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Description 

Background  of  the  invention 

Vascular  grafts  of  synthetic  fiber  are  now  widely 
used,  a  variety  of  constructions  and  a  variety  of  ma- 
terials  being  available.  A  principal  factor  in  selection 
of  a  particular  graft  is  the  porosity  of  the  fabric  of 
which  the  graft  is  composed.  This  factor  is  significant 
because  the  porosity  controls  both  the  tendency  to 
hemmorrhage  and  the  ingrowth  of  tissue  into  the  wall 
of  the  graft. 

The  general  procedure  for  implantation  of  a  graft 
includes  the  step  of  preclotting,  a  step  in  which  the 
graft  is  immersed  in  the  blood  of  the  patient  after 
which  the  graft  is  allowed  to  stand  for  a  period  long 
enough  for  clotting  to  ensue.  As  a  result,  when  the 
graft  is  implanted  surgically,  hemmorrhaging  does 
not  occur;  yet,  growth  of  tissue  into  the  wall  of  the 
graft  can  proceed.  This  growth  is  extremely  impor- 
tant,  since,  eventually,  the  wall  of  the  graft  simulates 
the  wall  of  the  vessel  which  it  replaces  and,  if  all  goes 
property,  provides  a  lumen  which  remains  open  and 
free  of  clots. 

The  degree  of  adhesion  of  tissue  to  the  wall  of  the 
graft  varies  with  the  material  used.  Thus,  V.  J.  Lom- 
bardi  in  U.S.  Patent  No.  3,561,441  discloses  the  use 
of  a  non-sticking  material  having  loops  thereon  for 
use  in  covering  and  treating  wounds.  The  material 
which  he  proposed  to  use  is  a  polyfluorinated  polyo- 
lef  in  filament,  spun  on  a  plastic  ribbon  form.  Lombardi 
discloses  that,  as  a  result  of  the  non-stick  property, 
the  fabric  can  be  removed  from  a  wound  periodically 
as  a  step  in  the  changing  of  the  dressing  without  tear- 
ing  open  the  wound  itself.  Obviously,  such  a  material 
is  not  suitable  for  use  where  the  material  is  to  remain 
within  the  body. 

L.  R.  Sauvage  in  U.S.  Patent  No.  3,878,565  has 
disclosed  a  tubular  textile  synthetic  cardio-vascular 
prosthesis  of  polyester  or  other  synthetic  fiber,  the 
prosthesis  consisting  of  a  body  having  a  multiplicity 
of  fiber  loops  extending  outwardly  from  the  surface 
thereof.  Also,  as  shown  in  his  Figures  2A,  the  body  is 
crimped  into  irregular,  circumferential  corrugations. 
Such  corrugations  are  intended  to  provide  protection 
against  kinking  or  collapse  of  the  tubing  and  narrow- 
ing  of  the  lumen  thereof  as  a  result  of  bending  or  other 
factors.  However,  the  degree  of  protection  afforded 
by  such  irregular  corrugation  varies  over  the  lengths 
of  tne  tube  and  can  be  below  the  required  level  of  pro- 
tection  at  specific  regions. 

While  the  construction  of  Sauvage  facilitates 
growth  of  tissue  exterior  to  the  body  or  trellis  of  the 
tubular  graft,  the  absence  of  loops  on  the  interior  of 
the  tubing  may  result  in  exposure  of  the  synthetic  fi- 
laments  of  which  the  tubing  is  composed.  Further- 
more,  the  Sauvage  graft  is  circularly-knit  so  that  the 
technique  which  provides  the  fabric  loops  in  the 

Sauvage  graft  is  not  applicable  to  woven  tubing. 
Liebig  et  al  in  U.S.  Patent  No.  4,047,252  have  de- 

scribed  a  synthetic  vascular  graft  of  double  velour 
fabric  material  which  is  warp-knit  from  a  fiber  or  f  ila- 

5  ment  to  which  growing  tissue  can  adhere.  The  fabric 
is  formed  as  a  trellis  of  non-texturized  yarn  with  loops 
formed  of  texturized  yarn.  The  preferred  fiber  is  stat- 
ed  to  be  polyester,  and  an  especially  preferred  fiber 
is  that  sold  under  the  trade  name  of  Dacron  by  Du- 

10  pont.  As  is  well  known,  Dacron  is  polyethylene  tereph- 
thalate.  The  Liebig  etal  fabric,  while  presenting  an  ex- 
cellent  substrate  for  ingrowth  of  tissue  is  sufficiently 
porous  so  that  preclotting  is  generally  necessary  in 
the  use  of  this  material.  Woven  fabrics,  in  general, 

15  have  lower  porosities  than  do  knit  fabrics,  whether 
warp-knit  or  circularly  knit,  but  do  not  present  so  suit- 
able  a  structure  for  tissue  ingrowth.  Thus,  while  wov- 
en  fabrics  of  very  low  porosity  are  available,  they  are 
not  so  suitable  for  tissue  ingrowth  as  are  the  double 

20  velours,  namely,  those  having  velour  loops  on  both 
the  inner  and  outer  surfaces  of  the  fabric.  As  is  evi- 
dent,  it  would  be  desirable  that  graft  fabric  whether 
tubular  or  flat,  have  low  porosity  and  facilitate  the 
growth  of  tissue  along  both  the  interior  and  exterior 

25  surfaces  thereof. 

Summary  of  the  invention 

In  accordance  with  the  present  invention  there  is 
30  provided  a  low  porosity  synthetic  velour  prosthesis  of 

a  tightly  woven  material  to  which  tissue  can  adhere 
characterised  by  a  double  velour  fabric  material  hav- 
ing  loops  standing  out  from  both  faces  and  formed  by 
compacting  a  fabric  having  loops  on  both  faces  and 

35  woven  from  a  warp  yarn  (14,  16)  of  untexturised  un- 
shrunkyarn  (14)  and  texturized  preshrunk  yarn  (16), 
wherein  the  loops  are  formed  from  the  texturised  pre- 
shrunk  yarn  (16),  the  yarns  being  independent  of 
each  other,  i.e.  not  twisted  together,  and  a  fill  yarn 

40  (1  3)  of  either  untexturized  unshrunk  yarn  alone  or  of 
untexturized  unshrunk  yarn  twisted  together  with  tex- 
turized  preshrunk  yarn,  the  prosthesis  being  adapted 
to  be  used  as  a  vascular  graft  without  the  need  for 
preclotting.  The  invention  therefore  provides  a  syn- 

45  thetic  graft  material  woven  from  a  fiber  or  filament  to 
which  growing  tissue  can  adhere.  A  preferred  fiber  is 
polyester,  and  an  especially  preferred  fiber  is  that 
sold  under  the  trade  name  of  Dacron  (Registered 
Trade  Mark)  by  Dupont.  However,  it  is  to  be  under- 

50  stood  that  any  comparable  fiber  or  yarn  is  to  be  in- 
cluded  as  a  suitable  alternate  or  substitute.  Further, 
the  scope  of  the  invention  is  to  be  considered  as  in- 
cluding  combinations  of  different  fibers,  such  combin- 
ations  presenting  advantages  due  to  differences  in 

55  shrinkage  during  compaction. 
In  order  to  facilitate  growth  of  tissue  through  and 

over  both  surfaces  of  fabric  in  accordance  with  the 
present  invention,  fiber  loops  are  provided  on  both 

2 
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surfaces.  Where  the  fabric  is  in  the  form  of  tubing, 
loops  are  provided  on  the  interior  as  well  as  on  the  ex- 
terior  thereof. 

Where  the  fabric  is  in  the  form  of  tubing,  in  order 
to  avoid  interference  with  the  flow  of  blood  in  the  lu- 
men  of  said  tubing,  the  fiber  loops  on  the  interior 
thereof  are  shorter.  i,e,.  smaller  than  those  on  the  ex- 
terior  thereof.  The  ratio  of  the  length  of  the  interior 
loops  to  the  length  of  the  exterior  loops  may  be  de- 
scribed  as  x/y  where  x  varies  from  1  to  4  and  y  varies 
from  5  to  8. 

In  the  preparation  of  the  fabric  of  the  present  in- 
vention,  both  preshrunk,  texturized  yarn  and  un- 
shrunk,  untexturized  yarn  are  utilized.  The  warp  is 
comprised  of  both  types  of  yarn,  and  the  fill  may  be 
of  the  unshrunk,  untexturized  yarn  alone  or  may  be 
used  in  combination  with  preshrunk,  texturized  yarn, 
the  two  types  of  yarn  being  twisted  together  (in  the 
fill  only)  prior  to  weaving.  The  method  of  preshrinking 
and  texturizing  the  yarn  is  well  known  to  those  skilled 
in  the  art. 

A  preferred  weave  is  as  follows: 
Warp:  1/70/54  (5z)+2/40/27  texturized.  pre- 

shrunk. 
Fill:  1/170/54  (5z)+2/40/27  texturized  pre- 

shrunk  (1.5s). 
Pattern:  070/205/6/4,  30  dent/reed,  8 

ends/dent. 
Greige  count:  64  picks/in.,  (about  26  picks/cm) 

122*10%  ends/in.,  (48*10%  ends/cm)  off  of  the 
loom. 

The  aforenoted  describes  the  loom  set-up  for 
weaving  double-velour  grafts,  in  accepted  terminolo- 
gy- 

Subsequent  to  weaving,  the  fabric  is  compacted 
as  described  in  U.S.  Patent  4,209,859,  column  3,  line 
18.  The  principal  features  of  the  graft  in  accordance 
with  the  present  invention  result  from  the  fact  that  the 
preshrunk,  texturized  yarn  of  which  the  loops  are 
composed  shrinks  far  less  during  compaction  than 
does  the  unshrunk,  untexturized  material.  As  a  result, 
the  fabric  is  compacted  in  both  the  warp  and  the  fill 
directions,  while  the  loops  of  the  preshrunk  material 
shrinkfar  less  or  not  at  all  during  the  compaction  proc- 
ess.  This  difference  in  shrinkage  causes  loops  to 
stand  out  from  the  body  of  the  fabric  which  may  be 
termed  a  trellis. 

Where  the  fabric  is  in  tubular  form,  it  is  generally 
crimped  to  eliminate  the  danger  of  kinking  or  collapse 
of  the  tubing  at  any  point.  Bifurcated  grafts  may  also 
be  prepared,  the  grafts  may  be  viewed  as  having 
three  legs  coming  together  at  a  crotch.  All  three  legs 
are  preferably  crimped.  In  the  immediate  region  of  the 
crotch  the  bifurcated  graft  mav  be  either  crimped  or 
uncrimped. 

An  object  of  the  present  invention  is  therefore  to 
provide  a  closely  woven  double-velour  synthetic  vas- 
cular  graft  and  graft  material  to  which  tissue  can  ad- 

here  readily. 
The  closely  woven  double-velour,  synthetic  vas- 

cular  graft  preferably  has  loops  on  the  exterior  of  said 
5  fabric  which  extend  outwardly  further  than  the  loops 

on  the  interior  of  said  fabric  extend  inwardly. 
The  graft  may  be  corrugated  and  of  uniform 

strength  throughout. 
A  particularly  important  object  of  the  present  in- 

10  vention  is  to  provide  a  closely-woven  double-velour 
synthetic  vascular  graft  and  graft  material  which  pro- 
vides  for  rapid  tissue  ingrowth  and  which  is  of  a  por- 
osity  low  enough  so  that  pre-clotting  may  be  avoided. 

15  Brief  description  of  the  drawings 

For  a  fuller  understanding  of  the  invention,  refer- 
ence  is  had  to  the  following  description  taken  in  con- 
nection  with  the  accompanying  drawings  in  which: 

20  Figure  1  is  a  closely-woven,  double-velour  fabric 
prepared  in  accordance  with  the  present  inven- 
tion; 
Figure  2  is  a  view  taken  along  line  2-2  of  Figure 
1;  and 

25  Figure  3  is  a  view  of  a  circumferentially-crimped, 
bifurcated  vascular  graft  in  accordance  with  the 
present  invention. 

Description  of  the  preferred  embodiments 
30 

To  prepare  for  the  weaving  of  a  graft  fabric  in  ac- 
cordance  with  the  present  invention,  yarn  is  first  pre- 
shrunk  and  texturized,  using  techniques  well  known 
to  those  skilled  in  the  art.  The  preferred  yarn  material 

35  is  polyethylene  terephthalate,  available  from  Dupont 
under  the  trade  name  of  Dacron.  A  suitable  yarn  is 
two-ply,  40  denier  with  twenty-seven  filaments  to 
each  ply.  However,  yarn  which  is  either  heavier  or 
lighter  than  40  denier  and  which  contains  more  or  less 

40  than  27  filaments  per  bundle  may  be  used. 
In  weaving  the  fabric,  the  warp  must  contain  both 

the  preshrunk,  texturized  yarn  and  unshrunk  untex- 
turized  yarn.  The  two  yarns  are  independent  of  each 
other,  i.e.,  they  are  not  twisted  together.  It  is  signifi- 

es  cant  that  in  subsequent  treatment  of  the  fabric  (the 
compaction  step)  the  unshrunk,  untexturized  yarn  will 
shrink  substantially  whereas  the  texturized,  pre- 
shrunk  material  will  change  in  length  only  slightly,  if 
at  all.  The  fill  may  consist  of  unshrunk,  untexturized 

so  yarn  alone  or,  preferably,  consists  of  both  unshrunk, 
untexturized  yarn  and  preshrunk,  texturized  yarn. 
The  two  yarns  are  twisted  together  prior  to  weaving. 
The  preferred  weave  for  the  fabric  is  described  as  fol- 
lows: 

55  Warp:  1/70/54  (5z)+2/40/27  texturized,  pre- 
shrunk. 

Fill:  1/70/54  (5z)+2/40/27  texturized,  pre- 
shrunk  (1.5s). 

Pattern:  070/205/6/4,  30  dent/reed,  8 

3 
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ends/dent. 
Greige  count:  64  picks/in.,  (about26  picks/cm.) 

122*10%  ends/in.,  (48*10%  ends/cm.)  off  of  the 
loom. 

It  should  be  noted  that  the  warp  must  Include 
both  the  preshrunk  texturized  yarn  and  the  unshrunk 
untexturized  yarn;  the  fill  may  consist  of  untexturized, 
unshrunk  yarn  alone. 

A  fabric  in  accordance  with  the  present  invention 
is  shown  in  Figure  1  in  which  the  warp  direction  is 
shown  by  the  arrow  11  and  the  fill  direction  is  indicat- 
ed  by  the  arrow  12.  The  fill  yarns  13  are  shown  in  Fig- 
ure  1  as  being  spaced  apart  for  convenience  in  rep- 
resentation.  However,  in  general,  the  fill  yarns  13  are 
woven  as  tightly  as  possible  with  warp  yarns  14.  The 
yarns  indicated  by  reference  numeral  13  are  to  be 
considered  as  representing  either  unshrunk,  untextu- 
rized  yarn  twisted  together  with  preshrunk,  texturized 
yarn  or  the  unshrunk,  untexturized  yarn  by  itself.  The 
yarns  indicated  by  the  reference  numeral  14  are  the 
unshrunk,  untexturized  material  and  the  yarns  indi- 
cated  by  the  reference  numerals  16  are  the  pre- 
shrunk,  texturized  material. 

Figure  2  is  a  view  taken  along  line  2-2  of  the  Fig- 
ure  1  and  shows  fill  yarns  1  3,  each  yarn  1  3  consisting 
of  filaments  15.  As  aforenoted,  fill  yarns  13  may  con- 
sist  of  unshrunk,  untexturized  material  alone  or  of  the 
two  types  of  yarn  twisted  together,  that  is,  both  the 
preshrunk  and  unshrunk  yarns.  Fill  yarn  13  is  tightly 
interwoven  with  warp  yarn  14  which  is  the  untextu- 
rized  material.  Also,  loosely  interwoven  with  fill  13  is 
loop  yarn  16  which  is  the  preshrunk,  texturized  yarn. 
In  the  pattern  shown  in  Figure  2,  the  interior  18  of  the 
fabric  is  the  lowermost  side  and  the  exterior  19  is  the 
uppermost  side. 

As  shown  in  Figure  2,  interior  loop  16  passes  un- 
der  four  fill  yarns  and  passes  over  six  fill  yarns.  Two 
of  these  loop  yarns  are  shown  in  Figure  1  and  are  in- 
dicated  by  the  reference  numeral  16.  As  will  be  noted, 
adjacent  warp  loops  need  not  pass  over  and  pass  un- 
der  the  same  fill  yarns.  Thus,  a  variety  of  patterns  be- 
comes  available  and  easily  made. 

After  weaving,  the  fabric,  whether  flat  or  woven 
in  tubular  form,  is  compacted.  The  method  of  com- 
paction  is  described  in  U.S.  Patent  No.  4,209,859,  or 
other  suitable  means  may  be  used.  The  compaction 
is  an  extremely  important  step  in  that  the  unshrunk, 
untexurized  yarn  shrinks  substantially  while  the  pre- 
shrunk  texturized  yarn  shrinks  very  little  during  this 
treatment  with  the  result  that  the  loops  of  the  pre- 
shrunk  material  stand  out  from  the  two  surfaces  of 
the  fabric. 

An  extremely  important  use  of  the  fabric  is  as  a 
vascular  graft.  For  this  purpose,  the  fabric  must  be 
woven  in  tubular  form,  either  straight,  or  bifurcated.  In 
either  form,  it  is  desirable  that  the  fabric  be  circum- 
ferentially  crimped  in  order  to  prevent  kinking  or  col- 
lapse  of  the  lumen  at  any  point  along  the  tubes.  A  bi- 

furcated  tube  is  shown  in  Figure  3  in  which  both  the 
larger  and  the  smaller-diameter  tubes,  indicated  by 
the  reference  numerals  21  and  22  are  crimped,  ex- 

5  cept  in  the  immediate  vicinity  of  crotch  23,  the  three 
legs  of  the  vascular  graft  being  in  the  form  of  a  Y.  In 
general,  the  diameters  of  legs  22  are  substantially 
less  than  the  diameter  of  main  tube  21. 

Tests  have  shown  that  the  porosity  of  the  woven 
10  double-velour  is  not  quite  as  low  as  that  of  a  woven 

fabric  prepared  with  an  untexturized  warp.  While  the 
very  lowest  porosity  is  desirable  so  far  as  hemmor- 
rhaging  is  concerned,  a  fabric  woven  with  the  untex- 
turized  warp  does  not  provide  so  advantageously  for 

15  growth  of  tissue  through  the  trellis  as  does  the  woven 
double-velour  described  herein.  Accordingly,  the 
combination  of  relatively  low  porosity  with  both  inter- 
ior  and  exterior  loops  on  the  surfaces  of  the  fabric  is 
such  that  preclotting  may  be  omitted  if  desired  while 

20  yielding  an  excellent  substrate  for  tissue  ingrowth. 

Claims 

25  1.  A  low  porosity  synthetic  velour  prosthesis  of  a 
tightly  woven  material  to  which  tissue  can  adhere 
characterised  by  a  double  velour  fabric  material 
having  loops  standing  out  from  both  faces  and 
formed  by  compacting  a  fabric  having  loops  on 

30  both  faces  and  woven  from  a  warm  yarn  (14,  1  6) 
of  untexturised  unshrunk  yarn  (14)  and  texturized 
preshrunk  yarn  (16),  wherein  the  loops  are 
formed  from  the  texturised  peshrunk  yarn  (16), 
the  yarns  being  independent  of  each  other,  i.e. 

35  not  twisted  together,  and  a  fill  yarn  (13)  of  either 
untexturized  unshrunk  yarn  alone  or  of  untextu- 
rized  unshrunk  yarn  twisted  together  with  textu- 
rized  preshrunk  yarn,  the  prosthesis  being 
adapted  to  be  used  as  a  vascular  graft  without 

40  the  need  for  preclotting. 

2.  A  low  porosity,  synthetic  velour  prosthesis  ac- 
cording  to  claim  1  wherein  said  fabric  is  woven  in 
tubular  form  and,  circumferentially  crimped. 

45 
3.  A  low  porosity,  synthetic  velour  prosthesis  ac- 

cording  to  claim  2,  wherein  said  tubular  form  is  in 
the  form  of  a  Y,  having  two  legs  and  a  crotch  at 
the  junction  of  the  legs,  said  woven  fabric  being 

so  uncrimped  in  the  region  immediately  proximate 
said  crotch. 

Patentanspruche 
55 

1.  Niedrigporose  synthetische  Velourprothese  aus 
einem  festgewebten  Material,  an  dem  Gewebe 
anzuhaften  vermag, 
gekennzeichnet  durch 

4 
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ein  Doppelvelour-Gewebematerial  mit  Schlingen, 
die  von  beiden  Seiten  herausstehen  und  herge- 
stelltdurch  Verdichten  eines  Gewebes  mit  Schlin- 
gen  an  beiden  Seiten  und  gewebt  aus  einem  5 
Kettgarn  (14,  16)  aus  nicht  strukturiertem,  nicht 
eingelaufenen  Garn  (14)  und  einem  strukturier- 
ten,  voreingelaufenen  Garn  (16),  wobei  die 
Schlingen  aus  dem  strukturierten,  voreingelaufe- 
nen  Garn  (16)  gebildet  sind,  die  Game  unabhan-  10 
gig  voneinander,  d.h.  nicht  miteinanderverzwirnt 
sind,  und  ein  Fullgarn  (13),  entweder  aus  nicht 
strukturiertem,  nicht  eingelaufenen  Garn  allein 
oder  aus  nicht  strukturiertem,  nicht  eingelaufe- 
nen  Garn,  das  zusammen  mit  einem  strukturier-  15 
ten,  voreingelaufenen  Garn  verzwirnt  ist,  wobei 
die  Prothese  so  ausgelegt  ist,  dali  sie  als  Gefali- 
transplantat  ohnedie  Notwendigkeit  einer  Vorko- 
agulation  verwendbar  ist. 

20 
2.  Niedrigporose,  synthetische  Velourprothese 

nach  Anspruch  1,  worin  das  Gewebe  in  einer 
rohrformigen  umfangsseitig  gekrauselten  Form 
gewebt  ist. 

25 
3.  Niedrigporose,  synthetische  Velourprothese 

nach  Anspruch  2,  worin  die  rohrformige  Form  in 
Form  eines  Y  mit  zwei  Beinen  und  einer  Gabe- 
lung  an  der  Verbindungsstelle  der  Beine  vorliegt, 
wobei  das  gewebte  Gewebe  in  dem  Bereich  un-  30 
mittelbar  nahe  der  Gabelung  ungekrauselt  ist. 

3.  Prothese  en  velours  synthetique  a  faible  porosite 
selon  la  revendication  2,  dans  laquelle  ladite  for- 
me  tubulaire  a  une  forme  en  "Y"  comportant  deux 
branches  et  un  entrejambe  au  niveau  de  la  jonc- 
tion  des  branches,  ledit  tissu  tisse  n'etant  pas  on- 
dule  dans  la  region  situee  a  proximite  directe  du- 
el  it  entrejambe. 

Revendications 
35 

1.  Prothese  en  velours  synthetique  a  faible  porosite 
de  materiau  tisse  serre  a  laquelle  peut  adherer  un 
tissu  corporel,  caracterisee  en  ce  qu'elle  consiste 
en  un  tissu  de  velours  double  comportant  des 
boucles  qui  apparaissent  sur  les  deux  faces  et  40 
forme  par  le  compactage  d'un  tissu  comportant 
des  boucles  sur  ses  deux  faces  et  tisse  a  partir 
d'un  fil  de  chaTne  (14,  16)  parun  fil  non  texture  et 
non  retracte  (14)  et  par  un  fil  texture  et  pre-retrac- 
te  (16),  dans  lesquels  les  boucles  sont  formees  45 
a  partir  du  fil  texture  et  pre-retracte  (16),  les  fils 
etant  independants  les  uns  des  autres,  e'est-a- 
dire  non  reunis  par  retordage  et  un  fil  de  chaTne 
(13)  soit  d'un  fil  non  texture  et  non  retracte  seul 
ou  d'un  fil  non  texture  non  retracte  reuni  par  re-  so 
tordage  avec  un  fil  texture  pre-retracte,  la  prothe- 
se  etant  adaptee  pour  etre  utilisee  comme  trans- 
plant  vasculaire  sans  necessiter  une  pre-coagu- 
lation. 

55 
2.  Prothese  en  velours  synthetique  a  faible  porosite 

selon  la  revendication  1,  dans  laquelle  ledit  tissu 
est  tisse  sous  une  forme  tubulaire  et  comporte 
des  ondulations  circonferentielles. 

5 
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