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@  Improvements  in  fibrous  structures. 

0   An  integral  fibrous  structure  has  a  plurality  of  continuous 
polymeric  filaments,  individual  filaments  extending  from  one  side 
of  the  structure  to  the  opposite  side  of  the  structure.  The  portions 
of  the  filaments  on  one  side  of  the  structure  are  of  a  first  polymeric 
composition  and  the  portions  of  the  filaments  on  the  opposite  side 
of  the  structure  are  of  a  second  polymeric  composition  different 
from  the  first  polymeric  composition.  The  structure  is  built  up  by  a 
continuous  fibre  forming  process  where  fibres  are  attracted  to  a 
surface  (11)  by  electrostatic  potential,  the  compounds  of  the 
fibres  being  varied  during  production. 



The  i n v e n t i o n   r e l a t e s   to  f i b r o u s   s t r u c t u r e s ,   f o r  

e x a m p l e   f i b r o u s   m a t s   or  f i b r o u s   t u b u l a r   s t r u c t u r e s .   M o r e  

p a r t i c u l a r l y   b u t   n o t   e x c l u s i v e l y ,   the   i n v e n t i o n   r e l a t e s   t o  

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

In  the   p a s t ,   i t   has   b e e n   p r o p o s e d   to  p r o d u c e   f i b r o u s  

s t r u c t u r e s   s u c h   as  m a t s   by  a  p r o c e s s   u s i n g   e l e c t r o s t a t i c  

a t t r a c t i o n ,   w h e r e   a  p o l y m e r   s u c h   as  p o l y u r e t h a n e   in  s o l u t i o n  

i s   e j e c t e d   f rom  a  f i n e   n o z z l e   t o w a r d s   a  s u r f a c e ,   b e t w e e n  

w h i c h   s u r f a c e   and  the   n o z z l e   e x i s t s   an  e l e c t r o s t a t i c  

p o t e n t i a l .   B e t w e e n   the   n o z z l e  a n d   the   s u r f a c e ,   f i b r e s   o f  

t he   p o l y m e r   a r e   f o r m e d   and  the   f i b r e s   a re   a t t r a c t e d   to  t h e  

s u r f a c e .   T h i s   p r o c e s s   h a s   b e e n   a d a p t e d   to  make  t u b u l a r  

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

p r o v i d i n g   the   s u r f a c e   in  t he   fo rm  of  a  r o t a t i n g   m a n d r e l   s o  

t h a t   a  f i b r o u s   t u b e   i s   g a t h e r e d   a r o u n d   the   m a n d r e l .  

The  e l e c t r o s t a t i c   s p i n n i n g   p r o c e s s   i s   d e s c r i b e d   i n  

some  d e t a i l   in  U . S .   P a t e n t   S p e c i f i c a t i o n   No.  4 0 4 4 4 0 4   a n d  

p r o p o s a l s   to  use   t he   e l e c t r o s t a t i c   s p i n n i n g   p r o c e s s   f o r  

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

e x a m p l e ,   in  a  p a p e r   by  A n n i s   e t   al  in  1978  ( T r a n s .   Am. 

Soc .   I n t e r n .   O r g a n s ) .   The  m i c r o s t r u c t u r e   of   t he   f i b r o u s  

m a t e r i a l   p r o d u c e d - d u r i n g   e l e c t r o s t a t i c   s p i n n i n g   i s   a l s o  

d e s c r i b e d   in  t he   A n n i s   e t   al   p a p e r .   More  r e c e n t l y ,  

d e v e l o p m e n t s   have   b e e n   made  in  m a t c h i n g   p r o p e r t i e s   o f  

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

B r i t i s h   P a t e n t   A p p l i c a t i o n   No.  8 2 1 7 4 8 7   pub l i shed   u n d e r  N o .  

2120946A  and  in  c o n t r o l l i n g   a n i s o t r o p i c   p r o p e r t i e s   of  g r a f t s   in  o u r  

B r i t i s h   Pa t en t   A p p l i c a t i o n   No.  8216066,  p u b l i s h e d   under  No.2121286A. 

A c c o r d i n g   to  t he   i n v e n t i o n   t h e r e   i s   p r o v i d e d   a n  

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

p o l y m e r i c   f i l a m e n t s ,   i n d i v i d u a l   f i l a m e n t s   e x t e n d i n g   f rom  o n e  

s i d e   of   t he   s t r u c t u r e   to  t he   o p p o s i t e   s i d e   of   the   s t r u c t u r e ,  

the   p o r t i o n s   of   t he   f i l a m e n t s   on  one  s i d e   of   t he   s t r u c t u r e  

b e i n g   of  a  f i r s t   p o l y m e r i c   c o m p o s i t i o n   and  the   p o r t i o n s   o f  



the   f i l a m e n t s   on  the   o p p o s i t e   s i d e   of  the   s t r u c t u r e   b e i n g  

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

p o l y m e r i c   c o m p o s i t i o n .  

The  t e r m   " d i f f e r e n t   p o l y m e r i c   c o m p o s i t i o n "   i s   i n t e n d e d  

to  c o v e r   a  v a r i a t i o n   of   the   c o m p o s i t i o n   of  the   f i l a m e n t s  

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

s t r u c t u r e   b u t ,   f o r   e x a m p l e ,   an  a d d i t i v e   i s   p r e s e n t   in  t h e  

c o m p o s i t i o n   a t   one  s i d e   of  the   s t r u c t u r e   b u t   n o t   p r e s e n t  

a t   t he   o p p o s i t e   s i d e   of  the   s t r u c t u r e .  

The  s t r u c t u r e   may  c o m p r i s e   a  t r a n s i t i o n   a r e a   b e t w e e n  

the   s i d e s   of  t he   s t r u c t u r e ,   and  the   p o r t i o n s   of   the   f i l a m e n t s  

in  the   t r a n s i t i o n   a r e a   may  have   a  p o l y m e r i c   c o m p o s i t i o n  

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

c o m p o s i t i o n s .  

,The  p o l y m e r i c   c o m p o s i t i o n   of  t he   f i l a m e n t s   may  v a r y  

p r o g r e s s i v e l y   b e t w e e n   the   two  s i d e s   of   the   s t r u c t u r e ,   a n d  

the   c o m p o s i t i o n   of  the   p o r t i o n s   of  t he   f i l a m e n t s   in  t h e  

t r a n s i t i o n   a r e a   a d j a c e n t   the   one  s i d e   of  t he   s t r u c t u r e   may  

c o n t a i n   a  l a r g e   p r o p o r t i o n   of  t he   f i r s t   p o l y m e r i c  

c o m p o s i t i o n   and  the   p o r t i o n s   of  the   f i l a m e n t s   a d j a c e n t   t h e  

o p p o s i t e   s i d e   of  the   s t r u c t u r e   may  c o n t a i n   a  l a r g e  

p r o p o r t i o n   of   the   s e c o n d   p o l y m e r i c   c o m p o s i t i o n .  

A l t e r n a t i v e l y ,   t he   c o m p o s i t i o n   of  the   f i l a m e n t s   m a y  

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

s t r u c t u r e   h a v i n g   d i f f e r e n t   p o l y m e r i c   c o m p o s i t i o n s .   T h e r e  

may  be  more  t h a n   two  l a y e r s   in  the   s t r u c t u r e .  

The  s t r u c t u r e   may  be  in  t he   form  of   a  ma t ,   or   may  b e  

a  t u b u l a r   m e m b e r .  

When  the   s t r u c t u r e   i s   a  t u b u l a r   member ,   t he   p o r t i o n s  

of   the   f i l a m e n t s   a t   t he   i n n e r   s u r f a c e   of   t he   t u b u l a r  

member   a r e   p r e f e r a b l y   of  the   f i r s t   p o l y m e r i c   c o m p o s i t i o n   t o  

p r o v i d e   c o m p a t i b i l i t y   w i t h   m a t e r i a l   w i t h   w h i c h   the   i n n e r  

s u r f a c e   w i l l   come  i n t o   c o n t a c t ,   and  the   p o r t i o n s   of  t h e  

f i l a m e n t s   a t   the   o u t e r   s u r f a c e   of   the   t u b u l a r   member   a r e  

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



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

p r o p e r t i e s   t o  t h e   t u b u l a r   m e m b e r . "  

The  t u b u l a r   member   may  be  c u t   to  p r o v i d e   one  or  m o r e  

s e g m e n t a l   e l e m e n t s   f rom  the   t u b u l a r   w a l l .   I f   the   i n t e r n a l  

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

e x a m p l e   a  few  c e n t i m e t r e s ,   the   s e g m e n t a l   e l e m e n t   o r  

e l e m e n t s   w i l l   t e n d   t o w a r d s   b e i n g   p l a n a r ,   and  may  be  u s e d   a s  

p l e d g e t s .  

The  i n v e n t i o n   f u r t h e r   p r o v i d e s   a  m e t h o d   of  f o r m i n g   a n  

i n t e g r a l   f i b r o u s   s t r u c t u r e   a c c o r d i n g   to  t he   i n v e n t i o n ,  

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

a  f i r s t   p o l y m e r i c   c o m p o s i t i o n   at   a  s u r f a c e   to  s t a r t  

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

c o m p o s i t i o n ,   and  a l t e r i n g   the   c o m p o s i t i o n   of  the   f i l a m e n t s  

d u r i n g   p r o d u c t i o n   t h e r e o f   s u c h   t h a t   t he   p o r t i o n s   of  t h e  

f i l a m e n t s   a t   t he   s i d e   of   the   s t r u c t u r e   r e m o t e   f rom  t h e  

s u r f a c e   i s   of  t he   s e c o n d   p o l y m e r i c   c o m p o s i t i o n .  

The  c o m p o s i t i o n   of   t he   f i l a m e n t s   may  be  c h a n g e d  

a b r u p t l y   or  may  be  v a r i e d   g r a d u a l l y   a c r o s s   t he   s t r u c t u r e .  

By  way  of  e x a m p l e ,   one  e m b o d i m e n t   of  a  f i b r o u s  

s t r u c t u r e   and  i t s   m e t h o d   of  p r o d u c t i o n   a c c o r d i n g   to  t h e  

i n v e n t i o n   w i l l   now  be  d e s c r i b e d   w i t h   r e f e r e n c e   to  t h e  

a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h : -  

F i g u r e   1  i s   a  d i a g r a m m a t i c   v i e w   of   a p p a r a t u s .  f o r  

p r o d u c i n g   a  t u b u l a r   f i b r o u s   s t r u c t u r e ;  

F i g u r e   2  i s   a  g r a p h   i l l u s t r a t i n g   c o n c e n t r a t i o n   o f  

one  p o l y m e r i c   c o m p o s i t i o n   in  a  s t r u c t u r e   w a l l ;   a n d  

F i g u r e   3  i s   a  p a r t   s e c t i o n a l   v i ew   o f   a  t u b u l a r  

f i b r o u s   s t r u c t u r e   p r o d u c e d   by  the   a p p a r a t u s   of   F i g u r e   1 .  

F i g u r e   1  shows   d i a g r a m m a t i c a l l y   a p p a r a t u s   f o r  

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

P o l y m e r   s o l u t i o n   i s   e j e c t e d   f rom  c a p i l l a r y   n e e d l e s   1 0  

t o w a r d s   an  e l e c t r o s t a t i c a l l y   c h a r g e d   m a n d r e l   11  r o t a t i n g   a t  

s e v e r a l   t h o u s a n d   r e v o l u t i o n s   p e r   m i n u t e ,   f o r   e x a m p l e   5 0 0 0  

r . p . m .   T y p i c a l l y ,   t he   m a n d r e l   11  i s   at   a  p o t e n t i a l   o f  



-12kV  w i t h   r e s p e c t   to  t he   n e e d l e s   10.  As  p o l y m e r   s o l u t i o n  

l e a v e s   the   n e e d l e s . 1 0 ,   p o l y m e r   f i l a m e n t s   form  and  t h e s e  

f i l a m e n t s   a r e   a t t r a c t e d   to  the   r o t a t i n g   e l e c t r o s t a t i c a l l y  

c h a r g e d   m a n d r e l   11  to  form  a . f i b r o u s   s t r u c t u r e   a r o u n d   t h e  

m a n d r e l .   When  the   f i b r o u s   s t r u c t u r e   has   b e e n   b u i l t   up,  t h e  

s t r u c t u r e   i s   r e m o v e d   f rom  the   m a n d r e l   to  p r o v i d e   a  f i b r o u s  

t u b e .  

M e c h a n i c a l   p r o p e r t i e s   of  the   t u b u l a r   f i b r o u s   s t r u c t u r e  

f o r m e d   on  the   m a n d r e l   11  can  be  c o n t r o l l e d   by  v a r i a t i o n   o f  

the   s p e e d   of  r o t a t i o n   of   the   m a n d r e l ,   t he   t y p e   of  p o l y m e r  

u s e d   and  by  a l t e r i n g   the   p o t e n t i a l   of  a u x i l i a r y   e l e c t r o d e s  

1 2 .  

The  c a p i l l a r y   n e e d l e s   10  a r e   s u p p l i e d   w i t h   p o l y m e r  

s o l u t i o n   f rom  a  m a n i f o l d   13,  t he   m a n i f o l d   13  b e i n g   s u p p l i e d  

by  t u b e s   14  and  15  m e e t i n g   in  a  T  c o n n e c t o r   16.  Bo th   t u b e s  

14  and  15  i n c l u d e   a  f l e x i b l e   c o i l   17  and  18  r e s p e c t i v e l y .  

The  t u b e   14  has   a  v a l v e   19  and  the   t u b e   15  has   a  v a l v e   2 0  

to  e n a b l e   t he   r e s p e c t i v e   t u b e s   to  be  c l o s e d .   C o n t r o l  

l i n e s   21  and  22  c o n t r o l   o p e n i n g   and  c l o s i n g   of  the   v a l v e s  

19  and  2 0 .  

The  t u b e   14  i s   s u p p l i e d   f rom  a  f i r s t   a i r - r a m   d r i v e n  

s y r i n g e   23  and  the   t u b e   15  i s   f e d   f rom  a  s e c o n d   a i r - r a m  

d r i v e n   s y r i n g e   24  and  the   a p p a r a t u s   e n a b l e s   p o l y m e r  

s o l u t i o n   f rom  e i t h e r   s y r i n g e   23  or   s y r i n g e   24  to  be  e j e c t e d  

f rom  the   n e e d l e s   10  t o w a r d s   the   m a n d r e l   11.  A  p u r g e   l i n e  

25  i n c l u d i n g   a  c l o s u r e   v a l v e   26  a l l o w s   p u r g i n g   of  t h e  

m a n i f o l d   1 3 .  

The  a p p a r a t u s   of  F i g u r e   1  a l l o w s   f o r m a t i o n   of   a n  

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

p o l y m e r i c   f i l a m e n t s   a r o u n d   the   s u r f a c e   of   t he   m a n d r e l   1 1 ,  

the   p o r t i o n s   of   t he   f i l a m e n t s   a t   t he   i n s i d e   s u r f a c e   h a v i n g  

a  d i f f e r e n t   p o l y m e r i c   c o m p o s i t i o n   f rom  the   p o r t i o n s   of  t h e  

f i l a m e n t s   of   t he   o u t s i d e   s u r f a c e   of  t he   f i b r o u s   s t r u c t u r e .  

T h i s   can  be  a d v a n t a g e o u s   when  the   t u b u l a r   f i b r o u s  

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



g r a f t s .   I t   ha s   b e e n   f o u n d   t h a t   d i f f e r e n t   p o l y m e r s   h a v e  

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

have   d i f f e r e n t   s t r e n g t h   c h a r a c t e r i s t i c s .   In  a  p a r t i c u l a r  

e x a m p l e ,   one  p o l y u r e t h a n e   has   a d v a n t a g e o u s  

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

h i g h   c r e e p .   A  s e c o n d   p o l y u r e t h a n e   h a v i n g   a  h i g h e r  

Y o u n g ' s   m o d u l u s   has   s a t i s f a c t o r y   s t r e n g t h   p r o p e r t i e s   b u t  

p o o r   h a e m o c o m p a t i b i l i t y .   The  a p p a r a t u s   of   F i g u r e   1,  a s  

w i l l   be  d e s c r i b e d   in  t he   f o l l o w i n g   e x a m p l e ,   a l l o w s  

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

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

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

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

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

u n i n t e r r u p t e d ,   f i b r o u s   s t r u c t u r e .  

EXAMPLE 

The  s e q u e n c e   of  o p e r a t i o n   of  t he   a p p a r a t u s   of  F i g u r e  

1  in  t h i s   e x a m p l e   i s   as  f o l l o w s : -  

1.  F i l l   t he   s y r i n g e   24  w i t h   a  f i r s t   p o l y m e r   dope  a n d  

f i l l   t he   s y r i n g e   23  w i t h   a  s e c o n d   p o l y m e r   d o p e .  

2.  U s i n g   t he   v a l v e s   19,  20  and  26,  p r i m e   t he   t u b e   14  

w i t h   t he   s e c o n d   p o l y m e r   dope  and  t h e n   p r i m e   t he   t u b e   15  a n d  

t he   m a n i f o l d   13  w i t h   f i r s t   p o l y m e r   d o p e .  

3.  Wi th   t he   v a l v e s   19  and  26  c l o s e d ,   c o m m e n c e  

e l e c t r o s t a t i c   s p i n n i n g   w i t h   the   f i r s t   p o l y m e r   dope  c o n t a i n e d  

in  t he   s y r i n g e   24,  t he   t u b e   15  and  the   m a n i f o l d   1 3 .  

4.  A f t e r  a   t i m e ,   open   the   v a l v e   19  and  c l o s e   t h e  

v a l v e   20.  A f t e r   e x p r e s s i o n   of  r e m a i n i n g   f i r s t   p o l y m e r   d o p e  

o u t   of   the   n e e d l e s   10,  s p i n n i n g   c o n t i n u e s   in  a n  

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

5.  The  a b r u p t n e s s   of  the   t r a n s i t i o n   f rom  the   f i r s t  

p o l y m e r   dope  to  t he   s e c o n d   p o l y m e r   dope  i s   a  f u n c t i o n   of   t h e  

r a t e   of   f l o w   of  s e c o n d   p o l y m e r   dope   i n t o   the   m a n i f o l d   1 3  

and  the   v o l u m e   of  the   m a n i f o l d   13,  n e e d l e s   10  and  T 

j u n c t i o n   16.  T h i s   t r a n s i t i o n   can  be  c o n t r o l l e d   by  the   u s e  



of  the   v a l v e   26  on  the   p u r g e   l i n e   25  w h i c h   can  be  u s e d   t o  

v e n t   a t   a  v a r i a b l e   r a t e   r e m a i n i n g   f i r s t   p o l y m e r   d o p e .   T h e  

c o n c e n t r a t i o n   g r a d i e n t   of  the   two  p o l y m e r s   in  the   g r a f t  

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

i l l u s t r a t e d   in  F i g u r e   2  w h e r e   the   s o l i d   l i n e   shows   a n  

a b r u p t   c h a n g e   w h e r e   the   v a l v e   26  i s   u s e d   and  the   c h a i n   l i n e  

shows   a  s low  c h a n g e .  

A  f u r t h e r   d e v e l o p m e n t   of  the   f i r s t   e x a m p l e   a r i s e s   i n  

t h a t   on  p o r o s i t y   t e s t i n g ,   i t   was  f o u n d  t h a t   the   p e r m e a b i l i t y  

of  the   b i - l a y e r   g r a f t   was  too   h i g h .   A  s i t u a t i o n   w a s  

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

l e a d   to  e x c e s s i v e   b l o o d   p l a t e l e t   c a p t u r e   on  the   i n n e r  

s u r f a c e   and  c o m p r o m i s e   t he   t h r o m b o r e s i s t a n c e   of  t he   g r a f t .  

The  s o l u t i o n   h e r e   w o u l d   be  to  i n c l u d e   an  o u t e r   l a y e r   of  a  

t h i r d   p o l y m e r ,   f o r   e x a m p l e   one  h a v i n g   a  h i g h   Y o u n g ' s  

m o d u l u s ,   w h i c h   when  d e p o s i t e d   on  the   s e c o n d   p o l y m e r  

p r o d u c e s   a  d e n s e   m a t r i x   w i t h   low  i n t e r s t i t i a l   v o l u m e .   I n  

t h i s   way,  the   o v e r a l l   g r a f t   w a l l   p e r m e a b i l i t y   i s   d e t e r m i n e d  

by  t h i s   o u t e r   l a y e r .   F i g u r e   3  shows  in  c r o s s   s e c t i o n   p a r t  

of  a  b i - l a y e r   g r a f t .   The  f u r t h e r   d e v e l o p m e n t   w o u l d   m e a n  

a d d i t i o n   of  an  o u t e r   l a y e r   of  a  t h i r d   p o l y m e r   to  t he   g r a f t  

shown  in  F i g u r e   3 .  

Many  d i f f e r e n t   p o l y m e r s   can   be  u s e d   in  t h e  

e l e c t r o s t a t i c   s p i n n i n g   p r o c e s s .   S e v e r a l   e x a m p l e s   a r e   g i v e n  

in  U .S .   P a t e n t   S p e c i f i c a t i o n   No.  4 0 4 4 4 0 4 ,   s u c h   a s  

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

w h i c h   can  be  spun   f rom  s o l u t i o n ,   and  p o l y t e t r a f l u o r e t h y l e n e  

and  p o l y e s t e r s  w h i c h   may  be  spun   f rom  d i s p e r s i o n .   W a t e r  

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

p y r r o l i d o n e   and  p o l y e t h y l e n e   o x i d e   may  be  spun   f rom  a q u e o u s  
s o l u t i o n .  

The  c o n s t r a i n t   on  the   f i b r o u s   s t r u c t u r e   and  m e t h o d   o f  

p r o d u c t i o n   a c c o r d i n g   to  t he   i n v e n t i o n   i s   t h a t   t he   two  o r  

more  p o l y m e r s   u s e d   to  v a r y   the   c o m p o s i t i o n  o f   the   f i l a m e n t s  

d u r i n g   the   s p i n n i n g   p r o c e s s   mus t   be  e i t h e r   d i s p e r s i b l e   o r  

a l t e r n a t i v e l y   s o l u b l e   in  t he   s a m e  



s o l v e n t   s y s t e m .   Thus   i t   w o u l d   be  p o s s i b l e   to  s p i n   w i t h  

d i f f e r e n t   p o l y u r e t h a n e s ,   as  u s e d   in  the   p r e f e r r e d   e x a m p l e ,  

or   w i t h   d i f f e r e n t   p o l y e s t e r s   in  d i s p e r s i o n ,   b u t   i t   w o u l d  

n o t   be  p o s s i b l e   to  c h a n g e ,   f o r   e x a m p l e ,   f rom  a  p o l y u r e t h a n e  

to  a  p o l y e s t e r .  

I t   w i l l   a l s o   be  a p p r e c i a t e d   t h a t   the   p r o p e r t i e s   of  a  

p a r t i c u l a r   p o l y m e r i c   c o m p o s i t i o n   may  be  v a r i e d   by  t h e  

p r e s e n c e   of  an  a d d i t i v e ,   e v e n   i f   t he   p o l y m e r i c   c o m p o s i t i o n  

i t s e l f   d o e s   n o t   v a r y   a l o n g   t he   l e n g t h   of  a  f i l a m e n t .   F o r  

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

p o l y u r e t h a n e  p o l y m e r   and  s p u n '  a s   t he   i n n e r   s u r f a c e   of  a  

g r a f t ,   t he   o u t e r   s u r f a c e   of  t he   g r a f t   b e i n g   the   s a m e  

p o l y u r e t h a n e   w i t h o u t   t he   s i l i c o n e   l u b r i c a n t .   Such  a n  

e x a m p l e   i s   i n c l u d e d   in   t he   s c o p e   of  the   i n v e n t i o n .  

The  a d v a n t a g e   of  t he   e m b o d i m e n t s   of  g r a f t s  

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

be  o p t i m i s e d   f o r   p a r t i c u l a r   p r o p e r t i e s ,   e i t h e r   in  i t s  

m o r p h o l o g y   ( e . g .   p o r o s i t y ,   p o r e   s h a p e ,   f i b r e   s i z e )   or  i n  

i t s   c h e m i s t r y   ( e . g .   t y p e   of  p o l y m e r ,   p r e s e n c e  o f   d r u g .   F o r  

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

i n c l u d e d   in  t he   i n n e r   l a y e r   to  i m p r o v e   the   p r o p e r t y   w i t h  

r e g a r d   to  c o n t a c t i n g  b l o o d ) .   I f   s u c h   l a y e r s   a r e   b u i l t  

up  d i s c o n t i n u o u s l y ,   l i n e s   of   w e a k n e s s   e x i s t   b e t w e e n   t h e  

c o n t i g u o u s   s u r f a c e s   and  d e l a m i n a t i o n   i s   l i k e l y   to  o c c u r  

a t   q u i t e   low  m e c h a n i c a l   s t r e s s e s .   The  a d v a n t a g e   of  t h e  

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

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

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

c o n t r o l l e d   w a y .  

An  i l l u s t r a t i o n   of   t he   a d v a n t a g e   of  a  b i - l a y e r   g r a f t  

a c c o r d i n g   to  the   e x a m p l e   d e s c r i b e d   i s   t h a t   in  an  i n i t i a l  

c a n i n e   common  c a r o t i d   t r i a l ,   a  300%  i m p r o v e m e n t   in  p a t e n c y  

o v e r   n o n - l a m i n a t e d ,   s i n g l e   c o m p o n e n t   g r a f t s   was  f o u n d .  

O t h e r   p o s s i b i l i t i e s ,   f o r   e x a m p l e   p l e d g e t s   and  d r u g  

r e l e a s i n g   v a s c u l a r   g r a f t s   a r e   a l s o   q u i t e   p o s s i b l e .  



I t   w i l l   be  a p p r e c i a t e d   t h a t   w h i l e   the   e m b o d i m e n t s  

d e s c r i b e d   r e l a t e   to  t u b u l a r   f i b r o u s   s t r u c t u r e s   f o r   use   a s  

v a s c u l a r   g r a f t s ,   the   i n v e n t i o n   i s   e q u a l l y   a p p l i c a b l e   t o  

p l a n a r   f i b r o u s   s t r u c t u r e s   s u c h   as  m a t s   and  t h a t   s u c h  

a l t e r n a t i v e   s t r u c t u r e s   w o u l d   have   wide   a p p l i c a t i o n s .  



1.  An  i n t e g r a l   f i b r o u s   s t r u c t u r e   of  a  p l u r a l i t y   o f  

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

e x t e n d i n g   f rom  one  s i d e   of  the   s t r u c t u r e   to  the   o p p o s i t e  

s i d e   of  t he   s t r u c t u r e ,   t he   p o r t i o n s   of  the   f i l a m e n t s   o n  

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

c o m p o s i t i o n   and  the   p o r t i o n s   of  the   f i l a m e n t s   on  t h e  

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

c o m p o s i t i o n   d i f f e r e n t   f rom  the   f i r s t   p o l y m e r i c  

c o m p o s i t i o n .  

2.  A  f i b r o u s   s t r u c t u r e   as  c l a i m e d   in  C l a i m   1  c o m p r i s i n g  

a  t r a n s i t i o n   a r e a   b e t w e e n   the   s i d e s   of   t h e   s t r u c t u r e ,   t h e  

p o r t i o n s   of   t he   f i l a m e n t s   in  t he   t r a n s i t i o n   a r e a   h a v i n g   a  

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

s e c o n d   p o l y m e r i c   c o m p o s i t i o n s .  

3.  A  f i b r o u s   s t r u c t u r e   as  c l a i m e d   in  C l a i m   2  w h e r e i n   t h e  

c o m p o s i t i o n   of  t he   p o r t i o n s   of   t he   f i l a m e n t s   in  t h e  

t r a n s i t i o n   a r e a   a d j a c e n t   t he   one  s i d e   of   t he   s t r u c t u r e  

c o n t a i n   a  l a r g e   p r o p o r t i o n   of  t he   f i r s t   p o l y m e r i c  

c o m p o s i t i o n   and  the   p o r t i o n s   of  the   f i l a m e n t s   in  t h e  

t r a n s i t i o n   a r e a   a d j a c e n t   t he   o p p o s i t e   s i d e   of  t he   s t r u c t u r e  

c o n t a i n   a  l a r g e   p e r c e n t a g e   of   t he   s e c o n d   p o l y m e r i c  

c o m p o s i t i o n .  

4.  A  f i b r o u s   s t r u c t u r e   as  c l a i m e d   in  any  p r e c e d i n g   C l a i m  

w h e r e i n   t he   p o l y m e r i c   c o m p o s i t i o n   of   t he   s t r u c t u r e  v a r i e s  

p r o g r e s s i v e l y   b e t w e e n   the   two  s i d e s   of   t he   s t r u c t u r e .  

5.  A  f i b r o u s   s t r u c t u r e   as  c l a i m e d   in  C l a i m   1  w h e r e i n  t h e  

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

d i s t i n c t   l a y e r s   w i t h i n   the   s t r u c t u r e   h a v i n g   d i f f e r e n t  

p o l y m e r i c   c o m p o s i t i o n s .  

6.  A  f i b r o u s   s t r u c t u r e   as  c l a i m e d   in  any  p r e c e d i n g   C l a i m  

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

c o m p o s i t i o n   of   the   f i b r e s .  

7.  A  f i b r o u s   s t r u c t u r e   as  c l a i m e d   in  any  p r e c e d i n g   C l a i m  

in  the   fo rm  of  a  m a t .  



8.  A  f i b r o u s   s t r u c t u r e   as  c l a i m e d   in  a n y  o n e   of   C l a i m s  

1  to  7  in  the   f o r m  o f   a  t u b u l a r   m e m b e r .  

9.  A  f i b r o u s   s t r u c t u r e   as  c l a i m e d   in  C l a i m   8  w h e r e i n   t h e  

p o r t i o n s   of  the   f i l a m e n t s   at   the   i n n e r   s u r f a c e   of  t h e  

t u b u l a r   member   a re   of  the   f i r s t   p o l y m e r i c   c o m p o s i t i o n   t o  

p r o v i d e   c o m p a t a b i l i t y   w i t h   m a t e r i a l   w i t h   w h i c h   t he   i n n e r  

s u r f a c e   w i l l   come  i n t o   c o n t a c t ,   and  the   p o r t i o n s   of  t h e  

f i l a m e n t s   a t   the   o u t e r   s u r f a c e   of  t he   t u b u l a r   member   a r e   o f  

the   s e c o n d   p o l y m e r i c   c o m p o s i t i o n   to  p r o v i d e   d e s i r a b l e  

s t r e n g t h   c h a r a c t e r i s t i c s   and  o t h e r   p h y s i c a l   p r o p e r t i e s   t o  

the   t u b u l a r   m e m b e r .  

10.  A  f i b r o u s   s t r u c t u r e   c o m p r i s i n g   a  t u b u l a r   member   a s  

c l a i m e d   in  C l a i m   8  or   C l a i m   9  c u t   to  p r o v i d e   one  or  m o r e  

s e g m e n t a l   e l e m e n t s   f rom  the   t u b u l a r   w a l l .  

11.  A  m e t h o d   of  f o r m i n g   an  i n t e g r a l   f i b r o u s   s t r u c t u r e   a s  

c l a i m e d   in  any  p r e c e d i n g   C l a i m ,   w h i c h   m e t h o d   c o m p r i s e s  

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

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

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

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

s u c h   t h a t   the   p o r t i o n s   of  t he   f i l a m e n t s   a t   t he   s i d e   of   t h e  

s t r u c t u r e   r e m o t e   f rom  the   s u r f a c e   i s   of  t he   s e c o n d  

p o l y m e r i c   c o m p o s i t i o n .  

12.  A  m e t h o d   as  c l a i m e d   in  C l a i m   11  w h e r e i n   t h e  

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

13.  A  m e t h o d   as  c l a i m e d   in  C l a i m   11  w h e r e i n   t h e  

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

s t r u c t u r e .  

14.  A  f i b r o u s   s t r u c t u r e   made  by  a  m e t h o d   as  c l a i m e d   i n  

a n y  o n e   of  C l a i m s   11  to  1 3 .  
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