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Description 

The  present  invention  relates  to  a  solid  core  wire  for  use  in  a  catheter  guide  wire  used  together  with  a 
catheter.  The  invention  further  relates  to  a  catheter  guide  wire  itself.  The  invention  also  relates  to  a  method 

5  for  manufacturing  a  solid  core  wire  for  use  in  a  catheter  guide  wire  used  together  with  a  catheter. 

Description  of  the  Prior  Art 

The  catheter  guide  wire  is  for  guiding  the  catheter  through  cavities  such  as  blood  vessels  within  a  body. 
io  The  catheter  guide  wire  is  inserted  into  a  cavity  of  the  body  and  is  steered  therethrough  so  that  its  end 

arrives  at  a  destination  position.  Then,  the  catheter  is  fitted  onto  the  catheter  guide  wire  and  is  guided 
through  the  blood  vessel  by  the  catheter  guide  wire  to  the  destination  position. 

Since  a  blood  vessel  has  various  branches  in  different  directions  within  the  body,  the  catheter  guide 
wire  must  be  steerable  through  the  blood  vessels  so  as  to  reach  the  destination  position. 

75  It  is  well  known  in  the  prior  art  to  make  the  catheter  guide  wire  of  a  shape  memory  alloy  so  as  to  use  a 
pseudo  elasticity  of  the  shape  memory  alloy  for  the  steerability  of  the  wire.  Reference  is  made  to  JP-A-63- 
171570  (Reference  I),  JP-A-64-49570  (Reference  II)  and  others. 

It  is  also  known  to  use  the  shape  memory  alloy  for  the  catheter  itself  and  other  medical  appliances  in 
JP-A-60-1  00956  based  on  US  Patent  Application  Serial  Number  541852  filed  on  October  14,  1983 

20  (Reference  III). 
A  typical  shape  memory  alloy  is  Ti-Ni  alloy  as  shown  in  all  of  the  References.  Cu-Zn-AI,  Cu-AI-Ni,  Fe- 

Mn  alloys  are  also  known  as  the  shape  memory  alloy  as  shown  in  Reference  I. 
Those  shape  memory  alloys  may  have  the  pseudo  elasticity  at  a  temperature  of  about  37  °C  by 

controlling  ingredients  and  their  amounts  of  the  alloy  composition  and/or  a  temperature  for  heat-treating  the 
25  alloy. 

The  pseudo  elasticity  is  characterized  by  a  stress-strain  curve  having  a  generally  rectangular  hysteresis 
loop  wherein  strain  gradually  increases  with  increase  of  stress  and  rapidly  and  suddely  increases  at  an 
elevated  stress  (yield  point)  while  strain  gradually  reduces  with  reduction  of  stress  and  rapidly  and  suddenly 
reduces  at  a  reduced  stress,  as  shown  at  1  in  Fig.  1  of  Reference  I,  in  Fig.  6  of  Reference  II,  and  in  Figs.  1 

30  and  2  of  Reference  III. 
Although  the  catheter  guide  wire  using  the  shape  memory  alloy  is  steerable,  it  is  difficult  to  form  the  5 

end  portion  of  the  wire  into  a  desired  shape,  because  the  catheter  guide  wire  has  the  elasticity. 
Accordingly,  it  is  necessary  clinically  to  store  a  plurality  of  catheter  guide  wires  having  different  end  shapes 
which  are  called,  for  example,  a  J-shape  type,  an  angular  type,  and  others.  However,  if  it  is  possible  to 

35  readily  plastically  bend,  deform,  or  work  the  end  of  the  catheter  guide  wire  into  a  desired  shape,  a  single 
catheter  guide  wire  can  be  adapted  for  various  conditions  of  the  catheter  guide  wire  and  shape. 

Further,  since  the  catheter  guide  wire  using  the  shape  memory  alloy  has  the  pseudo  elasticity,  it  is 
readily  elastically  deformed  by  any  force  applied  to  the  guide  wire.  Therefore,  transmission  of  the  force  is 
insufficient  through  the  catheter  guide  wire  to  the  end  portion  from  a  portion  away  from  the  end  portion,  so 

40  that  insertion  force  and/or  rotating  force  applied  to  the  catheter  guide  wire  is  hardly  transmitted  to  the  end 
portion.  This  means  the  guide  wire  does  not  have  a  good  steerability. 

From  EP-A-0  141  006  (reference  IV)  a  core  wire  is  known  being  provided  for  a  catheter  guide  wire 
having  a  distal  end  portion  having  pseudo  elasticity  (super  elasticity)  the  remaining  portion  of  the  guide  wire 
having  a  comparatively  hard  elasticity. 

45  Considering  the  above-mentioned  problems,  it  is  an  object  of  the  present  invention  to  provide  a  catheter 
guide  wire  and  a  solid  core  wire  for  use  in  the  catheter  core  wire  which  are  readily  plastically  deformed  at 
its  end  portion  into  a  desired  shape. 

It  is  another  object  of  the  present  invention  to  provide  a  catheter  guide  wire  and  a  solid  core  wire  for 
use  in  the  catheter  core  wire  which  has  rigidity  or  a  hard  elasticity  at  a  remaining  portion  than  the  end 

50  portion  of  the  wire  so  as  to  improve  the  steerability  of  the  wire. 
The  present  invention  is  applicable  to  a  solid  core  wire  for  use  in  a  catheter  guide  wire  used  together 

with  a  catheter.  The  solid  core  wire  has  an  end  portion  and  a  remaining  portion.  According  to  the  present 
invention,  at  least  the  end  portion  is  made  of  Ti-Ni  alloy  and  has  a  pseudo  elasticity  at  a  temperature  about 
37  °C  and  a  plasticity  at  a  temperature  below  about  80  °C. 

55  In  an  aspect,  the  Ti-Ni  alloy  consists  essentially  of  45.0-51.0  at.%  (atomic  percent)  Ni,  0.5-5.0  at.%  Fe 
and  the  balance  Ti.  The  end  portion  of  the  Ti-Ni  alloy  is  a  portion  heat-treated  at  a  temperature  of  400-500 
°C  after  cold  working  into  the  core  wire.  The  remaining  portion  may  be  made  of  a  metallic  alloy  having  a 
comparatively  hard  elasticity  without  the  pseudo  elasticity. 
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In  another  aspect,  the  solid  core  wire  is  made  of  an  alloy  which  consists  essentially  of  50.3-52.0  at.%  Ni 
and  the  balance  Ti. 

In  another  aspect,  the  core  wire  may  further  comprises  a  coating  of  an  inorganic  material  which  coats 
the  discrete  wire  at  the  remaining  portion.  The  coating  is  made  of  one  selected  from  a  group  of  nickel, 

5  stainless  steel,  silicon  carbide  and  titanium  nitride.  The  coating  may  be  made  of  a  metal  alloy  clad  onto  the 
discrete  wire. 

In  a  further  aspect  of  the  invention,  there  is  provided  a  method  for  manufacturing  a  solid  core  wire 
according  to  the  invention,  wherein  the  end  portion  is  heat  treated  at  a  temperature  of  700  °C  or  higher  after 
cold  working  into  the  core  wire.  The  remaining  portion  may  be  a  portion  heat-treated  at  a  temperature  lower 

io  than  400  °C  after  cold  working  into  the  core  wire,  the  remaining  portion  having  a  comparatively  hard 
elasticity  without  pseudo  elasticity. 

In  a  further  aspect,  a  catheter  guide  wire  is  obtained  which  comprises  the  solid  core  wire  and  a 
synthetic  resin  jacket  covering  the  core  wire. 

Fig.  1  is  an  enlarged  sectional  view  of  a  catheter  guide  wire  according  to  an  embodiment  of  the  present 
is  invention,  with  an  intermittent  portion  being  omitted; 

Fig.  2  is  a  view  illustrating  various  stress-strain  curves  of  sample  wires  in  EXAMPLE  1  at  20  °C; 
Fig.  3  is  a  view  illustrating  stress-strain  curves  of  a  500  °C  heat-treated  wire  at  different  temperatures; 
Fig.  4  is  a  view  illustrating  stress-strain  curves  of  sample  wires  in  EXAMPLES  2  and  3;  and 
Fig.  5  is  a  view  illustrating  stress-strain  curves  of  sample  wires  in  EXAMPLES  4  and  5. 

20  Referring  to  Fig.  1,  a  catheter  guide  wire  10  according  to  an  embodiment  has  a  length  of,  for  example, 
1  ,800  mm  and  a  diameter  of,  for  example,  0.36  mm  and  comprises  a  solid  core  wire  1  1  and  an  outer  jacket 
12  covering  the  core  wire  11. 

The  core  wire  11  has  an  end  portion  13  which  is  tapered.  In  an  example,  the  core  wire  has  a  length  of 
about  1,800  mm  and  a  diameter  of  0.25  mm.  The  end  portion  has  a  length  of  120  mm  and  the  tapered  end 

25  of  the  end  portion  has  a  diameter  of  0.06  mm. 
Materials  and  properties  of  the  core  wire  11  will  later  be  described. 
The  jacket  12  is  in  close  contact  with  the  core  wire  11  and  has  an  outer  diameter  constant  along  the 

longitudinal  direction.  Opposite  ends  of  the  jacket  12  are  formed  round. 
The  jacket  12  is  made  of  any  one  of  synthetic  resins  such  as  polyehylene,  polyvinyle  chloride, 

30  polyester,  polypropylene,  polyamide,  polyurethane,  polystyrene,  fluoride  resin,  silicone  rubber,  and  other 
elastomers. 

Powder  of  Ba,  W,  Bi,  Pb  and/or  other  x-ray  sensitive  elements  or  chemical  compounds  containing  them 
may  be  mixed  and  distributed  in  the  synthetic  resin  layer  of  the  jacket  12.  In  the  case,  it  is  possible  to 
observe  the  catheter  guide  wire  inserted  in  the  blood  vessels  by  use  of  a  radioscopy. 

35  An  outer  surface  of  the  jacket  12  may  be  coated  with  an  anticoagulant  such  as  heparin,  urokinase,  and 
the  like,  or  an  antithrombin  such  as  silicone  rubber,  block  copolymer  of  urethane  and  silicone  hydroxyethyl 
methacrylate  stylene  copolymer  and  the  like. 

An  outer  surface  of  the  jacket  12  may  be  coated  with  a  lubricant  of  water  soluble  high  molecular 
compounds  or  their  derivatives,  for  example,  silicone  oil  so  as  to  reduce  the  surface  friction  of  the  catheter 

40  guide  wire. 
Now,  materials  and  properties  of  the  solid  core  wire  1  1  will  be  described  bellow: 
In  an  embodiment  of  the  present  invention,  the  solid  core  wire  11  is  made  of  Ti-Ni  alloy  having  a 

pseudo  elasticity  at  a  temperature  about  37  °C  and  a  plasticity  at  a  temperature  below  80°C.  An  example  of 
Ti-Ni  alloy  having  such  properties  consists  essentially  of  45.0-51.0  at.%  Ni,  0.5-5.0  at.%  Fe,  and  the 

45  balance  Ti,  as  demonstrated  in  EXAMPLE  1  below. 

EXAMPLE  1 

Sample  Ti-Ni  and  Ti-Ni-Fe  alloys  1-11  shown  in  Table  1  were  prepared  by  use  of  a  vacuum  induction 
50  melting  method. 

55 
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Table  1 

Sample  No.  Ingredients  (atomic  percent)  Hot  Workability  Cold  Workability 

Ti  Ni  Fe 

Conventional  1  49  51  -  Good  Difficult 

Comparative  2  50  49.75  0.25  Good  Good 

Invention  3  50  49.5  0.5  Good  Good 

4  50  48.5  1.5  Good  Good 

5  50  47  3  Good  Good 

6  50  45  5  Good  Difficult 

Comparative  7  50  43  7  Difficult  Impossible 

8  50  40  10  Difficult  Impossible 

Invention  9  48.5  48.5  3  Good  Difficult 

10  49  49  2  Good  Good 

11  49  51  1  Good  Difficult 

Alternatively,  an  arc  melting  method,  an  electron  beam  melting  method,  or  a  powder  metallurgy  can  be 
25  used. 

Sample  alloy  1  is  a  conventional  Ti-Ni  alloy  without  Fe.  Sample  alloys  2,  7  and  8  are  comparative 
samples  which  are  Ti-Ni-Fe  alloys  but  are  improper  for  the  desired  properties  as  will  later  be  understood. 

Each  of  the  sample  alloys  1-11  was  solution  treated  at  a  temperature  of  900-1,000  °C,  hot  forged  at  900 
°C,  cold  drawn  to  have  a  diameter  of  0.7  mm,  and  then  annealed  at  900  °C.  Thus,  a  wire  of  0.5  mm 

30  diameter  was  produced. 

Workability  Test 

In  the  course  of  the  hot  and  cold  working  processes,  the  hot  workability  and  the  cold  workability  were 
35  observed  and  the  observed  result  is  shown  in  Table  1  . 

With  respect  to  the  hot  workability,  sample  aloys  1-6,  9,  10  and  11  were  good  but  it  was  difficult  to  hot 
work  comparative  sample  alloys  7  and  8. 

With  respect  to  the  cold  working,  sample  alloys  2-5  and  10  were  good.  Sample  alloys  1,  6,  9  and  11 
were  difficult  but  could  be  cold  worked.  Sample  alloys  7  and  8  could  not  be  cold  worked. 

40 
Pseudo  Elasticity  Test 

The  produced  wires  of  each  sample  alloy  having  the  diameter  of  0.5  mm  were  heat  treated  or  annealed 
at  900  °C,  700  °C,  600  °C,  500°C,  400°C,  and  300  °C,  respectively,  for  one  hour.  Thereafter,  the  heat- 

45  treated  wires  were  subjected  to  a  tensile  strength  test  (the  maximum  strain  of  3  %)  at  the  room  temperature 
(20  °C)  and  the  body  temperature  (37  °C).  As  a  result,  stress-strain  curves  of  the  sample  alloy  wires  were 
obtained  at  the  different  temperatures.  Sample  alloys  7  and  8  were  not  tested  because  wires  of  the  alloys 
were  not  obtained  by  the  cold  working. 

It  was  noted  from  the  test  that  the  pseudo  elasticity  exhibiting  yield  point  was  not  almost  observed  in  all 
50  of  the  sample  alloys  1-6,  9,  10  and  11  when  they  were  not  heat  treated  and  even  when  they  were  heat 

treated  at  any  temperature  below  400  °C.  However,  they  exhibited  the  pseudo  elasticity  having  a  clear  yield 
point  when  they  were  heat  treated  at  a  temperature  of  400-500  °C.  When  they  were  heat  treated  at  a 
temperture  of  600  °C  or  more,  they  exhibited  the  pseudo  elasticity  but  they  deteriorated  after  repetition  of 
the  tensile  test. 

55  In  Fig.  2,  stress-strain  curves  No.1  (500  °C)  and  No.  4  (500  °C)  at  the  room  temperature  are  shown  as 
to  sample  alloys  1  and  4  heat-treated  at  500  °C,  respectively.  For  comparison  with  these,  Fig.  2  also  shows 
the  stress-strain  curves  at  the  room  temperature  of  known  18-8  stainless  steel  and  the  sample  alloy  1 
before  the  heat  treating.  It  is  found  out  from  Fig.  2  that  the  sample  alloys  1  and  4  heat-treated  at  500  °C 

4 
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have  the  pseudo  elasticity. 
Table  2  shows  stress  for  3  %  strain  at  37  °C  of  sample  alloys  1-11  heat-treated  at  various  temperatures. 

Table  2 
5 

Sample  No.  Stress  for  3%  tensil  strain  (at  37°C)  (kg«f/mm2) 

Heat  Treatment  Non  300°C  400°C  500°C  600°C  700°C  900°C 

Conventional  1  155  120  60  51  32  30  25 

Comparative  2  160  130  65  50  28  30  35 

Invention  3  170  130  55  50  30  29  30 
4  150  140  58  41  27  25  30 
5  140  130  58  43  30  28  28 
6  160  140  60  50  30  27  29 

Comparative  7  -  . . . . . .  
8  -  . . . . . .  

Invention  9  150  120  60  49  33  27  30 
10  180  140  59  50  35  25  26 
11  183  125  57  50  29  29  27 

25  Plasticity  Test 

The  500  °C  heat-treated  wires  of  sample  alloys  1-6,  9,  10  and  11  were  subjected  to  a  plasticity  test 
where  each  wire  was  bent  by  an  angle  of  90°  at  a  temperature  of  37  °C.  A  residual  strain  of  each  sample 
wire  was  measured  after  removal  of  the  bending  stress  and  after  heating  each  sample  wire  at  80  °C.  The 

30  measured  data  were  shown  in  Table  3. 

Table  3 

Sample  No.  Residual  Strain  (%)  after  bending  Residual  Strain  (%)  after  heating  at  80°C 
by  90°C  angle  (37°C) 

Conventional  1  Very  little  0% 

Comparative  2  Very  little  0% 

Invention  3  about  50%  about  10% 

4  1  00%  90%  or  more 

5  1  00%  90%  or  more 

6  1  00%  (but  tend  to  be  broken)  90%  or  more 

Comparative  7 

8 

Invention  9  100%  (but  tend  to  be  broken)  90%  or  more 

1  0  1  00%  90%  or  more 

1  1  1  00%  90%  or  more 

In  sample  alloy  1  ,  the  initial  shape  before  bending  was  almost  restored  at  a  moment  when  the  bending 
stress  was  removed  but  a  residual  strain  was  slightly  observed.  That  is,  it  is  impossible  to  plastically  deform 
the  sample  alloy  1  by  application  of  stress.  When  the  alloy  was  heated  at  80  °C,  the  slight  residual  strain 
vanished.  In  order  to  form  the  wire  of  sample  alloy  1  into  a  fixed  shape,  it  was  necessary  to  heat  treat  the 
wire  restrained  in  the  shape  at  a  temperature  of  400-500°C. 

5 
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Although  sample  alloy  2  contains  0.25  at.%  Fe,  the  residual  strain  was  not  almost  observed  after 
removal  of  the  bending  stress. 

Sample  alloy  3  containing  0.5  at%  Fe  exhibited  the  residual  strain  of  about  50  %  after  removal  of  the 
bending  stress  and  about  10  %  even  after  heating  at  80  °C. 

5  In  any  one  of  sample  alloys  4-6,  9,  10,  and  11,  the  residual  strain  was  100  %  after  removal  of  the 
bending  stress  and  was  about  90  %  or  more  even  after  heating  at  80  °C. 

Therefore,  the  sample  alloys  3-6,  9,  10  and  11  can  be  prastically  deformed  by  application  of  stress. 
Further,  it  was  confirmed  that  the  residual  strain  of  90  %  or  more  was  maintained  at  80  °C.  This  means  that 
a  desired  shape  given  to  the  wire  is  maintained  even  when  it  is  dipped  in  hot  water  about  80  °C  which  is 

io  often  used  as  a  cleaning  agent  in  use  of  the  catheter  guide  wire. 
The  500  °C  heat-treated  wire  of  sample  alloy  5  was  subjected  to  a  tensile  test  to  obtain  stress-strain 

curves  at  20  °C,  40  °C,  60  °C  and  80°C.  The  obtained  curves  are  shown  in  Fig.  3. 
Fig.  3  shows  that  the  strain  remains  after  removal  of  stress  at  40  °C.  This  means  that  a  bent  shape  of 

90°  angle  can  be  provided  to  the  wire  at  40  °C.  Further,  it  is  noted  from  curves  at  60  °C  and  80  °C  that  the 
is  plastical  deformation  can  stably  be  obtained  at  60  °C  and  80  °C. 

It  is  understood  from  EXAMPLE  1  that  a  solid  core  wire  having  the  pseudo  elasticity  at  37  °C  and  the 
plasticity  below  80  °C  can  be  obtained  by  use  of  the  alloy  comprising  45.0-51.0  at.%  Ni,  0.5-5.0  at.%  Fe, 
and  the  balance  Ti. 

Returning  to  Fig.  1,  the  solid  core  wire  11  is  not  necessary  to  have  the  plasticity  along  the  whole  length. 
20  Usually,  the  end  portion  13  is  desired  to  be  deformed  into  a  shape  such  as  j-shape.  Therefore,  the  end 

portion  13  may  only  be  made  of  the  above-mentioned  Ti-Ni-Fe  alloy.  The  remaining  portion  of  the  solid 
core  wire  1  1  may  be  made  of  a  conventional  Ti-Ni  alloy.  An  example  will  be  demonstrated  below. 

EXAMPLE  2 
25 

Wires  of  sample  alloys  1  and  4  in  EXAMPLE  1  were  made  with  a  diameter  of  0.7  mm.  Both  of  wires 
were  brought  into  contact  with  each  other  at  their  ends  and  were  fixedly  jointed  to  form  a  single  complex 
wire  by  welding  the  contacted  ends.  The  complex  wire  was  annealed  at  900  °C  and  worked  to  have  a 
diameter  of  0.5  mm,  and  then,  was  heat  treated  at  400  °C  for  one  hour.  Thereafter,  the  portion  of  sample 

30  alloy  1  and  the  remaining  portion  of  sample  alloy  4  were  subjected  to  a  plasticity  test  similar  to  that  in 
EXAMPLE  1.  As  a  result,  it  was  confirmed  that  the  portion  of  sample  alloy  1  and  the  remaining  portion  of 
sample  alloy  4  had  residual  strains  similar  to  sample  alloys  1  and  4  in  Table  3. 

Therefore,  it  is  possible  to  make  a  solid  core  wire  having  an  end  portion  which  has  a  pseudo  elasticity 
at  a  temperature  about  37  °C  and  a  plasticity  at  a  temperature  below  80°C.  The  remaining  portion  has  a 

35  pseudo  elasticity  at  a  temperature  about  37  °C  but  have  no  plasticity. 
Alternatively,  the  remaining  portion  can  be  made  of  a  conventional  18-8  stainless  steel  or  a  piano  wire. 

In  that  case,  the  joint  portion  of  the  end  portion  and  the  remaining  portion  should  be  mechanically  restrained 
by,  for  example,  caulking  or  press-deformation  so  as  to  insure  a  high  mechanical  connecting  strength. 

It  is  possible  to  joint  the  above-mentioned  complex  wire  with  the  18-8  stainless  steel  or  the  piano  wire 
40  to  make  a  lengthy  wire.  At  that  case,  the  end  portion  should  be  of  the  Ti-Ni-Fe  alloy  wire  and  the  remaining 

portion  comprises  the  Ti-Ni  alloy  wire  and  the  stainless  steel  or  the  piano  wire. 
Ti-Ni  alloy  containing  no  Fe  can  have  a  pseudo  elasticity  at  a  temperature  about  37  °C  and  a  plasticity 

at  a  temperature  below  80°C,  by  adjusting  the  amounts  of  Ti  and  Ni  and  the  heat-treating  temperature.  The 
Ti-Ni  alloy  having  such  properties  consists  essentially  of  50.3-52.0  at.%  Ni  and  the  balance  Ti.  When  the  Ti- 

45  Ni  alloy  containing  Ni  of  50.0  at.%  or  more  is  heat-treated  at  a  temperature  of  700  °C  or  more,  it  exhibits  a 
pseudo  elasticity  at  a  temperature  about  37  °C  and  a  plasticity  at  a  temperature  below  80°C.  The  plasticity 
is  not  obtained  at  Ni  amount  less  than  50.3  at.%  by  the  heat  treatment  at  700  °C.  The  alloy  containing  Ni 
more  than  52.0  at.%  is  deteriorate  in  workability  and  is  improper  for  the  practical  use.  An  example  is 
demonstrated  in  EXAMPLE  3  below. 

50 
EXAMPLE  3 

A  wire  of  sample  alloy  1  in  Table  1  was  prepared  by  a  melting  method,  a  hot  forging,  a  hot  rolling,  a 
cold  drawing  similar  to  those  in  EXAMPLE  1.  The  cold  drawn  wire  had  a  diameter  of  0.5  mm.  Then,  the 

55  drawn  wire  was  subjected  to  a  straightening  at  300  °C  for  five  minutes. 
A  sample  piece  of  2m  was  cut  out  from  the  wire  and  an  end  portion  (50  mm)  of  the  sample  piece  was 

dipped  into  a  salt  bus  which  was  maintained  at  700  °C  for  two  minutes,  thereafter  rapidly  cooled. 
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Then,  the  end  portion  was  subjected  to  a  tensile  test  at  37  °C  and  obtained  a  stress-strain  curve.  The 
resultant  stress-strain  curve  is  shown  at  A  in  Fig.  4. 

It  is  noted  from  curve  A  that  yield  occurs  by  about  1  %  strain  without  plasticity.  Therefore,  the  end 
portion  has  the  pseudo  elasticity.  However,  when  strain  of  3  %  or  more  are  applied,  a  high  residual  strain  is 

5  observed.  Therefore,  the  end  portion  can  be  plastically  deformed. 
Returning  to  Fig.  1,  the  end  portion  13  of  solid  core  wire  11  has  the  pseudo  elasticity  at  37  °C  while  the 

remaining  portion  having  a  rigidity  or  a  hard  elasticity  in  another  embodiment  of  the  present  invention. 
Some  examples  are  shown  below. 

w  EXAMPLE  4 

A  sample  piece  of  2m  was  cut  out  from  the  wire  prepared  in  EXAMPLE  3  and  an  end  portion  (50  mm) 
of  the  sample  piece  was  dipped  into  a  salt  bus  which  was  maintained  at  400  °C  for  ten  minutes,  thereafter 
rapidly  cooled. 

75  Then,  the  400  °C  heat-treated  end  portion  and  the  non-treated  remaining  portion  were  subjected  to  a 
tensile  test  at  37  °C  and  obtained  stress-strain  curves.  The  resultant  stress-strain  curves  are  shown  at  B  and 
C,  respectively,  in  Fig.  4.  A  stress-strain  curve  of  18-8  stainless  steel  wire  is  also  shown  at  D  in  the  figure. 

It  is  noted  from  curve  B  that  the  end  portion  has  a  clear  yield  point  at  1  %  strain  for  60  kg.f/mm2  stress. 
Further,  strain  of  3%  completely  vanishes  by  removal  of  stress.  Therefore,  the  end  portion  has  the  pseudo 

20  elasticity. 
On  the  other  hand,  the  remaining  portion  has  a  complete  elasticity  for  stress  higher  than  100  kg.f/mm2 

as  shown  at  curve  C  which  is  superior  to  18-8  stainless  steel  wire  of  curve  D.  The  stainless  steel  has  3  % 
strain  for  100  kg.f/mm2  and  has  a  residual  strain  after  removal  of  the  stress  as  shown  at  curve  D. 

The  pseudo  elasticity  is  obtained  by  the  heat  treatment  at  a  temperature  of  400-500  °C  as  already 
25  described  in  EXAMPLE  1. 

In  a  solid  core  wire  of  a  shape  memory  alloy  having  the  pseudo  elasticity,  the  rigidity  can  also  be  given 
to  the  remaining  portion  by  covering  it  with  inorganic  coating  as  described  in  the  following  examples. 

EXAMPLE  5 
30 

A  wire  having  a  diameter  of  0.5  mm  was  worked  from  an  51  at%  Ni-49  at%  Ti  alloy  in  the  similar 
manner  in  EXAMPLE  4.  The  worked  wire  was  heat  treated  at  400  °C  for  ten  minutes. 

The  heat  treated  wire  was  subjected  to  a  tensile  tesat  at  37  °C  to  obtain  a  stress-strain  curve  with  a 
maximum  starin  of  3  %.  The  resultant  curve  is  equal  to  the  curve  B  in  Fig.  4  because  the  alloy  has  the 

35  same  composition  and  is  subjected  to  the  same  heat  treatment  in  EXAMPLE  4.  The  resultant  curve  is 
shown  at  B  in  Fig.  5.  The  stress-strain  curve  of  18-8  stainless  steel  is  also  shown  at  D  in  Fig.  5. 

The  heat  treated  wire  is  superior  to  the  18-8  stainless  strain  in  the  elasticity  and  the  flexibility. 
A  plurality  of  samples  cut  out  from  the  heat  treated  wire  were  coated  with  Ni  by  the  electroplating, 

stainless  steel  (SS)  by  evaporating,  silicon  carbide  (SiC)  by  spattering,  and  titanium  nitride  (TiN)  by 
40  spattering.  The  coating  had  a  thickness  of  25-50  urn. 

Stress-strain  curves  at  37  °C  of  the  coated  wires  were  measured  and  are  shown  with  references  of  Ni, 
SS,  SiC,  and  TiN,  respectively,  in  Fig.  5.  It  is  noted  from  those  stress-strain  curves  that  each  of  the  coated 
sample  wires  has  a  small  residual  strain  and  a  high  rigidity  similar  to  the  stainless  steel  wire. 

Each  of  the  coated  sample  wires  was  subjected  to  removal  of  the  coating  at  the  end  portion  over  a 
45  length  of  50  mm  by  a  chemical  treatment  using  aqua  regia  or  by  mechanical  grinding  and  the  end  portion 

of  Ti-Ni  alloy  was  exposed. 
The  end  portion  exposed  is  subjected  to  the  tensile  test  to  obtain  a  stress-strain  curve  with  a  maximum 

strain  of  3  %.  The  curve  was  confirmed  equal  to  curve  B  in  Fig.  5. 
Thus,  the  solid  core  wire  is  obtained  with  an  end  portion  having  the  pseudo  elasticity  and  the  remaining 

50  portion  having  the  high  or  hard  elasticity. 
The  coating  can  be  replaced  by  cladding  as  described  in  the  following  example. 

EXAMPLE  6 

55  Sample  alloy  1  in  EXAMPLE  1  was  worked  to  form  a  wire  having  a  diameter  of  5.0  mm.  The  worked 
wire  was  inserted  in  a  stainless  steel  tube  having  an  inner  diameter  of  5.1  mm  and  an  outer  diameter  of  6.0 
mm  to  form  a  clad-type  wire. 
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The  clad-type  wire  was  swaged  or  forged  to  have  a  reduced  diameter  of  0.7  mm  and  then,  cold  drawn 
to  form  a  clad  wire  of  a  0.5  mm  diameter. 

The  clad  wire  was  subjected  to  a  heat  treatment  at  400  °C  for  ten  minutes  and  to  a  tensile  test  at  a 
temperature  of  37  °C.  A  resultant  stress-strain  curve  is  shown  with  a  reference  of  CLAD  in  Fig.  5.  It  is  noted 

5  form  the  resultant  stress-strain  curve  CLAD  that  the  heat-treated  clad  wire  has  a  high  rigidity  similar  to 
curve  D  of  the  stainless  steel  wire. 

Then,  the  stainless  steel  cladding  was  removed  at  an  end  portion  over  50  mm  by  use  of  aqua  regia  to 
expose  the  end  portion  of  the  Ti-Ni  alloy. 

The  end  portion  exposed  was  again  subjected  to  a  tensile  test  at  a  temperature  of  37  °C  and  obtained  a 
io  stress-strain  curve  similar  to  curve  B  in  Fig.  5. 

The  end  portion  may  be  chemically  treated  by  use  of  hydrofluoric  acid  to  be  tapered. 

Claims 

75  1.  A  solid  core  wire  for  use  in  a  catheter  guide  wire  used  together  with  a  catheter,  said  solid  core  wire 
having  an  end  portion  and  a  remaining  portion,  wherein  at  least  said  end  portion  is  made  of  Ti-Ni  alloy 
and  has  a  pseudo  elasticity  at  a  temperature  about  37  °  C  and  a  plasticity  at  a  temperature  below  about 
80  °C. 

20  2.  A  solid  core  wire  as  claimed  in  Claim  1  ,  wherein  said  Ti-Ni  alloy  consists  essentially  of  45.0-51  .0  at.% 
(atomic  percent)  Ni,  0.5-5.0  at.%  Fe  and  the  balance  Ti. 

3.  A  solid  core  wire  as  claimed  in  Claim  2,  wherein  at  least  said  end  portion  of  said  Ti-Ni  alloy  is  a  portion 
heat-treated  at  a  temperature  of  400-500  °  C  after  cold  working  into  the  core  wire. 

25 
4.  A  solid  core  wire  as  claimed  in  Claim  3,  wherein  said  remaining  portion  is  made  of  a  metallic  alloy 

having  a  comparatively  hard  elasticity  without  the  pseudo  elasticity. 

5.  A  solid  core  wire  as  claimed  in  Claim  4,  wherein  said  metallic  alloy  is  a  Ti-Ni  alloy  comprising  51.0 
30  at.%  Ni  and  the  balance  Ti. 

6.  A  solid  core  wire  as  claimed  in  Claim  1,  wherein  said  solid  core  wire  is  made  of  an  alloy  which 
comprises  50.3-52.0  at.%  Ni  and  the  balance  Ti. 

35  7.  A  solid  core  wire  as  claimed  in  claim  1,  which  further  comprises  a  coating  of  an  inorganic  material 
which  coats  said  discrete  wire  at  said  remaining  portion. 

8.  A  solid  core  wire  as  claimed  in  Claim  7,  wherein  said  coating  is  made  of  one  selected  from  a  group  of 
nickel,  stainless  steel,  silicon  carbide  and  titanium  nitride. 

40 
9.  A  solid  core  wire  as  claimed  in  Claim  7,  wherein  said  coating  is  made  of  a  metal  alloy  clad  onto  said 

discrete  wire. 

10.  A  method  for  manufactoring  a  solid  core  wire  as  claimed  in  Claim  1,  wherein  at  least  said  end  portion  is 
45  heat-treated  at  a  temperature  of  700  °  C  or  higher  after  cold  working  into  the  core  wire. 

11.  A  method  as  claimed  in  Claim  10,  wherein  said  remaining  portion  is  heat-treated  at  a  temperature  lower 
than  400  °  C  after  cold  working  into  the  core  wire,  said  remaining  portion  having  a  comparatively  hard 
elasticity  without  pseudo  elasticity. 

50 
12.  A  catheter  guide  wire  comprising  a  solid  core  wire  according  to  Claim  1  and  a  synthetic  resin  jacket 

covering  said  core  wire. 

Patentanspruche 
55 

1.  Fester  Kerndraht  zur  Benutzung  in  einem  Katheterfuhrungsdraht,  der  zusammen  mit  einem  Katheter 
benutzt  wird,  wobei  der  feste  Kerndraht  einen  Endabschnitt  und  einen  verbleibenden  Abschnitt  aufweist, 
bei  dem  mindestens  der  Endabschnitt  aus  Ti-Ni-Legierung  gemacht  ist  und  eine  Pseudoelastizitat  bei 
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einer  Temperatur  von  ungefahr  37  °C  und  eine  Plastizitat  bei  einer  Temperatur  unterhalb  von  ungefahr 
80  °  C  aufweist. 

2.  Fester  Kerndraht  nach  Anspruch  1,  bei  dem  die  Ti-Ni-Legierung  im  wesentlichen  aus  45,0  bis  51,0 
5  Atomprozent  Ni,  0,5  bis  5,0  Atomprozent  Fe  und  den  Rest  Ti  besteht. 

3.  Fester  Kerndraht  nach  Anspruch  2,  bei  dem  mindestens  der  Endabschnitt  der  Ti-Ni-Legierung  ein 
Abschnitt  ist,  der  bei  einer  Temperatur  von  400  bis  500  °C  nach  Kaltverformen  in  den  Kerndraht 
warmebehandelt  ist. 

10 
4.  Fester  Kerndraht  nach  Anspruch  3,  bei  dem  der  verbleibende  Abschnitt  aus  einer  metallischen 

Legierung  mit  einer  vergleichsweise  harten  Elastizitat  ohne  die  Pseudoelastizitat  gemacht  ist. 

5.  Fester  Kerndraht  nach  Anspruch  4,  bei  dem  die  metallische  Legierung  eine  Ti-Ni-Legierung  mit  51,0 
is  Atomprozent  Ni  und  dem  Rest  Ti  ist. 

6.  Fester  Kerndraht  nach  Anspruch  1  ,  bei  dem  der  teste  Kerndraht  aus  einer  Legierung  gemacht  ist,  die 
50,5  bis  52,0  Atomprozent  Ni  und  den  Rest  Ti  aufweist. 

20  7.  Fester  Kerndraht  nach  Anspruch  1,  weiter  mit  einer  Beschichtung  aus  einem  anorganischen  Material, 
das  den  diskreten  Draht  an  dem  verbleibenden  Abschnitt  bedeckt. 

8.  Fester  Kerndraht  nach  Anspruch  7,  bei  dem  die  Beschichtung  aus  einem  Material  gemacht  ist,  das  aus 
einem  einer  Gruppe  aus  Nickel,  rostfreiem  Stahl,  Siliziumkarbid  und  Titannitrit  gewahlt  ist. 

25 
9.  Fester  Kerndraht  nach  Anspruch  7,  bei  dem  die  Beschichtung  aus  einer  Metallegierung  gemacht  ist,  die 

den  diskreten  Draht  ummantelt. 

10.  Verfahren  zum  Herstellen  eines  festen  Kerndrahtes  nach  Anspruch  1,  bei  dem  mindestens  der 
30  Endabschnitt  bei  einer  Temperatur  von  700  °C  oder  mehr  nach  der  Kaltverformung  in  den  Kerndraht 

warmebehandelt  wird. 

11.  Verfahren  nach  Anspruch  10,  bei  dem  der  verbleibende  Abschnitt  bei  einer  Temperatur  unterhalb  von 
400  °C  nach  der  Kaltverformung  in  den  Kerndraht  warmebehandelt  wird,  wobei  der  verbliebene 

35  Abschnitt  eine  vergleichsweise  harte  Elastizitat  ohne  Pseudoelastizitat  aufweist. 

12.  Katheterfuhrungsdraht  mit  einem  festen  Kerndraht  nach  Anspruch  1  und  einer  synthetischen  Harzum- 
hullung,  die  den  Kerndraht  bedeckt. 

40  Revendicatlons 

1.  Fil  de  noyau  plein  destine  a  etre  utilise  dans  un  fil  de  guidage  pour  catheter  associe  a  un  catheter,  ce 
fil  de  noyau  plein  comportant  une  partie  d'extremite  et  une  partie  restante,  caracterise  en  ce  qu'au 
moins  la  partie  d'extremite  est  realisee  dans  un  alliage  de  Ti-Ni  et  presente  de  la  pseudo-elasticite  a 

45  une  temperature  d'environ  37  °C,  et  de  la  plasticite  a  une  temperature  inferieure  a  environ  80  °C. 

2.  Fil  de  noyau  plein  selon  la  revendication  1,  caracterise  en  ce  que  I'alliage  de  Ti-Ni  est  constitue 
essentiellement  de  45,0  a  51,0  %  atomique  (pourcentage  atomique)  de  Ni,  de  0,5  a  5,0  %  atomique  de 
Fe,  et  du  complement  a  100  %  de  Ti. 

50 
3.  Fil  de  noyau  plein  selon  la  revendication  2,  caracterise  en  ce  qu'au  moins  la  partie  d'extremite  de 

I'alliage  de  Ti-Ni  est  une  partie  traitee  thermiquement  a  une  temperature  de  400  °  a  500  °  C  apres  un 
travail  a  froid  pour  former  le  fil  de  noyau. 

55  4.  Fil  de  noyau  plein  selon  la  revendication  3,  caracterise  en  ce  que  la  partie  restante  est  realisee  dans  un 
alliage  metallique  presentant  une  elasticite  comparativement  dure  sans  la  pseudoelasticite. 
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5.  Fil  de  noyau  plein  selon  la  revendication  4,  caracterise  en  ce  que  I'alliage  metallique  est  un  alliage  de 
Ti-Ni  comprenant  51,0  %  atomique  de  Ni  et  le  complement  a  100  %  de  Ti. 

6.  Fil  de  noyau  plein  selon  la  revendication  1  ,  caracterise  en  ce  que  ce  fil  de  noyau  plein  est  realise  dans 
5  un  alliage  comprenant  de  50,3  a  52,0  %  de  Ni  et  le  complement  a  100  %  de  Ti. 

7.  Fil  de  noyau  plein  selon  la  revendication  1,  caracterise  en  ce  qu'il  comprend  en  outre  un  revetement 
d'un  materiau  inorganique  qui  recouvre  le  fil  distinct  dans  la  partie  restante. 

io  8.  Fil  de  noyau  plein  selon  la  revendication  7,  caracterise  en  ce  que  le  revetement  est  realise  dans  un 
materiau  choisi  dans  un  groupe  comprenant  le  nickel,  I'acier  inoxydable,  le  carbure  de  silicium  et  le 
nitrure  de  titane. 

9.  Fil  de  noyau  plein  selon  la  revendication  7,  caracterise  en  ce  que  le  revetement  est  constitue  par  une 
is  gaine  d'un  alliage  metallique  place  sur  le  fil  distinct. 

10.  Procede  de  fabrication  d'un  fil  de  noyau  selon  la  revendication  1,  caracterise  en  ce  qu'au  moins  la 
partie  d'extremite  est  traitee  thermiquement  a  une  temperature  de  700  °C  ou  superieure,  apres  un 
travail  a  froid  pour  former  le  fil  de  noyau. 

20 
11.  Procede  selon  la  revendication  10,  caracterise  en  ce  que  la  partie  restante  est  traitee  thermiquement  a 

une  temperature  inferieure  a  400  °C  apres  le  travail  a  froid  pour  former  le  fil  de  noyau,  cette  partie 
restante  presentant  une  elasticite  comparativement  dure  sans  pseudo-elasticite. 

25  12.  Fil  de  guidage  pour  catheter  comprenant  un  fil  de  noyau  plein  selon  la  revendication  1,  et  une 
enveloppe  de  resine  synthetique  recouvrant  le  fil  de  noyau. 
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