
1                 EP 0 383 914 B1                        2 Description
According to a first aspect of the invention, a catheter to be inserted
into a tubular organ com- The present invention relates to a catheter
prises at least two unidirectional shape memory which is inserted for use
into a tubular organ of an  alloy wire members, which recover their
original organism, such as a blood vessel, an alimentary   5   shape at a
temperature higher than a set tempera- canal or an air tube.
ture and which undergo deformation at a tempera- Generally, the selective
angiography or angiec-  ture lower than the set temperature, provided at
tasia employs catheters or guiding catheters of    least in the distal end
portion of the catheter sub- various shapes and dimensions. In either of
these  stantially parallel to an axis of said catheter and at techniques,
an optimal catheter must be selected   io  positions which ensure that the
force generated from among various types of catheter. It often     when at
least one of the unidirectional shape mem- occurs that no optimal catheter
is found in the    ory alloy wire members is heated to the tempera-
ready-made ones. Also, insertion of the catheter to  ture higher than the
set temperature and thereby an objective position in a blood vessel which
ex-  recovers its original shape exerts on the other tends or branches out
in a complicated manner  is  unidirectional shape memory alloy wire member
requires a complicated operation such as twisting  having the temperature
lower than the set tempera- and a high skill.
ture a bending force, and a cylindrical supporting Accordingly, a catheter
which exhibits excellent  member provided inside of said unidirectional
operability when placed in a tubular organ is dis-  shape memory alloy wire
members, characterized closed in , for example, Japanese Patent Laid-  20
in that said supporting member is adapted to be Open Nos. 131758/1986 and
255669/1986. In such     easily flexed but no easily compressed in its lon-
catheters, a shape memory alloy is incorporated in  gitudinal direction,
and exerts a straightening re- a catheter. The shape memory alloy is
deformed     covering force to the shape memory alloy wire by means of the
heating, by which the catheter is  members of the distal end portion when
said sup- bent in a desired manner.                     25  porting member
recovers its initial shape. EP-A-0 199 870 discloses a catheter, which is
Another feature of the present invention is that to be inserted into a
tubular organ, with at least two  the distal end portion of the catheter is
made of a unidirectional shape memory alloy wire members,    material which
is relatively flexible, and the portion which recover their original shape
at a temperature  of the catheter other than the distal end portion higher
than a set temperature and which can un-  30  thereof is made of a material
which is more rigid dergo deformation at a temperature lower than the  than
that of the distal end portion. set temperature, provided at least in the
distal end   Another feature of the present invention is that portion of
said catheter substantially parallel to an  the unidirectional shape memory
alloy wire mem- axis of said catheter and at positions which ensure  bers
are provided along both the distal end portion that the force generated
when at least one of said  35  and the portion of the catheter other than
the distal unidirectional shape memory alloy wire members is  end portion,
one end of each of the unidirectinal heated to the temperature higher than
the set tem-  shape memory alloy wire members being fixed to perature and
thereby recovers its original shape   the distal end portion and the other
end thereof exerts on the other unidirectional shape alloy wire  being
fixed to the portion other than the distal end member(s), having a
temperature lower than the   40  portion. set temperature, a bending force
and a cylindrical     Another feature of the present invention is that
supporting member being provided inside of said    the supporting member is
a tight spring. unidirectional shape memory alloy wire members.
Another feature of the present invention is that However, the
above-described conventional       two unidirectional shape memory alloy
wire mem- catheters utilize changes in the curvature of or in  45  bers are
disposed at positions which are opposed the complicated shape of the shape
memory alloy    each other with respect to a central axis of the and
therefore require a very large amount of force  catheter. of the shape
memory alloy. However, the force with     Another feature of the present
invention is that which the shape memory alloy deforms into a        three
or more unidirectional shape memory alloy complicated shape, e.g., it is
bent, is not large, and   50  wire members are disposed at positions which
form this necessitates provision of a shape memory al-  a polygon within
which a central axis of the cath- loy which is large in size.
eter is disposed. An object of the present invention is to provide
Another feature of the present invention is that a catheter which has a
simple structure, which is  the unidirectional shape memory alloy wire mem-
capable of being bent in a desired form and which   55  bers are provided
in a state in which they are exhibits excellent operability when it is
inserted into   elongated in their longitudinal direction. a tubular organ.
Another feature of the present invention is that the unidirectional shape
memory alloy wire mem- 3    



3                 EP 0 383 914 B1                        4 bers are heated
by means of the heat generated     end portion and the portion other than
the distal by an internal resistance thereof when energized.  end portion
(e.g., along the substantially overall In the catheter according to the
present inven-  length of the catheter), the length of the shape tion, the
shape memory alloy wire members (A,      memory alloy wire members provided
in the cath- B...) are arranged such that they recover their origi-   5
eter is long. In consequence, the degree of exten- nal shape and are
straight at a temperature equal  sion or contraction (the deformed amount)
of the to or higher than the temperature of an organism   shape memory
alloy wire members increases, and (at the inverse transformation
temperature or      this allows the distal end portion of the catheter to
above) and such that it is deformed and therefore  be curved at a large
curvature. Also, the use of thin elongated in their longitudinal direction
at the tem-   10  and short shape memory alloy wire members is perature
which is in the vicinity of the temperature  enabled. At that time, if the
distal end portion of the of an organism (at the transformation temperature
catheter is made of a material which is softer than or below). When one (A)
of the shape memory        that of the portion other than the distal end
portion, alloy wire members which are in an elongated state  the large
degree of extension or contraction of the is, for example, energized and
thereby heated to  is  shape memory alloy wire members can be con- the
inverse transformation srarting temperature or  centrated on the soft
portion which forms the for- above by means of the heat generated due to an
ward end of the catheter, allowing it to be curved internal resistance
thereof as a consequence of    more freely at a larger curvature. Also, the
use of energization, the shape memory alloy wire member   thin and short
alloy wire members is enabled. (A) recovers its original shape, i.e.,
contraction, and   20  In the case of the catheter according to the becomes
straight. At that time, the contracting    present invention in which a
cylindrical supporting force of the shape memory alloy wire member (A)
member, which is flexible in a direction in which it acts on the other
shape memory allory wire mem-    is bent and which is not easily compressed
in its ber (B ... ) exerting a bending force, and the distal  longitudinal
direction, is provided inside of the end portion of the catheter is
therefore curved at a   25  shape memory alloy wire members (A, B...), when
fixed curvature in a state where the side of the   one shape memory alloy
wire member (A) returns distal end portion in which the shape memory alloy
to its original state and is contracted, the contract-. wire member (A) is
provided is concave. There-     ing force of the shape memory alloy wire
member after, the other shape memory alloy wire member    (A) is exerted
only as the bending force which (B ...) is heated to the inverse
transformation tem-   30  bends the distal end portion of the catheter due
to perature or above by means of the heat generated   the presence of the
cylindrical supporting member. due to its internal resistance when it is,
for exam-  As a result, deformation of the shape memory alloy pie,
energized. In consequence, the shape memory   wire member (A) can be
effectively utilized to bend alloy wire member (B ... ) recovers its
original   the catheter. shape, i.e., becomes straight and contracted. As a
35  The unidirectional shape memory alloy em- result, all the shape memory
alloy wire members    ployed in the catheter according to the present (A, B
... ) recover their original shape, and the distal  invention is of the
type which generates thermo- end portion of the catheter is thereby made
elastic martensite transformation and recovers its straight.
original shape when heated to the inverse trans- The curved state (the
curvature and the direc-  40  formation starting temperature or above. The
shape tion of the curve) of the distal end portion of the  memory alloy
undergoes deformation at the tem- catheter can be freely selected by
controlling the  perature lower than the martensite transformation degree
at which the shape memory alloy wire        temperature. Once the shape
memory alloy is heat- members (A, B ... ) recover thier original shape.  ed
to the inverse transformation stating tempera- In the case of the catheter
according to the   45  ture or above, even if the temperature of the shape
present invention in which the distal end portion is  memory alloy lowers
to the martensite transforma- formed of a material which is relatively
flexible and  tion temperature or below, it maintains the original the
portion of the catheter other than the distal end  shape as long as no
external force is applied portion is made of a material which is more rigid
thereto. than that of the distal end portion, even if the   so  It is
preferable for the unidirectional shape deforming force of all the shape
memory alloy wire  memory alloy employed in the catheter according members
is small, the distal end portion of the    to the present invention to be
made of a Ti-Ni type catheter can be curved adequately. Also, the use of
alloy which contains 51 to 50 percents by atom of thin and small shape
memory alloy wire members     Ni and which has an inverse transformation
tem- is enabled.                                   55  perature ranging
from [err] to [err] (if the In the case of the catheter according to the
inverse transformation temperature is [err] or present invention in which
the shape memory alloy  above, the shape memory alloy is not easily af-
wire members are provided along both of the distal  fected by the body
temperature, and if the inverse 4    



5                 EP0383914B1                        6 transformation
temperature is [err] or below, the  wire members are disposed at positions
which form shape memory alloy less affects the body or the    a polygon
within which a central axis of the cath- material which constitutes the
catheter). More pref-  eter is disposed. erably, the inverse transformation
temperature         Another feature of the present invention is that ranges
form [err] to [err].                    5   the bidirectional shape memory
alloy wire member According to a second aspect of the present     is heated
by means of the heat generated due to invention, the catheter to be
inserted into a tubular  its internal resistance then the bidirectional
shape organ has at least one flow passage which is       memory alloy wire
member is energized. formed therethrough along the overall length there-
The shape memory alloy wire member (A, B...) of, at least one bidirectional
shape memory alloy   10   which is incorporated in the catheter according
to wire member provided in a wall on an inner wall    the present invention
is arranged such that it re- surface or on an outer wall surface of the
catheter  versibly changes its longitudinal shape as the tem- in such a
manner that it extends in an axial direc-  perature thereof changes, e.g.,
such that it recovers tion of the catheter, so that the shape of a distal
its original shape and is contracted at the higher end portion of the
catheter reversibly changes by   15  temperature and recovers its original
shape and is changing the temperature of the wire member, and   elongated
at the lower temperature (which is higher a cylindrical supporting member
provided inside of  than the body temperature). said wall having the shape
memory alloy member        In the catheter in which one shape memory and is
characterized in that said supporting mem-  alloy wire member (A) is
disposed at least in the ber is adapted to be easily flexed but not easily
20  distal end portion of the catheter parallel to the compressed and
exerts a recovering force to the    central axis of the catheter, when the
shape mem- shape memory alloy wire member of the distal end   ory alloy
wire member (A) is heated to the higher portion of the catheter when said
cylindrical sup-  temperature by means of the heat generated due porting
member recovers its initial shape.         to its internal resistance when
the shape memory Another feature of the present invention is that  25
alloy wire member (A) is, for example, energized, it the distal end portion
of the catheter is made of a  recovers its original shape, i.e., it is
contracted in material which is relatively flexible, and the portion  its
longitudinal direction. As a result, the shape of of the catheter other
than the distal end portion  the distal end portion of the catheter, which
is in its thereof is made of a material which is more rigid  original
state, e.g., which is straight, is curved at a than that of the distal end
portion.          30  fixed curvature in a state in which the side thereof
Another feature of the present invention is that  at which the shape memory
alloy wire member (A) the bidirectional shape memory alloy wire mem-     is
provided is concave. bers are provided along both of the distal end
Thereafter, the shape memory alloy wire mem- portion and the portion of the
catheter other than  ber (A) is deenergized so that it cools down to the
the distal end portion, one end of each of the   35  lower temperature. In
consequence, the shape bidirectional shape memory alloy wire members
memory alloy wire member (A) recovers its original being engaged to the
distal end portion, and the   shape and is elongated in its longitudinal
direction, other end thereof being engaged to the portion     causing the
shape of the distal end portion of the other than the distal end portion.
catheter to return to its initial state, e.g., to its Another feature of
the present invention is that  40  straight state. the bidirectional shape
memory alloy wire member      In the catheter in which two or more shape
recovers its two original shapes at temperatures   memory alloy wire
members (A, B ...) are disposed which are substantially higher than a body
tem-    apart from each other at least in the distal end perature.
portion of the catheter, the distal end portion of the Another feature of
the present invention is that  45  catheter can be curved in an arbitrary
direction by an axis of the bidirectional shape memory alloy    selectively
deforming arbitrary one of the shape wire member is substantially parallel
to an axis of  memory alloy members. Furthermore, the distal the catheter.
end portion of the catheter can be curved in a Another feature of the
present invention is that  complicated manner by concurrently deforming a
the bidirectional shape memory alloy wire member  50  plurality of shape
memory alloy wire members. changes its longitudinal shape as the
temperature     In the curved catheter in which the bidirectional thereof
changes.                                   shape memory alloy wire member
(A) is provided Another feature of the present invention is that  on the
outer side of a curve in the curved catheter, two bidirectional shape
memory alloy wire mem-     when the bidirectional shape memory alloy wire
bers are disposed at positions which oppose each   55   member (A) is
energized and heated to the higher other with respect to a central axis of
the catheter.  temperature, it recovers its original shape and is Another
feature of the present invention is that  contracted, thereby making the
catheter straight. three or more bidirectional shape memory alloy     When
the bidirectional shape memory alloy wire 5    



7                 EP 0 383 914 B1                      8 member (A) is
deenergized so that it cools down to      It is preferable for the
bidirectional shape mem- the lower temperature, it recovers its original
shape  ory alloy employed in the catheter according to the and is
elongated, thereby making the catheter       present invention to be made
of a Ti-NI type alloy curved again. Deformation of the bidirectional
(which contains 50 to 53 percents by atom of Ni, shape memory alloy wire
member may be caused    5   more preferably, 50 to 51 percents by atom of
Ni, not by the change in its longitudinal length but by  and which has
transformation temperatures: Af 50 the change in its curvature.
to [err], Mf 40 to [err]. The transformation The curvature at which the
distal end portion of  temperature is set within the above-described the
catheter is curved can be freely adjusted by     range for the same reasons
as in the case of the controlling the degree at which the shape memory   10
unidirectional shape memory alloy. alloy wire members (A, B ... ) recover
their original  Fig. 1 is a schematic view of a first embodiment shape,
which may be achieved by the control of         of a catheter according to
the present invention; the amount or energization.
Fig. 2 is an enlarged cross-sectional view of the The catheter according to
the present invention     essential parts of the catheter of Fig. 1; has a
simple structure but can be curved at a   15     Fig. 3 is a section taken
along the line III- III of desired curvature and in a desired direction. It
Fig. 2; therefore exhibits excellent operability when it is    Fig. 4 is an
electric circuit diagram; placed within a tubular organ. This enables the
Fig. 5 (A) through 5 (D) illustrate the deformed catheter according to the
present invention to sub-    states of the distal end of the catheter;
stitute for conventional catheters of various shapes   20  Fig. 6 is an
enlarged cross-sectional view of the and dimensions and enables the skills
required to      essential parts of a second embodiment of the handle the
conventional catheters to be eliminated.    catheter according to the
present invention; In the catheter according to the present inven-     Fig.
7 is a section of the catheter, shoving how tion in which the distal end
portion thereof is made   three unidirectional shape memory alloy wire of a
material which is relatively flexible and the   25  members are disposed;
portion thereof other than the distal end portion is   Fig. 8 is a
schematic view of a fourth embodi- made of a material which is more rigid
than that of    ment of the catheter according to the present the distal
end portion, even if the deforming force    invention; of the shape memory
alloy wire member is small,        Fig. 9 illustrates how the catheter is
used; the distal end portion of the catheter can be curved   30  Fig. 10
shows the cross-section of the catheter; adequately, and the use of thin
and short shape        Fig. 11 is a cross sectional view of the essential
memory alloy wire member is enabled.                   parts of a fifth
embodiment of the catheter ac- In the catheter according to the present
inven-    cording to the present invention; tion in which the shape memory
alloy wire member       Fig. 12 is a schematic view of a sixth embodi- is
provided along both the the distal end portion   35  ment of the catheter
according to the present and the portion other than the distal end portion
invention; (e.g., along the substantially overall length of the   Fig. 13
is an enlarged cross-sectional view of catheter), the length of the shape
memory alloy        the essential parts of the catheter of Fig. 12; wire
member provided in the catheter is long. In       Fig. 14 is a section
taken along the line XIII- XIII consequence, the degree of extension or
contrac-  40   of Fig. 13; tion (the degree of deformation) of the shape
mem-     Fig. 15 is an electric circuit diagram; ory alloy wire member
increases, and this allows       Fig. 16 (A) through 16 (C) illustrate the
de- the distal end portion of the catheter to be curved    formed states of
the distal end of the catheter; at a large curvature. Also, the use of thin
shape      Fig. 17 (A) is a schematic view of a seventh memory alloy wire
member is enabled. At that  45       embodiment of the catheter according
to the time, in a case where the distal end portion of the    present
invention; catheter is made of a material which is softer than    Fig. 17
(B) and 17 (C) illustrate the deformed that of the portion other than the
distal end portion,  states of the catheter; the large degree of extension
or contraction of the    Fig. 18 is a schematic view of an eighth embodi-
shape memory alloy wire member can be con-   50        ment of the catheter
according to the present centrated on the soft portion which forms the
distal   invention; end portion of the catheter, allowing it to be curved
Fig. 19 illustrates how the catheter is used; and more freely at a larger
curvature. Also, the use of    Fig. 20 shows the cross-section of the
catheter. thin and short alloy wire member is enabled.            According
to a first embodiment, illustrated in The bidirectional shape memory alloy
em-   55  figures 1 to 5, a catheter 10 includes a relatively ployed in
this invention has two transformation      rigid, hollow shaft portion 11,
a relatively flexible, points and reversibly recovers its original shapes
at  hollow distal end portion 12, a hollow hub 13 which the higher
temperature and the lower temperature.   is bonded to the proximal end of
the shaft portion 6    



9                 EP0383914B1                        10 11, a relatively
rigid, hollow fixed portion 14 which  memory alloy wire members 16A and
16B. is provided between the shaft portion 11 and the       Next, the
operation of the first embodiment will distal portion 12, and a relatively
soft, ring-shaped  be described. chip 15 which is bonded to the distal end
of the       When the catheter 10 is to be used, the oper- distal end
portion 12. The shaft portion 11 is made   5   ator forces the distal end
portion 12 into an objec- of, for example, polyvinyl chloride resin (which
is  tive position within a blood vessel or the like by non-rigid polyvinyl
chloride resin containing less  manually applying a pushing force to the
proximal amont of plasticizing agent than that that which   end portion of
the shaft portion 11 while controlling forms the distal end portion 12).
The distal end   the bending of the catheter distal end portion 12 portion
12 is made of, for example, non-rigid vinyl  10  which occurs when the
shape memory alloy wire chloride resin. The hub 13 is made of, for example,
members 16A and 16B recover their original shape. polycarbonate. The fixed
portion 14 and the soft   Thereafter, the operator injects medicine or the
like chip 15 are made of, for example, polyvinyl chlo-  from an injection
port 13A of the hub 13. ride resin.
At that time, the shape memory alloy wire The catheter 10 further includes
two unidirec-  15   members 16A and 16B in the catheter 10 are tional shape
memory alloy wire members 16A and     employed in a state in which they are
stretched by 16B which are provided in the distal end portion   [err] in
their longitudinal direction in the vicinity of 12. The two shape memory
alloy wire members        the body temperature (see Fig. 5 (B)) from their
16A and 16B are provided on the circumference of   original length L which
is obtained at a temperature the distal end portion 12 at positions which
are  20  (the inverse transformation temperature) which is symmetrical with
respect to the central axis of the  higher than the temperature of the
organism when catheter 10 in such a manner that the longitudial  they are
straight (see Fig. 5(A)). When one 16A of axis thereof extend parallel to
the axis of the cath-  the shape memory alloy wire members which are eter
10. The shape memory alloy wire members       in a stretched state is, for
example, energized, and 16A and 16B are inserted into small holes 17   25
is heated to a temperature equal to or higher than formed through the
distal end portion 12. The distal  the inverse transformation starting
temperature by end of each the shape memory alloy wire mem-       means of
the heat generated due to its internal bers 16A and 16B is turned in a
U-shaped form,     resistance when the wire member is energized, the and
the proximal end thereof is supported by the   shape memory alloy wire
member 16A recovers its fixed portion 14 and connected to leads 18. The
30  original shape, i.e., returns to its straight and con- fixed portion 14
prevents the deforming force of the  tracted state. At that time, the
contracting force of shape memory alloy wire members 16A and 16B        the
shape memory alloy wire member 16A exerts from being exerted on the shaft
portion 11 and the  on the shape memory alloy wire member 16B a leads 18.
The shape memory alloy wire members      bending force, and the distal end
of the catheter 10 16A and 16B recover their original shape, e.g., are  35
is thereby curved in a state in which the side straight, at a temperature
higher than that of an  thereof in which the shape memory alloy wire
organism, i.e., in the vicinity of the inverse trans-  member 16A is
provided is concave (see Fig. 5(C)- formation starting temperature (e.g.,
60 * C ). In the  ). Thereafter, the shape memory alloy wire member
vicinity of the temperature of the organism (e.g.,  16B is heated to a
temperature equal to or higher 37 C), the shape memory alloy wire members
16A   40  than the inverse transformation starting temperature and 16B are
deformable in any form, e.g., can be   by means of the heat generated in
the shape stretched in its longitudinal direction.           memory alloy
wire member 16B due to its internal The catheter 10 is arranged such that
the force  resistance when it is, for example, energized, so generated when
one of the shape memory alloy       that the shape memory alloy wire member
16B wire memory 16A (or 16B), which is stretched in its  45  recovers its
original shape, i.e., returns to its con- longitudinal direction, is heated
to a temperature  tracted straight state. In consequence, all the shape
higher than the temperature of an organism and     memory alloy wire
members 16A and 16B recover thereby recovers its original shape exerts on
the  their original state, and the distal end of the cath- other shape
memory alloy wire member 16B (or       eter 10 is contracted to the length
L and made 16A) a bending force. The shape memory alloy   50  straight.
(see Fig. 5(D)). wire members 16A and 16B are heated by means           In
a case where the shape memory alloy wire of the heat generated in the
members due to an     members are provided in the distal end portion 12
internal resistance thereof when they are energized  (having a length L +
AL) which is made of a resin by an external power source through the leads
18.  (e.g., nylon, a fluoroplastic or the like) of the type Energization of
the shape memory alloy wire mem-   55   which easily recovers its original
state, in a state bers is achieved by on/off of switches 19A and     where
they are stretched to a length L + [err] (Fig. 5 19B. In Fig. 5 (A), a
reference numeral 21 denotes  (B)), when one 16A of the shape memory alloy
wire a cotrol box which controls heating of the shape   members is heated
to a temperature equal to or 7    



11                EP0383914B1                       12 higher than the
inverse transformation starting tem-  When the distal end of the catheter
30 is to be perature by means of the heat generated in the    returned to
its straight state, the shape memory shape memory alloy wire member 16A
when it is,    alloy wire member 16A is deenergized so as to for example,
energized, it recovers its original  make the distal end straight due to
the stretching shape, i.e., it is contracted. At that time, the con-   5
force of the supporting member 31. tracting force of the shape memory alloy
wire        A tube or the like which is capable of re- member 16A exerts on
the vicinity of the distal end  covering its original shape in its axial
direction may of the catheter a bending force, and the distal end  also be
employed as the supporting member. portion of the catheter 10 is thereby
curved at a    This embodiment may also be arranged such fixed curvature in
a state in which the side thereof  10  that three or more unidirectional
shape memory in which the shape memory alloy wire member 16A   alloy wire
members are provided in the vicinity of is provided is concave (Fig. 5
(C)). Thereafter, the  the distal end of the catheter at positions which
shape memory alloy wire member 16A is deener-     form a polygon within
which the central axis of the gized and is thus extended (to L +AL) due to
the  catheter is disposed. recovering force of the resin, so as to make the
15  Fig. 7 shows a third embodiment of the present distal end portion
straight (Fig. 5 (B)).         invention in which three unidirectional
shape mem- The curvature at which the distal end of the   ory alloy wire
members are disposed in the vicinity catheter 10 is curved can be adjusted
by control-  of the distal end of the catheter. Unidirectional ling the
degree at which the shape memory alloy   shape memory alloy wire members
16A, 16B and wire members 16A and 16B recover their original  20  16C are
disposed in the form of a triangle whose shape, which is achieved by the
control of the    center is the central axis of the distal end portion
heating of the shape memory alloy wire members    12. When it is desired to
bend the distal end 16A and 16B by means of the control box 21.
portion 12 in a direction indicated by the arrow a, In the catheter 10,
since the distal end portion  only the alloy wire member 16A is energized
When 12 is made of a material which is relatively soft and   25  it is
desired to bend the distal end portion 12 in a the shaft portion 11 is made
of a material which is  direction indicated by the arrow b or c, the alloy
more rigid than that of the distal end portion 12,  wire member 16B or 16C
is similarly energized. even if the deforming force of the shape memory
When it is desired to bend in a direction indicated alloy wire members 16A
and 16B is small, the      by the arrow X, both the alloy wire members 16A
distal end of the catheter 10 can be curved ade-  30  and 16C are energized
so that the bending force in quately while the use of thin and short shape
the direction a can be combined with the bending memory alloy wire members
16A and 16B is en-      force in the direction C. Bending of the distal end
abled.                                            portion in the direction
indicated by Y or Z is Fig. 6 is an enlarged cross-section of the es-
achieved by the similar operation. sential parts of a second embodiment of
the   35  Figures 8 to 10 illustrate a fourth embodiment in present
invention.                                which the catheter 40 differs
from the catheter 10 The catheter 30 differs from the catheter 10 in  in
that it incorporates three shape memory alloy that a cylindrical supporting
member 31, made of a  wire members 16A, 16B and 16C, like the catheter
tight spring, is incorporated in the inner diameter  shown in Fig. 7, and
in that these shape memory portion of the distal end portion 12, i.e.,
inside of  40  alloy wire members are provided along the overall the shape
memory alloy wire members 16A and       length of the distal end portion 12
and the shaft 16B. The supporting member 31 is flexible in a    portion 11.
The wire members 16A through 16C direction in which it is bent, and is not
compressed  are inserted in small holes 17 formed through the easily in its
longitudinal direction so that it can  distal end portion 12, the fixed
portion 14 and the impart to the distal end portion 12 a recovering   45
shaft portion 11. They are turned in a U-shaped force in the direction in
which it is stretched.  form at the distal end (at one end) thereof and are
In the catheter 30, then the shape memory     fixed to the proximal end
portion of the shaft por- alloy wire member 16A (or 16B) recovers its
origi-  tion 11 (or to the end portion of the hub 13) and nal shape and is
contracted due to the heat gen-  connected to the leads 18 at proximal end
(the erated when it is energized, the contracting force of  50  other end)
thereof. The proximal end portion of the the shape memory alloy wire member
16A is ex-     shaft portion 11 (or the end portion of the hub 13) erted
only as the bending force on the distal end of  which supports the shape
memory alloy wire mem- the catheter 30 due to the presence of the cylin-
bers 16A through 16C prevents the deforming force drical supporting member
31, generating no buck-  of the shape memory alloy wire members 16A ling
based on the contracting force in the catheter  55  through 16C from acting
on the leads 18. 30. More specifically, changes in the shape of the   In
the catheter 40, since the shape memory shape memory alloy wire member 16A
can be         alloy wire members 16A through 16C are provided effectively
utilized to bend the catheter 30.     along the overall length of the
distal end portion 12 8    
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portion 11, the length of the shape  the distal end portion 112). The
distal end portion memory alloy wire members 16A through 16C pro-    112 is
made of, for example, non-rigid vinyl chlo- vided in the catheter 40 is
long. In consequence,  ride resin. The hub 113 is made of, for example, the
amount of extension or contraction (the de-    polycarbonate The fixed
portion 114 and the soft formed length) of the shape memory alloy wire   5
chip 115 are made of, for example, polyvinyl chlo- members 16A through 16C
increases, allowing the    ride resin. distal end of the catheter 40 to be
curved at a large  The catheter 110 further includes a pair of curvature
and enabling the use of thin and small   bidirectional shape memory alloy
wire members shape memory alloy wire members 16A through        116A and
116B which are provided in the distal 16C. At that time, since the distal
end portion 12 of  10  end portion 112. The two shape memory alloy wire the
catheter 40 is made of a material which is     members 116A and 116B are
provided within the softer than that of the shaft portion 11, the large
wall of the distal end portion 112 at positions which amount of extension
or contraction of the shape    are symmetrical with respect to the central
axis of memory alloy wire members 16A through 16C can      the catheter 110
in such a manner that the longitu- be concentrated on the soft portion of
the distal  15  dinal axis thereof is parallel to the axis of the end of
the catheter 40, allowing it to be curved   catheter 110. The shape memory
alloy wire mem- more freely at a larger curvature and enabling the  bers
116A and 116B are inserted into small holes use of thin and small alloy
wire members 16A       117 formed in the distal end portion 112. The
through 160.                                        forward end of each of
the shame memory alloy In this catheter 40, the distal end portion 12   20
wire members 116A and 116B is turned in a U- may also be formed by a resin
which has a strong   shaped form, and the proximal end thereof is sup-
recovering force. In this way, the alloy wire mem-  ported by the fixed
portion 114 and connected to ber 16A, after being contracted by the
energization,  leads 118. The fixed portion 114 prevents deforma- can be
returned to its stretched state by means of  tion of the shape memory alloy
wire members the recovering force of the resin.            25  116A and
116B from being exerted on the shaft Fig. 11 is a cross-sectional view of
the essen-  portion 111 and the leads 118. tial parts of a fifth embodiment
of the catheter       The shape memory alloy wire members 11 6A according
to the present invention.                and 1 16B are of the type which
recovers its original The catheter 50 differs from the catheter 40 in
different shapes at two different temperature which that the cylindrical
supporting member 31, made of  30  are substantially higher than the
temperature of an a tight spring, is incorporated in the inner diameter
organism (e.g., [err] and [err]). More specifi- portion of the distal end
portion 12, as in the case  cally, as the temperature chages from one of
the of the second embodiment shown in Fig. 6.          two temperature to
the other, the shape of the In this embodiment, the unidirectional shape
shape memory alloy wire members 116A and 11 6B memory alloy wire members
may be provided in  35  reversibly changes in their longitudinal direction,
the wall of the catheter, on the inner wall surface or  e.g., the shape
memory alloy wire members 116A on the outer wall surface thereof.
and 116B recover their original shape and are The catheter of this
invention may also be      contracted at the higher temperature which may
be arranged such that it incorporates at least two    equal to or higher
than [err], and they recover shape memory alloy wire members which recover
40  their original shape and are elongated at the lower their original
shape at a temperature lower than the  temperature which may be [err]. set
temperature and which is deformable at a tem-      In this embodiment, the
shape memory alloy perature higher than the set temperature.          wire
members 11BA and 116B are arranged such A Sixth embodiment is illustrated
on figures 12  that they are elongated to a length which is sub- to 16
45  stantially the same as the length L of the distal end As illustrated on
those figures the catheter 110  portion 112 at the lower temperature and
such that includes a relatively rigid, hollow shaft portion 111,  they are
contracted and have a length which is a relatively flexible, hollow distal
end portion 112, a  shorter than the length of the distal end portion 112
hollow hub 113 which is bonded to the proximal     by [err] at the higher
temperature (see Figs. 16 (A) end of the shaft portion 111, a relatively
rigid,  50  through 16(C)). Also, the distal end portion 112 is hollow
fixed portion 114 which is provided between  arranged such that it is
initially straight. at the lower the shaft portion 111 and the distal end
portion   temperature. 112, and a relatively flexible, ring-shaped chip 115
When the shape memory alloy wire members which is bonded to the forward end
of the distal   116A and 116B are energized with an external end portion
112. The shaft portion 111 is made of,  55  power source 20 through the
leads 118, heat is for example, polyvinyl chloride resin (which is non-
generated in the wire members due to an internal rigid  polyvinyl chloride
resin  containing  less  resistance thereof, thus heating them. Heating of
amount of plasticizing agent than that which forms  the wire members 116A
and 116B is controlled by    15                EP0383914B1
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the on/off of switches 119A and 119B. In Fig. 16-  shape, which may be
achieved by the control of (A), a reference numeral 21 denotes a control
box  the amount at which they are energized. which controls heating of the
shape memory alloy       In the catheter 110, since the distal end portion
wire members 11 6A and 11 6B.                      112 is made of a
material which is relatively soft Next, the operation of the sixth
embodiment   5   and the shaft portion 111 is made of a material will be
described.                                 which is more rigid than that of
the distal end When the catheter 110 is to be used, the        portion 112,
even if the degree at which the shape operator forces the distal end
portion 112 into an  memory alloy wire members 116A and 116B are objective
position within a blood vessel or the like  deformed is small, the distal
end of the catheter by manually applying a pushing force to the proxi-  10
110 can be curved adequately. Also, the use of thin mal end portion of the
shaft portion 111 while     and small shape memory alloy wire members 116A
controlling the bending of the catheter distal end  and 116B is enabled.
portion 112 which occurs when the shape memory         In this embodiment,
three or more bidirectional alloy wire members 116A and 116B recover their
shape memory alloy wire members may be pro- original shape. Thereafter, the
operator injects  15  vided in the vicinity of the distal end of the
catheter medicine or the like from an injection port 113A of  at positions
which forms a polygon within which the the hub 113.
central axis of the catheter is disposed. At that The shape memory alloy
wire members 116A       time, the degree at which the shape memory alloy
and 116B incorporated in the catheter 110 are      wire members are bent
can be controlled and the initially in their original state which is
obtained at  20  curvature and direction at which the distal end the lower
temperature which may be [err], and      portion of the catheter is bent
can be thereby have the length L which is substantially the same
arbitrarily adjusted  by arbitrarily selecting the as that of the distal
end portion 112. The initial  shape memory alloy wire members to be ener-
shape of the distal end portion 112 is a straight  gized and by changing
the amount of heat gen- shape (see Fig. 16(A)).                       25
erated therein. When one 116A of the shape memory alloy            Fig. 17
shows a seventh embodiment of the wire members is heated to the higher
temperature   present invention. which may be [err] or above by means of
the            In this embodiment, a pair of bidirectional heat generated
in the shape memory alloy wire      shape memory alloy wire members 116C
and 116D member 116A due to its internal resistance when it  30  are
disposed in the manner shown in Fig. 17(A). is, for example, energized, the
shape memory alloy  More specifically, the bidirectional shape memory wire
member 116A recovers its original shape, i.e.,  alloy wire member 116C is
disposed at an E posi- it is contracted by [err]. As a result, the initial
shape  tion in the vicinity of the forward end of the cath- of the distal
end portion 112 chages and the distal  eter while the shape memory alloy
wire member end portion 112 is bent at a fixed curvature in a   35  116D is
disposed at an F portion which in on the state in which the side of the
distal end portion 112  side of the E portion closer to the proximal end of
where the shape memory alloy wire member 116A      the catheter. When only
the bidirectional shape is provided is concave (see Fig. 16(B)).
memory alloy wire member 116C is energized and Thereafter, the shape memory
alloy wire mem-    thereby heated, only the E portion in the vicinity of
ber 116A may be deenergized so that it naturally  40  the forward end of
the catheter can be bent in a cools down to the lower temperature. In
conse-     state in which the side of the E portion where quence, the shape
memory alloy wire member         bidirectional shape memory alloy wire
member 116A recovers its original shape, i.e., it is elongated  116C is
provided is concave (see Fig. 17(B)). by [err] to the length L which is
substantially the   When the two bidirectional shape memory alloy same as
that of the distal end portion 112, resulting   45  wire members 116C and
116D are energized and in returning of the distal end portion 112 to its
heated, the F portion is bent in a state in which the original straight
shape (see Fig. 16(C)).          side thereof in which the shape memory
alloy wire In this embodiment, since the two shape mem-    member 116D is
provided is concave while the E ory alloy wire members 116A and 116B are
pro-      portion is bent in the above-described manner, thus vided apart
from each other in the distal end por-  50  achieving a complicated
bending. tion 112, the distal end portion 112 can be bend in    The Eighth
embodiment of the invention is two directions by selectively deforming an
arbitrary  illustrated on figures 18 to 20. one of the shape memory alloy
wire members             As illustrated on those figures, the catheter 130
116Aand 116B.                                      differs from the
catheter 110 in that [err] it incor- Furthermore, the curvature at which
the distal  55  porates three shape memory alloy wire members end portion
112 is bent can be adjusted by control-  116A, 116B and 116C and in that
[err] these shape ling the degree at which the shape memory alloy    memory
alloy wire members are provided along wire member 116A and 116B recover
their original   the overall length of the disral end portion 112 and 10
17                 EP0383914B1                        18 



the shaft portion 111. The wire members 116A        Claims through 116C are
inserted in small holes 117 formed in the distal end portion 112, the fixed
1. A catheter (30) which is to be inserted into a portion 114 and the shaft
portion 111. The'forward     tubular organ with at least two unidirectional
end (one end) of each of the shape memory alloy   5    shape memory alloy
wire members (16A,16B), wire members 11 6A through 11 6C is turned in a U-
which recover their original shape at a tem- shaped form while the proximal
end (the other end)      perature higher than a set temperature and thereof
is fixed to the proximal end portion of the    which undergo deformation at
a temperature shaft portion 111 (or to the end portion of the hub    lower
than the set temperature provided at 113) and connected to the leads 118.
The proximal  10  least in the distal end portion (12) of said end portion
of the shaft portion 111 (or the end        catheter substantially parallel
to an axis of said portion of the hub 113) which supportes the shape
catheter and at positions which ensure that the memory alloy wire members
116A to 116C pre-            force generated when at least one of said
vents deformation of the shape memory alloy wire        unidirectonal shape
memory alloy wire mem- members 116A through 116C from acting on the   is
bers is heated to the temperature higher than leads 118.
the set temperature and thereby recovers its In the catheter 130, since the
shape memory         original shape exerts on the other unidirec- alloy
wire members 116A through 116C are pro-          tional shape memory alloy
wire member hav- vided along the overall length of the distal end       ing
a temperature lower than the set tempera- portion 112 and the shaft portion
111, the length of  20  ture a bending force, a cylindrical supporting the
shape memory alloy wire members 116A                member (31) being
provided inside of said through 116C provided in the catheter 130 is long.
unidirectional shape memory alloy wire mem- In consequence, the degree of
extension or con-        bers, characterized in that said supporting
traction (the deformed length) of the shape mem-        member (31) is
adapted to be easily flexed but ory alloy wire members 116A through 116C
in-  25        not easily compressed in its longitudinal direc- creases,
and this allows the distal end of the cath-   tion, and exerts a
straightening recovering eter 130 to be curved at a large curvature. Also,
force to the shape memory alloy wire mem- the use of thin shape memory
alloy wire members         bers (16A,16B) of the distal end portion when 11
6A through 116C is enabled. At that time, since     said supporting member
(31) recovers its initial the distal end portion 112 of the catheter 130 is
30   shape. made of a material which is softer than that of the shaft
portion 111, the large degree of extension or  2. A catheter according to
claim 1, wherein said contraction of the shape memory alloy wire mem-
distal end portion of said catheter is made of a bers 116A through 116C can
be concentrated on          material which is relatively flexible, and the
the soft portion which forms the forward end of the   35  portion of said
catheter other than the distal catheter 130, allowing it to be curved more
freely     end portion thereof is made of a material which at a larger
curvature. Also, the use of thin and short  is more rigid than that of said
distal end por- alloy wire members 116A through 116C is enabled.
tion. In this embodiment, the distal end portion of the catheter is
initially straight. However, it may   40   3  A catheter according to
either of claims 1 and initially be in a state where it is bent at a fixed
2, wherein said unidirectional shape memory curvature, e.g., it may be bent
in a J-shaped from.    alloy wire members are provided along both of At
that time, the distal end portion of the catheter    said distal end
portion and the other portion of may be of the type which undergoes
deformation          said catheter, one end of each of said unidirec- and
is bent in a desired curvature or direction or is  45  tional shape memory
alloy wire members be- made straight when it is heated or cooled.
ing fixed to the distal end portion and the other The catheter according to
the present invention     end thereof being fixed to the other portion of
is inserted into a tubular organ of an organism,       the catheter. such
as a blood vessel, an alimentary canal or an air tube. Insertion of the
forward end of the catheter  50  4. A catheter according to either of
claims 1 to 3, to an objective position in the tubular organ is
wherein said supporting member (31) is a tight achieved by the control of
bending of the distal end    spring. portion, which occurs when the shape
memory alloy wire member recovers its original shape, and  5. A catheter
according to either of claims 1 to 4, the manual pushing operation applied
to the proxi-  55  wherein two unidirectional shape memory alloy mal end
portion of the shaft portion.                  wire members (16A,16B) are
disposed at posi- tions which are opposed each other with re- spect to a
central axis of said catheter. 11    17                EP0383914B1
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the shaft portion 111. The wire members 116A       Claims through 116C are
inserted in small holes 117 formed in the distal end portion 112, the fixed
1. A catheter (30) which is to be inserted into a portion 114 and the shaft
portion 111. The forward     tubular organ with at least two unidirectional
end (one end) of each of the shape memory alloy   5    shape memory alloy
wire members (16A,16B), wire members 11 6A through 116C is turned in a U-
which recover their original shape at a tem- shaped form while the proximal
end (the other end)     perature higher than a set temperature and thereof
is fixed to the proximal end portion of the    which undergo deformation at
a temperature shaft portion 111 (or to the end portion of the hub    lower
than the set temperature provided at 113) and connected to the leads 118.
The proximal  10  least in the distal end portion (12) of said end portion
of the shaft portion 111 (or the end       catheter substantially parallel
to an axis of said portion of the hub 113) which supportes the shape
catheter and at positions which ensure that the memory alloy wire members
116A to 116C pre-            force generated when at least one of said
vents deformation of the shape memory alloy wire       unidirectonal shape
memory alloy wire mem- members 116A through 116C from acting on the   15
bers is heated to the temperature higher than leads 118.
the set temperature and thereby recovers its In the catheter 130, since the
shape memory        original shape exerts on the other unidirec- alloy wire
members 116A through 116C are pro-          tional shape memory alloy wire
member hav- vided along the overall length of the distal end      ing a
temperature lower than the set tempera- portion 112 and the shaft portion
111, the length of  20  ture a bending force, a cylindrical supporting the
shape memory alloy wire members 116A               member (31) being
provided inside of said through 116C provided in the catheter 130 is long.
unidirectional shape memory alloy wire mem- In consequence, the degree of
extension or con-        bers, characterized in that said supporting
traction (the deformed length) of the shape mem-       member (31) is
adapted to be easily flexed but ory alloy wire members 116A through 116C
in-  25       not easily compressed in its longitudinal direc- creases, and
this allows the distal end of the cath-   tion, and exerts a straightening
recovering eter 130 to be curved at a large curvature. Also,      force to
the shape memory alloy wire mem- the use of thin shape memory alloy wire
members        bers (16A,16B) of the distal end portion when 116A through
116C is enabled. At that time, since      said supporting member (31)
recovers its initial the distal end portion 112 of the catheter 130 is  30
shape. made of a material which is softer than that of the shaft portion
111, the large degree of extension or  2. A catheter according to claim 1,
wherein said contraction of the shape memory alloy wire mem-        distal
end portion of said catheter is made of a bers 116A through 116C can be
concentrated on          material which is relatively flexible, and the the
soft portion which forms the forward end of the   35  portion of said
catheter other than the distal catheter 130, allowing it to be curved more
freely     end portion thereof is made of a material which at a larger
curvature. Also, the use of thin and short  is more rigid than that of said
distal end por- alloy wire members 116A through 116C is enabled.      tion.
In this embodiment, the distal end portion of the catheter is initially
straight. However, it may   40  3. A catheter according to either of claims
1 and initially be in a state where it is bent at a fixed    2, wherein
said unidirectional shape memory curvature, e.g., it may be bent in a
J-shaped from.    alloy wire members are provided along both of At that
time, the distal end portion of the catheter   said distal end portion and
the other portion of may be of the type which undergoes deformation
said catheter, one end of each of said unidirec- and is bent in a desired
curvature or direction or is  45  tional shape memory alloy wire members
be- made straight when it is heated or cooled.             ing fixed to the
distal end portion and the other The catheter according to the present
invention    end thereof being fixed to the other portion of is inserted
into a tubular organ of an organism,       the catheter. such as a blood
vessel, an alimentary canal or an air tube. Insertion of the forward end of
the catheter  50  4. A catheter according to either of claims 1 to 3, to an
objective position in the tubular organ is       wherein said supporting
member (31) is a tight achieved by the control of bending of the distal end
spring. portion, which occurs when the shape memory alloy wire member
recovers its original shape, and  5. A catheter according to either of
claims 1 to 4, the manual pushing operation applied to the proxi-  55
wherein two unidirectional shape memory alloy mal end portion of the shaft
portion.                  wire members (16A,166B) are disposed at posi-
tions which are opposed each other with re- spect to a central axis of said
catheter.    19                 EP 0 383 914 B1                     20 6. A
catheter according to either of claims 1 to 4,     end portion (112), and
the other end thereof 



wherein three or more unidirectional shape           being engaged to the
portion other than said memory alloy wire members (16A,16B,16C)
distal end portion. are disposed at positions which form a polygon within
which a central axis of said catheter is   5   12. A catheter according to
either of claims 9 to 11 disposed.
, wherein said bidirectional shape memory al- loy wire member (11 6A,116B)
recovers its two 7. A catheter according to either of claims 1 to 6,
original shapes at temperatures which are sub- wherein said unidirectional
shape memory al-         stantially higher than a body temperature. loy
wire members (16A,16B,16C) are provided   10 in a state in which they are
elongated in their  13. A catheter according to either of claims 9 to
longitudinal direction.                              12, wherein an axis of
said bidirectional shape memory alloy wire member (116A,116B) is 8. A
catheter according to either of claims 1 to 7,     substantially parallel
to an axis of said catheter. wherein said unidirectional shape memory al-
15 loy wire members (16A,16B,16C) are heated       14. A catheter according
to either of claims 9 to by means of the heat generated due to an
13, wherein said bidirectional shape memory internal resistance thereof
when they are en-        alloy wire member (116A,116B) changes its ergized.
longitudinal shape as the temperature thereof 20      changes. 9. A
catheter (110) which is to be inserted into a tubular organ having at least
one flow passage   15. A catheter according to either of claims 9 to which
is formed therethrough along the overall       14, wherein two
bidirectional shape memory length thereof, at least one bidirectional shape
alloy wire'members (116A,116B) are disposed memory alloy wire member
(116A,116B) being   25   at positions which oppose each other with re-
provided in a wall, on an inner wall surface or      spect to a central
axis of said catheter. on an outer wall surface of said catheter in such a
manner that it extends in an axial        16. A catheter according to
either of claims 9 to direction of said catheter, and in that the shape
14, wherein three or more bidirectional shape of a distal end portion (112)
of said catheter  30   memory       alloy     wire      members reversibly
changes by changing the tempera-         (116A,116B,116C) are disposed at
positions ture of the wire member, a cylindrical support-      which form a
polygon within a central axis of ing member provided inside of said wall
having       said catheter is disposed. the shape memory alloy wire member,
char- acterized in that said supporting member is  35   17. A catheter
according to either of claims 9 to adapted to be easily flexed but not
easily           16, wherein said bidirectional shape memory compressed and
exerts a straightening re-            alloy wire member is heated by means
of the covering force to the shape memory alloy wire        heat generated
due to its internal resistance member of the distal end portion of the
cath-        when said bidirectional shape memory alloy eter when said
cylindrical supporting member   40    wire member is energized. recovers
its initial shape. PatentansprUche 10. A catheter according to claim 9,
wherein said distal end portion (112) of said catheter is     1. Katheter
(30), der in ein rohrf6rmiges Organ made of a material which is relatively
flexible,  45  eingeflhrt werden soll, mit mindestens zwei and the portion
of said catheter other than said     Drahtelementen aus unidirektionaler
Formge- distal end portion (112) thereof is made of a
dachtnisleglerung (16A, 16B), die bei einer hd- material which is more
rigid than that of said       heron als einer festgesetzten Temperatur ihre
distal end portion.                                  ursprlingliche Form
wiedergewinnen und die 50      bei einer niedrigeren als der festgesetzten
11. A catheter according to either of claims 9 and      Temperatur
zumindest im  distalen  Endab- 10, wherein said bidirectional shape memory
schnitt (12) des Katheters elne Verformung im alloy wire members
(116A,116B) are provided          wesentlichen parallel zu einer Achse des
Ka- along both of said distal end portion (112) and     theters und an
Positionen erfahren, die sicher- the portion of said catheter other than
said   55    stellen, daS die erzeugte Kraft, wenn zumin- distal end
portion, one end of each of said          dest eines der Drahtelemente aus
unidirektio- bidirectional shape memory alloy wire mem-           naler
Formgedgchtnislegierung auf die Tempe- bers (116A,116B) being engaged to
the distal         ratur h6her als die festgesetzte Temperatur 12    21
EP 0 383 914 B1                    22 erw~rmt wird und dadurch seine
ursprtngliche        Formgedfichtnislegierung (16A, 16B, 16C) in 



Form wiedergewinnt, auf das andere Drahtele-        einem Zustand
vorgesehen sind, in dem sie in ment aus unidirektionaler Formgedachtnisle-
ihrer LAngsrichtung langgestreckt sind. gierung, das eine niedrigere
Temperatur als die festgesetzte Temperatur autweist, elne Bie-   a   8.
Katheter nach einem der AnsprUche 1 bis 7, gekraft austbt, wobei ein
zylindrisches StUtzel-    bei dem die Drahtelemente aus unidirektionaler
ement (31) innerhalb der Drahtelemente aus          Formgedachtnislegierung
(16A, 16B, 16C) mit- unidirektionaler Formgedachtnislegierung Vor-
tels der Warme erwarmt werden, die aufgrund gesehen ist, dadurch
gekennzelchnet, daB            eines Innenwiderstands von ihnen erzeugt das
StUtzelement (31) leicht biegbar aber in  10    wird, wenn sie stromfUhrend
sind. seiner LAngsrichtung nicht leicht zusammen- drUckbar ist und auf die
Drahtelemente aus      9. Katheter (110), der in ein rohrformiges Organ
Formgedachtnislegierung (16A, 16B) des dista-       eingefUhrt werden soll,
aufweisend mindestens len Endabschnittes elne geraderichtende Wie-
einen Strdmungsweg, der entlang seiner Ge- dergewinnungskraft ausObt, wenn
das StUtzel-  15    samtlange hindurch gebildet ist, wobei zumin- ement
(31) seine Ausgangsform  wiederge-            dest ein  Drahtelement aus
bidirektionaler winnt.
Formgedachtnislegierung (116A, 11 BB) in einer Wand, an einer
Innenwandflache oder an einer 2. Katheter nach Anspruch 1, bei dem der
distale        AuBenwandflache des Katheters auf eine sol- Endabschnitt des
Katheters aus einem Material  20   che Weise vorgesehen ist, daB es sich in
einer hergestellt ist, das verhaltnismaBig flexibel ist,  axialen Richtung
des Katheters erstreckt, und und der Abschnitt des Katheters verschieden
daB sich die Form eines distalen Endabschnit- von dem distalen Endabschnitt
aus einem Ma-         tes (112) des Katheters durch Anderung der terial
hergestelit ist, das steifer als das des     Temperatur des Drahtelements
reversibel an- distalen Endabschnittes ist.               25       dert,
wobei ein innerhalb der Wand vorgesehe- nes zylindrisches St~tzteil, das
Drahtelement 3. Katheter nach einem der AnsprUche 1 und 2,           mit
Formgedachtnislegierung  aufweist, da- bei dem die Drahtelemente aus
unidirektionaler      durch gekennzelchnet, daB das StUtzelement
Formged~chtnislegierung entlang des distalen       leicht biegbar, aber
nicht leicht zusammen- Endabschnittes und auch des anderen Ab-  30
drUckbar ist und auf das Drahtelement aus schnittes des Katheters
vorgesehen sind, wo-        Formgedachtnislegierung des distalen Endab- bei
ein Ende jedes der Drahtelemente aus            schnittes des Katheters
eine geraderichtende unidirektionaler Formgedachtnislegierung  an
Wiedergewinnungskraft ausUbt, wenn das zy- dem  distalen Endabschnitt
befestigt ist und       lindrische Stltzelement (31) seine Ausgangs- wobei
sein anderes Ende an dem  anderen   35        form wiedergewinnt. Abschnitt
des Katheters befestigt ist. 10. Katheter nach Anspruch 9, bei dem der
distale 4. Katheter nach einem der Ansprache 1 bis 3,
Endabschnitt (112) des Katheters aus einem bei dem das StUtzelement (31)
eine feste Fe-        Material hergestellt ist, das verhaltnismaBig fle-
der ist.                                   40       xibel ist, und der
Abschnitt des Katheters ver- schieden von dessen distalem  Endabschnitt 5.
Katheter nach einem der AnsprUche 1 bis 4,           (112) aus einem
Material hergestellt ist, das bei dem zwei Drahtelemente aus unidirektiona-
steifer als das des distalen Endabschnittes ist. ler
Formgedachtnislegierung (16A, 16B) an Po- sitionen angeordnet sind, die in
bezug auf eine   45  11. Katheter nach einem der Ansprtche 9 und 10,
zentrale Achse des Katheters einander gegen-        bei dem die
Drahtelemente aus bidirektionaler Uberliegen.
Formgedachtnislegierung (116A, 116B) entlang des distalen Endabschnittes
(112) und auch 6. Katheter nach einem der AnsprUche 1 bis 4,           des
Abschnitts des Katheters verschieden von bei dem drei oder mehr
Drahtelemente aus   50       dem  distalen Endabschnitt vorgesehen sind,
unidirektionaler    Formmgedachtnislegierung        wobei sich ein Ende
jedes der Drahtelemente (16A, 16B, 16C) an Positionen angeordnet
aus bidirektionaler Formgedachtnislegierung sind, die ein Polygon bilden,
innerhalb von         (116A, 116B) mit dem distalen Endabschnitt dem eine
zentrale Achse des Katheters ange-         (112) im Eingriff befindet und
wobei sich ihr ordnet ist.                                55       anderes
Ende mit dem Abschnitt verschieden von dem distalen Endabschnitt im
Eingriff bef- 7. Katheter nach einem der AnsprUche 1 bis 6,
indet. bei dem die Drahtelemente aus unidirektionaler 13 1111111 111111
11111 11111 1111    23                 EP0383914B1
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12. Katheter nach einem der AnsprUche 9 bis 11,        superieure h la
temperature donnee et retrouve bei dom das Drahtelement aus bidirektionaler
de ce fait sa forme de depart, exerce sur Formgedachtnislegierung (116A,
1116B)1 seine       l'autre fil metallique en alliage A m6moire de zwei
ursprlnglichen Formen bei Temperaturen        forme, ayant une temperature
inf~rieure & la wiedergewinnt, die wesentlich ho her als eine   5
temperature donn6e, une force de flexion, un Korpertemperatur sind.
element de support (31) cylindrique, etant pla- ce & l'interieur desdits
elements de fils metalli- 13. Katheter nach einem der AnsprUche 9 bis 12,
ques en alliage & memoire de forms unidirec- bei dem eine Achse des
Drahtelements aus           tionnelle, caractlrisW en co quo ledit element
bidirektionaler Formgedachtnislegierung (116A,   10  de support (31) pout
8tre facilement flechi 11 6B) im wesentlichen parallel zu einer Achse
mais ne pout pas 8tre facilement comprime des Katheters ist.
dans sa direction longitudinale et exerce une force de rappel sur les
elements de fils metalli- 14. Katheter nach einem der AnsprUche 9 bis 13,
ques (16A, 16B) en alliage & memoire de for- bei dam das Drahtelement aus
bidirektionaler  is   me de la partie d'extremite distale quand ledit
Formgedgchtnislegierung (116A, 116B) seine         element de support (31)
retrouve sa forme Form in LAngsrichtung verandert, wenn sich
initiale. seine Temperatur andert. K>     seine Temperatur ~ndort.
2. Catheter selon la revendication 1, dans lequol i 15. Katheter nach einem
der AnsprUche 9 bis 14,  20       ladite partie d'extremit6 distale dudit
catheter bei dem zwei Drahtelemente aus bidirektiona-       est faite d'un
materiau qui est relativement ler Formgedachtnislegierung (116A, 11 6B) an
souple et la partie dudit cath6ter autre quo sa Positionen angeordnet sind,
die in bezug auf       partie d'extremite distale est faite d'un mate- eine
zentrale Achse des Katheters einander         riau qui est plus rigide que
celui de ladite gegenlberliegen.                           25      partie
d'extremite distale. 16. Katheter nach einem der AnsprUche 9 bis 14,    3.
Catheter selon la revendication 1 ou 2, dans bei dem drei odor mehr
Drahtelemente aus           lequel lesdits elements de fils metalliques en
bidirektionaler Formgedachtnislegierung (11 6A,    alliage a m6moire de
forms unidirectionnelle 116B, 116C) an Positionen angeordnet sind,  30
sont places a la fois le long de ladite partie die ein Polygon bilden,
innerhalb von dom eine     d'extremite distale et de l'autre partie dudit
zentralen Achse des Katheters angeordnet ist.      cath6ter, une extremite
de chacun desdits fils m~talliques en alliage & memoire de forms 17.
Katheter nach einem der AnsprUche 9 bis 16,        unidirectionnelle etant
fixWe & la partie d'extre- bei dem das Drahtelement aus bidirektionaler  35
mite distale et son autre extremite 6tant fix6e a Formgedachtnislegiorung
mittels der Warme          l'autre partie du catheter. K)      erwarmt
wird, die aufgrund seines Innenwider- stands erzeugt. wird, wenn das
Drahtelement     4. Catheter selon l'une des revendications 1 A 3, aus
bidirektionaler Formgedgchtnislogierung        dans loquel ledit element de
support (31) oct stromfUhrend ist.                          40      un
ressort & spires jointives. Revendlcations
5. Catheter selon l'une des revendications 1 & 4, dans lequel deux elements
de fils metalliques 1. Catheter (30) destine & etre introduit dans un
(16A, 16B) en aliage & memoire de forms organe tubulaire, avoc au moins
deux 6l6ments  45  unidirectionnelle sont plac6s en des positions de fils
metalliques (16A, 16B)                     qui sont opposees l'une de
l'autre par rapport en alliage a m moire de forme unidirectionnel-     a
l'axe central dudit cath6ter. Ie, qui retrouvent leur forms de d6part & une
temperature superieure a une temperature        6. Catheter selon l'une des
revendications 1 a 4, donnde et qui subissent une deformation A une   5o
dans lequel trois 6lements de fils metalliques temperature inferieure I la
temperature don-       (16A, 16B, 16C) en alliage a memoire de for- nee,
plac6es dans la partise (12) d'extremite dis-  me unidirectionnelle, ou
plus, sont places en tale au moins dudit catheter en 6tant sensible-    des
positions qui forment un polygone & l'int6- ment parallbles & l'axe dudit
catheter et en des   rieur duquel est place l'axe central dudit cathe-
positions qui garantissent quo la force, produi-  5s  ter. to quand l'un au
moins desdits 616ments de fils metalliques en alliage & m6moire de forms
7. Catheter selon l'une quelconque des revendi- unidirectionnelle est
chauffe I la temperature     cations 1 a 6, dans lequel lesdits fils
metalli- 14 11111111 111111 111111111111111 *   C   L   M   S   *    25
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ques (16A, 16BB, 16C) on alliage a memoire de   12. Catheter selon lune
quelconque des revendi- formo unidirectionnelle sont places de tello
cations 9 a 11, dans loquel ledit fil metallique manibre qu'ils sont
allongds dans leur direction   (116A, 116BB) en alliage a m6moire de forme
longitudinale.                                      bidirectionnelle
retrouve ses deux formes d'ori- 5       gine a des temperatures qui sont
sensiblement 8. Catheter selon l'une quelconque des revendi-         plus
eleveos quo la temperature du corps. cations 1 a 7, dans lequel lesdits
fils mdtalli- ques (1 6A, 1 BB, 16C) en alliage & m6moire de  13. Cath6ter
selon l'une quelconque des revendi- formo  unidirectionnelle  sont chauffes
au         cations 9 A 12, dans lequel l'axe dudit fil moyen de la chaleur
produito par leur r6sistan-   10  metallique (116A, 116B) en alliage a
mdmoire ce interne lorsqu'ils sont aliment~s en 4nergie.    de forme
bidirectionnelle est sensiblement pa- rallble a l'axe dudit cath6ter. 9.
Cathdter (110) destin6 & 8tre introduit dans un organe tubulaire, ayant au
moins un passage     14. Catheter selon 'une quelconque des revendi-
d'ecoulement qui le traverse sur touts sa lon-  is  cations 9 a 13, dans
lequel ledit fil mdtallique gueur, au moins un fil mdtallique (116A, 1116B)
(116A, 116BB) en alliage & memoire de formo en alliage A memoire de formo
bidirectionnelle      bidirectionnelle change de forme longitudinale etant
plac6 dans une paroi, sur une surface de      lorsque sa temperature
change. paroi interne ou sur une surface de parol exter- no dudit catheter
de maniere a s'etendre dans   20  15. Cath6ter selon l'une quelconque des
revendi- la direction axiale dudit cathdter, et a ce quo la  cations 9 a
14, dans loquel deux fils metalli- formo de la partie d'extrdmitd distale
(112)        ques (116A, 116B) on alliage & mdmoire de dudit catheter
change de fagon reversible par-     forme bidirectionnelle sont places en
des pos- modification de la temperature du fil mdtalli-     tions qui sont
opposdes l'une de l'autre par quo, un element de support cylindrique place
25   rapport a l'axe central dudit catheter. A l'intdrieur de ladite paroi
comprenant le fil metallique en alliage a mdmoire de forme,       16.
Catheter selon l'une quelconque des revendi- caract&risd en ce quo ledit
element de support      cations 9 A 14, dans lequel trois fils metalli-
peut 4trofacilement fldchi mais pas facilement      ques (1 16A, 11 6B,
116C) en alliage a mdmoire comprim4 et exerce une force de rappel sur le
s0   de forme bidirectionnelle, ou plus, sont placds fil metallique on
alliage a m~moire de forme        en des positions qui forment un polygone
a de la partie d'extr~mit4 distale du cath6ter        l'interieur duquel
est place l'axe central dudit quand ledit 6lement de support cylindrique
re-      catheter. trouve se forme initiale. 35  17. Cathdter selon l'une
quelconque des revendi- 10. Catheter. selon la revendication 9, dans lequel
cations 9 & 1B, dans loquel ledit fil m6tallique ladite psts (112)
d'oxtremite distale dudit ca-     en alliage a memoire de formo
bidirectionelle th6ter est faite d'un materiau qui est relative-    est
chaubff au moyen de la chaleur produite ment souple et la partie dudit
catheter autre       par sa resistance interne quand ledit fil m~talli- quo
ladite' partie (112) d'extremite distale est  40  quo en alliage a mdmoire
de formo bidirection- faite d'un wvetdriau qui est plus rigide quo colui
nelle est alimente en energie. de ladite ptrtie d'extremite distale. 11.
Catheter solon l'une des revendications 9 ou 10, dans lequel lesdits
elements de fils metalli-  45 ques (116A, 116BB) on alliage a mdmoire de
formo bidirectionnelle sont places & la fois le long de ladite partie (112)
d'extrdmit6 distale et de la partie dudit cathdter autre quo ladite partie
d'extremite distale, une extremit4 de   so chacun desdits fils metalliques
(116A, 1161B) en alliage A mdmoire de formo bidirectionnolle etant fix6e
sur la partie (112) d'extremit6 dista- le et son autre extrdmit4 etant
fixWe sur la partie autre quo ladite partie d'extremite dista-  55 le. 15 *
C   L   M   S   *    


