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@  Cardiac  and  vascular  prostheses  and  methods  of  making  the  same. 

Cardiac  and  vascular  prostheses  and  methods  of  mak- 
ing  the  same.  The  prostheses  are  suitable  for  implantation 
in  a  bloody  environment.  The  prosthesis  includes  a  surface 
material  adapted  for  exhibiting  a  regular  and  periodic  sur- 
face  charge  characteristic  in  the  bloody  environment  (See 
Fig.  1A:  scanning  electron  micrographs  of  an  albumin 
Dacron  hybrid  graft).  A  prothesis  means  supports  the  sur- 
face  material  and  is  adapted  to  perform  a  prosthetic  func- 
tion  in  the  bloody  environment.  In  cases  where  cross- 
linking  is  desired  and  the  surface  material  cannot  cross- 
link  with  the  substrate  material,  an  adaptive  material  is 
provided  which  cross-links  both  to  the  surface  material 
and  to  the  material  of  the  prothesis. 



F i e l d   of  I n v e n t i o n  

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

and  m e t h o d s   of  m a k i n g   t h e   same  and  m a t e r i a l s   t h e r e f o r .  



B a c k g r o u n d   of  t h e   I n v e n t i o n  

The  m a j o r   e m p h a s i s   in   e a r l y   r e s e a r c h   on  i m p l a n t s   was  p e r -  

f o r m e d  w i t h i n   t h e   f i e l d   of  o r t h o p e d i c s .   ( B e c h t o l ,   C.  D . ,  

F e r g u s o n ,   J r . ,   A.  B . ,   and  L a i n g ,   P.  G.  M e t a l s   and  E n g i -  

n e e r i n g   in   Bone  and  J o i n t   S u r g e r y .   W i l l i a m s   and  W i l k i n s  

C o . ,   B a l t .   C h a p t e r   1,  1 -18   ( 1 9 5 9 ) ;   S c a l e s ,   J .   T .  

A r t h r o p l a s t y   of  t h e   Hip  U s i n g   F o r e i g n   M a t e r i a l s :   A 

H i s t o r y ,   P a p e r   13,  A  S y m p o s i u m ,   I n s t i t u t e   of   M e c h a n i c a l  

E n g i n e e r s ,   V o l .   181  P a r t   3J .   6 3 - 8 4 ,   ( 1 9 6 7 ) ;   W e i s m a n .   S .  

M e t a l s   f o r   I m p l a n t a t i o n   in   t h e   Human  Body.   Ann.  N . Y .  

A c a d .   S c i .   146 ,   8 0 - 9 5 ,   ( 1 9 6 8 ) ) .   The  m o s t   s i g n i f i c a n t  

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

b e e n   t h e   d e v e l o p m e n t   of  p r o s t h e s e s   f o r   v a s c u l a r   a n d  

c a r d i a c   r e c o n s t r u c t i o n   ( W e s o l o w s k i ,   S . A . ,   M a r t i n e z ,   A . ,  

and  McMahone ,   J .   D.  The  Use  of  A r t i f i c i a l   M a t e r i a l s   i n  

S u r g e r y ,   " C u r r e n t   P r o b l e m s   in   S u r g e r y . "   Y e a r   Book  M e -  

d i c a l   P u b l i s h e r s ,   I n c . ,   C h i c a g o   ( 1 9 6 6 ) .   A  m a j o r   p r o b l e m  

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

h a s   b e e n   s e v e r e   o c c l u s i v e   t h r o m b o g e n i c i t y   ( H u f n a g e l ,   C .  

A.  The  Use  of  R i g i d   and  F l e x i b l e   P l a s t i c   P r o s t h e s e s   f o r  

A r t e r i a l   R e p l a c e m e n t ,   S u r g e r y ,   3 7 : 1 6 5 ,   ( 1 9 5 5 )  ) .   T h e  

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

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

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

and  m e t a l   p r o s t h e s e s ,   a u t o l o g o u s ,   h o m o l o g o u s   and   h e t e r o -  

l o g o u s   b y p a s s   g r a f t s   in   man.  ( J o h n s o n ,   W.  D.  A u e r ,   J .   E .  

and  T e c t o r ,   A.  T . ,   L a t e   C h a n g e s   in   C o r o n a r y   V e i n   G r a f t s ,  

Am.  J o u r .   of  C a r d i o l .   26:  640 ,   (1970)   and  A r t e g r a f t   C o n -  

f e r e n c e ,   J o h n s o n   and  J o h n s o n ,   T o r o n t o ,   O n t a r i o ,   C a n a d a ,  

J u n e   23,  ( 1 9 7 3 ) ) .  

F o l l o w i n g   t h e   d e v e l o p m e n t   of  open   h e a r t   s u r g e r y ,   a n  

e n o r m o u s   e f f o r t   was  made  in   t h e   f i e l d   of  p r o s t h e t i c  

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

a r e a   was  made  by  Goodman ,   B e r g   and  S t u c k e y   ( W e s o l o w s k i ,  

C.  A.  eL  a l .   The  Use  of  A r t i f i c i a l   M a t e r i a l s   in   S u r g e r y ,  



" C u r r e n t   P r o b l e m s   in   S u r g e r y "   Y e a r   Book  M e d i c a l   P u b l i s h -  

e r s ,   I n c . ,   C h i c a g o   ( 1 9 6 6 ) .   They   p r o d u c e d   t h e   f i r s t  

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

v a l v e   was  l a t e r   i m p r o v e d   by  Dr.   A l b e r t   S t a r   and  E d w a r d s  

L a b o r a t o r i e s   ( E d w a r d s ,   W.  S.  and   S m i t h ,   L.  A o r t i a l   V a l v e  

R e p l a c e m e n t   w i t h   a  Sub  C o r o n a r y   B a l l   V a l v e .   S u r .   F o r u m  

9 : 3 0 9   ( 1 9 5 8 ) ;   S t a r r ,   A.  M i t r a l   V a l v e   R e p l a c e m e n t   w i t h   a  

B a l l   V a l v e   P r o s t h e s i s .   B r i t i s h   H e a r t   J o u r n a l ,   33  S u p p .  

47  ( 1 9 7 1 ) .   A  n u m b e r   of  v a l v e s   w e r e   f u r t h e r   d e v e l o p e d   b y  

s e v e r a l   c o r p o r a t i o n s .   T h e s e   i n c l u d e d   t h e   B j o r k - S h i l e y  

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

h e a r t   v a l v e s   a v a i l a b l e   t o d a y .   More  r e c e n t l y ,   g l u t a r a l d e -  

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

d e v e l o p e d   by  t h e  H a n c o c k   L a b o r a t o r y   ( S a u v a g e ,   L.  R .  

W e s o l o w s k i ,   A.  S . ,   S a w y e r ,   P.  N.  e t   a l .   P r o s t h e t i c   V a l v e  

R e p l a c e m e n t   Ann.   of  t h e   N.  Y.  Academy  of   S c i .   1 4 6 : 2 8 9  

( 1 9 6 8 ) )   h a v e   p r o v e n   u s e f u l .   They   a r e   r e s i s t a n t   t o   i n t r a -  

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

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

T h u s ,   a  h o s t   of  g l u t a r a l d e h y d e   t a n n e d   c o l l a g e n   v a l v u l a r  

p r o s t h e s e s   h a v e   p r o v e n   u s e f u l   in   man  w i t h   r e s p e c t   to   l o n g  

t e r m   f u n c t i o n   and  r e s i s t a n c e   to   t h r o m b o s i s .  

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

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

m a g n e s i u m ,   as   w e l l   as  t h e   l a t e r   d e v e l o p m e n t   of  p o l y e t h y -  

l e n e   and  p o l y m e t h y l   a c r y l i c   t u b e s   ( S z i l a g a y i ,   D.  E.  L o n g  

Term  E v a l u a t i o n   of  P l a s t i c   A r t e r i a l   S u b s t i t u t e s :   An  E x -  

p e r i m e n t a l   S t u d y ,   S u r g .   5 5 : 1 6 5   ( 1 9 6 4 ) ;   W o o d w a r d ,   S.  C .  

B i o l o g i c a l   End  P o i n t s   f o r   C o m p a t i b i l i t y ,   P l a s t i c s   i n  

S u r g i c a l   I m p l a n t s   ASTM-STP  386 ,   A  S y m p o s i u m   on  S u r g .  

I m p l a n t s ,   I n d i a n a p o l i s ,   I n d i a n a   ( 1 9 6 4 ) ;   S a w y e r ,   P.  N . , W u ,  
K.  T . ,   W e s o l o w s k i ,   A.  S . ,   B r a t t a i n ,   W.  H.  and   B o d d y ,  

P.  J .   Long  Term  P a t e n c y   of  S o l i d   W a l l   V a s c u l a r   P r o s t h e s e s ,  

A r c h .   S u r g .   9 1 : 7 3 5 ,   ( 1 9 6 5 ) .   In  t h e   m a j o r i t y   of   c a s e s ,  
t h e s e   p r o s t h e s e s   d i d   n o t   f u n c t i o n   s a t i s f a c t o r i l y .   A  m a j o r  



b r e a k t h r o u g h   came  in   1952  when  V o o r h e e s   and  B l a k e m o r e  

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

V i n y o n .   ( V o o r h e e s ,   A.  B . ,   J r . ,   J a r e t s k i ,   1 1 1 ,   A.  a n d  

B l a k e m o r e ,   A.  H.  Use  of  t u b e s   c o n s t r u c t e d   f r o m   V i n y o n - " N "  

C l o t h   in   b r i d g i n g   A r t e r i a l   D e f e c t s .   Ann.   S u r g .   1 3 5 ;   3 3 2  

( 1 9 5 2 ) ) .   T h i s   m a t e r i a l   was  e a s y   to   h a n d l e ,   p r e c l o t t a b l e  

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

a l t h o u g h   t e n s i l e   s t r e n g t h ,   in   s i t u ,   was  l o s t   w i t h   t h e  

p a s s a g e   of  t i m e .   P r e c l o t t i n g   t h e   g r a f t   w i t h   t h e   p a t i e n t ' s  

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

was  c o v e r e d   by  a  f i b r o u s   n e o - i n t i m a   and   t h e   a d v e n t i t i a  

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

w e l l   t o l e r a t e d   g r a f t .   P r e s e n t l y ,   t h e   D a c r o n   g r a f t   i s  

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

( S a w y e r ,   P.  N.  e t   a l .   V a s c u l a r   G r a f t   S y m p o s i u m ,   C u r r e n t  

S t a t u s   and  F u t u r e   T r e n d s .   NIH  ( 1 9 7 6 ) ) .  

E a r l y   a t t e m p t s   a t   v e s s e l   s u b s t i t u t i o n   w i t h   m a t e r i a l s   o f  

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

c a d a v e r s   ( W e s o l o w s k i ,   S.  A.  and  S a u v a g e ,   L.  R.  H e t e r o -  

l o g u s   A o r t i c   H e t e r g r a f t s   w i t h   S p e c i a l   R e f e r e n c e   t o   R e -  

c i p i e n t   S i t e ,   E t h y l e n e   O x i d e   F r e e z e   Dry  P r e p a r a t i o n   a n d  

S p e c i e d   of  O r i g i n ,   Ann.  S u r g .   1 4 5 : 1 8 7   (195  ) .   On  t h e  

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

t i m e ,   b u t   w e r e   soon   r e p l a c e d   by  f i b r o u s   t i s s u e   and   c a l c i u m  

s a l t s .   This  r e s u l t e d   in  an  i n e l a s t i c   s t r u c t u r e ,   s u s c e p t i b l e   t o  

t h r o m b u s ,   f r a c t u r e ,   and   a n e u r y s m   f o r m a t i o n   ( S a u v a g e ,   L .  

R.  and   W e s o l o w s k i ,   A.  S.  H e a l i n g   and   F a t e   of   A r t e r i a l  

G r a f t s ,   S u r g .   3 8 : 1 0 9 0   ( 1 9 5 5 ) ) .  

F o l l o w i n g   f a i l u r e   of  t h e   h o m o g r a f t s ,   a u t o g r a f t s   f r o m   a  

p a t i e n t ' s   v e i n s   ( s a p h e n o u s )   w e r e   u s e d .   C u r r e n t l y ,   t h e  

i m p l a n t a t i o n   s t a t i s t i c s   show  t h a t   t h e   s a p h e n o u s   v e i n   i s  

s u p e r i o r   to   s y n t h e t i c   i m p l a n t s   ( S a w y e r ,   P.  N.  e t   a l ,  

V a s c u l a r   G r a f t   S y m p o s i u m ; S a u v a g e ,   L.  R.  and   W e s o l o w s k i ,  

A.  S.  H e a l i n g   and   F a t e   of  A r t e r i a l   G r a f t s ,   s u p r a ,   a n d  

V l a d a m e r ,   C.  and   E d w a r d s ,   J .   E.  P a t h o l o g i c a l   C h a n g e s  

in  A o r t o c o r o n a r y   A r t e r i a l   S a p h e n o u s   V e i n   G r a f t s .   C i r c u l a -  



t i o n   4 4 : 7 1 9   ( 1 9 7 1 ) ) .   When  t h e   s a p h e n o u s   v e i n   i s   n o t  

a v a i l a b l e ,   i . e . ,   t h e   q u e s t i o n   a r i s e s   as  to   w h i c h   i m p l a n t  

s h o u l d   be  u s e d .   E x p e r i e n c e   h a s   shown  t h a t   a  v a s c u l a r  

g r a f t   m u s t :   (i)   h a v e   an  a p p r o p r i a t e   p o r o s i t y   ( 1 0 , 0 0 0 -  

2 0 , 0 0 0   ml  of  w a t e r / s q u a r e   c m / m i n u t e )   S a w y e r ,   P.  N . ,   Wu,  

K.  T . ,   W e s o l o w s k i ,   S.  A.  B r a t t a i n ,   W.  and   B o d d y ,   P.  J .  

An  Aid   in   t h e   S e l e c t i o n   of   V a s c u l a r   P r o s t h e s i s   P r o c .  

N a t l .   A c a d .   S c i . ,   U . S . A . ,   5 3 : 1 9 6 5 ) ,   ( i i )   be  b l o o d   c o m p -  

a t i b l e ,   ( i i i )   p o s s e s s   t e n s i l e   s t r e n g t h   and   ( iv )   be  e a s y  

to   h a n d l e   w i t h   r e s p e c t   t o   s e w i n g   c h a r a c t e r i s t i c s   ( S a w y e r ,  

P.  N.  and  S r i n i v a s a n ,   S.  New  A p p r o a c h e s   in   t h e   S e l e c t i o n s  

of   M a t e r i a l s   C o m p a t i b l e   w i t h   B l u o d .   A r t i f i c i a l   H e a r t  

P r o g . C o n f . P r o c . C h a p t e r   2 , 1 9 6 9 ) .  

In  an  e f f o r t   to   o v e r c o m e   t h e   p r o b l e m s   of  p o r o s i t y ,  

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

e x h i b i t e d   by  m o s t   i m p l a n t s   in  t h e   p e r i p h e r y ,   I  h a v e   c o n -  
d u c t e d   r e s e a r c h   on  c o p o l y m e r i c   c o l l a g e n   r e m n a n t s   f r o m  

b o v i n e   c a r o t i d   and  b r a c h i a l   a r t e r i e s .   The  c o l l a g e n   r e -  

m a i n s   i n t a c t   f o l l o w i n g   e n z y m a t i c   d i g e s t i o n   ( f i c i n )   a n d  

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

When  i m p l a n t e d ,   t h e s e   g r a f t s   r e v e a l   a  s t r i k i n g   t e n d e n c y  

to   r e m a i n   t h r o m b o r e s i s t a n t   and  m a i n t a i n   t h e i r   t e n s i l e  

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

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

g r a f t s   h a v e   r e m a i n e d   p a t e n t   in  t h e   f e m o r a l - p o p l i t e a l ,   c a -  
r o t i d   and  c o r o n a r y   p o s i t i o n s   ( V a s c u l a r   G r a f t   S y m p o s i u m ,  

s u p r a ) .  

As  to   why  t h e s e   t y p e s   of  g r a f t s   p e r f o r m   so  w e l l ,   c o n c l u -  

s i v e   a n s w e r s   a r e   n o t   y e t   a v a i l a b l e .   S c a n n i n g   e l e c t r o n  

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

t h e y   b e c o m e   o c c l u d e d   by  an  a t y p i c a l   t h r o m b u s .   I t   i s   t h e r e -  

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

d e p e n d s   upon   (i)   t h e   s u r f a c e   m o d i f i c a t i o n   c h a r a c t e r i s t i c s  

of  t h e   c o l l a g e n   ( i i )   b l o o d   i n t e r f a c i a l   r e a c t i o n s '  



o c c u r r i n g ,   ( i i i )   s t r u c t u r a l   a s p e c t s   of   t h e   c o l l a g e n  s u r f a c e .  

SUMMARY  OF  THE  INVENTION 

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

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

This  new  g r a f t   a p p e a r s   to   be  s u p e r i o r   to   o t h e r   c o m m e r i c a l l y  

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

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

c o l l a g e n   a r e   u n i q u e l y   v e r s a t i l e .  

I  am  now  w o r k i n g   w i t h   s e c o n d   and   t h i r d   g e n e r a t i o n   g r a f t s  

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

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

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

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

h y b r i d   g r a f t   can   a l s o   be  a p p l i e d   to   t h e   t o t a l   a r t i f i c i a l  

h e a r t   and  b y p a s s   pump  c h a m b e r s   and  D a c r o n   s k i r t   of  h e a r t  

v a l v e s   p r o v i d i n g   a  more   s a t i s f a c t o r y   b l o o d   c o m p a t i b l e  

s u r f a c e .  

D a c r o n   v a s c u l a r   g r a f t s   h a v e   b e e n   a l t e r e d ,   in   a c c o r d a n c e  

w i t h   t h e   i n v e n t i o n ,   by  c o a t i n g   t h e m   and  f i l l i n g   t h e i r  

i n t e r s t i t i a l   s p a c e s   w i t h   a  v a r i e t y   of   a g e n t s ,   in   a  v a -  

r i e t y   of   w a y s ,   to   p r o d u c e   g r a f t s   w i t h   s u p e r i o r   a n t i -  

t h r o m b o g e n i c   c h a r a c t e r i s t i c s .  

The  t e c h n i q u e s   u t i l i z e d   i n c l u d e :   (1)  c o p o l y m e r i z a t i o n   o f  

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

n e g a t i v e   c h a r g i n g ,   (2)  a l u m i n i z a t i o n   of   t h e   g r a f t s ,  

* R e g i s t e r e d   T r a d e m a r k   f o r   a  P o l y e s t e r   of  t e r e p h t h a l i c   a c i d  
and   e t h y l e n e   g l y c o l   m a n u f a c t u r e d   by  D u P o n t   de  N e m o u r s  
&  C o . ,   I n c . ,   W i l m i n g t o n ,   D e l a w a r e ,   U . S . A .  



(3)  t h e   d e p o s i t   of  s u b s t a n c e s   w h i c h   may  a c c e p t   f r o m   a  

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

t h e   e n v i r o n m e n t .  

I t   i s   an  o b j e c t   of  t h e   i n v e n t i o n   to   p r o v i d e   an  i m p r o v e d  

p r o s t h e s i s   m a t e r i a l   f o r   m a k i n g   an  i m p r o v e d   p r o s t h e s i s  

and  m e t h o d   f o r   m a k i n g   t h e   s a m e .  

I t   i s   a n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   to   p r o v i d e   f o r  

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

m e n t .  

To  a c h i e v e   t h e   a b o v e   and  o t h e r   o b j e c t s   of   t h e   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  p r o s t h e s i s   s u i t a b l e   f o r   i m p l a n t a t i o n  

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

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

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

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

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

t h i s   e n v i r o n m e n t .  

In  a c c o r d a n c e   w i t h   one  e m b o d i m e n t   of   t h e   i n v e n t i o n ,   t h e  

s u r f a c e   m a t e r i a l   may  be  a l u m i n u m .   In  a c c o r d a n c e   w i t h  

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

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

m a t e r i a l   may  be  a g a r   or  a c r y l a m i d e .  

In  a c c o r d a n c e   w i t h   one  a s p e c t   of  t h e   i n v e n t i o n ,   t h e  

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

c r o s s l i n k i n g   to   s a i d   s u r f a c e   m a t e r i a l .   In  t h i s   c a s e ,  
t h e r e   i s   p r o v i d e d   an  a d a p t i v e   m a t e r i a l   to   c r o s s - l i n k   t o  

t h e   m a t e r i a l   of  s a i d   p r o s t h e t i c   means   and   to   s a i d   s u r f a c e  

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

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

In  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   and  t h e   p r e f e r r e d  



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

e q u i v a l e n t   to   a p p r o x i m a t e l y   one   e l e c t r o n   p e r   t h o u s a n d  

s q u a r e   A n g s t r o m s   in   a  r e g u l a r   t h r e e - d i m e n s i o n a l   p a t t e r n .  

A c c o r d i n g   to   t h e   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  m e t h o d  

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

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

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

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

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

v i r o n m e n t .   T h u s ,   f o r   e x a m p l e ,   a  s y n t h e t i c   m a t e r i a l   m a y  
be  a d a p t e d   f o r   u s e   as  a  p r o s t h e t i c   m a t e r i a l   w h i c h   i s  

a d a p t e d   to   f u n c t i o n   in   a  b l o o d y   e n v i r o n m e n t .   T h i s   m a y  
be  a c h i e v e d ,   f o r   e x a m p l e ,   by  m e t a l l i z i n g   t h e   m a t e r i a l  

a t   t h e   s u r f a c e   t h e r e o f .  

A c c o r d i n g   to   one  e m b o d i m e n t   of  t h e   i n v e n t i o n ,   t h e  

m e t a l l i z i n g   may  t a k e   p l a c e   by  t h e   v a p o r   d e p o s i t i n g  

of  a l u m i n u m   on  t h e   s u r f a c e .  

A c c o r d i n g   to   a n o t h e r   e m b o d i m e n t ,   t h e   a l u m i n u m   may  b e  

s p r a y e d   in   an  a e r o s o l   on  t h e   s u r f a c e .  

The  p r o s t h e s i s   may  b e ,   f o r   e x a m p l e ,   of  w o v e n   D a c r o n .  

T h e r e u p o n   may  be  d e p o s i t e d   a  s u r f a c e   m a t e r i a l   i n   t h e  

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

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

w i t h   g l u t a r a l d e h y d e .   The  m a t e r i a l   d e p o s i t e d   on  t h e  

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

of  p r o t e i n s   and   may  be  a p p l i e d   p r e f e r a b l y   i n ,   f o r   e x a m p l e ,  

a b o u t   a  3  %  s o l u t i o n .  

A c c o r d i n g   to   t h e   f u r t h e r   f e a t u r e   of  t h e   i n v e n t i o n ,   a  

t h u s l y   c o a t e d   p r o s t h e s i s   may  be  f u r t h e r   t r e a t e d   w i t h   a  

s u c c i n i c   a c i d   c o m p o u n d .  



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

m a t e r i a l   may  be  a p p l i e d   by  i m m e r s i n g   t h e   p r o s t h e s i s   in   a  

s l u r r y   of  a g a r .   As  an  a l t e r n a t i v e ,   t h e   p r o s t h e s i s   may  b e  

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

The  a b o v e   and   f u r t h e r   o b j e c t s   and   f e a t u r e s   of   t h e   i n v e n -  

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

as  f o l l o w s   h e r e i n a f t e r .  

BRIEF  DESCRIPTION  OF  DRAWING 

IN  THE  DRAWING: 

F i g u r e   l (A)   i s   a  s c a n n i n g   e l e c t r o n   m i c r o p h o t o g r a p h   g r o u p  
of  a  p o l a r i z e d   p r o t e i n ;  

F i g u r e   l ( B )   i s   a  c o l l e c t i o n   of  s c a n n i n g   e l e c t r o n   m i c r o -  

g r a p h s   of  a  p r o t e i n - g e l a t i n   D a c r o n   h y b r i d   g r a f t ;  

F i g u r e   2(A)  shows   s c a n n i n g   e l e c t r o n   m i c r o g r a p h s   of  a  g e -  
l a t i n - D a c r o n   h y b r i d   g r a f t ;  

F i g u r e   2 (B)  i s   a  g r o u p   of  s c a n n i n g   e l e c t r o n   m i c r o g r a p h s   o f  

a  g e l a t i n - D a c r o n   h y b r i d   g r a f t ;  

F i g u r e   3(A)  shows   t h e   s t r u c t u r e   of   an  a g a r   c o a t e d   g r a f t ;  

F i g u r e   3(B)  shows   t h e   i m p l a n t a t i o n   r e s u l t s   of  a  p r o t e i n -  

g e l a t i n   D a c r o n   h y b r i d   g r a f t ;  

F i g u r e   4  i s   a  g r o u p   of   s c a n n i n g   e l e c t r o n   m i c r o g r a p h s   o f  

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

F i g u r e   5  shows   s c a n n i n g   e l e c t r o n   m i c r o g r a p h s   of  an  a g a r  
c o a t e d   D a c r o n   h y b r i d   g r a f t ;  

F i g u r e   6(A)  shows   an  a l u m i n u m   c o a t e d   D a c r o n   p r o s t h e s i s  

e x p o s e d   to   b l o o d   f o r   one  s e c o n d ;   a n d  

F i g u r e   6(B)  shows   f u r t h e r   m a g n i f i c a t i o n   of   t h e   p r o s t h e s i s  

i l l u s t r a t e d   in   F i g .   6 ( A ) .  



DETAILED  D E S C R I P T I O N  

As  h a s   b e e n   s t a t e d   h e r e i n a b o v e ,   t h e   i n v e n t i o n   r e l a t e s   t o  

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

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

of  v a r y i n g   t y p e s   b u t   i t   can   be  f o r   e x a m p l e ,   a  v a s c u l a r  

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

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

in  t h e   c a r d i a c   e n v i r o n m e n t .  

The  i n v e n t i o n   i s   b a s e d   in   g e n e r a l   on  h a v i n g   t h e   p r o s t h e s i s  

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

c h a r a c t e r i s t i c   in   t h e   p r e f e r r e d   c a s e   a p p r o x i m a t i n g   o n e  

e l e c t r o n   p e r   t h o u s a n d   s q u a r e   A n g s t r o m s   of   s u r f a c e   in   a  

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

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

p o s i t i v e .  

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

t h e   a b o v e - n o t e d   c h a r a c t e r i s t i c .   Fo r   t h i s   r e a s o n ,   t h e  

p r e s e n t   i n v e n t i o n   i s   c o n c e r n e d   w i t h   h y b r i d   p r o s t h e s e s  

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

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

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

t h e   a f o r e n o t e d   c h a r g e .  

In  c a s e   t h e   b a s i c   m a t e r i a l   i s   i n c a p a b l e   of   c r o s s l i n k i n g  

w i t h   t h e   s u r f a c e   m a t e r i a l ,   an  a d a p t i v e   m a t e r i a l   may  b e  

p r o v i d e d   to   o f f e r   a r c h i t e c t u r a l   c o n t i n u i t y   and   c r o s s - l i n k  

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

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

m a t e r i a l s .  

The  i n v e n t i o n   o f f e r s ,   f o r   e x a m p l e ,   c o p o l y m e r i z a t i o n   f o r   a  

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

in  t h e   f o r m   of   a  u n i f o r m   c o a t i n g   and   t h e   a p p l i c a t i o n   o f ,  

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

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

t r e a t m e n t   w i t h   s u c c i n i c   a c i d   or   t h e   l i k e   o r ,   f o r   e x a m p l e ,  

by  t r e a t m e n t   w i t h   g l u t a r a l d e h y d e .  



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

may  be  e m p l o y e d   in   a c c o r d a n c e   w i t h   t h e   a b o v e :  

C o p o l y m e r i z a t i o n   (a  m e t h o d   of  p r o t e i n   d e p o s i t i o n )   F r a c -  

t i o n   V  A l b u m i n   ( p u r i f i e d   b o v i n e   or  o t h e r   m a m m a l i a   a l b u m i n )  

p u r c h a s e d   f r o m   S igma  C o r p o r a t i o n ,   S t .   L o u i s ,   M o . , U S A  w a s  

d i s s o l v e d   (1,  3,  5  and  10  g r a m s   in  100  ml.   of  w a t e r )   t o  

p r o d u c e   s e v e r a l   s o l u t i o n s   of  1  % -  10  %  w i t h   d i s t i l l e d  

and   d e i o n i z e d   w a t e r   G e l a t i n   ( c u t a n e o u s ) ,   p u r c h a s e d   f r o m  

B a k e r   C o r p o r a t i o n * ,   was  d i s s o l v e d   a t   room  t e m p e r a t u r e   i n  

w a t e r ,   p r o d u c i n g   s o l u t i o n s   r a n g i n g   in   c o n c e n t r a t i o n  

(1,   3,  5  and  10  g r a m s   in   100  ml  of   w a t e r )   f r om  1  % -  1 0 % .  

A  M i c r o k n i t ®  k n i t t e d   or   woven  v a s c u l a r   p r o s t h e s i s   ( G o -  

l a s k i   L a b s .   I n c .   of  P h i l a d e l p h i a ,   Penna .USA)  p o s s e s s i n g  

18  r i d g e   to   t h e   i n c h   (50  i n t e r s t i c e s   p e r   i n c h )   was  c u t  

i n t o   10  cm.  s e g m e n   ( c o l l a p s e d   l e n g t h )   and   c l e a n e d   i n  

d i s t i l l e d   and   d e i o n i z e d   w a t e r .   I t   i s   t h e n   i m m e r s e d   i n  

1 0 - 2 0   %  ( p r e f e r a b l y   20%)  q l u t a r a l d e h y d e   ( p u r c h a s e d   f r o m  

E l e c t r o n   M i c r o s c o p e   S c i e n c e   C o r p o r a t i o n   of  F o r t   W a s h i n g t o n  

Penna . ,   USA)  w i t h   d i s t i l l e d   and  d e i o n i z e d   w a t e r   (40  ml  o f  

50  %  g l u t a r a l d e h y d e   in  60  ml  of  w a t e r )   and   was  a l l o w e d   t o  

s t a n d   f o r   t h r e e   h o u r s .  

The  g r a f t   m a t e r i a l s   w e r e   t h e n   i m m e r s e d   in   t h e   a p p r o p r i a t e  

p r o t e i n   ( a l b u m i n ,   g e l a t i n ,   c o l l a g e n   or   t h e   l i k e )   s o l u t i o n  

u n t i l   t h i n   (1  to   2 , 0 0 0   m i c r o n s )   c o a t s   of  p o l y m e r i z e d  

p r o t e i n   s u r r o u n d e d   t h e   D a c r o n   t u b e .   They  w e r e   t h e n  

s u s p e n d e d   in   a i r   a t   room  t e m p e r a t u r e   and   r i n s e d   w i t h  

w a t e r   a t   room  t e m p e r a t u r e   f o r   a  min imum  of  2  m i n u t e s .   C a r e  

was  t a k e n   to   r i n s e   t h e   l umen   of  t h e   g r a f t s   w i t h   w a t e r .  

The  g r a f t - p r o t e i n   " h y b r i d "   p r o s t h e s e s   we re   t h e n   r e i n t r o -  

d u c e d   i n t o   f r e s h   (20%)  g l u t a r a l d e h y d e   (40  ml  of  50  % 

g l u t a r a l d e h y d e   in   60  ml  of  w a t e r )   f o r   5 - 1 5   m i n u t e s .   T h e  

p r o c e s s  w a s   r e p e a t e d   s e v e r a l   t i m e s   ( t h r e e   to   t e n   t i m e s )  

u n t i l   t h in   (1  t o   2000  m i c r o n s ) ,   u n i f o r m l y   c o a t e d   g r a f t s  

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

*  J .   T.  B a k e r   C h e m i c a l   C o . ,   P h i l l i p s b u r g h ,   New  J e r s e y , U S A .  



D a c r o n   B a c k b o n e   S t r u c t u r e  

S e v e r a l   t y p e s   of  g r a f t s   and   v a r y i n g   c o n c e n t r a t i o n s   o f  

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

d i t i o n .   They  i n c l u d e d   3  and   6  mm.  I . D .   ( 2 - 2 0   mm  i s   t h e  

r a n g e ) ,   1 8  a n d   32  r i d g e s / i n c h   ( 1 0 - 3 2   r i d g e s   w o u l d   be  t h e  

r a n g e ) ,   and  1,  3,  5  and  10  %  p r o t e i n   s o l u t i o n s .   I t   w a s  

f o u n d   t h a t   t h e   g r a f t s   p o s s e s s i n g   18  r i d g e s / i n c h   ( h a l f  

c r i m p )   w e r e   t h e   o p t i m a l   t y p e   of  g r a f t   to   m o d i f y ,   as   t h e y  

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

an  e v e n   d e p o s i t i o n   of  p r o t e i n .   The  g r a f t s   h a v i n g   3 2  

r i d g e s / i n c h   ( f u l l   c r i m p )   had   to   be  s t r e t c h e d   on  a  g l a s s  

r o d   of  t h e   same  I . D .   as  t h e   g r a f t s   in   o r d e r   to   c o a t   t h e m  

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

c r a c k i n g   when  t h e   r o d   was  r e m o v e d   and   t h e   g r a f t s   r e g a i n e d  

t h e i r   o r i g i n a l   s h a p e .   I t   was  f u r t h e r   f o u n d   t h a t   a  3  %  

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

b o t h   in  o p t i m i z i n g   t i m e   to   c o a t   and  in   t h i c k n e s s .   O n e  

p e r c e n t   t o o k   a  much  l o n g e r   t i m e   p e r i o d   to   c o a t   ( g r e a t e r  

t h a n   1  h o u r ) .   A  10 %  c o a t i n g   was  a c h i e v e d   w i t h i n   3 0  s e c o n d s  

b u t   was  v e r y   t h i c k   and  d i d   n o t   p e r m i t   o b t a i n i n g   t h e   a m o u n t  

of  f l e x i b i l i t y   r e q u i r e d .   In  t h e   a f o r e g o i n g ,   t h e   r a n g e   o f  

d e p t h   of  t h e   c r i m p s   i s   a b o u t   1  to   2  mm  and  t h e   w a l l   t h i c k -  

n e s s   of  t h e   g r a f t s   i s   a b o u t   1 /2   to   1  mm. 

U s i n g   t h e   t e c h n i q u e s   d e s c r i b e d   a b o v e   ( i . e . ,   3 %  p r o t e i n  

s o l u t i o n s   and  h a l f   c r i m p e d   g r a f t s )   i t   was  p o s s i b l e   t o   c o a t  

b o t h   3  mm  and  6  mm  I . D .   g r a f t s   w i t h o u t   d i f f i c u l t y .  

C h e m i c a l   M o d i f i c a t i o n  

The  p r o t e i n   c o p o l y m e r i z e d   h y b r i d   g r a f t s   w e r e   f u r t h e r   m o d i -  

f i e d   to   e n h a n c e   t h e i r   n e t   n e g a t i v e   s u r f a c e   c h a r g e .  

The  end  t e r m i n a l   a m i n o   a c i d   r e s i d u e s   w e r e   c o v a l e n t l y  

c o u p l e d   to   s u c c i n i c   a c i d   u n d e r   a c e t y l a t i o n   r e a c t i o n   c o n -  

d i t i o n s   ( s e e   P a t .   No.  3 , 9 2 7 , 4 2 2 ) .   The  g r a f t s   w e r e   r i n s e d  

t h o r o u g h l y   w i t h   d i s t i l l e d   d e i o n i z e d   w a t e r ,   and   p l a c e d   i n t o  

a  10  %  ( 8 - 1 0   %  r a n g e )   s o d i u m   b i c a r b o n a t e   b u f f e r   a t   a  

pH  8 . 5   ( 8 . 2 - 8 . 7   r a n g e )   ( 8 - 1 0   g r a i n s   in   100  ml  of   w a t e r ) .  

The  g r a f t s   w e r e   a l l o w e d   to   e q u i l i b r a t e   w i t h   t h e   b u f f e r  



( 5 - 3 0   m i n u t e s   a t   1 7 - 2 7 ° C )   t h e n   g r o u n d   s o l i d   s u c c i n i c   a n -  

h y d r i d e   was  a d d e d   in   5  mg  p o r t i o n s   ( r a n g e   2-5   g r a m s )   t o  

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

c e n t r a t i o n   w o u l d   be  1  M,  ( r a n g e :   1  t o   5  m o l a r )   (2  to   8 

m i c r o m o l e s   of  s u c c i n a t e   p e r   g ram  of   p r o t e i n ) .  

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

l u m e n   of  t h e   g r a f t s .   S e v e r a l   a l i q u o t s   ( r a n g e :   3  to   5)  o f  

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

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

At  t h e   c o n c l u s i o n   of  t h e   r e a c t i o n   ( i . e . ,   c e s s a t i o n   o f  

e f f e r v e s c e n c e ) ,   t h e   g r a f t s   w e r e   r e t e s t e d   on  a  Z a r b  

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

i n t e g r i t y   of  c o p o l y m e r i z a t i o n .   The  g r a f t s   w e r e   r e c o a t e d  

i f   n e c e s s a r y   and   t h e n   s t o r e d   and  s t e r i l i z e d   in   10  % 

( r a n g e   3  -   10  %)  g l u t a r a l d e h y d e .  

A c r y l a m i d e   H y b r i d i z a t i o n  

A c r y l a m i d e   was  p r e p a r e d   in   a c c o r d a n c e   w i t h   t h e   m e t h o d  

of  D a v i s   e t   a l .   A  s o l u t i o n   w h i c h   w o u l d   y i e l d   7  %  ( r a n g e :  
5  to   8  %)  g e l   was  u t i l i z e d .   The  g r a f t   was  i m m e r s e d   i n t o  

s o l u t i o n   and   was  a l l o w e d   to   p o l y m e r i z e .   The  g r a f t   was  r e -  

m o v e d ,   w a s h e d   w i t h   d i s t i l l e d   d e i o n i z e d   w a t e r   and   s t o r e d  

in  40  %  ETOH  and   w a t e r .  

More  p a r t i c u l a r l y ,   a  20  ml  s o l u t i o n   of  2 8 , 0   g  of   a c r y l -  

a m i d e   ( B i o - R a d   Labs   of  R i c h m o n d ,   Ca . )   and   . 735   g  of   b i s -  

a c r y l a m i d e   ( B i o - R a d   Labs   of   R i c h m o n d ,   Ca . )   w e r e   a d d e d  

to   a  20  ml  s o l u t i o n   c o n t a i n i n g   1  N.  HC1,  4 8 . 0 m l / 1 0 0   m l . ,  

3 6 . 3   g / 1 0 0   ml  of  TRIS  ( B i o - R a d   I n c .   of  )  a n d  

0 . 7 2 3   ml  of  TEMED/100  m l .  

A  s e g m e n t   ot   g r a f t   m a t e r i a l   was  a d d e d   to   t h e   a c r y l a m i d e  
s o l u t i o n   and  a l l o w e d   to   e q u i l i b r a t e   f o r   one   h o u r   ( 1 / 2 - 1  

h o u r s   a t   room  t e m p e r a t u r e ) .   At  t h a t   t i m e ,   a  40  ml  s o l u -  

t i o n   of  ammonium  p e r s u l f a t e ,   1  m g / m l ,   ( B i o - R a d   L a b s   o f  

R i c h m o n d ,   Ca . )   was  a d d e d   to   t h e   a c r y l a m i d e - b i s - a c r y l a m i d e  
s o l u t i o n   in  o r d e r   to   p o l y m e r i z e   t h e   s o l u t i o n .   The  s o l u -  

t i o n   was  a l l o w e d   to   g e l   a t   room  t e m p e r a t u r e   f o r   1 / 2   h o u r  

( r a n g e :   1 0 - 4 0   m i n u t e s ) .   D u r i n g   t h i s   t i m e   i n t e r v a l ,   t h e  



g r a f t   was  r e m o v e d   and   r e i n t r o d u c e d   i n t o   t h e   g e l l i n g  

med ium  10  ( r a n g e :   10  to   20)  t i m e s .   The  g r a f t   was  r e m o v e d  

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

g e l   c o u l d   f o r m .   The  g r a f t   was  t h e n   p l a c e d   i n t o   a  new  t e s t  

t u b e ,   and   t h e   a c r y l a m i d e   w h i c h   had   c o a t e d   t h e   D a c r o n  

f i b e r s   was  a l l o w e d   to   g e l .   A f t e r   t h e   a c r y l a m i d e   p o l y m e r -  

i z e d ,   t h e   g r a f t   was  p e r f u s e d   w i t h   w a t e r   a t   room  t e m p e r a -  

t u r e   f o r   1  h o u r   ( r a n g e :   1 /2   to   1  h o u r ) .  

A g a r   H y b r i d i z a t i o n  

A  3 %  a g a r - w a t e r   m i x t u r e   ( D i f c o   L a b s ,   D e t r o i t , M i c h .   USA)  was 

made  and   h e a t e d   to   100°C  u n t i l   a  u n i f o r m   ( a g g r e g a t e   f r e e )  

s l u r r y   was  e v i d e n t .   The  g r a f t   m a t e r i a l ,   w a s h e d   t h r e e   t o  

t e n   t i m e s   in  d i s t i l l e d   and   d e i o n i z e d   w a t e r ,   was  i m m e r s e d  

in  t h e   a g a r   s l u r r y   u n t i l   i t   was  u n i f o r m l y   c o a t e d   ( 1 0 0 -  

2 , 0 0 0   m i c r o n s ) .   I t   was  t h e n   k e p t   a t   4°C  ( r a n g e :   4 - 1 0 ° C )  

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

and   s t o r e d   in  40  %  e t h a n o l - H 2 0   u n t i l   u s e d .  

M e t h o d   of  In  V i t r o   T e s t i n g  

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

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

t h e   a b i l i t y   to   w i t h s t a n d   30  mm  ( r a n g e   2 0 - 5 0 )   of   Hg 

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

t h e   g r a f t   p o r e s .  
I f   a  g r a f t   f a i l e d   b e c a u s e   of   l e a k s   d u r i n g   t h e   t e s t   p r o -  

c e d u r e ,   i t   was  r e c o a t e d   by  t h e   p r o c e s s   d e s c r i b e d   a b o v e  

u n t i l   t h e r e   was  no  e v i d e n c e   of   l e a k a g e .   The  h y b r i d   g r a f t s  

w e r e   s t o r e d   in   10  %  g l u t a r a l d e h y d e   u n t i l   u s e d .  

A l u m i n i z a t i o n  

Two  t e c h n i q u e s   of   c o a t i n g   a  D a c r o n   p r o s t h e s i s   w i t h   a l u m i -  

num  w e r e   u t i l i z e d .   They  w e r e :   (1)  v a p o r   d e p o s i t i o n   a n d  

(2)  h o t   p l a s m a   s p r a y   t e c h n i q u e .  

V a p o r   D e p o s i t i o n  

V a p o r   d e p o s i t i o n   was  a c c o m p l i s h e d   in   v a c u u m   a t   1 0 - 5   T o r r .  

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

(  .25  to   20  mm)  in  a  h e a t   s h i e l d   and   d e p o s i t e d   on  a  

D a g r o n   g r a f t   in   a  t h i n ,   u n i f o r m   c o a t   of   1 /2   to   10  m i c r o n s .  



T h i s   t e c h n i q u e   p r o v e d   to   be  t h e   b e s t   t e c h n i q u e   f o r  

c o a t i n g   D a c r o n   t u b u l a r   m a t e r i a l   w i t h   a l u m i n u m   as  i t   p r o -  

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

c a l i z e d   o v e r   c o n c e n t r a t i o n .  

Hot   P l a s m a   S p r a y  

A l u m i n i u m   p o w d e r   i s   h e a t e d   t o   i t s   m e l t i n g   p o i n t s   and   i s  

t h e n   s p r a y e d   by  a  p r e s s u r i z e d   a e r o s o l - l i k e   c o n t a i n e r .  

T h i s   i s   r e p e a t e d   u n t i l   a  t h i n   c o a t i n g   ( 1 / 2   to   10  m i c r o n s )  

of  a l u m i n u m   i s   o b s e r v e d   on  t h e   D a c r o n .  

I m p l a n t a t i o n   S t u d i e s  

I m p l a n t a t i o n   s t u d i e s   we re   d i v i d e d   i n t o   c h r o n i c   and  s h o r t  

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

T h r e e   and  f o u r   mm  h y b r i d   g r a f t s   w e r e   s u t u r e d   ( i m p l a n t e d )  

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

p e r i o d s   r a n g i n g   f rom  1  s e c o n d   to   2  m o n t h s .   (1  s e c o n d ,  

2  h o u r s ,   1  w e e k ,   1  m o n t h ,   2  m o n t h s ) .  

S ix   mm  h y b r i d   g r a f t s   w e r e   i m p l a n t e d   i n t o   t h e   a b d o m i n a l  

a o r t a   of  d o g s   f o r   t i m e   p e r i o d s   r a n g i n g   f r o m   1  m o n t h   t o  

1  y e a r   (1  m o n t h ,   6  m o n t h s ,   9  m o n t h s ,   1  y e a r ) .  

The  h y b r i d   g r a f t s   we re   r e m o v e d   f r o m   t h e i r   s t e r i l e   s o l u -  

t i o n s   and  p l a c e d   i n t o   a  s t e r i l i z e d   500  ml  b e a k e r   a n d  

s e q u e n t i a l   w a s h e d   w i t h   250  ml  of  s t e r i l e   s a l i n e   20  x .  

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

s t e e l   b i n   c o n t a i n i n g   1 .5   l i t e r s   of   s t e r i l e   s a l i n e ,   u n t i l  

p l a c e d   in   a  s t e r i l e   f i e l d   and  i m p l a n t e d .  

P r i o r   to   i m p l a n t a t i o n ,   t h e   end  p i e c e s   w e r e   c u t   to   p r o v i d e  

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

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

c o a t i n g   and  f u c t i o n .  

E n d - t o - e n d   a n a s t o m o s i s   was  c a r r i e d   o u t   u s i n g   a  r u n n i n g  

C a r r e l l   s u t u r e   w i t h   4-0  c a r d i o v a s c u l a r   D a c r o n   or  o t h e r  

m a t e r i a l .   P r e c i s e   a n a s t o m o s i s   was  c a r r i e d   o u t   in   a l l  

c a s e s .  

P e r c e n t   p a t e n c y   h a s   b e e n   d e t e r m i n e d   u s i n g   a  s e m i q u a n t a t i v e  

s c a l e .   This  h a s  b e e n   d e t e r m i n e d   by  t a k i n g   t h e   c r o s s   s e c t i o -  

n a l   v i e w   of   a  g r a f t   and  d i v i d i n g   i t   i n t o   e q u a l  



c o n c e n t r i c   c i r c l e s   of  1 /4   D  f r o m   t h e   w a l l   of   t h e   v e s s e l .  

T h u s ,   i t   i s   now  p o s s i b l e   to   q u a n t i f y   t h e   a m o u n t   o f  

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

t h e n   r e l a t i n g   i t   to   t h e   t o t a l   c r o s s   s e c t i o n a l   a r e a .   T h e  

n u m b e r s   g e n e r a t e d   by  t h i s   t e c h n i q u e   a r e   e x p r e s s e d   i n  

t e r m s   of  p e r c e n t a g e   o f ' t h e   e n t i r e   v e s s e l .  

P o s t   I m p l a n t a t i o n   S t u d i e s  

The  g r a f t - h y b r i d   m a t e r i a l s   w e r e   a n a l y z e d   u s i n g   ( 1 )  

s c a n n i n g   e l e c t r o n   m i c r o s c o p y   (SEM),   (2)  l i g h t   m i c r o -  

s c o p y   and   (3)  h i s t o l o g i c a l   s t a i n i n g .   P a t e n c y   was  d e t e r -  

m i n e d   u s i n g   t h e   a f o r e m e n t i o n e d   s e m i - q u a n t i t a t i v e  

t e c h n i q u e .  

S c a n n i n g   E l e c t r o n   M i c r o s c o p y   (SEM) 

SEM's  w e r e   p e r f o r m e d   on  t h e   g r a f t s   b e f o r e   i m p l a n t a t i o n  

and  a f t e r   r e m o v a l   u s i n g   a  P h i l l i p ' s   s c a n n i n g   e l e c t r o n  

m i c r o s c o p e   a t   2 0 0 x ,   10Kx  and   20Kx  m a g n i f i c a t i o n s .   W i t h  

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

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

and  w h i t e   b l o o d   c e l l s   and  to   v i s u a l i z e   p r o t e i n   ( i n c l u -  

d i n g   f i b r i n )   d e p o s i t i o n .  

The  SEM's  w e r e   u s e d   to   d e t e c t   (1)  e f f i c i e n c y   of  h y b r i d i -  

z a t i o n   ( t o   d e t e r m i n e   s t r u c t u r a l   f l a w s   in   t h e   c o a t i n g s )  

and  (2)  to   d e t e r m i n e   v i s i b l e   e v i d e n c e   of  t h e   t y p e   o f  

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

H i s t o l o g i c a l   and   L i g h t   M i c r o s c o p i c   E v a l u a t i o n s  

G r a f t   s e c t i o n s   w e r e   e v a l u a t e d   by  t h e   u s e   of  s e v e r a l  

s t a n d a r d   h i s t o l o g i c a l   s t a i n s   i n c l u d i n g   H e m o t o x y l a n   a n d  

E o s i n   (H&E)  Van  G e i s e n   ( E l a s t i c   VG  s t a i n ) ,   PTAH  and  T r i -  

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

t e r i a l   a d h e r i n g   to   t h e   g r a f t   o r   r e m o v a l   f r o m   t h e   a n i m a l  

by  t h e   c o l o r s   w h i c h   a r e   p r o d u c e d   when  t h e   s t a i n i n g   s o l u -  

t i o n   i s   in   c o n t a c t   w i t h   t h e   b i o l o g i c   m a t e r i a l .   H&E  i s  

u s e d   to   v i s u a l i z e   c e l l u l a r   e n t i t i e s   and  to   d e m o n s t r a t e  

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

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

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

t h e   c o l l a g e n   p r e s e n t .   For   i n s t a n c e ,   T r i c h r o m e   s t a i n s  



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

p r e s e n c e   of  f i b r i n .  

R e s u l t s  

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

t h e   v a r i o u s   h y b r i d   g r a f t s .  

%  P a t e n c y   of   H y b r i d   G r a f t s  

Table  1 :  R e l a t e s  t h e   type  of  h y b r i d i z a t i o n ,   time  of  i m p l a n t a t i o n   a n d  

p e r c e n t   p a t e n c y .   Column  1  i s   t h e   t y p e   of  " c o a t i n g "   a n d  

s u b s e q u e n t   n e g a t i v e   c h a r g i n g .   The  n e x t   4  c o l u m s   a r e   t h e  

t i m e   p a r a m e t e r s   a t   w h i c h   t h e y   w e r e   a n a l y z e d .   The  n u m b e r s  

r e p r e s e n t   t h e   %  of  p a t e n c y .   A  c h e c k   i n d i c a t e s   t h a t   t h e  

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

t h a t   p a r a m e t e r   was  n o t   m e a s u r e d .   The  l a s t   c o l u m n   i s   t h e  

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

t i o n .  

The  f o l l o w i n g   f i g u r e s   a r e   SEM  s t u d i e s   of  t h e   f o l l o w i n g  

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

c h a r g e d   and  u n m o d i f i e d ,   of  ( i )   A l b u m i n   (A)  c o a t e d   g r a f t s ,  



( i i )   G e l a t i n   (G)  c o a t e d   g r a f t s ,  ( i i i )   a  5 0 / 5 0   m i x t u r e   o f  

a l b u m i n   and   g e l a t i n   a  c o n c e n t r a t i o n   o f   3  %  e a c h   ( A G ) ,  

( iv )   a c r y l a m i d e   c o a t e d   g r a f t   (ACD),  (v)  a g a r - a g a r   c o a t e d  

g r a f t s   (AGR),  and   CVD  a l u m i n u m   c o a t e d   g r a f t s   ( A l ) .  

F i g .   l ( a )   shows   s c a n n i n g   e l e c t r o n   m i c r o g r a p h s   of   a  p o l y -  

m e r i z e d   p r o t e i n ,   n a m e l y ,   of   an  a l b u m i n   D a c r o n   h y b r i d  

g r a f t .   T h i s   s e r i e s   of  p h o t o g r a p h s   d e m o n s t r a t e s   t h e   h o m o -  

g e n i c i t y   of  a  p r o t e i n   on  D a c r o n   s u r f a c e .  

F i g .   l ( B )   shows   s c a n n i n g   e l e c t r o n   m i c r o g r a p h s   of   a  p r o -  

t e i n - g e l a t i n   D a c r o n   h y b r i d   g r a f t .   The  p h o t o g r a p h s   s h o w  

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

s u r f a c e   to   b l o o d   f o r   1  s e c o n d .  

F i g .   2(A)  shows   s c a n n i n g   e l e c t r o n   m i c r o g r a p h s   of   a  g e l a -  

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

c r a c k i n g   of  t h e   p o l y m e r i z e d   s u r f a c e   a t   h i g h   ( l O K x )  

m a g n i f i c a t i o n .  

F i g .   2(B)  shows  s c a n n i n g   e l e c t r o n   m i c r o g r a p h s   of   a  g e l a -  

t i n - D a c r o n   h y b r i d   g r a f t .   F o l l o w i n g   p o l y m e r i z a t i o n   of   t h e  

h y b r i d ,   t h e   s u r f a c e   was  c h e m i c a l l y   t r e a t e d   ( s u c c i n y l a t i n g )  

to  produce  a  ne t   n e g a t i v e   s u r f a c e   charge .   These  m ic rog raphs   i n d i c a t e  

t h a t   t h e   n e g a t i v e   s u r f a c e   a t   1  s e c o n d ,   2  h o u r s   a n d  

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

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

c h a r g e d   s u r f a c e   a t t r a c t s   f e w e r   c e l l u l a r   a g g r e g a t e s .   T h e  

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

a p p r o x i m a t e l y   90  %  as  o p p o s e d   to   60  %  f o r   t h e   u n m o d i f i e d  

s u r f a c e   a t   2  h o u r s .  

F i g .  3 ( A )   shows  t h e   s m o o t h   s t r u c t u r e   of  an  a g a r   c o a t e d  
M i c r o k n i t -  D a c r o n   g r a f t   and   F i g .   3(B)  shows   i m p l a n t a t i o n  

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

SEM  p h o t o g r a p h s   r e v e a l   t h a t   t h e   p r o t e i n - g e l a t i n   n e g a -  

t i v e l y   c h a r g e d   h y b r i d   i s   l e s s   r e a c t i v e   a t   1  s e c o n d ,  

2  h o u r s   and  1  m o n t h   t h a n   t h e   u n m o d i f i e d   g r a f t .   M a n y  

e r y t h r o c y t e s   e n t r a p p e d   in   a  p r o t e i n   m a t r i x   can   be  s e e n  

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

s u r f a c e   p o s s e s s e s   few  r e d   c e l l s   and   no  v i s i b l e   p l a t e l e t s .  

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



a p p r o x i m a t e l y   90 %  as  o p p o s e d   to   70  %  f o r   t h e   u n m o d i f i e d  

g r a f t s   a t   2  h o u r s .  

F i g .   4  shows   s c a n n i n g   e l e c t r o n   m i c r o g r a p h s   of   an  a l u m i n u m  

c o a t e d   D a c r o n   h y b r i d   g r a f t .   F o l l o w i n g   i m p l a n t a t i o n ,   t h e  

g r a f t   was  e x a m i n e d .   L i t t l e   p r o t e i n   d e p o s i t i o n   c o u l d   b e  

s e e n .   A  l a y e r   of  c e l l s   w h i c h   a p p e a r   to   be  e r y t h r o c y t e s  

and   m o n o c y t e s   b o u n d   to   f i b r i n o g i n   seem  to   be  s p a r s e l y  

c o a t i n g   t h e   s u r f a c e .   The  m e t a l l i c   c o a t i n g   may  be  t o x i c   t o  

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

p a t e n c y   r a t e   in   a l l   c a s e s   was  100  %. 

F i g .   5  shows   s c a n n i n g   e l e c t r o n   m i c r o g r a p h s   of   an  a g a r  
c o a t e d - D a c r o n   h y b r i d .   I m p l a n t a t i o n   r e s u l t s   i n d i c a t e   a  

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

P a t e n t c y   r a t e s   w e r e   80 %  a t   1  s e c o n d   and   40 %  a t   2  h o u r s .  

F i g .   6(A)  shows   an  a l u m i n u m   c o a t e d   D a c r o n   p r o s t h e s i s  

e x p o s e d   to   b l o o d   f o r   1  s e c o n d .   The  f i b r i l s   a r e   v i r t u a l l y  

f r e e   of   c e l l u l a r   e l e m e n t s   w i t h   t h e   e x c e p t i o n   of  a  v e r y  
few  e r y t h r o c y t e s   and  l e u k o c y t e s   w i t h   a  few  v i s i b l e  

p l a t e l e t s   a t t a c h e d   as  w e l l .   At  10K  X  m a g n i f i c a t i o n ,   t h e  

s i n g l e   l a r g e   c e l l   a p p e a r s   to   be  a  t o x i c   n e u t r o p h i l e .   T h e  

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

s u b s t r a t e .   At  2  h o u r s ,   t h e   c e l l s   a r e   s m a l l e r   and  a p p e a r  
to   be  c r e n a t i n g .  

F i g .   6(B)  shows   f u r t h e r   m a g n i f i c a t i o n s   a t   1  K  X  a n d  

t h e s e   r e v e a l   a  few  c r e n a t i n g   c e l l s   w i t h   a  v e r y   t h i n   l a y e r  

of  p r o t e i n   a t t a c h e d   to   t h e   a l u m i n i z e d   D a c r o n   f a b r i c .   T h e s e  

c e l l s   a r e   c o m p l e t e l y   gone   by  1  m o n t h ,   t h e   f a b r i c   b e i n g  

j o i n e d   by  w h a t   a p p e a r s   t o   be  a  t h i n   a m o r p h o u s   l a y e r   o f  

p r o t e i n .   T h i s   may  be  p r o t e i n a t e d   a l u m i n u m .  

H i s t o l o g i c a l   e v a l u a t i o n   was  c a r r i e d   o u t   in   p a r a l l e l   t o  

t h e   SEM  s t u d i e s .   In  a l l   c a s e s ,   t h e r e   was  no  e v i d e n c e   o f  

(1)  p o l y n u c l e a t e d   c e l l s   or   l y m p h o c y t e s   o r ,   ( i i )   i n f l a m a -  

t o r y   r e s p o n s e .   A l l   g r a f t s   had   f i b r o b l a s t i c   i n v a s i o n .  

Type  A  p r e s e n t s   t h e   m o s t   e x p l i c i t   e x a m p l e .   In  a l l   c a s e s ,  

p r o t e i n   c o a t i n g   was  f i r m l y   a t t a c h e d   to   t h e   D a c r o n .   C o a t i n g  
of  e a c h   s t r a n d   of  D a c r o n   was  a l s o   e s t a b l i s h e d .  



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

t y p e s   of   h y b r i d   g r a f t s   a r e   d e s c r i b e d   in   T a b l e   I I .  



There  w i l l   now  be  o b v i o u s   to   those   s k i l l e d   in   t h e   a r t   m a n y  

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

s e t   f o r t h   h e r e i n a b o v e .   T h e s e   m o d i f i c a t i o n s   and  v a r i a t i o n s  

w i l l   n o t   d e p a r t   f r om  t h e   s c o p e   of   t h e   i n v e n t i o n   i f   d e f i n e d  

by  t h e   f o l l o w i n g   c l a i m s .  



1.  A  p r o s t h e s i s   s u i t a b l e   f o r   i m p l a n t a t i o n   in   a  b l o o d y   e n -  

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

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

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

c h a r a c t e r i s t i c   in   s a i d   e n v i r o n m e n t ,   and   p r o s t h e s i s   m e a n s  

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

a  p r o s t h e t i c   f u n c t i o n   in   s a i d   e n v i r o n m e n t .  

2.  A  p r o s t h e s i s   as  c l a i m e d   in   c l a i m   1,  w h e r e i n   s a i d   p r o s -  
t h e s i s   means   i s   of   a  m a t e r i a l   n o r m a l l y   i n c a p a b l e   of   c r o s s -  

l i n k i n g   to   s a i d   s u r f a c e   m a t e r i a l ,   c o m p r i s i n g   an  a d a p t i v e  

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

means   and   to   s a i d   s u r f a c e   m a t e r i a l   t o   p r o v i d e   a r c h i t e c t u -  

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

c h a r g e   c h a r a c t e r i s t i c .  

3.  A  p r o s t h e s i s   as  c l a i m e d   in   c l a i m   2,  w h e r e i n   s a i d  

a d a p t i v e   m a t e r i a l   i s   g l u t a r a l d e h y d e   or   a  s u c c i n i c   a c i d  

c o m p o u n d .  

4.  A  p r o s t h e s i s   as  c l a i m e d   in   c l a i m   2,  w h e r e i n   s a i d   s u r -  

f a c e   c h a r g e   i s   e q u i v a l e n t   to   a p p r o x i m a t e l y   one  e l e c t r o n  

p e r   t h o u s a n d   s q u a r e   A n g s t r o m s   in   a  r e g u l a r   t h r e e - d i m e n -  

s i o n a l   p a t t e r n .  

5.  A  p r o s t h e s i s   as  c l a i m e d   in   any  of   c l a i m s   1  to   4 ,  

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

a g a r   or   a c r y l a m i d e .  

6.  A  p r o s t h e s i s   as  c l a i m e d   in   c l a i m   5,  w h e r e i n   s a i d   p r o -   . 
t e i n   i s   a l b u m i n ,   g e l a t i n   or   c o l l a g e n .  

7.  A  p r o s t h e s i s   as  c l a i m e d   in   c l a i m   5,  w h e r e i n   s a i d   s u r -  

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



8.  A  p r o s t h e s i s   as  c l a i m e d   in   any  of  c l a i m s   1  to   7 ,  

w h e r e i n   s a i d   p r o s t h e s i s   m e a n s   i s   of   D a c r o n .  

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

D a c r o n  i s   o f  a   woven  s t r u c t u r e .  

10.   A  m e t h o d   of  p r e p a r i n g   a  p r o s t h e s i s  f o r   f u n c t i o n i n g   i n  

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

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

and  p e r i o d i c   s u f a c e   c h a r g e   in   s a i d   e n v i r o n m e n t .  

11.  A  m e t h o d   as  c l a i m e d   in   c l a i m   10,   w h e r e i n   s a i d   s u r -  

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

s a i d   p r o s t h e s i s   means   c o m p r i s i n g   c r o s s - l i n k i n g   t h e   s a i d  

m a t e r i a l   to   s a i d   p r o s t h e s i s   means   w i t h   an  a d a p t i v e  

m a t e r i a l .  

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   s a i d  

a d a p t i v e   m a t e r i a l   i s   g l u t a r a l d e h y d e   or   a  s u c c i n i c   a c i d  

c o m p o u n d .  

13.   A  m e t h o d   as  c l a i m e d   in  any  of  c l a i m s   10,   11  or   1 2 ,  

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

a g a r   or   a c r y l a m i d e .  

14.   A  m e t h o d   as  c l a i m e d   in  c l a i m   13,   w h e r e i n   s a i d   p r o -  
t e i n   i s   a l b u m i n ,   g e l a t i n   or  c o l l a g e n .  

15.  A  m e t h o d   as   c l a i m e d   in   c l a i m   13,   w h e r e i n   t h e   s a i d  

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

16.  A  m e t h o d   as  c l a i m e d   in   c l a i m   13,   w h e r e i n   s a i d   s u r -  

f a c e   m a t e r i a l   i s   a  p r o t e i n   and  i s   a p p l i e d   in   a b o u t   3  % 

s o l u t i o n .  



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

as  a  p r o s t h e t i c   m a t e r i a l   a d a p t e d   to   f u n c t i o n   in   a  

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

t h e   m a t e r i a l   a t   t h e   s u r f a c e   t h e r e o f .  

18.   A  m e t h o d   as  c l a i m e d   in   c l a i m s   13  or   17,   c o m p r i s i n g  

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

19.   A  m e t h o d   as  c l a i m e d   in  c l a i m s   13  or   17 ,   c o m p r i s i n g  

s p r a y i n g   a l u m i n u m   in  an  a e r o s o l   on  s a i d   p r o s t h e s i s   m e a n s .  

20.  A  m e t h o d   as  c l a i m e d   in   any   of   c l a i m s   10  t o   19 ,   w h e r e -  

in   t h e   p r o s t h e s i s   means   i s   of  woven  D a c r o n .  
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