with an apex 3025 on a second side in the
axial direction of the stent 301. Undulating rings 302 which
are mutually adjacent in the axial direction of the stent 301
have a shared linear segment 321 which has a starting end 322
at or near one apex 3025 of a second-side bend in the undu-
lating ring 302 on the first side in the axial direction of the
stent 301 and which has a terminal end 323 between the apex
3025 in the second-side bend and an apex 302a in a first-side
bend, which shared linear segment 321 unites the mutually
adjoining undulating rings.

The stent has an arrangement which includes no elements
provided solely as links and is composed solely of elements
that effectively contribute a force of expansion, because it is
made up of a plurality of rings in the form of mutually adjoin-
ing undulating rings that are united by the presence of partly
shared segments.

The stent in the present embodiment is a so-called self-
expanding stent which is formed in a substantially cylindrical
shape, which is in a contracted state at the time of insertion
into the body, and which, when it has been placed within the
body, is capable of returning to its original expanded shape
prior to contraction. FIG. 6 shows the appearance of the stent
301 when expanded.

Inthestentshown in FIG. 6, the number of undulating rings
302 which form the stent 301 is eleven. The number of undu-
lating rings 302 differs depending on the length of the stent,
but s preferably from 2 to 150, and more preferably from 5 to
100.

Each undulating ring 302 has a plurality of first-side bends
having an apex on a first side in the axial direction of the stent
301 and a plurality of second-side bends having an apex on a
second side in the axial direction of the stent 301, and is
composed of an endless undulating element which is annu-
larly continuous. The first-side bends and the second-side
bends in the ring 302 are alternately formed, and thus are each
present in the same number. In the stent shown in FIG. 6, the
number of first-side bends (second-side bends) in a single
undulating ring 302 is nine. The number of first-side bends
(second-side bends) is preferably from 4 to 20, and more
preferably from 6 to 12. Moreover, the linear elements which
form the annular ring 302 in the stent of the present embodi-
ment are almost always curved; rectilinear elements are very
rare. Because the linear elements forming the ring 302 thus
have a sufficient length, a large expansion force acts during
expansion. The undulating ring 302 has a length in the axial
direction of preferably from 1 to 10 mm, and more preferably
from 1.5 to 5 mm.

In the stent 301 of the present embodiment, as shown in
FIGS. 6 t0 9, each of the undulating rings 302 has a large wave
that forms a salient first-side apex 30241 which projects out
further on the first side than the apices 302a on other first-side
bends, and that forms a salient second-side apex (which, in
the present embodiment, coincides with a starting end) 322
which projects out further on the second side than the apices
of the other second-side bends. Moreover, in the present
embodiment, the undulating rings each have a plurality of
large waves. In the present stent, one ring has nine first-side
bends, and three large waves are provided withina single ring.
The three large waves are formed so as to be spaced apart at
substantially equal angles with respect to the center axis of the
stent 301.

Undulating rings 302 which are mutually adjacent in the
axial direction of the stent 301 have a shared linear segment
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321 with a starting end 322 at or near one apex 3025 of a
second-side bend in the undulating ring 302 on the first side of
the stent 301 in the axial direction thereof and having a
terminal end 323 between the apex 3025 in the second-side
bend and an apex 302¢ in a first-side bend on the same ring
302, which shared linear segment 321 unites the mutually
adjacent undulating rings.

Specifically, the shared linear segment 321 has, as the
starting end 322 thereof, one apex 3025 on a second-side bend
in an annular ring 302 on a first side of the stent 301 in the
axial direction thereof. The starting end 322 and the apex
3025 are the same. The shared linear segment 321 has a
terminal end 323 located between the foregoing apex 3025
(which is also the starting end 322) and the apex 302a of a
first-side bend that is continuous thereto. In particular, in the
present embodiment, the shared linear segment 321 has a
terminal end 323 located substantially near the midpoint
between the foregoing apex 3025 (which is also the starting
end 322) and the apex 302a of the first-side bend that is
continuous thereto. The terminal end 323 is preferably
located at the midpoint, although it may be located at any
apex-side position from about /ioo to about 4100 of the total
length between the foregoing apex 3024 (which is also the
starting end 322) and the apex 302a of the first-side bend that
is continuous thereto. In the present embodiment, the termi-
nal end 323 is preferably positioned somewhat to the apex
302a side from the midpoint.

The stent 301, owing to the above-described arrangement,
has a starting end branch which forms the starting end site for
the shared linear segment 321 and has a terminal end branch
which forms the terminal end site for the shared linear seg-
ment 321. Specifically, the starting end branch has a shape
which divides into two legs facing the first side at the starting
end 322 as the branch point, and the terminal end branch has
a shape which divides into two legs facing the second side at
the terminal end 323 as the branch point.

Moreover, in the stent 301 of the present embodiment, the
interval between the salient first-side apex 302q1 and the
salient second-side apex (which is the same as the starting end
322) in a large wave is a linear segment which is longer than
connecting linear segments between other apices. As noted
above, the second-side end of this long linear segment is the
starting end of the shared linear segment. It should also be
noted that, in the present embodiment, the shared linear seg-
ment 321 is formed on part of a large wave.

In the stent 301 of the present embodiment, as shown in
FIG. 7, each undulating ring 302 has a short linear segment
326 which connects between the terminal end 323 of the
shared linear segment 321 and the apex 302a of a first-side
bend. Moreover, as shown in FIG. 7, the ring 302 which is
united by the shared linear segment 321 with the ring 302
having the above short linear segment 326 has a short linear
segment 325 which connects between the starting end 322 of
the shared linear segment 321 and the apex 3025 of a second-
side bend and has a long linear segment 324 which connects
between the terminal end 323 of the shared linear segment
321 and another apex 3025 of a second-side bend. Therefore,
the interval between the salient first-side apex (which is the
same as the terminal end 323) on a large wave and a salient
second-side apex (which coincides with the starting end 322
of the linear segment shared with the adjoining ring on the
second side) forms a long linear segment. That is, in the
present stent 301, shared linear segments 321 which are
mutually adjoining in the axial direction have a configuration
wherein, as viewed from the first side of the stent 301 in the
axial direction, the terminal end 323 of one shared linear
segment 321 and the starting end 322 of the other shared



US 8,052,620 B2

21

linear segment 321 adjacent thereto are connected by a long
linear segment 324. Accordingly, as shown in FIG. 7, in the
present stent 301, a zigzag arrangement composed of
repeated long linear segments 324 and shared linear segments
321 forms a helix that extends from one end to the other end
of the stent 301.

Moreover, because this stent has no so-called links, there
are no obstacles to curvature or decreases in expansion force
caused by such links. As a result, the entire stent exhibits a
uniform expansion retaining force.

Also, the stent 301 of the present embodiment has a plu-
rality of shared linear segments 321 between mutually adja-
cent undulating rings. Specifically, three shared linear seg-
ments 321 are provided between mutually adjacent
undulating rings. Moreover, the three shared linear segments
321 are formed at intervals that are spaced at substantially
equal angles with respect to the center axis of the stent 301.

Furthermore, in the stent 301 of the present embodiment,
short linear segments 325 which connect between the starting
ends 322 of the shared linear segments 321 and the apices
3024 of second-side bends, are not continuous in the axial
direction of the stent 301, and a plurality of the short linear
segments 325 are formed so as to be substantially rectilinear.
Also, in the stent 301 of the present embodiment, linear
segments other than the above-described short linear seg-
ments 325 and 326 (i.e., long linear segments and other linear
segments) have near the center thereof, as shown in FIG. 9,
areas of inflection 332 where the linear segment advances in
a direction that changes somewhat while remaining substan-
tially parallel. Such areas ofinflection 332 increase the length
of the linear segments and also increase the expansion force.

Also, in the stent 301 of the present embodiment, the long
linear segments 324 have a length (i.e., the length between the
terminal end 323 of a shared linear segment 321 and the
starting end 322 of another shared linear segment 321) which
is somewhat longer than the combined length of a shared
linear segment 321 and a short linear segment 325 (i.e., the
length from the terminal end 323 of the shared linear segment
321 to the apex 3025 beyond the starting end 322 thereof).
This makes it possible to prevent the apex 3025 from coming
too close to the linear segment 333 of an adjoining ring
(specifically, an ordinary linear segment which connects one
apex 302a with another apex 3025, and which has no shared
linear segment and no branch point), enabling deviations in
width within the closed spaces formed by linear segments (in
the present embodiment, the closed spaces formed by con-
necting the “V”* and “M” shapes, as shown in FIG. 7) to be
minimized, so that a high expansion holding force is
achieved.

Also, as shown in FIG. 7, the apices 302a of first-side bends
in the undulating rings 302 intrude on the spaces that form
between the apices 3025 of second-side bends on one of the
neighboring undulating rings, and the apices 3025 of the
second-side bends in the undulating rings 302 intrude on the
spaces that form between the apices 302a of first-side bends
on the other neighboring undulating ring. This arrangement
enables the length of the linear segments making up the stent
to be increased, and also makes it possible to reduce the
surface areas of the closed spaces formed by the linear seg-
ments (in the present embodiment, the closed spaces formed
by connecting the “V” and “M” shapes, as shown in FIG. 7),
enabling a higher expansion holding force to be achieved.

Furthermore, in the stent 301 of the present embodiment,
when the stent 301 is in the contracted state shown in FIG. 8,
the various elements are arranged with substantially no inter-
vening gaps in the circumferential direction. As a result, the
stent 301 has a high coverage.
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The stent has the shape, for example, as described above.

In cases where the stent has a shape like that described
above and the body is made of the ferrous alloy of the inven-
tion, even after placement of the stent in vasculature subject to
large deformation, such as in the legs, the stent does not fail
due to large deformation and moreover has an excellent dura-
bility (fatigue strength).

Although the stent will have a size which varies depending
on the site where it is to be placed, the outer diameter of the
stent when expanded (i.e.. when restored to the original shape
and no longer contracted) is preferably from 2.0 to 30 mm,
and more preferably from 2.5 to 20 mm. The stent length is
preferably from 10 to 150 mm, and more preferably from 15
to 100 mm. In particular, a stent according to the embodiment
that is intended for placement within a blood vessel will have
an outer diameter of preferably from 2.0to 14 mm, and more
preferably from 2.5 to 12 mm, and alength of preferably from
5 to 100 mm, and more preferably from 10 to 80 mm.

The stent may have a wall thickness that is smaller than in
conventional stents. The body of the stent, because it is
formed of the subsequently described ferrous alloy of the
invention, has a high strength and durability. Accordingly,
even at a small wall thickness, the stent will possess the
desired strength and durability. For example, the wall thick-
ness may be set to 0.2 mm or less, or even 0.10 mm or less.

The body of the stent may be fabricated by using a pipe
made of the ferrous alloy of the invention and removing (such
as by cutting or melting away) those portions of the pipe that
do not form a part of the stent. In this way, an integral structure
is obtained. A pipe used to form the body of the stent can be
manufactured by melting the ferrous alloy of the invention in
an inert gas or evacuated atmosphere to form a ferrous alloy
ingot, mechanically grinding the ingot, then hot pressing and
extruding to form a large-diameter pipe. Successive die draw-
ing steps and heat treatment steps are then carried out repeat-
edly to reduce the pipe to a given wall thickness and outer
diameter, after which the surface of the resulting pipe is
chemically or physically polished. The stent base material
can be formed from the pipe by a suitable process such as
cutting (e.g., mechanical grinding, laser cutting), electrical
discharge machining, chemical etching, or a combination of
such techniques.

The body of the stent is preferably made of braided wire,
because an indwelling stent made of braided wire readily
conforms to bodily movement and vascular pulsation.

After it has been fashioned to the final shape of the stent,
the body of the stent is preferably subjected to solution treat-
ment at from 900 to 1400° C., rapidly cooled at a rate of at
least 50° C./s, then aged at a temperature of at least 200° C.
but less than 800° C. By carrying out such solution treatment
and aging treatment, the superelasticity and strength of the
stent body are improved, thereby enhancing the flexibility of
the entire stent body, resulting in good ease of placement
within tortuous blood vessels.

The diameter of the stent when unexpanded is preferably
from about 0.8 mm to about 1.8 mm, and more preferably
from about 0.9 mm to about 1.6 mm. The length of the stent
when unexpanded is preferably from about 10 mm to about
200 mm. The length of a single undulating ring is preferably
from about 8 mm to about 40 mm.

Although stents are generally provided with imaging
markers, the stents according to the present embodiment need
not be provided with such markers because, as noted above,
the ferrous alloys of the invention used in the stents have
excellent fluoroscopic visualization properties.
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Next, the ferrous alloys of the invention are described.
1. Crystal Structure and Properties of Ferrous Alloy

The ferrous alloys of the invention have what is substan-
tially a dual-phase structure composed of a y phase having a
face-centered cubic (fcc) structure serving as the matrix
within which is finely dispersed a y' ordered phase having a
L1, structure. Cooling they phase induces a martensitic trans-
formation to an ' phase having a body-centered cubic (bee)
structure, and heating once more brings about a reverse trans-
formation to the matrix y phase. The martensitic transforma-
tion start temperature (Ms point) and the reverse transforma-
tion finish temperature (Af point) can be determined by
electrical resistance measurement. As shown in FIG. 10, in
shape memory alloys, there is generally a hysteresis between
the martensitic transformation and the reverse transforma-
tion.

Superelasticity in shape-memory alloys arises due to
stress-induced martensitic transformations at and above the
Af point and to the reverse transformations. However, if the
hysteresis width is large, a high stress is required to induce the
martensitic transformation, which tends to result in the intro-
duction of permanent strain such as dislocations, preventing a
good superelasticity from being achieved. Therefore, by mak-
ing the hysteresis width smaller, a martensitic transformation
canbe induced at alower stress, enabling good superelasticity
to be achieved without the introduction of permanent strain
such as dislocations at the time of deformation. As a result of
extensive research, the inventors have found that the width of
the thermal hysteresis for the ferrous alloys of the invention
must be set to 100° C. or below to achieve such superelastic-
ity. The width of the thermal hysteresis is preferably 70° C. or
less.

Ttis preferable for the ferrous alloys of the invention to have
a recrystallization texture in which the specific crystal orien-
tation <100> or <110> of the matrix y phase is aligned with
the cold working direction (e.g., rolling, wire drawing). The
ferrous alloys of the invention are able to achieve shape
memory and superelastic properties even if the crystal orien-
tations are completely random, although by having the fore-
going specific crystal orientations aligned with the working
direction, even better shape memory and superelastic prop-
erties may be achieved. Crystal orientations in the alloy tex-
ture can be measured by the electron backscatter diffraction
pattern method and are expressed herein as the “abundance,”
which indicates the degree of alignment by the crystal orien-
tation. The abundance of the crystal orientation <100>1in the
cold-working direction is a ratio based on an arbitrary value
of “1” when the crystal orientation is completely random. A
higher value indicates greater alignment of the crystal orien-
tation.

The abundance of a specific crystal orientation in the work-
ing direction for the ferrous alloys of the invention is prefer-
ably at least 2.0, and more preferably at least 2.5.

The ferrous alloys of the invention which have a thermal
hysteresis of 100° C. or less and wherein, moreover, the
crystal orientations in the matrix y phase are aligned have a
higher Young’s modulus and strength and a larger superelas-
tic strain than Ti—Ni alloys. The Young’s modulus is at least
about 40 GPa, the 0.2% yield strength is at least about 600
MPa, and the superelastic strain is at least 5%. In addition, the
ferrous shape-memory alloys of the invention are endowed
with a good hardness, tensile strength and elongation at
break, and thus have an excellent workability.

2. Composition of Ferrous Alloys
(a) Basic Composition

The ferrous alloys of the invention have a basic composi-

tion which includes from 25 to 35% by mass of nickel, from

20

25

40

45

50

60

65

24

10 to 30% by mass of cobalt, and from 2 to 8% by mass of
aluminum. In addition, the basic composition also includes a
total of from 1 to 20% by mass of at least one selected from the
group consisting of from 1 to 5% by mass of titanium, from 2
to 10% by mass of niobium, and from 3 to 20% by mass of
tantaluni. The balance is iron and inadvertent impurities. In
the explanation provided herein of the ferrous alloy of the
invention, unless noted otherwise, the contents of the respec-
tive elements are based on the overall alloy (100% by mass).

The ferrous alloy of the invention includes preferably at
least 30% by mass and more preferably at least 35% by mass
of iron. The ferrous alloy includes preferably not more than
55% by mass and more preferably not more than 50% by mass
of iron. Iron is preferably contained in a range of from 30 to
55% by mass, and more preferably from 35 to 50% by mass.
A too low content of iron in the ferrous alloy of the invention
tends to lower the cold workability and further toughness
following the treatment for imparting superelasticity (aging
treatment). On the other hand, a too high iron content tends to
increase the transformation hysteresis in fcc to bee martensi-
tic transformation (to have a temperature of 100° C. or
higher), thus making it impossible to achieve good superelas-
ticity.

Nickel is an element which induces a martensitic transfor-
mation and also lowers the temperature thereof. The ferrous
alloy of the invention preferably includes from 25 to 35% by
mass of nickel. By having a nickel content within this range,
the martensitic transformation temperature of the ferrous
alloy decreases, stabilizing the matrix phase (fcc phase). Ata
nickel content of more than 35% by mass, an excessive
decline occurs in the martensitic transformation temperature
and transformation does not arise within a practical tempera-
ture range, as a result of which a good shape memory effect
and good superelasticity cannot be achieved.

In addition, nickel is an element which, in aging treatment,
causes the precipitation of ordered phases having an fec and/
or fet structure, such as Ni;Al. Such ordered phases
strengthen the matrix phase of the ferrous alloy, in addition to
which they reduce the thermal hysteresis of martensite,
thereby enhancing the shape memory properties and the
superelasticity. When the nickel content is less than 25% by
mass, the amount of ordered phase that precipitates is insuf-
ficient, as a result of which good shape memory properties
and superelasticity are not achieved. The nickel content is
more preferably from 26 to 30% by mass.

Cobalt is an element which lowers the modulus of rigidity
of the matrix phase and reduces transformation strain, thus
improving the shape memory properties. It is preferable for
the inventive ferrous alloy to include from 10 to 30% by mass
of cobalt. At a cobalt content above 30% by mass, the cold
workability of the alloy may decrease. At a cobalt content
below 10% by mass, the above-indicated effects of cobalt
added may not be fully achieved. The cobalt content is more
preferably from 15 to 23% by mass.

Aluminum is an element which, as with nickel, induces the
precipitation of fcc and/or fety' ordered phases of NijAlor the
like in aging treatment. At an aluminum content below 2% by
mass, the amount of ordered phase that precipitates is inad-
equate, thus making it impossible to achieve good shape
memory properties and superelasticity. On the other hand, at
an aluminum content above 8% by mass, the ferrous alloy
becomes very brittle. The ferrous alloy of the invention has an
aluminum content of preferably from 2 to 8% by mass, and
more preferably from 4 to 6% by mass.

It is preferable for the ferrous alloy to additionally include
atotal of from 1 to 20% by mass of at least one primary added
element selected from the group consisting of from 1 to 5% by
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mass of titanium, from 2 to 10% by mass of niobium, and
from 3 to 20% by mass of tantalum. By including a primary
added element, the amount of precipitation of the y' ordered
phase greatly increases, along with which the strength of the
matrix phase rises considerably and the thermal hysteresis of
martensite decreases markedly, resulting in improvements in
the shape memory properties and the superelasticity. At a total
content of these elements in excess of 20% by mass, the cold
workability of the alloy may decrease.

(b) Other Elements

The ferrous alloys of the invention may also include at least
one secondary added element selected from the group con-
sisting of boron, carbon, calcium, magnesium, phosphorus,
zirconium, ruthenium, lanthanum, hafnium, lead and misch
metal. The total content of secondary added elements is pref-
erably 1% by mass or less, more preferably from 0.001 to 1%
by mass, and most preferably from 0.002 to 0.7% by mass.
The secondary added elements suppress grain boundary reac-
tions of f§ phase having a B2 structure which arise during
aging, thereby improving the shape memory properties and
the superelasticity.

The ferrous alloy of the invention may also include at least
onetertiary added element selected from the group consisting
of beryllium, silicon, germanium, manganese, chromium,
vanadium, molybdenum, tungsten, copper, silver, gold, gal-
lium, platinum, palladium, and rhenium. The total content of
tertiary added elements is preferably 10% by mass or less,
more preferably from 0.001 to 10% by mass, and most pref-
erably from 0.01 to 8% by mass.

Of the tertiary added elements, silicon, germanium, vana-
dium, molybdenum, tungsten, gallium and rhenium increase
coherence between the matrix y phase and the y' ordered
phase, enhances precipitation strengthening of the y' phase,
and improves the shape memory properties. The total content
of these elements is preferably 10% by mass or less.

Beryllium and copper improve the strength of the matrix y
phase due to solid solution strengthening, enhancing the
shape memory properties. The contents of beryllium and
copper are each preferably 1% by mass or less.

Chromium is an element which is effective for maintaining
the wear resistance and corrosion resistance. The content of
chromium is preferably 10% by mass or less.

Manganese lowers the Ms point, thus making it possible to
lower the content of costly nickel. The content of manganese
is preferably 5% by mass or less.

Silver, gold, platinum and palladium have the effect of
increasing the tetragonal character of o martensite, thus
reducing the thermal hysteresis and improving the shape
memory properties and the superelasticity. The content of
these elements is preferably 10% by mass or less.

3. Method of Producing the Ferrous Alloy
(a) Cold Working

The inventive ferrous alloy having the above composition
is formed into the desired shape by melt casting, hot working
and cold working. Solution treatment and aging are carried
out following the shaping operations. The shaping operation
carried out prior to solution treatment is preferably a cold
working process such as cold rolling, cold wire drawing or die
pressing. Cold working is preferred because, following solu-
tion treatment, there can be obtained a recrystallization tex-
ture in which specific crystal orientations of the y phase are
aligned in the cold working direction. A larger superelastic
strain can be obtained in plates, pipes, wire and other worked
materials having such a texture than in materials having ran-
dom orientations. Moreover, after cold working, surface
working such as shot peening may be carried if necessary.
Hence, cold working enables plate, pipe, wire and other
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worked materials to be obtained in which specific crystal
orientations of the y phase are aligned with the working direc-
tion.

Because the reduction ratio (also referred to herein as the
“working ratio”) that can be achieved in the ferrous alloy by
a single cold working pass is only about 10%, to achieve a
high total reduction ratio in cold working, it is necessary to
carry out a number of cold working passes. Cold working at
this time may be carried out while interspersing a plurality of
annealing treatment operations, in which case making the
total reduction ratio after the final annealing operation as high
as possible is desirable for increasing the orientation of the
alloy texture. Annealing treatment preferably involves heat-
ing at a temperature of from 900 to 1300° C. for a period of
from 1 minute to 3 hours. Cooling after annealing is prefer-
ably carried out by air cooling, and more preferably carried
out by water cooling.

In the ferrous alloy of the invention, by means of cold
working, the <100> or <110> orientation of the y phase
following solution treatment can be aligned with the cold
working (e.g., rolling or wire drawing) direction. Crystal
orientations in the alloy texture can be measured by the elec-
tron backscatter diffraction pattern method, and the results
used to determine the “abundance,” which indicates the
degree of alignment of the crystal orientations. For example,
the abundance of <100> in the working direction is a ratio
based on an arbitrary value of “1” for the theoretical case in
which the crystal orientations are completely random. A
higher abundance value indicates greater uniformity of the
crystal orientations.

As a result of extensive investigations, the inventors have
found that when the abundance of a specific crystal orienta-
tion, such as <100> or <110>, of the y phase is 2.0 or more,
ferrous alloys having excellent shape memory properties and
superelasticity can be obtained. In the ferrous alloys of the
invention, the abundance of the above specific crystal orien-
tation can be set by means of the total reduction ratio after the
final annealing operation. To increase the abundance of the
above specific crystal orientation, it is preferable for the total
reduction ratio following the final annealing operation to be
as high as possible. For this value to be 2.0 or more, regardless
of the alloy composition, the total reduction ratio in cold
working after the final annealing operation must be set to at
least 50%. If the total reduction ratio in cold working after the
final annealing operation is low, the specific crystal orienta-
tions in the alloy texture will not align with the working
direction, making it impossible to achieve sufficient improve-
ments in the shape memory properties and the superelasticity.
The total reduction ratio in cold working is preferably at least
70%, and more preferably at least 92%.

(b) Solution Treatment

The cold-worked ferrous alloy is heated to the solid solu-
tion temperature and the crystal structure is transformed to an
austenitic y phase (single phase), after which it is preferable to
carry out solution treatment involving rapid cooling. Solution
treatmertt is carried out at a temperature of at least 800° C. The
solution temperature is preferably from 900 to 1400° C. The
holding time at the treatment temperature is preferably from
1 minute to 50 hours. At less than 1 minute, a sufficient
solution treatment effect cannot be achieved, whereas at more
than 50 hours, the influence of oxidation becomes impossible
to disregard.

Solution treatment may be carried out while applying a
stress. By carrying out such “tension annealing,” the memory
shape of the ferrous alloy can be precisely controlled. When
stress is applied during solution treatment, the stress is pref-
erably from 0.1 to 50 kgf/mm?.



US 8,052,620 B2

27

Following heat treatment, the y single phase state can be
frozen by quenching at a rate of at least 50° C./s. Quenching
may be carried out by placing the ferrous alloy in a coolant
such as water or by forced air cooling. When the cooling rate
is set to less than 50° C./s, p phase § phase having a B2
structure) precipitation occurs, as a result of which shape
memory properties may not be achieved. The cooling rate is
preferably at least 50° C./s.

(c) Aging Treatment

Following solution treatment, it is desirable to carry out
aging treatment. By carrying out aging treatment, an ordered
phase of Ni,Al or the like having a fcc and/or fet structure
appears, strengthening the matrix phase and reducing the
thermal hysteresis of martensitic transformation, thereby
improving the shape memory properties and superelasticity.
Aging treatment is carried out at a temperature of at least 200°
C. but less than 800° C. Treatment at less than 200° C. results
in insufficient precipitation of the above-mentioned ordered
phase. On the other hand, treatment at 800° C. or above is
undesirable because precipitation of the stable p phase
occurs.

The aging treatment time varies depending on the ferrous
alloy composition and the treatment temperature. When treat-
ment is carried out at a temperature of at least 700° C. but less
than 800° C., the aging treatment time is preferably in arange
of from 10 minutes to 50 hours. On the other hand, when
treatment is carried out at a temperature of at least 200° C. but
less than 700° C., the aging treatment time is preferably in a
range of from 30 minutes to 200 hours. When the aging
treatment time is shorter than the above-indicated time, the
resulting effects are inadequate. On the other hand, when the
aging treatment time exceeds the above-indicated time, {3
phase precipitation may occur, resulting in a loss of the shape
memory properties.

EXAMPLES

The ferrous alloys of the invention are illustrated more
fully below by way of examples, although the invention is not
limited by the examples.

Examples 1 to 5, and Comparative Example 1

The ferrous alloys of Examples 1 to 5 and Comparative
Example 1, which are alike with the exception of the alloy
compositions and the aging treatment times, were produced
by the method described below.

In the respective examples, an alloy having the composi-
tion shown in Table 1 below was melted, then solidified at an
average cooling rate of 140° C./min to form a billet having a
diameter of 12 mm. The billet was hot-rolled at 1300° C.,
giving a 1.3 mm thick plate. The hot-rolled plate was then
subjected to a first annealing operation at 1300° C. for 10
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minutes, after which cold rolling was carried out several times
to aplate thickness 0f0.65 mm. A second annealing operation
was then carried out under the same conditions, then cold
rolling was carried out several times to give a 0.2 mm thick
plate. The total reduction ratio after second annealing (final
annealing) was 70%. The plate in each example was subse-
quently heat-treated at 1300° C. for 30 minutes, then plunged
into ice water and thereby quenched (solution treatment).
Next, aging treatment at 600° C. was carried out, thereby
giving a ferrous alloy plate which was composed of two
phases—a y phase having an fcc structure and a y' phase
having a L1, structure, and which had shape memory prop-
erties and superelasticity. The production process, from the
first annealing operation described above to aging treatment,
is schematically shown in FIG. 11A. The aging treatment
times for each alloy are shown in Table 1.

Examples 6 to 9

The ferrous alloys of Examples 6 to 9 are alloys which have
the same composition but for which the process conditions
from the annealing to the aging treatment operations differ.
For example, the ferrous alloy of Example 6 was produced by
the following method.

The alloy having the composition shown in Table 1 below
was melted, then solidified at an average cooling rate of 140°
C./min to form a billet having a diameter of 20 mm. The billet
was hot-rolled at 1300° C., giving a 1.6 mm thick plate. The
hot-rolled plate was then subjected to a first annealing opera-
tion at 1300° C. for 10 minutes, after which cold rolling was
carried out several times to a plate thickness of 0.8 mm. Next,
the following operations were carried out under the same
conditions:  second  annealing—cold  rolling—third
annealing—cold rolling, yielding a 0.2 mm thick plate. The
total reduction ratio after third annealing (final annealing)
was 50%. The resulting plate was subsequently heat-treated
at 1300° C. for 30 minutes, then plunged into ice water and
thereby quenched (solution treatment). Next, aging treatment
at 600° C. was carried out for 90 hours, thereby giving a
ferrous alloy plate which was composed of two phases—a v
phase having an fcc structure and a o phase having a L1,
structure, and which had shape memory properties and super-
elasticity. The process for producing the alloy of Example 6,
from the first annealing operation described above to aging
treatment, is schematically shown in FIG. 11B.

The ferrous alloys in Examples 7 to 9 were produced by
changing the sequence of annealing and cold rolling opera-
tions used to produce the ferrous alloy of Example 6 in the
manner shown in FIGS. 11C to 11E. FIG. 11C relates to
Example 7, FIG. 11D relates to Example 8, and FIG. 11E
relates to Example 9. The total cold working ratios after the
final annealing operation are shown in Table 1.

TABLE 1
Cold
working Difference

ratio between  Abundance

after Aging 0.2% Af point of <100>

final treatment ~ Young’s  Yield and in
Ex. Other annealing time medulus  strength Superelastic  Ms point rolling
No. Fe Ni Co Al Ti Nb Ta elements (%) (h) (Ga) (MPa) strain *cC) direction
EX1 464 307 149 58 22 70 48 76 630  Acceptable 67 2.6
EX2 455 300 146 57 4.2 70 60 72 580  Acceptable 41 2.6
EX3 436 289 140 55 8.0 70 60 65 300 Acceptable 31 25
EX4 388 277 172 53 7.8 W:32 70 72 78 520 Acceptable 36 2.6
EX5 402 288 176 54 8.0 B:0.006 70 90 67 765 Good 30 25
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TABLE 1-continued
Cold
working Difference

ratio between  Abundance

after Aging 0.2% Afpoint  of <100>

final treatment  Young’s  Yield and in
Ex. Other annealing time modulus  strength Superelastic  Ms point rolling
No. Fe Ni Co Al Ti Nb Ta elements (%) (h) (Ga) (MPa) strain “c) direction
EX6 402 288 176 54 80 B:0.01 50 20 52 788  Acceptable 32 2.3
EX7 402 288 176 54 80 B:0.01 75 20 51 772 Good 30 2.8
EX8 402 288 176 54 80 B:0.01 90 20 50 760 Good 31 6.4
EX9 402 288 176 54 80 B:0.01 98 20 51 748  Excellent 32 11
CE1 495 340 100 65 70 13 31 400 No Good 200 2.6
CE2 50.0 50.0 — — 31 536  Good — —

15

The temperature width of the thermal hysteresis of marten-
sitic transformation and reverse transformation (temperature
width=difference between Af point (reverse transformation
finish temperature) and the Ms point (martensitic transforma-
tion start temperature)), the abundance of the crystal orienta-
tion <100> in the rolling direction, the superelastic strain
(superelasticity), the Young’s modulus, and the 0.2% yield
strength for Examples 1 to 9 and Comparative Example 1
were measured by the following methods. The results are
shown in Table 1.

(1) Temperature Width of Thermal Hysteresis (Difference
between Af point and Ms point)

The Ms point and the Af point for the plate were deter-
mined by electric resistance measurement (see FIG. 10), and
the difference therebetween was treated as the temperature
width of the thermal hysteresis. Measurement results for
Examples 1 to 9 and Comparative Example 1 are shown in
Table 1.

(2) Abundance of <100> in Rolling Direction

The abundance, in the rolling direction of the plate
obtained, of a specific crystal orientation in the y phase was
measured using an electron backscatter diffraction pattern
measuring apparatus (manufactured by TexSEM Laborato-
ries, Inc. (TSL) under the trade name Orientation Imaging
Microscope). Measurement results for Examples 1 to 9 and
Comparative Example 1 are shown in Table 1.

The abundance of the crystal orientation was determined
by using analysis software (Orientation Imaging Microscope
Software Version 3.0 available from TSL) following mea-
surement of the crystal orientation by the electron backscatter
diffraction (EBSD) pattern method using the electron back-
scatter diffraction pattern measuring apparatus. More specifi-
cally, the abundance was calculated by an analytical process
using a harmonic function incorporated in the analysis soft-
ware with the expansion order being 16 and the half-width
when applied to a Gaussian distribution being 5 degrees. The
case where the crystal orientation was not aligned at all with
the working direction was regarded as “0”, the case where the
crystal orientation was random as “1” and the case where a
larger abundance value of <100> in the working direction
indicates, the crystal orientation is more aligned in a specific
direction.

(3) Superelastic Strain (Superelasticity)

The superelastic strain was determined from stress-strain
curves obtained by a tension cycling test on the plate at room
temperature. Typical measurement results are shown in FIG.
12. In the tension cycling test, a single cycle consisted of
applying a fixed strain to the initial specimen length and
subsequently removing the load. The applied strain started at
2% in Cycle 1 and was increased by 2% in each successive
cycle (to 4% in Cycle 2, and 6% in Cycle 3), the process being
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repeated until the specimen failed. The superelastic strain
(e, for the ” cycle was determined, as shown in FIG. 12, by
the following formula from the stress-strain curve obtained
for that particular cycle.
esg (W)€, =€

In the formula, i is the cycle number, €, is the strain applied in
the i” cycle, €, is the residual strain in the i” cycle, and €, is
the pure elastic deformation strain in the i cycle.

The maximum superelastic strain achievable up until fail-
ure of the plate was rated according to the following criteria.
FIG. 13 shows the stress-strain curve when the maximum
strain on the plate in Example 3 was 2%.

Maximum supetelastic strain was 8% or mote: Excellent
Maximum superelastic strain was at least 2% but less than ~ Good

8%:

Maximum superelastic strain was at least 0.5% but less Acceptable
than 2%:

Maximum supetelastic strain was less than 0.5%: No Good

Measurement results obtained for Examples 1 to 9 and
Comparative Example 1 are shown in Table 1.

(4) Young’s Modulus and 0.2% Yield Strength

As shown in FIG. 12, the Young’s modulus and the 0.2%
vield strength were measured from the stress-strain correla-
tion diagram obtained in tension tests at room temperature.
Measurement results obtained for Examples 1 to 9 and Com-
parative Example 1 are shown in Table 1.

As is apparent from Table 1, each of Examples 1 to 9,
wherein the temperature width of the thermal hysteresis
between the martensitic transformation and the reverse trans-
formation was up to 100° C., exhibited a superelasticity hav-
ing a maximum superelastic strain of at least 0.5%. However,
in Comparative Example 1, wherein the thermal hysteresis
temperature width was 200° C., the superelasticity was less
than 0.5%. These results show that the ferrous alloys in
Examples 1 to 9 for which the temperature width of the
thermal hysteresis was small have abetter superelasticity than
the ferrous alloy in Comparative Example 1 for which the
temperature width of the thermal hysteresis was large.

The ferrous alloys in Examples 6 to 9 are alloys of the same
composition that were produced under different conditions in
the annealing to aging treatment operations. These alloys
each have recrystallization textures with differing degrees of
alignment for specific crystal orientations in the y phase.
FIGS. 14A and 14B show inverse pole figures which indicate
as contour lines the abundance of various crystal orientations
in the rolling direction of the plate obtained in Example 6
(FIG. 14A) and the plate obtained in Example 9 (FIG. 14B).
In FIG. 14A of the plate obtained in Example 6, the contour
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lines are clustered in the <100> direction, indicating that the
<100> direction is aligned with the rolling direction. The
abundance ratio of <100> in the rolling direction was 2.3. In
FIG. 14B of the plate obtained in Example 9, the abundance
ratio of <100> in the rolling direction was 11.0, indicating
that the <100> orientation was even more strongly aligned
with the rolling direction. Hence, in the ferrous alloys of the
invention, the larger the total cold working ratio after final
annealing, the more strongly the specific crystal orientations
of the y phase are aligned with the rolling direction.

FIG. 15 is the stress-strain curve when the maximum strain
in Example 9 is 15%. It is evident here that a superelastic
strain of about 10% can be obtained.

As is apparent from Table 1, ferrous alloys in which the
total cold working ratio after final annealing is higher and the
specific crystal orientations are more strongly aligned have a
larger superelastic strain.

Table 1 also shows the superelasticity, Young’s modulus
and yield strength ofa Ti—Ni alloy as Comparative Example
2. It is apparent that the inventive ferrous alloys which have a
small thermal hysteresis and in which specific crystal orien-
tations are strongly aligned are endowed with a larger super-
elastic strain and a higher Young’s modulus and strength than
the Ti—Ni alloy.

Guide wires and stents including at least a member made of
the ferrous alloy of the invention have been described above,
although the inventive ferrous alloys may also be used as a
chief or partial material in other medical devices used by
being inserted or implanted into the body and other medical
devices used outside the body. Examples of such other medi-
cal devices include vascular filters, orthodontic wire, artificial
tooth roots, catheters, bone plates, intramedullary pins,
staples, cerebral artery clips, vasooclusive devices and medi-
cal forceps.

FIG. 16 is a perspective view of a vascular filter composed
of the ferrous alloy of the invention. The vascular filter 410
shown in FIG. 16 is a device which is designed so as to be
intravascularly advanced to the inferior vena cava, for
example, where it is expanded and functions to prevent
thrombus migration from the lower part of the body to the
heart and lungs. It generally has a bell-like shape. The vascu-
lar filter 410 has an outwardly flaring region 417 and has a
convergent zone 421 in a filtration region 419. The filter 410
has a size in the transverse direction at the flaring (or attach-
ment/securing) region 417 which is larger than that at the
filtration region 419. In the outwardly flaring region 417,
elongated struts 414 having open intervals as shown in FIG.
16 extend out at some fixed angle from the longitudinal axis
of the vascular filter 410. In the filtration region 419 which
begins at an intermediate portion (the place of transition
between the outwardly flaring region 417 and the filtration
region 419) of the filter, the struts 414 curve or bend inward
(region 423) toward the longitudinal axis, then extend inward
at some fixed angle with respect to a tubular portion 418,
thereby forming some fixed angle with the longitudinal axis.

At the flaring or attachment (securing) region 417, each
strut 414 divides into two joined strut portions 414a and 4145.
Strut portions 414a and 414b of each divided strut 414
include curved regions 425 which extend in opposite direc-
tions toward corresponding strut portions 414a and 4145 of
the respectively neighboring struts. The joined strut portion
414a on one strut and a separate strut portion 4145 converge
at an end 429 of the filter to form a substantially V-shaped
region.

The vascular filter composed of the ferrous alloy of the
invention may serve as an element of a thrombus capturing
device which has a shaft to enable insertion into and removal
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from a vascular lumen, and which can operate the filter
between an expanded state and a contracted state.

The blood filter made of the ferrous alloy of the invention
has excellent fluoroscopic visualization properties, making it
easy to determine the placement position. Moreover, it is
adaptable to various vascular diameters and, in the contracted
state, is capable of achieving a very narrow outer diameter,
making it easy to insert into a desired blood vessel.

FIG. 17 is a perspective view of an orthodontic wire com-
posed of the ferrous alloy of the invention. The orthodontic
wire 520 shown in FIG. 17 has a curved portion 522 which is
substantially U-shaped in a top view. The orthodontic wire
520 has a cross-sectional shape that is substantially square,
but may instead be round. Because the Young’s modulus and
0.2% vield strength are larger than those for conventional
Ti—Ni alloys, the same corrective force is achieved with a
smaller cross-section, thus making it possible to use smaller
brackets and reducing patient discomfort when worn. More-
over, because the orthodontic wire 520 is made of the above-
described ferrous alloy and has a larger superelasticity, the
number of adjustments made to the wire can be reduced.

What is claimed is:

1. A guide wire comprising:

a distal core member made of a ferrous alloy which has
shape memory properties and superelasticity, includes
two phases having a y phase and a y' phase, and has a
difference of 100° C. or less between a reverse transfor-
mation finish temperature and a martensitic transforma-
tion start temperature in a thermal hysteresis of marten-
sitic transformation and reverse transformation, the
ferrous alloy including from 30 to 50% by mass of iron;

an abundance of a specific crystal orientation in a working
direction of a worked portion for the ferrous alloy is at
least 2.0;

a proximal core member which is made of an iron-contain-
ing alloy and has a higher modulus of elasticity than the
distal core member; and

wherein the distal core member and the proximal core
member are joined together by welding to form a core of
the guide wire; and

wherein the guide wire is configured for insertion into a
living body lumen in order to reach a target site.

2. The guide wire of claim 1, wherein the proximal core

member is made of stainless steel or is piano wire.

3. The guide wire of claim 1, further comprising a tubular
member which covers the distal core member.

4. The guide wire of claim 3, wherein the tubular member
is a coil.

5. The guide wire of claim 3, wherein the tubular member
is made of plastic.

6. The guide wire of claim 1, wherein the ferrous alloy
includes from 38.8 to 46.4% by mass of iron.

7. A guide wire comprising:

acorehaving distal and proximal portions, of which at least
the distal portion is made of a ferrous alloy including
from 30 to 50% by mass of iron, and

a proximal tube which is made of a metallic material hav-
ing a higher modulus of elasticity than the ferrous alloy
and which covers at least part of the proximal portion of
the core;

wherein the ferrous alloy has shape memory properties and
superelasticity, includes two phases having ay phase and
ay'phase, and has a difference 0of 100° C. or less between
a reverse transformation finish temperature and a mar-
tensitic transformation start temperature in a thermal
hysteresis of martensitic transformation and reverse
transformation, and an abundance of a specific crystal
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orientation in a working direction of a worked portion
for the ferrous alloy is at least 2.0; and

wherein the guide wire is configured for insertion into a
living body lumen in order to reach a target site.

8. The guide wire of claim 7, further comprising a tubular

member which covers a distal portion of the core.

9. The guide wire of claim 8, wherein the tubular member

is a coil.

10. The guide wire of claim 8, wherein the tubular member

is made of plastic.

11. A guide wire comprising:

a distal core member and a proximal core member, each
made of a ferrous alloy including from 30 to 50% by
mass of iron;

a coating which has at least one layer and covers at least
part of a surface of the proximal core member;

wherein said at least one layer of the coating is made of a
fluorocarbon resin, and wherein the ferrous alloy has
shape memory properties and superelasticity, includes
two phases having a y phase and a y' phase, and has a
difference of 100° C. or less between a reverse transfor-
mation finish temperature and a martensitic transforma-
tion start temperature in a thermal hysteresis of marten-
sitic transformation and reverse transformation, and an
abundance of a specific crystal orientation in a working
direction of a worked portion for the ferrous alloy is at
least 2.0; and

wherein the guide wire is configured for insertion into a
living body lumen in order to reach a target site.

12. A guide wire comprising a core, the core comprising;

a ferrous alloy having shape memory properties and super-
elasticity, including two phases having ay phase and a y'
phase, and having a difference of 100° C. or less between
a reverse transformation finish temperature and a mar-
tensitic transformation start temperature in a thermal
hysteresis of martensitic transformation and reverse
transformation;
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the ferrous alloy comprising a composition which includes
from 25 to 35% by mass of nickel, from 10 to 30% by
mass of cobalt, and from 2 to 8% by mass of aluminum,
the composition including a total of from 1 to 20% by
mass of at least one selected from the group consisting of
from 1 to 5% by mass of titanium, from 2 to 10 by mass
of niobium, from 3 to 20% by mass of tantalum, and the
balance being from 35 to 50% by mass of iron and
inadvertent impurities; and

wherein the guide wire is configured for insertion into a

living body lumen in order to reach a target site.

13. The guide wire of claim 12, wherein an abundance of a
specific crystal orientation in a working direction of a worked
portion for the ferrous alloy is at least 2.0.

14. The guide wire of claim 12, wherein the core compris-
ing a distal core member and a proximal core membet, and the
distal core member made of the ferrous alloy.

15. The guide wire of claim 14, wherein the distal core
member is an elongated distal core member possessing a
proximal end, the proximal core member is an elongated
proximal core member possessing a distal end, and the proxi-
mal end of the elongated distal core member is welded to the
distal end of the proximal core member.

16. The guide wire of claim 15, further comprising ahelical
coil outwardly surrounding at least a portion of the distal core
member.

17. The guide wire of claim 12, wherein the ferrous alloy
comprises a composition which includes from 25 to 35% by
mass of nickel, from 10 to 30% by mass of cobalt, from 2 to
8% by mass of aluminum, from 3 to 20% by mass of tantalum,
and the balance being from 35 to 50% by mass of iron and
inadvertent impurities.

18. The guide wire of claim 12, wherein the ferrous alloy
includes from 38.8 to 46.4% by mass of iron.



patsnap

EREW(OF) SLMZR
DFH(RE)S US8052620 NIF(AEH)A 2011-11-08
BiES US12/108882 RiEH 2008-04-24

FRIFRE(RFR)AGE) M ITBUEABZRARRXAAG
FREKRA S

RE(EFR)AGE) AAMZREARFEXIE
FREHRA &4

HERB(ERRAE) FREKNSH

[FRIZ B A ISHIDA KIYOHITO
YAMAUCHI KIYOSHI
KAINUMA RYOSUKE
SUTOU YUJI
OMORI TOSHIHIRO
TANAKA YUUKI
MURAYAMA HIRAKU
SOUBA RYOUICHI

RHEA ISHIDA, KIYOHITO
YAMAUCHI, KIYOSHI
KAINUMA, RYOSUKE
SUTOU, YUJI
OMORI, TOSHIHIRO
TANAKA, YUUKI
MURAYAMA, HIRAKU
SOUBA, RYOUICHI

IPCH %S AG61B5/00 A61M25/00 A61F2/91 A61F2/915

CPCHES A61L31/022 A61M25/09 A61F2/91 A61F2/915 A61L31/10 Y10T29/49995 Y10T29/4998 A61F2230/008
A61M2025/09091 A61M2025/0915 A61F2230/0054 A61L2400/16 A61F2002/9155 A61F2230/005

£ A 2007124871 2007-05-09 JP
HAth A FF 3Tk US20080281396A1
SNEBEEE Espacenet USPTO
WEGF)

SLAFEH%SEFENTREEG , HEAPRICZEENER Y, KESMRTEERLFE , A BEDIRARTMR R
HNARFEPEAIRMAMs Q2B EF100°CRENNER . SLATSFENSHH | ZWENSHERSHRESH B BEEFLEMNE
MUESHEMEE, BATHATUBEREERE —BUERSLNT,


https://share-analytics.zhihuiya.com/view/722a9603-2fc0-4bbc-a9c5-7058dac76696
https://worldwide.espacenet.com/patent/search/family/039970240/publication/US8052620B2?q=US8052620B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=8052620.PN.&OS=PN/8052620&RS=PN/8052620

}
gogo0ong M
! b . ,- _1\ . E; i
I f ,1/ |' )

Wm i’m i ///< \\ \\\ a

Kj el cf/ﬂ/v/ /m“é,(f’“’




