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(54)  Thromboresistant  articles. 

©  The  invention  provides  articles  having  a 
thromboresistant  contact  surface  comprising 
a  2-acrylamido-2-methylpropanesulfonic  acid 
(AMPS)  polymer.  The  invention  is  applicable  to 
medical  devices  in  which  antithrombogenic 
characteristics  and  slippery  surfaces  are  re- 
quired. 
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The  invention  relates  to  articles  (hereinafter 
"blood  contact  articles")  which  in  use  contact  blood  or 
blood  products,  and  in  particular  to  such  articles  hav- 
ing  a  thromboresistant  working  (ie.  contact)  surface, 
especially  for  disposition  within  the  living  human  or 
non-human  animal  body. 

For  over  forty  years  a  number  of  medical  devices 
which  contact  the  blood  or  blood  product  of  living  per- 
sons  or  animals  have  been  developed,  manufactured 
and  used  clinically.  Examples  of  such  articles  include 
pacemakers,  arterial  grafts,  heart  valves,  artificial 
hearts,  heart  pumps,  hip  protheses,  heart  lung  ma- 
chines,  catheters  and  kidney  dialysis  equipment. 

A  major  problem  with  such  articles  is  that  their 
working  or  blood  contact  surfaces  (i.e.  surfaces 
which  contact  blood  or  blood  products)  are  foreign  to 
those  substances  and  tend  to  initiate,  among  other 
things,  red  blood  cell  destruction  and  coagulation  to 
form  clots  (thrombogenesis). 

Normal  intact  endothelium  is  nonthrombogenic 
due  partly  to  the  synthesis  of  heparan  sulfate.  Hep- 
aran  sulfate  tends  to  remain  bound  to  the  surface  of 
endothelial  cells  accelerating  the  inactivation  of 
thrombin,  the  enzyme  responsible  for  the  polymeriza- 
tion  of  fibrinogen  to  fibrin  in  clot  formation,  byantith- 
rombin  III  (ATIII).  Heparan  sulfate  is  a  very  powerful 
anticoagulant  in  the  natural  vasculature.  Heparin  is  a 
strongly  acidic  glycosaminoglycan.  It  has  a  high  con- 
tent  of  N-  and  O-sulfonate  groups  and  carboxylic 
groups.  Heparin  is  structurally  similar  to  heparan  sul- 
fate  although  it  is  more  sulfated.  The  anticoagulant 
activity  of  heparin  is  directly  dependant  on  its  molec- 
ular  size  and  electric  charge. 

Consequently,  it  has  been  of  great  interest  to 
physicians  and  the  medical  industry  to  devise  blood- 
contacting  polymeric  surfaces  that  possess  charac- 
teristics  of  heparan  sulfate,  specifically  by  coating 
surfaces  with  heparin. 

For  example,  in  US-A-3826678  (Hoffman  et  al.) 
biologically  active  molecules  are  chemically  bonded 
to  polymers  and  copolymers  which  previously  have 
been  radiation-grafted  to  inert  polymeric  substrates 
such  as  polyurethane  and  polyethylene.  The  grafted 
polymer  is  preferably  a  hydrophilic  hydrogel,  e.g.  a 
hydroxyethyl  methacrylate  (HEMA)  polymer,  and 
may  include  heparin  bonded  to  the  hydrogel. 

We  have  found  that  new  and  improved  thrombor- 
esistant  articles  may  be  produced  by  providing  throm- 
boresistant  slip  coatings  of  polymerized  2-acrylami- 
do-2-methyl  propane  sulfonic  acid  (AMPS)  on  the 
working  surfaces  of  articles  of  the  type  herein  con- 
templated  to  fight  thrombosis  while  providing  slippery 
surfaces  on  the  article  surface.  The  invention  is  par- 
ticularly  useful  for  articles  normally  presenting  ex- 
posed  surfaces  of  polyurethane  and  other  polymers. 

Thus  viewed  from  one  aspect  the  invention  pro- 
vides  a  thromboresistant  blood  contact  article  having 
an  exposed  blood  contact  surface  comprising  2-ac- 

rylamido-2-methylpropanesulfonic  acid  (AMPS)  poly- 
mer,  conveniently  disposed  on  a  polymeric  substrate 
surface  of  a  body  portion  of  said  article. 

Viewed  from  a  further  aspect  the  invention  pro- 
5  vides  the  use  use  of  AMPS  or  polymers  thereof  for  the 

preparation  of  antithrombogentic  contact  surfaces 
for  blood  or  blood  products.  The  polymerized  AMPS 
surface  may  for  example  be  provided  by  graft  poly- 
merisation  of  AMPS  onto  a  polymeric  surface  of  the 

10  article  by  dip  coating  the  article  surface  with  prepo- 
lymerized  AMPS,  or  by  incorporating  prepolymerized 
AMPS  into  the  polymer  used  for  the  article  surface. 

Thus  viewed  from  further  aspects  the  invention 
provides  processes  for  the  provision  of  an  implant- 

15  able  article  with  thromboresistant  blood  contact  sur- 
face,  said  process  comprising: 

(a)  preparing  an  aqueous  solution  of  2-acrylami- 
do-2-methylpropanesulfonic  acid  monomer  and 
Ce  IV  ion;  and 

20  (b)  contacting  an  exposed  polymeric  surface  of  a 
said  implantable  article  with  said  aqueous  solution 
for  a  ti  me  sufficient  to  provide  a  polymer  of  2-acryl- 
amido-2-methylpropanesulfonic  acid  grafted  to 
said  surface;  or 

25  (a)  polymerizing  2-acrylamido-2-methylpropane 
sulfonic  acid  monomer; 
(b)  dissolving  the  polymerized  monomer  in  a  sol- 
vent  which  is  capable  of  dissolving  a  polyur- 
ethane  polymer; 

30  (c)  combining  the  polymerized  monomer  solution 
with  a  polyurethane  polymer;  and 
(d)  forming  the  combined  polymerized  monomer 
and  polyurethane  polymer  to  provide  a  blood- 
contact  surface  for  a  said  implantable  article;  or 

35  (a)  polymerizing  2-acrylamido-2-methylpropane 
sulfonic  acid  monomer; 
(b)  dissolving  the  polymerized  monomer  in  a  sol- 
vent  which  is  capable  of  dissolving  a  polyur- 
ethane  polymer;  and 

40  (c)  applying  the  polymerized  monomersolution  to 
a  blood-contact  polyurethane  surface  of  a  said 
implantable  article. 
The  kinds  of  blood  contact  articles  contemplated 

by  this  invention  may  typically  be  articles  which  incor- 
45  porate,  at  least  on  outer  surfaces  thereof,  at  least  in 

part  a  solid-phase  substrate.  Preferably  the  substrate 
is  a  polymeric  substrate  of  the  type  listed  in  the  group 
of  materials  shown  in  Table  1. 
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TABLE  1 
P o l y a m i d e s  

P o l y c a r b o n a t e s  

P o l y e t h e r s  

P o l y e s t e r s  

P o l y o l e f   i n s  

P o l y s t y r e n e  

P o l y u r e t h a n e  

P o l y   ( e t h e r   u r e t h a n e )  
P o l y v i n y l   c h l o r i d e s  
S i l i c o n e s  

P o l y e t h y l e n e s  

P o l y p r o p y l e n e s  

P o l y i s o p r e n e s  

P o l y t e t r a f   l u o r o e t h y l e n e s  

At  the  present  time  it  is  believed  that  polyurethane 
(sometimes  referred  to  as  poly(ether  urethane))  pro- 
vides  the  preferred  polymeric  substrate.  The  kinds  of 
articles  contemplated  by  this  invention  preferably 
comprise  polyurethane  substrates  and  are  intended 
to  contact  blood  or  blood  products. 

The  slippery,  thromboresistant  polymer  to  be 
used  originates  with  a  monomer  of  AMPS.  By  "AMPS" 
herein  we  mean  2-acrylamido-2-methylpropanesul- 
fonic  acid  and  salts  of  the  acid  such  as  the  sodium 
salt.  Such  a  monomer  creates  a  hydrophilic  polymer 
when  polymerized.  A  hydrophilic  surface  minimizes 
protein  interactions  and  also  provides  slip  properties 
to  the  surface.  These  monomers  contain  a  vinyl 
group.  Such  groups  are  necessary  for  free  radical 
polymerization  to  occur. 

Specifically,  a  number  of  graft  slip  coatings  of 
AMPS  polymer,  dipcoatingsof  prepolymerized  AMPS 
and  blends  of  AMPS  polymer  with  other  polymers 
have  been  prepared  and  used  according  to  this  inven- 
tion.  The  most  preferred  are  comprised  of  monomers 
individually  grafted  onto  a  polymeric  substrate  sur- 
face  via  eerie  ion  (Ce  IV)  initiation. 

While  eerie  ion  initiation  is  presently  most  prefer- 
red  as  the  technique  to  be  used  to  graft  these  mono- 
mers  to  polyurethane  and  other  polymeric  substrate 
surfaces,  other  grafting  techniques  are  well  known 
and  may  be  used  according  to  this  invention  in  appro- 
priate  situations.  For  example,  corona  discharge,  UV 
irradiation  and  ionizing  radiation  (60Co,  x-rays,  high 
energy  electrons,  plasma  gas  discharge)  are  known. 
These  grafting  techniques  are  examples  of  how  to 
form  free  radicals  on  a  polymer  substrate  working 
surface.  The  free  radicals  formed  thereon  initiate  the 

grafting  of  vinyl  (CH2=CH-R)  type  monomers  as  re- 
quired  to  form  the  graft  polymerized  AMPS  coating  of 
the  invention. 

Although  the  detailed  discussion  below  mentions 
5  examples  in  which  treatment  is  on  polyurethane  films 

as  the  polymeric  substrate  surface  and  article,  it  is 
not  intended  that  this  invention  be  so  limited.  Antith- 
rombogenic  coatings  of  AMPS  polymer  may  be  simi- 
larly  bound  to  other  article  substrate  surfaces,  i.e. 

10  surfaces  of  any  articles  intended  to  contact  blood  or 
blood  products,  of  polyurethane  or  other  polymers. 
The  invention  contemplates  articles  of  any  shape  or 
form  including  tubular,  sheet,  rod  and  articles  of  prop- 
er  shape  for  use  in  artificial  organs,  blood  handling 

15  equipment  or  bodily  implants  of  any  kind  and  to  any 
encapsulant  means  therefore  wherein  polymeric,  pre- 
ferably  polyurethane,  surfaces  are  involved.  Particu- 
larly  preferably  however  the  articles  of  the  invention 
will  be  in  the  form  of  implantable  devices  and/or  de- 

20  vices  through  which  blood  or  blood  products  flow,  eg. 
having  conduit  means  for  such  flow,  and  temporary 
indwelling  devices  of  this  nature. 

AMPS  THROMBORESISTANT  COATING 
25 

The  grafted  AMPS  polymer  coating  is  aimed  at 
producing  a  surface  that  will  decrease  the  nonspecif- 
ic  adsorption  of  various  proteins  due  to  its  hydrophi- 
licity  and  provide  a  highly  sulfonated  surface  that  will 

30  preferentially  adsorb  ATIII.  One  grafting  technique 
that  has  been  developed  is  based  on  the  generation 
of  free  radicals  on  a  polyurethane  surface  with  Ce  IV 
ion  and  the  graft  copolymerization  of  AMPS  mono- 
mers  directly  to  that  surface. 

35  The  blood  contact  articles  of  the  invention  will 
now  be  illustrated  further  by  way  of  example  with  ref- 
erence  to  the  following  non-limiting  Examples  and 
the  accompanying  drawings,  in  which:- 

Fig.  1  is  a  graph  showing  the  amount  of  toluidine 
40  blue  dye  released  from  the  surfaces  of  Pell- 

ethane  55D  polyurethane  and  Pellethane  55D 
polyurethane  grafted  with  AMPS;  and 
Fig.  2  is  a  graph  showing  a  comparison  of  ATIII 
activity  of  Pellethane  55D  polyurethane,  heparin- 

45  coated  Pellethane  55D  polyurethane  and  AMPS 
grafted  onto  Pellethane  55D  polyurethane  sam- 
ples  (the  results  are  expressed  as  the  amount  of 
thrombin  inactivated  by  the  sample  (sur- 
face/cm2)). 

50 
EXAMPLE  1 

Extruded  Pellethane  55D  polyurethane  was 
used  as  the  polyurethane  material.  It  was  obtained 

55  from  the  Dow  Chemical  Company  of  Midland,  Michi- 
gan  48640,  USA.  Films  of  the  material  were  extracted 
in  acetone  for  72  hours  and  ethanol  for  another  72 
hours  prior  to  Ce  IV  ion  grafting.  The  solvent  extrac- 

3 
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tion  process  removes  any  processing  aids  that  might 
interfere  with  the  grafting  process.  A  50%  AMPS 
monomer  solution  in  Dl  water  was  prepared  and  20  ml 
of  Ce  IV  ion  solution  per  1  00  ml  of  monomer  solution 
was  added.  The  Ce  IV  ion  solution  consisted  of  2.74 
g  eerie  ammonium  nitrate  and  3.15  g  nitric  acid  in  50 
ml  Dl  water.  The  Ce  IV-monomer  solution  was  then 
degassed  and  released  to  nitrogen  prior  to  grafting. 
Pellethane  samples  were  placed  into  the  degassed 
monomer  solutions  and  stirred.  Grafting  was  allowed 
to  proceed  for  2  hours.  Grafted  samples  were  then  re- 
moved  and  thoroughly  washed  in  Dl  water. 

The  presence  of  sulfonic  acid  groups  on  AMPS 
grafted  material  was  measured  using  toluidine  blue 
dye.  Being  positively  charged,  toluidine  blue  dye  will 
ionically  associate  with  negatively  charged  surfaces. 
Therefore,  the  binding  of  toluidine  blue  dye  to  the 
AMPS  surface  indicates  the  presence  of  negative 
charges  due  to  the  sulfonic  acid  groups  in  AMPS. 
AMPS  grafted  samples  were  therefore  placed  into  a 
1%  toluidine  blue  dye/DI  water  solution  for  1  minute 
and  then  rinsed  in  Dl  water.  The  bound  dye  was  then 
released  from  the  surface  using  a  1%  SDS  (sodium 
dodecyl  sulfate)  solution.  The  amount  of  dye  eluted 
was  determined  spectrophotometrically  at  640  nm. 
The  amount  of  dye  released  from  plain  untreated  Pell- 
ethane  55D  polyurethane  samples  and  Pellethane 
55D  polyurethane  samples  grafted  with  AMPS  is 
shown  in  Fig.  1. 

As  the  results  indicate  Pellethane  55D  polyur- 
ethane  containing  no  AMPS  adsorbed  no  toluidine 
blue  dye.  This  is  due  to  the  fact  that  Pellethane  55D 
polyurethane  contains  no  negatively  charged  groups. 
However,  the  AMPS  coating  adsorbed  a  large  amount 
of  toluidine  blue  dye  indicating  the  presence  of  sulfon- 
ic  acid  groups  on  the  surface.  As  the  AMPS  surface 
contained  a  large  amount  of  sulfonation,  its  ability  to 
bind  ATIII  was  investigated  next. 

EXAMPLE  2 

Since  clotting  may  be  retarded  on  AMPS  surface 
coated  materials  by  the  activation  of  ATIII  by  the  sul- 
fonic  acid  groups  present  on  the  modified  polymer 
substrate  surface,  the  surface-mediated  activation  of 
ATIII  by  AMPS  coated  samples  was  assessed.  Sam- 
ples  were  first  rinsed  in  PBS  (phosphate  buffered  sal- 
ine  solution)  for  15  minutes  prior  to  ATIII  exposure. 
Following  rinsing,  the  samples  were  exposed  for  15 
minutes  to  an  excess  of  purified  ATIII  (50  lU/ml).  Non- 
adsorbed  ATIII  was  removed  by  rapid  rinsing  in  Tris- 
buffered  saline,  pH  7.4  at  25°C  (100  mM  NaCI  and  50 
mM  Tris).  The  amount  of  surface  bound  and  activated 
ATIII  was  then  estimated  by  incubating  the  samples 
with  an  excess  of  thrombin.  Aftera  10  minute  incuba- 
tion  with  constant  mixing  at  25°C,  the  residual  throm- 
bin  was  measured  by  reaction  with  a  chromogenic 
substrate  (H-D-phenylalanyl-L-pipecolyl-L-arginine- 

p-nitroanilide  dichloride)  in  a  spectrophotometer.  The 
change  in  absorbanceat405  nm  was  then  measured. 
The  results  are  given  in  Figure  2.  As  the  results  dem- 
onstrate,  the  AMPS  coated  surface  appears  to  have 

5  heparin-like  activity.  In  fact,  the  AMPS  coated  sam- 
ples  exhibit  more  ATIII  activity  than  heparin-coated 
polyurethane  samples.  The  heparin  coating  used  was 
CBAS®  (Carmeda®  Bioactive  Surface),  a  heparin 
coating  available  from  Carmeda  AB,  a  Swedish  Com- 

10  pany.  This  heparin-like  effect  is  due  to  the  sulfonic 
acid  groups  present  in  the  AMPS  coating.  Grafted 
AMPS  coatings  therefore  possess  nonthrombogenic 
properties  such  as  are  usually  associated  with  hep- 
arin-coated  materials. 

15 
EXAMPLE  3 

The  prepolymerization  of  AMPS  monomer. 
Procedure:  Mix  25.0  g  AMPS  monomer  with  25.0 

20  g  Dl  water,  pull  a  vacuum  on  the  mixture  and  release 
nitrogen  gas.  While  stirring  under  a  blanket  of  nitro- 
gen  gas,  add: 

1  ml  K2S205,  (3.78  g/100  ml  water) 
1  ml  K2S208  (3.76  g/100  ml  water) 

25  1  ml  FeS047H20  (0.24  g/1  00  ml  water) 
Continue  to  stir,  maintaining  the  nitrogen  blanket  un- 
til  the  mixture  polymerizes.  Upon  polymerization, 
place  the  resultant  gel  in  50°C  vacuum  oven  over- 
night  for  drying.  After  drying,  remove  the  dried  gel 

30  and  place  in  a  micro-mill  and  mill  the  gel  into  a  pow- 
der. 

EXAMPLE  4 

35  Blending  of  AMPS  polymer  into  polyurethane 
substrate. 

Procedure:  Mix  together  the  following  and  stir  the 
mixture  until  the  polymers  have  completely  dis- 
solved. 

40  0.8  g  AMPS  polymer  from  Example  3 
4.1  g  polyurethane 
120.0  g  DMAC 
1  .0  g  Dl  water 

Pour  into  films  and  let  dry  in  a  50°C  vacuum  oven 
45  overnight. 

EXAMPLE  5 

Dip  coating  of  AMPS  polymer  onto  a  polyur- 
50  ethane  substrate. 

Procedure:  Mix  together  the  following  and  stir  the 
mixture  until  the  AMPS  polymer  dissolves  complete- 
ly- 

0.3  g  AMPS  polymer  from  Example  3 
55  50.0  g  DMAC 

0.3  g  Dl  water 
Dip  polyurethane  films  into  the  AMPS  polymer  solu- 
tion  for  5  seconds,  remove  and  dry. 

4 
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Claims 

A  thromboresistant  blood  contact  article  having 
an  exposed  blood  contact  surface  comprising  2- 
acryl  amido-2-methyl  propane  sulfonic  acid 
(AMPS)  polymer. 

An  article  as  claimed  in  claim  1  wherein  said 
AMPS  polymer  is  provided  as  a  surface  on  a  poly- 
meric  substrate. 

An  article  as  claimed  in  claim  2  wherein  said 
AMPS  polymer  is  graft  polymerised  on  said  sub- 
strate. 

An  article  as  claimed  in  claim  2  wherein  said  sub- 
strate  is  dip-coated  with  said  AMPS  polymer. 

10 

15 

(d)  forming  the  combined  polymerized  mono- 
mer  and  polyurethane  polymer  into  a  blood- 
contact  surface  for  a  said  implantable  article. 

12.  A  process  for  the  provision  of  an  implantable  de- 
vice  with  a  thromboresistant  blood  contact  sur- 
face,  said  process  comprising: 

(a)  polymerizing  2-acrylamido-2-methylpro- 
pane  sulfonic  acid  monomer; 
(b)  dissolving  the  polymerized  monomer  in  a 
solvent  which  is  capable  of  dissolving  a  poly- 
urethane  polymer;  and 
(c)  applying  the  polymerized  monomer  solu- 
tion  to  a  blood-contact  polyurethane  surface 
of  a  said  implantable  article. 

An  article  as  claimed  in  any  one  of  claims  1  to  4 
wherein  said  substrate  is  a  polyurethane. 20 

An  article  as  claimed  in  claim  1  wherein  said 
blood  contact  surface  comprises  a  polymer  blend 
of  which  said  AMPS  polymer  is  a  component. 

An  article  as  claimed  in  any  one  of  claims  1  to  6 
in  the  form  of  an  implantable  device. 

25 

An  article  as  claimed  in  any  one  of  claims  1  to  7 
comprising  conduit  means  for  the  flow  of  blood  or 
blood  products  therethrough. 

30 

The  use  of  AMPS  or  polymers  thereof  for  the 
preparation  of  antithrombogentic  contact  surfac- 
es  for  blood  or  blood  products. 35 

10.  A  process  for  the  provision  of  an  implantable  de- 
vice  with  a  thromboresistant  blood  contact  sur- 
face,  said  process  comprising: 

(a)  preparing  an  aqueous  solution  of  2-acryl-  40 
amido-2-methylpropanesulfonic  acid  mono- 
mer  and  Ce  IV  ion;  and 
(b)  contacting  an  exposed  polymeric  surface 
of  a  said  implantable  article  with  said  aqu- 
eous  solution  for  a  time  sufficient  to  provide  45 
a  polymer  of  2-acrylamido-2-methylpropane- 
sulfonic  acid  grafted  to  said  surface. 

11.  A  process  for  the  provision  of  an  implantable  de- 
vice  with  a  thromboresistant  blood  contact  sur-  so 
face,  said  process  comprising: 

(a)  polymerizing  2-acrylamido-2-methyl  pro- 
pane  sulfonic  acid  monomer; 
(b)  dissolving  the  polymerized  monomer  in  a 
solvent  which  is  capable  of  dissolving  a  poly-  55 
urethane  polymer; 
(c)  combining  the  polymerized  monomer  sol- 
ution  with  a  polyurethane  polymer;  and 
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