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@  An  intravascular  catheter. 

©  An  intravascular  catheter,  comprising  a  hub  (2)  having  a 
pair  of  axially  spaced  branched  tubes  (7,8)  mounted  thereto, 
a  flexible  double-walled  tube  (3)  having  an  inwardly  tapered 
tip  portion  (21)  and  consisting  of  coaxial  inner  (13)  and  outer 
tubes  (16)  and  a  needle  (4)  removably  inserted  into  said  inner 
tube.  The  base  edge  of  the  inner  tube  (13)  is  located  inter- 
mediately  between  the  positions  from  which  said  two 
branched  tubes  (7,8)  extend  outward  so  that  the  inner  pas- 
sageway  (15)  of  tube  (13)  after  removing  of  needle  (4)  com- 
municates  with-  the  branched  tube  (8).  The  base  edge  of  the 
outer  tube  (16)  is  fixed  to  the  tip  of  .the  hub  (2)  so  that  the 
annular  passageway  (20)  formed  between  said  outer  and 
inner  tubes.  (13,  16)  communicates  with  the  other  branched 
tube  (7).  The  inner  passageway  (15)  has  an  opening  at  the 
tapered  tip  (21)  of  the  double-walled  tube'(3)  and  the  forward 
end  portion  of  the  outer  tube  (16)  is  provided  with  bores 
(23,24)  at  its  connection  with  the  tapered  tip  portion  (21). 

FIG.  1 
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A n   intravascular  catheter,  comprising  a  hub  (2)  having  a 
pair  of  axially  spaced  branched  tubes  (7,8)  mounted  thereto, 
a  flexible  double-walled  tube  (3)  having  an  inwardly  tapered 
tip  portion  (21)  and  consisting  of  coaxial  inner  (13)  and  outer 
tubes  (16)  and  a  needle  (4)  removably  inserted  into  said  inner 
tube.  The  base  edge  of  the  inner  tube  (13)  is  located  inter- 
mediately  between  the  positions  from  which  said  two 
branched  tubes  (7,8)  extend  outward  so  that  the  inner  pas- 
sageway  (15)  of  tube  (13t after  removing  of  needle  (4)  com- 
municates  with.  the  branched  tube  (8).  The  base  edge  of  the 
outer  tube  (16)  is  fixed  to  the  tip  of.the  hub  (2)  so  that  the 
annular  passageway  (20)  formed  between  said  outer  and 
inner  tubes.(13,16)  communicates  with  the  other  branched 
tube  (7).  The  inner  passageway  (15)  has  an  opening  at  the 
tapered tip (21) of the double-walled tube (3) and the forward 
end  portion  of  the  outer  tube  (16)  is  provided  with  bores 
(23,24)  at  its  connection  with  the  tapered  tip  portion  (21). 



T h i s   i n v e n t i o n   r e l a t e s   t o   an  i n t r a v a s c u l a r   c a t h e t e r  u s e f u l  

f o r   e x t r a c o r p o r e a l   b l o o d   c i r c u l a t i o n   t h r o u g h   an  a r t i f i c i a l  

k i d n e y ,   an  a r t i f i c i a l   l u n g ,   or  t h e   l i k e .  

I n  a   c o n v e n t i o n a l   b l o o d   d i a l y z i n g   o p e r a t i o n   u s i n g   an  a r t i -  

f i c i a l   k i d n e y ,   a  c o u p l e   of  n e e d l e s   a r e   k e p t   i n s e r t e d  

r e s p e c t i v e l y  t o   e a c h   of  t h e   v e i n   and  a r t e r y   of  a  p a t i e n t  
f o r   t h e   s u c t i o n   and  r e c o v e r y   of  b l o o d   t h r o u g h   t h e   a r t i f i c i a l  

k i d n e y .   In  t h i s   c a s e ,   t h e   p a t i e n t   s u f f e r s   f rom  p a i n   b e c a u s e  

two  n e e d l e s   a r e   i n s e r t e d   i n t o   h i s   b l o o d   v e s s e l s .   In  a d d i t i o n ,  

t h e   l i f e   of  t h e   s h u n t   s e r v i n g   to   c o n n e c t   d i r e c t l y   t h e   a r t e r y  

and  t h e   v e i n   t e n d s   to   be  s h o r t e n e d .  

To  o v e r c o m e   t h e   a b o v e - n o t e d   d r a w b a c k s ,   a  s o - c a l l e d   " s i n g l e  

n e e d l e   s y s t e m "   has   b e e n   p r o p o s e d   in  w h i c h   w i t h d r a w i n g   f r o m  

and  r e t u r n i n g   to   t h e   body   of  t h e   b l o o d   a r e   e f f e c t e d  b y  

u s i n g   a  s i n g l e   n e e d l e .   In  t h i s   c a s e ,   t h e   o p e n i n g - c l o s i n g  

of  a  v a l v e   i s   p e r f o r m e d   e l e c t r i c a l l y   so  as  to   e n a b l e   t h e  

s i n g l e   n e e d l e   to   w i t h d r a w   and  r e t u r n   t h e   b l o o d   a l t e r n a t e l y .  

The  a l t e r n a t e   o p e r a t i o n   n a t u r a l l y   l e a d s   to   a  l o n g e r  d i a l y z i n g  

t i m e   t h a n   f o r   t h e   c a s e   of  u s i n g   two  n e e d l e s ,   b e c a u s e  

. s h o r t e n i n g   of  t h e   d i a l y z i n g   t i m e   w i l l   c a u s e   s h a r p   and  e n -  

l a r g e d   f l u c t u a t i o n s   in  t h e   i n t e r n a l   p r e s s u r e   of  t h e   d i a l y z i n g  

c i r c u i t ,   g i v i n g   bad   i n f l u e n c e s   to  t h e . p a t i e n t .   I t   s h o u l d   a l s o  

be  n o t e d   t h a t   t h e   s i n g l e   n e e d l e   s y s t e m   n e c e s s i t a t e s   a  



p a r t i c u l a r  m a c h i n e   f o r   o p e r a t i n g   t h e   c i r c u l a t i o n .  

The  i n v e n t i o n   a ims   a t   e l i m i n a t i n g   t h e s e   d r a w b a c k s   b y  

p r o v i d i n g   an  i n t r a v a s c u l a r   c a t h e t e r   of  a  d o u b l e - w a l l e d  

s t r u c t u r e .   The  i n v e n t i o n   as  c h a r a c t e r i z e d   in   t h e   c l a i m s  

s o l v e s   t h e  o b j e c t   of  p r o v i d i n g   an  i n t r a v a s c u l a r   c a t h e t e r  

w h e r e i n   a  s i n g l e  n e e d l e   n e e d   be  i n s e r t e d   o n l y . o n c e   i n t o  

a  b l o o d   v e s s e l   of  a  p a t i e n t   f o r   a c h i e v i n g   e x t r a c o r p o r e a . l  

b l o o d   c i r c u l a t i o n ,   t h e r e b y   a l l e v i a t i n g   t h e   p a i n   o f .  t h e  

p a t i e n t .   F u r t h e r ,   t h e   c a t h e t e r   of  t h e   i n v e n t i o n   w i l l   e n a b l e  

an  e f f e c t i v e   b l o o d   c i r c u l a t i o n  e q u i v a l e n t   to   t h e   c o n v e n t i o n a l  

d e v i c e   u s i n g   two  n e e d l e s .   S t i l l   f u r t h e r ,   t h e   c a t h e t e r   o f  

t h i s   i n v e n t i o n   can   b e  o p e r a t e d  v e r y   e a s i l y .  

B e l o w ,   t h e   i n v e n t i o n   i s   e x p l a i n e d   in   g r e a t e r   d e t a i l   b y  

r e f e r r i n g   to   t h e   d r a w i n g s   i l l u s t r a t i n g   p r e f e r r e d   e m b o d i m e n t s ,  

and   w h e r e i n :  

F i g u r e   1  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i e w   of  a n  

i n t r a v a s c u l a r   c a t h e t e r   a c c o r d i n g   to   one  e m b o d i -  

m e n t   of   t h i s   i n v e n t i o n ;  

F i g u r e   2  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i e w   o f  t h e .  

hub  i n c l u d e d   in  t h e   c a t h e t e r   of   F i g u r e . 1 ;  

F i g u r e   3  i s   a  v i e w   w i t h   p a r t s   b r o k e n   away  and  i n  

s e c t i o n   of   a  v a s c u l a r   c h a n n e l   w i t h   c a t h e t e r   e m b o d y -  

i n g   t h e   i n v e n t i o n . b e i n g   i n s e r t e d   t h e r e i n ;  

F i g u r e   4  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i e w   s h o w i n g  

a  m o d i f i c a t i o n   of  a  s e a l i n g   m e m b e r   to   be  m o u n t e d  

to   t h e   b a s e   p o r t i o n   of  t h e   h u b ;   a n d  

F i g u r e   5  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i e w   of   a n  

i n t r a v a s c u l a r   c a t h e t e r   a c c o r d i n g   to   a n o t h e r   e m b o d i -  

men t   of  t h i s   i n v e n t i o n .  



As  shown  in   F i g u r e   1,  an  i n t r a v a s c u l a r   c a t h e t e r   a c c o r d i n g  
to  one  e m b o d i m e n t   o f  t h i s   i n v e n t i o n   c o m p r i s e s   a  hub  2,  a  
d o u b l e - w a l l e d   t u b e   3  m o u n t e d   to   t h e   t i p   p o r t i o n   of  t h e  

hub  2 - a n d   h a v i n g   a  t a p e r e d   t i p   p o r t i o n ,   and  a  n e e d l e   4 

r e m o v a b l y   i n s e r t e d   i n t o   t h e   d o u b l e - w a l l e d   t u b e   3.  The  h u b  

2,  w h i c h   i s   made  o f ,   f o r   e x a m p l e ,   p o l y c a r b o n a t e   or  p o l y -  

p r o p y l e n e ,   i s   p r o v i d e d   w i t h   an  a x i a l   p a s s a g e w a y   5  as  s h o w n  

in  F i g u r e   2.  The  b a s e   end  p o r t i o n   of  t h e   hub  i s   s e a l e d  

w i t h   a  s e a l i n g   member   6  f o r m e d   o f ,   f o r   e x a m p l e ,  s y n t h e t i c  

r u b b e r   so  as  to   c l o s e   t h e  a x i a l   p a s s a g e w a y   5 ,  w i t h   t h e   t i p  

end  of  t h e   a x i a l   p a s s a g e w a y   l e f t   o p e n .   F u r t h e r ,   t h e   hub  2 

i s   p r o v i d e d   w i t h   f i r s t   and  s e c o n d   a u x i l i a r y   p a s s a g e w a y s   7 

and  8  b r a n c h e d   f r o m   t h e   a x i a l   p a s s a g e w a y   5.  In  g e n e r a l ,  

f i r s t   and   s e c o n d  a u x i l i a r y   t u b e s   11  and  12  f o r m e d   of  a  

t r a n s p a r e n t   f l e x i b l e  p l a s t i c   m a t e r i a l   and  h a v i n q   c a p s   9  a n d  

10  ( s e e   F i g u r e   1)  r e m o v a b l y   m o u n t e d   to  t h e   t i p s   t h e r e o f  

a r e   c o n n e c t e d   to  t h e   f i r s t   and  s e c o n d   a u x i l i a r y   p a s s a g e w a y s  
7  and  8,  r e s p e c t i v e l y .  

The  hub  2  may  be  f o r m e d   by  i n t e g r a l   m o l d i n g .   A l t e r n a t i v e l y ,  

i t   i s   p o s s i b l e   to   s e p a r a t e   t h e   hub  i n t o   two  s e c t i o n s ,   o n e  

s e c t i o n   c o m p r i s i n g   t h e   f i r s t   a u x i l i a r y   p a s s a g e w a y   7  and  t h e  

o t h e r   s e c t i o n   i n c l u d i n g   t h e   s e c o n d   a u x i l i a r y   p a s s a g e w a y   8 .  

N a m e l y ,   t h e s e   two  s e c t i o n s   a r e   m o l d e d   s e p a r a t e l y   and  j o i n a d  

to  e a c h   o t h e r   l a t e r .   The  s e p a r a t e   m o l d i n g   m e t h o d   is  p r e f e r r e d  

b e c a u s e   t h e   s u b s e q u e n t   work  of  f i x i n g   an  i n n e r   t u b e   13  to  t h e  

hub  can   be  f a c i l i t a t e d .  

A - d o u b l e - w a i t e d   t u b e   3  c o n s i s t i n g   of  t h e   i n n e r   t u b e   13 

and  an  o u t e r   t u b e   i s   m o u n t e d   to   t h e   f o r w a r d   end  p o r t i o n  

of  t h e   hub  2.  S p e c i f i c a l l y ,   t h e   b a s e   p o r t i o n   of  t he   i n n e r  

t u b e   13  i s   i n s e r t e d   i n t o   t h e   a x i a l   p a s s a g e w a y   5  o f  t h e   h u b  

to   r e a c h :   f o r   e x a m p l e ,   a  s t e p p e d   p o r t i o n   14  p r o v i d e d   b e t w e e n  

t h e   f i r s t   and   s e c o n d   a u x i l i a r y   b l o o d   p a s s a g e w a y   7  and  8 ,  

and  i s   b o n d e d   to  t h e  i n n e r   w a l l   of  t h e   hub  d e f i n i n g   a x i a l  



p a s s a g e w a y   5  by  u s i n g   an  a d h e s i v e   or   t h e   l i k e .   T h u s ,   t h e  

s e c o n d   a u x i l i a r y   p a s s a g e w a y   8  of  t h e   hub  i s   a l l o w e d   t o  

c o m m u n i c a t e   w i t h   a  c e n t r a l   p a s s a g e w a y   15  f o r m e d   in  t h e  

i n n e r   t u b e   13.  On  t h e   o t h e r   h a n d ,   t h e   b a s e   edge   of  t h e  

o u t e r   t u b e   16  i s   f i x e d   to   t h e   f o r w a r d   end  of  t h e   hub  s u c h  

t h a t   a  f l a n g e   17  f o r m e d   a t   t h e   b a s e   e d g e   of  t h e   o u t e r   t u b e  

i s   e n g a g e d   w i t h   a  s t e p p e d   p o r t i o n   18  of   t h e   hub ,   w i t h   a  

r e i n f o r c i n g   m e m b e r   19  d i s p o s e d   to   e n s u r e   s t a b l e   e n g a g e - -  
m e n t   b e t w e e n   t h e   f l a n g e   17  and  t h e   s t e p p e d   p o r t i o n   1 8 .  

N a t u r a l l y ,   t h e   p a r t i c u l a r   c o n s t r u c t i o n   m e n t i o n e d   p e r m i t s  

a  s u f f i c i e n t l y   s t r o n g   f i x i n g   of   t h e   o u t e r   t u b e   to   t h e   h u b .  

The  o u t e r   t u b e   16  c o m p l e t e l y   s u r r o u n d s   t h a t   p o r t i o n   o f  

t h e   i n n e r   t u b e   13  w h i c h   e x t e n d s   f r o m   t h e   f o r w a r d   e n d -  o f  

t h e   hub  2  so  as  to   h a v e   an  a n n u l a r   p a s s a g e w a y   20  f o r m e d  

b e t w e e n   t h e   o u t e r   w a l l   of   t h e   i n n e r   t u b e   and  t h e   i n n e r  

w a l l   of   t h e   o u t e r   t u b e .   As  shown  in  t h e   d r a w i n g ,   t h e  

a n n u l a r   p a s s a g e w a y   20  c o m m u n i c a t e s   w i t h   t h e   f i r s t   a u x i l i a r y  

p a s s a g e w a y   7  of   t h e   h u b .   In  o t h e r   w o r d s ,   t h e   a x i a l   p a s s a g e -  

way  5  f o r m e d   in   t h e   hub  2  i s   d i v i d e d   by  t h e   p r e s e n c e   of  t h e  

i n n e r   t u b e   13  i n t o   two  i n d e p e n d e n t   p a s s a g e w a y s   c o m m u n i c a t i n g  

r e s p e c t i v e l y   w i t h   t h e   f i r s t   and   s e c o n d   a u x i l i a r y   p a s s a g e -  

ways   7  and   8 .  

The  i n n e r   and   o u t e r   t u b e s   13  and   16  a r e   b o n d e d   to  e a c h  

o t h e r   a t   t h e   f o r w a r d   end   p o r t i o n s   by  f u s i o n   or   t h e   l i k e .  

F u r t h e r ,   t h e   d o u b l e - w a l l e d   t u b e   3  c o n s i s t i n g   of  t h e s e  

t u b e s   13  and  16  has   a  t a p e r e d   t i p   p o r t i o n   21.  When  a  n e e d l e  

4  i s   i n s e r t e d   t h r o u g h   t h e   c e n t r a l   p a s s a g e w a y   f o r m e d   in  t h e  

i n n e r   t u b e   13,  t h e   s h a p e   of   b e v e l e d   t i p   of   t h e   d o u b l e - w a l l e d  

t u b e   3  n e a r l y   c o n f o r m s   w i t h   t h e   s h a p e   of  t h e   t i p   of   t h e  

n e e d l e   4,  t h e r e b y   s u b s t a n t i a l l y   a v o i d i n g   t h e   f o r m a t i o n   of  a  

s t e p p e d   p o r t i o n   t h e r e b e t w e e n   f o r   e a s e   in  p a s s a g e   t h r o u g h  

t h e   s k i n   and   v a s c u l a r  w a l l .  



At  l e a s t   one  b o r e ,   f o r   e x a m p l e ,   a  p a i r   of  m u t u a l l y   f a c i n g  
b o r e s   23,  24  as  shown  in  F i g u r e   1,  i s   f o r m e d   in  t h e   t i p  

p o r t i o n   of   t h e   o u t e r   t u b e  1 6   so  as  to   e n a b l e   t h e   a n n u l a r  

p a s s a g e w a y   to   c o m m u n i c a t e   w i t h   a  b l o o d   v e s s e l   when  t h e   t i p  

p o r t i o n   of  t h e   d o u b l e - w a l l e d   t u b e   h a s   b e e n   i n s e r t e d   i n t o   t h e  

b l o o d   v e s s e l .   I t   i s   p r e f e r r e d   to   p r o v i d e   t h e   b o r e s  2 3 ,   24  

in  a  m a n n e r   to   c o m m u n i c a t e   w i t h   t h e   t i p   of  t h e   a n n u l a r  

p a s s a g e w a y   20  as  shown  in  F i g u r e   1.  O t h e r w i s e ,   t h e   b l o o d  

i n t r o d u c e d   i n t o   t h e   t i p   p o r t i o n   of  t h e   a n n u l a r   p a s s a g e w a y  
w o u l d   s t a g n a t e ,   l e a d i n g   to  c o a g u l a t i o n   of  t h e   b l o o d .  

I n c i d e n t a l l y ,   i t   i s   p r e f e r r e d   to  u s e   a  h i g h l y   f l e x i b l e  

p l a s t i c   m a t e r i a l   s u c h   as  TFE  ( t e t r a f l u o r o e t h y l e n e )   r e s i n   o r  

FEP  ( f l u o r i n a t e d  e t h y l e n e   p r o p y l e n e )   r e s i n   f o r   f o r m i n g   e a c h  

o f . t h e   i n n e r   and  o u t e r   t u b e s   of  t h e   d o u b l e - w a i t e d   t u b e   3 .  

The  n e e d l e   4  p r o v i d e d   by ,   f o r   e x a m p l e ,   a  s t a i n l e s s   s t e e l  

t u b e   i s   r e m o v a b l y   i n s e r t e d   t h r o u g h   t h e   e l a s t i c   s e a l i n g  
member   6  i n t o   t h e   c e n t r a l   p a s s a g e w a y   f o r m e d   in  t h e   i n n e r  

t u b e .   As  shown  in  F i g u r e   1,  t h e   t i p   of  t h e   n e e d l e   i s  

s h a r p e n e d   so  as  to   f a c i l i t a t e   i n s e r t i o n   i n t o   a  b l o o d   v e s s e l ,  

and  t h e   b a s e   of  t h e   n e e d l e   i s   p r o v i d e d   w i t h   a  h e a d   2 5 .  

F u r t h e r ,   a  c a p   27  e q u i p p e d   w i t h   a  w a t e r - r e p e l l i n g   f i l t e r   26 

s e r v i n g   to   w i t h d r a w   t h e   a i r   f rom  t h e   n e e d l e   i s   m o u n t e d   t o  

t h e   h e a d  2 5 .   When  t h e   n e e d l e   4,  w h i c h  i s   h o l l o w ,   has   b e e n  

i n s e r t e d   i n t o   a  b l o o d   v e s s e l  o f   t h e  p a t i e n t ,   t h e   b l o o d   f l o w s  

i n t o   t h e  h e a d   25  of  t h e   n e e d l e .   T h u s ,   i t   i s   p r e f e r r e d   to   u s e  

a  t r a n s p a r e n t   m a t e r i a l   f o r   f o r m i n g   e a c h   of  t h e   h e a d   25  a n d  

t h e   cap   27,  so  t h a t   b l o o d   f l o w   i n t r o d u c e d   i n t o   t h e   h e a d   c a n  

be  o b s e r v e d  t h r o u g h   t h e   t r a n s p a r e n t   m a t e r i a l ,   r e n d e r i n g   i t  

p o s s i b l e   to   c o n f i r m   t h e  i n s e r t i o n   of  t h e   t i p   of  t h e   n e e d l e  

i n t o   a  b l o o d   v e s s e l .  

F i g u r e   3  i l l u s t r a t e s   t h e   u se   of  t h e   i n t r a v a s c u l a r  c a t h e t e r  

. h a v i n g   t h e   c o n s t r u c t i o n   d e s c r i b e d   a b o v e .   S p e c i f i c a l l y ,   t h e  



s h a r p e n e d   t i p   o f  t h e   n e e d l e   4  i s   i n s e r t e d   i n t o   a  b l o o d  

v e s s e l   28  a n d ,   t h e n ,   t h e   n e e d l e   4  a l o n e   i s   w i t h d r a w n ' w i t h  

t h e   t i p   p o r t i o n s   of  t h e   i n n e r   and  o u t e r   t u b e s   13  and  16  k e p t  
f u l l y   i n s e r t e d   w i t h i n   t h e   b l o o d   v e s s e l   28.  As  d e s c r i b e d  

a b o v e ,   t h e   b l o o d   f l o w s   i n t o   t h e   h e a d   25  of  t h e   n e e d l e   s o o n  
a f t e r   t h e   t i p   of  t h e   n e e d l e   has   p e n e t r a t e d   t h e   b l o o d  

v e s s e l   28.  S i n c e  t h e   h e a d   25  i s   f o r m e d   of  a  t r a n s p a r e n t  

m a t e r i a l ,   t h e   b l o o d   i n t r o d u c e d   t h e r e i n   i s   r e a d i l y   v i s i b l e ,  

r e n d e r i n g   i t   p o s s i b l e   t o . c o n f i r m   t h a t   t h e   t i p   of  t h e   n e e d l e  

has   b e e n   p r o p e r l y   i n s e r t e d   i n t o   t h e   b l o o d   v e s s e l - 2 8 .  

I t   s h o u l d   be  n o t e d   t h a t - t h e   t a p e r e d   t i p   p o r t i o n   of  t h e  

d o u b l e - w a l l e d   t u b e   3  w e l l   c o n f o r m s   w i t h   t h e   s h a r p e n e d   t i p  
of   t h e   n e e d l e   4  as  d e s c r i b e d  p r e v i o u s l y .   T h i s   c o n s t r u c t i o n  

i s   v e r y   e f f e c t i v e   f o r   f a c i l i t a t i n g   t h e   i n s e r t i o n   of  t h e  

t i p   p o r t i o n   of  t h e   d o u b l e - w a l l e d   t u b e   i n t o   t h e   b l o o d   v e s s e l  

28.   S p e c i f i c a l l y ,   t h e   o u t e r   d i a m e t e r   of  t h e   t i p   of  t h e  

d o u b l e - w a l l e d   t u b e   i s   s u b s t a n t i a l l y   e q u a l   to   t h a t   of  t h e  

t i p   of  t h e   n e e d l e   s u c h   t h a t   t h e   r e s i s t a n c e   to   i n s e r t i o n  

i s   n e g l i g i b l e ,   r e s u l t i n g   in   s m o o t h   i n s e r t i n g .  

As  s o o n   as  t h e   n e e d l e   4  has   b e e n   w i t h d r a w n ,   t h e   p u n c t u r e  
made  by  t h e   n e e d l e   i n s e r t i o n   in   t h e   s e a l i n g   member   6  c l o s e s  

u n d e r   t h e   e l a s t i c i t y   of  t h e   s e a l i n g   m a t e r i a l ,   t h e r e b y  

p r e v e n t i n g   t h e   b l o o d   f r o m   l e a k i n g   to   t h e   o u t s i d e   t h r o u g h  
t h e   s e a l i n g   m e m b e r .   The  s e a l i n g   e f f e c t   can   be  e n h a n c e d   i f  

an  a u x i l i a r y   c ap   29  i s   m o u n t e d   to   t h e   b a s e   p o r t i o n   of  t h e  

hub  u p o n   w i t h d r a w a l   of  t h e   n e e d l e   4 .  

A f t e r   t h e  i n t r a v a s c u l a r   c a t h e t e r   h a s   b e e n   s e t   as  s h o w n .  

in  F i g u r e   3,  t h e   a i r   w i t h i n   t h e   c a t h e t e r   i s  v e n t e d .   N a m e l y ,  

t h e   c a p s   9  and  10  m o u n t e d   to   t h e   f i r s t   and  s e c o n d   a u x i l i a r y  

t u b e s   11  and   12,  w h i c h   a r e   c o n n e c t e d   to   t h e   f i r s t   and  s e c o n d  

a u x i l i a r y   p a s s a g e w a y s  o f - t h e   h u b ,   a r e   r e m o v e d   f o r   t h e   a i r  

w i t h d r a w i n g   o p e r a t i o n .   F i n a l l y ,   a  b l o o d   d i a l y s i s   c i r c u i t   3 0  

i s   c o n n e c t e d   to   t h e   a u x i l i a r y   t u b e s   11  and   12  v i a   c o n n e c t i n g  

m e a n s .   I t   i s   s e e n   t h a t   t h e   s e c o n d   a u x i l i a r y   t u b e   12  c o n -  



s t i t u t e s   a  p a r t   of  t h e   p a s s a g e w a y  o f   b l o o d   f l o w i n g   i n t o  

t h e   d i a l y s i s   c i r c u i t   30.  On  t h e   o t h e r   h a n d ,   t h e   f i r s t  

a u x i l i a r y   t u b e   11  c o n s t i t u t e s   a  p a r t   of  t h e   r e t u r n i n g   b l o o d  

p a s s a g e w a y .   I t   i s   i m p o r t a n t   to   n o t e   t h a t   t h e   b o r e s   23,   24 

p r o v i d e d   a t   t h e   t i p   of  t h e   o u t e r   t u b e   16  a r e   s u i t a b l y   s p a c e d  
f r o m   a  p o r t . 3 1   l e a d i n g   to   t h e   c e n t e r   p a s s a g e w a y   f o r m e d   i n  

t h e  i n n e r   t u b e   13.  I t   f o l l o w s   t h a t   t h e   b l o o d   r e t u r n e d   t o  

t h e   b l o o d   v e s s e l   t h r o u g h   t h e   b o r e s   23,  24  i s   p r e v e n t e d   f r o m  

e n t e r i n g   a g a i n   t h e   d i a l y s i s   c i r c u i t   30  t h r o u g h   t h e   p o r t   3 1 ,  

as  shown  i n . F i g u r e   3.  I n c i d e n t a l l y ,   F i g u r e . 3   shows   t h a t   t h e  

d o u b l e - w a l l e d   t u b e   i n s e r t e d   i n t o  t h e   b l o o d   v e s s e l   28  e x t e n d s  

in  t h e   d i r e c t i o n   o p p o s i t e   to   t h e   f l o w   d i r e c t i o n   of  t h e   b l o o d ;  

h o w e v e r ,   i t   i s   p o s s i b l e   to  r e v e r s e   t h e   i n s e r t i n g   d i r e c t i o n  

of  t h e   d o u b l e - w a l l e d   t u b e .  

In  t h e   l a t t e r   c a s e ,   t h e   b l o o d   c i r c u l a t i o n   s h o u l d   a l s o  

be  r e v e r s e d ,   i . e . ,   t h e   b l o o d   s h o u l d   be  i n t r o d u c e d   i n t o   t h e  

c a t h e t e r   f r o m   t h e   b o r e s   23,   24,  and  r e t u r n e d ' t o   t h e   b l o o d  

v e s s e l   28  t h r o u g h   t h e   p o r t   3 1 .  

As  d e s c r i b e d   in   d e t a i l ,   t h e   i n t r a v a s c u l a r   c a t h e t e r   of  t h i s  

i n v e n t i o n   c o m p r i s e s   a  d o u b l e - w a l l e d   t u b e   p r o v i d e d   w i t h  

two  s e p a r a t e   b l o o d   p a s s a g e w a y s   t h r o u g h   w h i c h   t h e   b l o o d   i s  

i n t r o d u c e d   i n t o   an  a r t i f i c i a l   k i d n e y   or   t h e   l i k e   a n d  

r e t u r n e d   to   t h e   p a t i e n t ,   r e s p e c t i v e l y .   I t   i s   i m p o r t a n t   t o  

n o t e   t h a t   t h e   b l o o d - t r e a t i n g   c i r c u i t   o u t s i d e   t h e   b o d y   of  t h e  

p a t i e n t   i s   r e n d e r e d   o p e r a b l e   upon   w i t h d r a w a l   of  t h e   n e e d l e  

. i n s e r t e d   i n t o   a  b l o o d   v e s s e l   of  t h e   p a t i e n t .   In  o t h e r   w o r d s ,  

i t   s u f f i c e s   t o  i n s e r t   t h e   n e e d l e   i n t o   a  b l o o d   v e s s e l   o n l y  

once   f o r   r e n d e r i n g   t h e   c a t h e t e r   of  t h i s   i n v e n t i o n   o p e r a b l e .  

N a t u r a l l y ,   t r a u m a   to  t h e   p a t i e n t   c a u s e d   by  t h e   i n s e r t i o n  

of  t h e   n e e d l e   can   be  m a r k e d l y   a l l e v i a t e d ,   and  t h e   l i f e   o f  

t h e   s h u n t   can  be  i n c r e a s e d ,   as  c o m p a r e d   w i t h   t h e   c o n v e n t i o n a l  

c o n s t r u c t i o n .   F u r t h e r ,   t h e   i n t r a v a s c u l a r   c a t h e t e r   of  t h i s  

i n v e n t i o n   can   be  u s e d   in  t h e   b l o o d   d i a l y s i s   s y s t e m   u t i l i z i n g  

t h e   c o n v e n t i o n a l   c a t h e t e r   c o m p r i s i n g  t w o   n e e d l e s .  



The  s e a l i n g   m e m b e r   6  m o u n t e d   t o   t h e   b a s e   end   p o r t i o n   o f  

t h e   hub  s h o u l d   n a t u r a l l y   be  f o r m e d   of   a  h i g h l y   f l e x i b l e  

m a t e r i a l .   F o r   e n h a n c i n g   t h e   s e a l i n g   e f f e c t ,   h o w e v e r ,   i t   i s  

p o s s i b l e   to   e m p l o y   v a r i o u s   v a l v e   m e c h a n i s m s .   F o r   e x a m p l e ,  

F i g u r e   4  s h o w s   a  f l e x i b l e   s h e e t   32  m o u n t e d   to   t h e   i n n e r  

e d g e   of  t h e _ s e a l i n g   m e m b e r   6.  N a t u r a l l y ,   t h e   s h e e t   32  a c t s  

as  a  v a l v e   so  as  to   p r e v e n t   t h e   b l o o d   f r o m   l e a k i n g   o u t  

t h r o u g h   t h e   s e a l i n g   m e m b e r   6 .  

A l t h o u g h   t h e   f o r e g o i n g   h a s   b e e n   p r i m a r i l y   d e s c r i b e d  

w i t h   r e s p e c t   t o   an  i n t r a v a s c u l a r   c a t h e t e r   h a v i n g   a  p a i r  

of  a u x i l i a r y   p a s s a g e s   b r a n c h e d   f r o m   t h e   a x i a l   p a s s a g e   o f  

t h e   h u b ,   i t   i s   a l s o   p o s s i b l e   t o  o m i t   t h e   s e c o n d   a u x i l i a r y  

p a s s a g e w a y   8  and   to  u t i l i z e   t h e   a x i a l   p a s s a g e   p e r   se  a s  

t h e   s e c o n d   a u x i l i a r y   p a s s a g e .   F i g u r e   5  s h o w s   an  e m b o d i m e n t  

of   s u c h   a  c o n s t r u c t i o n   w h e r e i n   o n l y   t h e   s e c o n d   a u x i l i a r y  

p a s s a g e w a y   8  and   t h e   s e a l i n g   member   6  a r e   o m i t t e d .  

A c c o r d i n g l y ,   t h e   i n t r a v a s c u l a r   c a t h e t e r   shown  in  F i g u r e   5 

c o m p r i s e s   a  hub  33  h a v i n g   an  a x i a l   p a s s a g e   34  o p e n i n g   a t  . .  

b o t h   e n d s ,   an  a u x i l i a r y   p a s s a g e w a y   7  b r a n c h e d   f r o m   t h e  

a x i a l   p a s s a g e w a y   34,   a  f l e x i b l e   d o u b l e - w a l l e d   t u b e   3 

h a v i n g   an  i n w a r d l y   t a p e r e d   t i p   p o r t i o n   21  and  c o n s i s t i n g  

of   an  i n n e r   t u b e   13  e x t e n d i n g   i n t o   t h e   a x i a l  p a s s a g e w a y   34  

f o r m e d   in   t h e   hub  33  and  p r o v i d i n g   a  c e n t r a l   p a s s a g e w a y   15 

and  an  o u t e r   t u b e   16  d i s p o s e d   c o a x i a l l y   w i t h . t h e   i n n e r   t u b e  

13,   t h e r e b y . f o r m i n g   an  a n n u l a r   p a s s a g e w a y   22  b e t w e e n   t h e  

o u t e r   w a l l   of  t h e   i n n e r   t u b e   13  and  t h e   i n n e r   w a l l   of  t h e  

o u t e r   t u b e   16,  t h e   b a s e   e d g e   of   t h e   i n n e r   t u b e   b e i n g   s e c u r e d  

a t   an  i n t e r m e d i a t e   i n n e r   w a l l   of   t h e   a x i a l   p a s s a g e w a y   34. 

b e t w e e n   t h e   a u x i l i a r y   p a s s a g e w a y   7  and  t h e   f o r w a r d   end  of  t h e  

a x i a l   p a s s a g e   34,   t h e   b a s e   e d g e   of  t h e   o u t e r   t u b e   16  b e i n g  

f i x e d   t o   t h e   f o r w a r d   end  of  t h e   hub  33  so  as  to   e n a b l e   t h e  -  

a n n u l a r   p a s s a g e w a y   22  to   c o m m u n i c a t e   w i t h   t h e   a u x i l i a r y  

p a s s a g e w a y   7,  and   t h e   c e n t r a l   p a s s a g e w a y   15  h a v i n g   a n  

o p e n i n g   a t   t h e   t a p e r e d   t i p   21  of  t h e   d o u b l e - w a l l e d   t u b e   3 



and  t h e   f o r w a r d   end  of  t h e   a n n u l a r   p a s s a g e w a y   20  c o m m u n i c a t e s  

w i t h   a  p a i r  o f   b o r e s   23,  2 4  p r o v i d e d  i n   t h e   f o r w a r d   e n d  

p o r t i o n   of   t h e   o u t e r   t u b e   1 6 ,  a n d   a  n e e d l e   4  r e m o v a b l y  

i n s e r t e d   i n t o   t h e  c e n t r a l   p a s s a g e w a y   15  f o r m e d   in  t he   i n n e r  

t u b e   13  s u c h   t h a t   t h e   t i p   of  t h e   n e e d l e   4  e x t e n d s   b e y o n d   t h e  

t a p e r e d   t i p   21  of  t h e   d o u b l e - w a l l e d   t u b e   3 .  

As  d e s c r i b e d   a b o v e ,   t h e   c a t h e t e r   shown  in  F i g u r e   5  m a k e s  

use   of  p a r t  o f   a x i a l   p a s s a g e   5  as  t h e  s e c o n d   a u x i l i a r y  

p a s s a g e w a y   8.  A c c o r d i n g l y ,   in  t h e   e m p l o y m e n t   o f  t h i s   t y p e  

of  c a t h e t e r ,   upon  w i t h d r a w a l   of  t h e   n e e d l e   f r o m   a  v a s c u l a r  

c h a n n e l ,   l e a v i n g   t h e   t i p  o f   t h e   d o u b l e - w a l l e d   t u b e   k e p t  

w i t h i n   t h e   c h a n n e l ,   one  end  of  a  b l o o d   c i r c u l a t i n g   t u b e   i s  

c o n n e c t e d   to   a  r e c e s s e d   end  p o r t i o n   35  of  t h e   hub  2,  t h e r e b y  

o b t a i n i n g   a  b l o o d   c i r c u l a t i o n   e q u i v a l e n t   to   t h a t   p r o v i d e d  

by  t h e   i n t r a v a s c u l a r   c a t h e t e r   shown  in  F i g u r e   1.  I t   is  a l s o  

p o s s i b l e   t o - p r e l i m i n a r i l y   p r o v i d e   t h e   r e c e s s e d   end  p o r t i o n  

of  t h e   hub  w i t h - a n   e l a s t i c   r e s e a l   p l u g .  



1.  An  i n t r a v a s c u l a r   c a t h e t e r ,  

c h a r a c t e r i z i d   b y  

a  h u b   (2)  h a v i n g   an  a x i a l   p a s s a g e   (5)  w h i c h   i s   open   a t   t h e  

f o r w a r d   end  and  s e a l e d   w i t h   a  s e a l i n g   m e m b e r   (6)  a t   t h e  

b a s e   end  o p p o s i t e   to   s a i d   f o r w a r d   e n d ,   a  f i r s t   a u x i l i a r y  

p a s s a g e w a y   (7)  b r a n c h e d   f r o m   t h e   a x i a l   p a s s a g e w a y   (5') 

n e a r   t h e   f o r w a r d   end  of   t h e   hub  ( 2 ) ,   and  a  s e c o n d  

a u x i l i a r y   p a s s a g e w a y   (8)   c o m m u n i c a t i n g   w i t h   t h e   a x i a l  

p a s s a g e w a y   (5)  a t   t h e   s e a l e d   end  t h e r e o f ;  

a  f l e x i b l e   d o u b l e - w a l l e d   t u b e   (3)  h a v i n g   an  i n w a r d l y  

t a p e r e d   t i p   p o r t i o n   (21)  and   c o n s i s t i n g   of  an  i n n e r   t u b e  

(13)  e x t e n d i n g   i n t o   t h e   a x i a l   p a s s a g e w a y   (5)  f o r m e d   i n  

t h e   hub  (2)  and  p r o v i d i n g   a  c e n t r a l   p a s s a g e w a y   (15)  a n d  

an  o u t e r   t u b e   (16)  d i s p o s e d   in  c o a x i a l   r e l a t i o n   to   t h e  

i n n e r   t u b e   ( 1 3 ) ,   t h e r e b y   f o r m i n g   an  a n n u l a r   p a s s a g e w a y  
(20)  b e t w e e n   t h e   o u t e r   w a l l   of  t h e   i n n e r   t u b e   (13)  a n d  

t h e   i n n e r   w a l l   of  t h e   o u t e r   t u b e   ( 1 6 ) ,   t h e   b a s e   e d g e   o f  

t h e   i n n e r   t u b e   b e i n g   s e c u r e d   a t   an  i n t e r m e d i a t e   p o r t i o n  

b e t w e e n   t h e   p o s i t i o n s   f r o m   w h i c h   t h e   f i r s t   and   s e c o n d  

a u x i l i a r y   p a s s a g e w a y s   (7,  8)  e x t e n d   o u t w a r d   so  as  t o  

e n a b l e   t h e   c e n t r a l   p a s s a g e w a y   (15)  f o r m e d   in   t h e   i n n e r  

t u b e   (13)  to   c o m m u n i c a t e   w i t h   t h e   s e c o n d - a u x i l i a r y   p a s s a g e -  

way  ( 8 ) ,   t h e   b a s e   e d g e   of  t h e   o u t e r   t u b e   (16)  b e i n g  

f i x e d   to   t h e   f o r w a r d   end   of  t h e   hub  (2)  so  as  to   e n a b l e  

t h e   a n n u l a r   p a s s a g e w a y   (20)  to   c o m m u n i c a t e   w i t h   t h e   f i r s t  

a u x i l i a r y   p a s s a g e w a y   ( 7 ) ,   and  t h e   c e n t r a l   p a s s a g e w a y   ( 1 5 )  

h a v i n g   an  o p e n i n g   a t   t h e   t a p e r e d   t i p   of  t h e   d o u b l e - w a l l e d  

t u b e   (3)  and   t h e   f o r w a r d   end  of  t h e   a n n u l a r   p a s s a g e w a y  

(20)  c o m m u n i c a t i n g   w i t h   a t   l e a s t   one   b o r e   p r o v i d e d   a t   t h e  

f o r w a r d   e n d , p o r t i o n   of  t h e   o u t e r   t u b e   ( 1 6 ) ;   a n d  

a  n e e d l e   (4)  r e m o v a b l y   i n s e r t e d   i n t o   t h e   c e n t r a l   p a s s a g e -  

way  (15)  f o r m e d   in   t h e   i n n e r   t u b e   (13)  t h r o u g h   t h e   s e a l i n g  

m e m b e r   (6)  p r o v i d e d   a t   t h e   b a s e   p o r t i o n   of   t h e   hub  (2)  s u c h  



t h a t   t h e   t i p   of  t h e   n e e d l e   (4)  e x t e n d s   b e y o n d   t h e   t a p e r e d .  

t i p   (21)  of  t h e   d o u b l e - w a l l e d   t u b e   ( 3 ) .  

2.  The  i n t r a v a s c u l a r   c a t h e t e r   a c c o r d i n g   to  c l a i m   1 ,  

w h e r e i n   a  f l e x i b l e   s h e e t   a c t i n g   as  a  v a l v e   to  p r e v e n t  
t h e   b l o o d   f rom  l e a k i n g   o u t   i s   m o u n t e d   to  t h e   i n n e r   e d g e  

of  t h e   s e a l i n g   member   ( 6 ) .  

3.  The  i n t r a v a s c u l a r   c a t h e t e r   a c c o r d i n g   t o  c l a i m   1,  w h e r e i n  

a  cap   (27)  p r o v i d e d   w i t h   a  w a t e r   r e p e l l i n g   f i l t e r   ( 2 6 )  

s e r v i n g   to   w i t h d r a w   t h e   a i r   i s ' m o u n t e d   to   t h e   h e a d   o f  

t h e   n e e d l e   ( 4 ) .  

4.  An  i n t r a v a s c u l a r   c a t h e t e r ,  

c h a r a c t e r i z e d   b y  

a  hub  (33)  h a v i n g   an  a x i a l   p a s s a g e   (34)  o p e n i n g   a t   b o t h  

e n d s   and  an  a u x i l i a r y   p a s s a g e w a y   (7)  b r a n c h e d   f rom  t h e  

a x i a l   p a s s a g e w a y   ( 3 4 ) ;  

a  f l e x i b l e   d o u b l e - w a l l e d   t u b e   (3)  h a v i n g   an  i n w a r d l y  

t a p e r e d   t i p   p o r t i o n   (21)  and  c o n s i s t i n g   of  an  i n n e r  

t u b e   (13)  e x t e n d i n g   i n t o   t h e   a x i a l   p a s s a g e w a y   ( 3 4 )  

f o r m e d   in   t h e   hub  (33)  and  p r o v i d i n g   a  c e n t r a l   p a s s a g e -  

way  ( 1 5 ) ,   and  an  o u t e r   t u b e   (16)  d i s p o s e d   in  c o a x i a l  

r e l a t i o n   to   t h e   i n n e r   t u b e   ( 1 3 ) ,   t h e r e b y   f o r m i n g   a n  

a n n u l a r   p a s s a g e w a y   (22)  b e t w e e n   t h e - o u t e r   w a l l   of  t h e  

i n n e r   t u b e   (13)  and  t h e   i n n e r   w a l l   of  t h e   o u t e r   t u b e  

. ( 1 6 ) ,   t h e   b a s e   e d g e   of  t h e   i n n e r   t u b e   (13)  b e i n g   s e c u r e d  

a t   an  i n t e r m e d i a t e  i n n e r   w a l l   o f - t h e   a x i a l   p a s s a g e w a y  

(34)  b e t w e e n   t h e   a u x i l i a r y   p a s s a g e w a y   (7)  and  t h e   f o r w a r d  

end  of  t h e   a x i a l   p a s s a g e w a y   ( 3 4 ) ,  t h e   b a s e   edge   of  t h e  

o u t e r   t u b e   (16)  b e i n g   f i x e d   to  t h e   f o r w a r d   end  of  t h e  

hub  (33)  s o  a s  t o   e n a b l e   t h e   a n n u l a r   p a s s a g e w a y  ( 2 2 )   t o  

c o m m u n i c a t e   w i t h   t h e   a u x i l i a r y   p a s s a g e w a y   ( 7 ) ,   and   t h e  

c e n t r a l   p a s s a g e w a y   (15)  h a v i n g   an  o p e n i n g   a t   t h e   t a p e r e d  

t i p   (21)  of  t h e   d o u b l e - w a l l e d   t u b e   ( 3 ) ,   w i t h   t h e   f o r w a r d  



end  of  t h e   a n n u l a r   p a s s a g e w a y   (20)  c o m m u n i c a t i n g   w i t h  .  

a t   l e a s t . o n e   b o r e   (23,   24)  p r o v i d e d   in  t h e  f o r w a r d  

end  p o r t i o n   of  t h e   o u t e r   t u b e   ( 1 6 ) ;   a n d  

a  n e e d l e   (4)  r e m o v a b l y   i n s e r t e d   i n t o   t h e   c e n t r a l  

5  p a s s a g e w a y  ( 1 5 )   f o r m e d   in   t h e   i n n e r   t u b e   (13)  s u c h  

t h a t   t h e   t i p   of  t h e   n e e d l e   (4)  e x t e n d s   b e y o n d   t h e  

t a p e r e d   t i p   (21)  of  t h e   d o u b l e - w a l l e d   t u b e   ( 3 ) .  
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