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Description 

The  present  invention  relates  to  oxygenators  for 
blood  of  the  type  termed  «hollow-fibreoxygenators» 
in  the  art,  and  particularly  concerns  improvements  in 
these  oxygenators  so  as  to  improve  the  gaseous  ex- 
change  of  oxygen  and  carbon  dioxide  in  the  blood. 

It  is  known  that,  in  cardiac  surgery,  it  is  necessary 
to  institute  extra-corporeal  circulation  of  the  blood 
during  the  operation  so  as  to  carry  out  artificially  the 
physiological  function  of  the  lungs;  in  order  to  carry 
out  this  function  a  device  —  termed  an  oxygenator 
—  has  been  devised  which  is  able  to  achieve  the 
removal  of  carbon  dioxide  from  the  venous  blood  of 
the  patient  and  the  simultaneous  introduction  of  oxy- 
gen  to  convert  it  into  arterial  blood  which  returns  to 
the  patient.  These  oxygenators  are  normally  used 
and  then  thrown  away. 

One  of  the  more  important  problems  in  the  artificial 
oxygenation  of  blood  is  the  capacity  to  remove  suffi- 
cient  carbon  dioxide  and  to  introduce  an  adequate 
quantity  of  oxygen  without  doing  anything  to  the 
blood  which  would  change  its  biochemical  charac- 
teristics;  in  essence  one  is  considering  making  the 
operation  as  close  as  possible  to  that  of  the  human 
lung.  In  order  to  achieve  this  it  is  necessary  for  the 
greatest  possible  number  of  blood  particles  to  come 
into  intimate  contact  with  the  oxygen  particles  and 
to  exhange  their  carbon  dioxide  content  with  them. 

Various  types  of  oxygenators  have  been  proposed 
up  to  now  and  the  most  widely  used  of  these  are  of 
two  types:  the  «bubble»  type  in  which  the  oxygen  is 
introduced  directly  into  the  blood  and  gaseous  ex- 
change  occurs  during  bubbling  of  the  gas  through  the 
liquid,  and  the  «hollow  fibre»  type  in  which  the  ex- 
change  occurs  through  the  semi-permeable  wall  of 
hollow  fibres  of  suitable  material.  The  second  type 
seems  to  give  a  better  guarantee  from  the  point  of 
view  of  conservation  of  the  biochemical  characteris- 
tics  of  the  blood. 

In  the  hollow-fibre  oxygenator  the  blood  is  passed 
through  numerous  fibres  (several  tens  of  thousands) 
made  from  a  polyolef  in  resin,  for  example  polypropy- 
lene  or  polyethylene,  having  a  diameter  which  can 
vary  from  1  00  to  300  (i.m  and  extremely  porous  walls 
(from  20  to  80%)  with  a  pore  size  such  as  to  be 
permeable  to  gases  but  not  to  liquids;  the  gaseous 
exchange  of  the  carbon  dioxide  in  the  blood  flowing 
inside  the  walls  and  the  oxygen  flowing  outside  them 
occurs  through  these  walls.  Generally,  these  fibres 
are  joined  into  a  bundle  which  is  sealingly  inserted  in 
a  cylindrical  container.  The  bundle  has,  however,  a 
radial  distribution  of  fibres  which  is  not  perfectly 
homogeneous:  there  is  a  greater  density  in  the  cen- 
tral  part  of  the  bundle  and  a  lesser  density  in  the 
peripheral  zone.  This  means  that  it  is  difficult  for  the 
oxygen  introduced  into  the  container  by  a  nozzle  lo- 
cated,  for  example  on  its  outer  circumference  to 
reach  the  central  fibres,  or  at  least  the  amount  reach- 
ing  them  is  very  small,  while  there  is  preferential  pas- 
sage  overthose  which  can  be  reached  most  easily  by 
the  gas,  that  is  the  fibres  closest  to  the  nozzle,  with 
a  severe  lowering  of  the  specific  average  oxygena- 
tion  rate  of  the  blood  treated. 

Various  devices  have  been  proposed  to  remedy 

this  disadvantage:  some  have  been  found  to  be  in- 
adequate;  others  are  so  complex  as  to  be  difficult  and 
expensive  to  put  into  effect. 

More  specifically,  the  present  invention  relates  to 
a  hollow-fibre  oxygenator  having  the  characteristics 
set  forth  in  the  pre-characterising  portion  of  Claim  1  , 
which  is  known,  for  instance  from  EP-A-0  046  583. 
The  underlying  problem  of  the  invention  is  that  of 
providing  such  a  device  which  enables  the  total  oxy- 
genation  of  all  the  fibres  in  the  bundle  to  be  effected 
constantly  and  uniformly,  is  easy  to  realize  and 
makes  it  possible  to  shorten  the  fibres  suitably  as  a 
result  of  the  increase  in  the  oxygenation  rate  over  the 
whole  radius  and  the  entire  length  of  the  fibres  them- 
selves,  resulting  in  reductions  in  the  treatment  times, 
more  manageable  apparatus,  and  lower  costs. 

According  to  the  present  invention  such  a  problem 
is  solved  by  a  hollow-fibre  oxygenator  having  the  fur- 
ther  characteristics  set  forth  in  claim  1  . 

These  and  other  characteristics  of  the  invention 
will  become  clearer  from  the  following  description 
of  several  preferred  embodiments  thereof,  taken 
in  conjunction  with  the  appended  drawings,  in 
which: 

Figure  1  is  a  schematic  view  of  a  first  embodiment 
of  the  diffuser  of  the  present  invention; 

Figure  2  is  a  schematic  median  longitudinal  sec- 
tional  view  of  the  oxygenator  in  which  the  first  em- 
bodiment  of  the  diffuser  of  the  present  invention  is 
used,  taken  on  the  line  II-II  of  Figure  1  ; 

Figure  3  is  a  schematic  view  of  a  second  embodi- 
ment  of  the  diffuser  of  the  present  invention; 

Figure  4  is  a  schematic  median  longitudinal  sec- 
tional  view  of  the  oxygenator  in  which  the  second 
embodiment  of  the  diffuser  of  the  present  invention 
is  used,  taken  on  the  line  4-4  of  Figure  3; 

Figures  5,  6  and  7  are  schematic  views  of  other 
embodiments  of  the  invention  with  different  num- 
bers  of  arms  from  those  of  the  embodiments  of 
Figures  1  and  3. 

With  reference  to  Figure  1  ,  the  diffuser  of  the  in- 
vention  is  indicated  1  and  is  constituted  in  the  first 
embodiment  by  four  diffuser  elements  (arms)  11, 
1  2,  1  3,  1  4  which  are  disposed  in  a  cross  and  each  of 
which  is  formed  by  two  substantially  parallel  walls; 
the  walls  2  and  3  form  the  arm  1  1  ,  the  walls  4  and 
5  form  the  arm  1  2,  the  walls  6  and  7  the  arm  1  3,  the 
walls  8  and  9  the  arm  1  4.  The  adjacent  walls  of  two 
consecutive  arms  (3,  4;  5,  6;  7,  8;  9,  2)  form,  in  pairs, 
dihedrons  with  substantially  parallel  edges. 

A  hole  1  0  for  the  immission  of  an  oxygen-carrying 
gas  is  formed  in  the  area  of  connection  of  two  walls 
of  any  one  arm,  for  example  the  arm  1  3. 

A  plurality  of  apertures  1  5  of  dimensions  such  as  to 
promote  the  passage  of  the  oxygen  therethrough  is 
formed  in  each  of  the  eight  walls  2-9  of  the  diffuser. 

The  diagram  of  Figure  2  shows  the  principle  struc- 
ture  of  hollow-fibre  oxygenators  well  known  in  the 
art,  in  median  longitudinal  section.  The  structure  is  il- 
lustrated  in  outline  so  as  to  show  the  insertion  therein 
of  the  diffuser  of  the  present  invention. 

In  it,  a  generally  cylindrical  container,  indicated 
16,  houses  a  bundle  17  of  hollow  fibres  of  semi- 
permeable  material  with  the  dimensions  given  in  the 
introduction  to  the  present  specification.  Fibres  hav- 
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al  plane  r  forming  two  dihedral  angles  of  45°  with  the 
walls  9  and  2,  and  at  a  distance  R  (equal  to  the  inner 
radius  of  the  container  1  6  of  Figure  2)  from  their  com- 
mon  edge,  the  distance  d  from  the  said  walls  will  be 

5  R/j  2,  that  is  about  0.7  R. 
The  diffuser  1  (Figure  1  )  is  made  from  any  plastics 

material  which  can  be  moulded  into  the  desired  form 
and  perforated.  For  example,  it  could  be  a  polycar- 
bonate  or  styrene  —  acrylonitrile  or  the  like. 

to  The  method  of  manufacture  may  consist,  for  ex- 
ample,  of  moulding  two  halves  (wall  6,  arm  12  and 
wall  3;  wall  7,  arm  1  4  and  wall  2)  which  are  mirror  im- 
ages  because  of  the  hole  1  0  which  must  be  between 
the  two  facing  halves.  Methods  of  this  type  fall 

is  within  the  normal  practice  of  moulded  plastics  tech- 
nology. 

The  fixing  of  the  diffuser  1  within  the  bundle  of 
fibres  1  7  (Figure  2)  is  carried  out  simultaneously  with 
the  fixing  of  the  fibres,  for  example,  by  the  introduc- 

20  tion  of  the  adhesive  into  the  bundle  in  the  fluid  state, 
followed  by  centrifuging  and  setting.  These  are  also 
methods  which  are  well  known  to  the  expert  in  the 
art. 

It  is  important  to  note  that  the  insertion  of  the 
25  diffuser  1  into  the  bundle  1  7  does  not  cause  disorder 

in  the  geometry  of  the  fibres.  In  fact,  the  thickness  of 
the  arms  is  extremely  small,  in  effect  no  greater  than 
2.5  mm,  which  is  sufficient  for  the  passage  of  the 
gas  without  a  drop  in  pressure  but  far  from  creating 

30  alterations  in  the  geometry  of  the  bundle  and 
preferential  paths  for  the  gas.  The  absence  of 
changes  in  the  geometry  of  the  ordering  of  the  fibres 
means  that  they  come  together  at  the  end  of  the 
diffuser  without  twisting  or  stretching,  and  the  ab- 

35  sence  of  preferential  paths  for  the  gas  achieves  the 
specific  function  of  the  diffuser  1  :  to  carry  the  oxy- 
gen  without  a  pressure  drop  to  all  the  fibres  so  that 
the  bathing  of  the  fibres  in  the  last  part  of  the  gas 
path  is  practically  homogeneous  throughout  the  bun- 

40  die. 
A  second  embodiment  of  the  invention  provides 

for  the  supply  of  the  oxygen  to  a  central  position  of 
the  oxygenator.  In  this  case,  the  diffuser  takes  on  the 
form  shown  schematically  and  indicated  30  in  Figure 

45  3,  in  which  the  arms  31,  32,  33,  34  have  an  additional 
duct  35  which  is  parallel  to  them  and  to  the  edges  of 
the  dihedral  components  of  the  diffuser,  and  is  locat- 
ed  centrally  relative  to  their  spatial  distribution. 

In  Figure  4,  in  which  the  general  diagram  of  the 
so  oxygenator  of  Figure  2  is  repeated  in  median  longitu- 

dinal  section,  the  location  of  the  diffuser  30  of  Figure 
3  can  be  seen  in  a  median  section  taken  along  the  line 
4-4.  Figure  4  also  shows  the  oxygen  supply  duct  35, 
the  arms  32  and  34  of  which  only  one  wall  is  of 

55  course  shown,  and  the  empty  zone  36  between  the 
arms  corresponding  to  the  area  of  connection  be- 
tween  the  two  walls  of  the  arms  31  (Figure  3).  In  this 
embodiment,  the  oxygen  enters  through  the  nozzle 
37  (Figure  4)  and  the  duct  35,  flows  into  the  central 

60  channel  36  of  the  diffuser  30  in  the  cross-shaped 
spaces  between  the  arms  31  ,  32,  33,  34  (Figure  3) 
of  the  diffuser  itself,  and  passes  through  the  aper- 
tures  38  in  its  walls  between  the  fibres  in  which  the 
blood  to  be  oxygenated  flows. 

65  The  residual  mixture  of  oxygen  and  carbon  di- 

ing  these  characteristics  are  available  commercially 
as  is  well  known  to  experts  in  the  art. 

Two  zones  of  fixing  of  the  fibres  are  indicated  1  8 
and  1  9,  the  fixing  being  achieved  by  the  introduction 
of  an  adhesive  resin  (generally  polyurethane)  be- 
tween  the  fibres  and  its  subsequent  setting.  Fibres  of 
the  bundle  1  7  pass  through  the  zones  1  8  and  1  9  and 
face  the  respective  surfaces  20,  2  1  presenting  their 
hollow  circular  sections  thereto. 

A  collector  for  a  first  fluid  —  in  this  embodiment 
blood  —  coming  from  a  nozzle  23  is  indicated  22;  the 
blood  will  enter  the  bundle  of  fibres  1  7  through  their 
ends  which  open  at  the  surface  21  . 

A  second  collector,  is  indicated  24,  is  arranged  to 
receive  the  blood  leaving  the  ends  of  the  bundle  of 
fibres  1  7  which  open  at  the  surface  20,  the  blood 
flowing  out  of  the  oxygenator  through  a  nozzle  25. 

Oxygen  is  introduced  through  a  nozzle  26  and 
diffuses  between  the  fibres  of  the  bundle  1  7  so  as  to 
replace  the  carbon  dioxide  in  the  blood  during  its  pas- 
sage  between  the  fibres  in  counter-current  to  the 
blood  which  flows  within  the  fibres,  this  exchange 
being  possible  because  of  the  semi-permeable  nature 
of  the  fibres  themselves.  The  mixture  of  the  remain- 
ing  oxygen  and  the  carbon  dioxide  removed  finally 
leaves  through  a  second  nozzle  27. 

The  diffuser  1  of  Figure  1  is  obviously  shown  in 
median  section. 

It  is  inserted  into  the  upper  part  of  the  fibres  of  the 
bundle  1  7  close  to  their  end  portions.  The  walls  7  and 
2  of  the  diffuser  1  ,  the  interior  of  which  is  left  open 
by  the  median  section  along  the  line  2-2  of  Figure  1  , 
can  be  seen  in  the  drawing. 

The  central  zone  28  is  the  empty  zone  between  the 
arms  and  corresponds  to  the  area  of  connection  be- 
tween  the  walls  8  and  9  (Figure  1  )  of  the  arm  1  4. 

The  upper  part  29  (Figure  2)  of  the  diffuser  is  in- 
serted  in  the  zone  1  8  of  fixing  of  the  fibres  and  is  thus 
also  fixed  in  the  bonding  resin.  It  does  not  reach  the 
end  surface  20  where  the  fibres  open  but  remains 
embedded  within  the  adhesive  itself. 

The  operation  of  the  oxygenator  provided  with  the 
diffuser  of  the  invention  will  now  be  described  with 
reference  to  Figures  1  and  2. 

The  venous  blood  enters  the  nozzle  23,  fills  the  col- 
lector  22,  enters  the  bundle  17  of  hollow  fibres 
through  their  ends  which  are  open  at  the  surface  21  , 
and  then  passes  through  them  to  their  opposite  ends 
facing  the  surface  20. 

Simultaneously,  a  current  of  oxygen  introduced  by 
the  nozzle  26  passes  through  the  hole  10  of  the 
diffuser  1  between  the  walls  6  and  7  of  the  arm  1  3, 
then  diffuses  into  the  arms  11,12  and  14  through 
the  apertures  1  5  present  in  the  walls  of  the  diffuser, 
and  penetrates  between  the  fibres  of  the  bundle  1  7 
to  bathe  them  so  completely  as  to  be  almost  ho- 
mogeneous.  In  fact,  the  gas  pressure  will  not  drop  to 
such  a  level  at  any  point  in  the  bundle  as  to  com- 
promise  its  further  advance,  in  that  the  path  of  the 
oxygen  flow  will  always  be  much  less  than  the  radius 
of  the  bundle  2.  In  fact,  the  maximum  path  of  the  gas 
can  be  calculated  from  simple  considerations  of 
elementary  geometry. 

If  the  fibre  F  (Figure  1  )  located  in  the  most  un- 
favourable  position  is  considered,  that  is,  on  the  radi- 
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oxide  leaves  the  apparatus  in  the  same  way  as 
shown  in  the  embodiment  of  Figures  1  and  2.  Clearly, 
the  blood  path  will  also  be  identical  to  the  preceding 
example,  with  the  sole  difference  that  it  will  have  to 
leave  through  the  nozzle  39  located  in  a  lateral  posi- 
tion  relative  to  the  oxygen  inlet  37. 

The  diffuser  30  is  also  made  from  plastics  material 
and  may  be  constructed  by  well-known  moulding 
techniques.  The  duct  35  could  be  made  in  one  piece 
with  one  half  of  the  diffuser,  for  example  the  half  in- 
cluding  the  arm  33. 

The  diffuser,  both  in  the  embodiment  of  Figure  1 
and  in  that  of  Figure  3,  may  have  a  different  number 
of  arms  from  four  as  long  as  this  number  is  equal  to 
or  greater  than  two.  Figures  5,  6  and  7  illustrate,  by 
way  of  example,  three-armed,  six-armed,  and  eight- 
armed  diffusers,  respectively,  in  accordance  with 
the  first  embodiment.  If  the  number  of  arms  is  in- 
creased,  the  homogeneity  of  the  oxygenation  of  the 
fibres  is  increased. 

In  all  the  solutions,  the  walls  have  a  plurality  of  aper- 
tures;  the  apertures  could  also  be  made  in  the  areas  of 
connection  of  the  walls  or  only  in  these  areas,  causing 
the  gas  to  pass  through  the  peripheral  zone  of  the 
bundle  of  fibres,  which  could  be  sufficient,  particular- 
ly  if  there  were  a  very  high  number  of  arms. 

For  the  oxygenator  under  consideration  it  is  possible 
to  envisage  a  structure  which  uses  two  diffusers,  one 
located  as  described  above  and  a  second  located  close 
to  the  opposite  end  portion  of  the  fibres  and  fixed  in 
the  zone  19  (Figure  2).  In  this  case,  it  would  act  as  a 
discharge  and  could  be  of  the  same  type  as  the  first, 
or  of  a  different  type  with  the  same  number  of  arms 
or  a  different  number  in  the  same  angular  positions  or 
staggered  by  a  certain  angle,  thus  covering  all  possible 
combinations  of  the  types  given  as  examples. 

Claims 
1  .  Hollow-fibre  oxygenator  constituted  by  a  sub- 

stantially  cylindrical  container  (16);  a  collector  (22) 
for  a  first  input  fluid;  a  plurality  of  hollow  fibres  (17) 
joined  into  a  bundle  in  the  container  (16),  the  fibres 
(17)  being  fixed  at  their  end  portions  by  an  adhesive 
(18,19)  and  being  open  at  their  ends  to  allow  the  first 
fluid  to  enter  them;  a  second  collector  (24)  for  the 
first  fluid  leaving  the  fibres  (17);  inlet  (23)  and  outlet 
(25)  nozzles  in  the  container  (  1  6)  for  the  first  fluid;  an 
inlet  nozzle  (26)  to  the  container  for  a  second  fluid 
which  diffuses  between  the  fibres  (17),  flowing  over 
their  outer  surfaces,  and  an  outlet  nozzle  (27)  from 
the  container  for  the  second  fluid  and  a  diffuser  (1  ) 
forthe  second  fluid,  characterized  in  that  the  diffuser 
is  constituted  by  several  arms  (11,  12,  13,  14)  dis- 
posed  in  an  array  about  an  axis,  the  arms  being  con- 
stituted  by  substantially  parallel,  facing,  spaced- 
apart  walls  (2,  3;  4,  5;  6,  7;  8,  9),  each  pair  of  adja- 
cent  walls  belonging  to  two  consecutive  arms  (3,  4; 
5,  6;  7,  8;  9,  2)  constituting  a  dihedron  the  edge  of 
which  is  substantially  parallel  to  said  axis,  the 
diffuser  being  introduced  between  the  fibres  in  a  po- 
sition  close  to  the  end  zone  of  the  fibres  themselves 
such  that  the  axis  of  the  diffuser  is  substantially 
parallel  to  the  axis  of  the  container  (16)  and  that  the 
diffuser  is  in  correspondence  with  the  inlet  nozzle 

(26)  for  the  second  fluid  allowing  the  second  fluid  is- 
suing  from  the  inlet  nozzle  (26)  to  enter  the  diffuser. 

2.  Oxygenator  as  claimed  in  Claim  1,  character- 
ized  in  that  the  facing  walls  (2,  3;  4,  5;  6,  7;  8,  9) 
which  constitute  the  diffuser  (1  )  and/or  the  areas  of 
connection  between  them  are  provided  with  holes 
(1  5)  for  the  passage  of  the  second  fluid. 

3.  Oxygenator  as  claimed  in  Claim  1  or  2,  charac- 
terized  in  that  the  diffuser  is  constituted  by  two  or 
more  arms  (11,  12,  13,  14). 

4.  Oxygenator  as  claimed  in  any  of  Claims  1,2,3, 
characterized  in  that  the  diffuser  has  an  inlet  hole 
(  1  0)  for  the  second  fluid,  the  hole  being  formed  in  the 
connecting  space  between  two  walls  (6,  7)  which 
form  one  of  the  arms  (13)  of  the  diffuser  itself,  and 
being  in  correspondence  with  the  inlet  nozzle  (26)  for 
the  second  fluid. 

5.  Oxygenator  as  claimed  in  any  of  Claims  1  ,  2,  3, 
characterized  in  that  the  diffuser  (30)  has  a  duct  (35) 
forthe  introduction  of  the  second  fluid,  the  end  of  the 
duct  meeting  the  plane  of  connection  of  the  upper 
ends  of  the  walls  constituting  the  arms  (31  ,  32,  33, 
34)  of  the  diffuser  (30)  in  an  axial  position  relative  to 
the  arms  themselves,  the  other  end  of  the  duct  (35) 
engaging  the  inlet  nozzle  (37)  for  the  second  fluid. 

6.  Oxygenator  as  claimed  in  any  of  the  preceding 
Claims,  characterized  in  that  a  second  diffuser  is 
provided  close  to  the  end  zone  of  the  fibres  opposite 
that  where  the  first  diffuser  is  located. 

7.  Oxygenator  as  claimed  in  Claim  6,  character- 
ized  in  that  the  second  diffuser  has,  in  accordance 
with  any  of  the  embodiments,  any  number  of  arms 
and  is  located  in  any  angular  position  whatever  the 
embodiment,  the  number  of  arms  orthe  angular  posi- 
tion  of  the  first  diffuser. 

8.  Oxygenator  as  claimed  in  any  of  the  preceding 
claims,  characterized  in  that  the  first  fluid  is  blood 
and  the  second  fluid  is  a  mixture  of  gases  containing 
oxygen. 

Patentanspriiche 
1  .  Hohlfaser-Oxygenator,  der  von  einem  im  we- 

sentlichen  zylindrischen  Behalter  (16);  einem  Samm- 
ler  (22)  fur  ein  erstes  EinlafS-Fluid;  einer  Vielzahl  von 
Hohlfasern  (17),  die  im  Behalter  (1  6)  zu  einem  Biindel 
gebunden  sind,  wobei  die  Fasern  (17)  an  ihren  End- 
bereichen  mit  einem  Klebemittel  (18,  19)  befestigt 
sind  und  an  ihren  Enden  offenstehen,  um  das  Eindrin- 
gen  des  ersten  Fluids  zu  ermoglichen;  einem  zweiten 
Sammler  (24)  fur  das  erste  Fluid,  das  die  Fasern  (17) 
verla&t;  EinlalS-  (23)  und  AuslalS-(25)-Diisen  im  Be- 
halter  (16)  fur  das  erste  Fluid;  einer  EinlalSduse  (26) 
zum  Behalter  fur  ein  zweites  Fluid,  das  zwischen  den 
Fasern  (17)  diffundiert  und  uber  ihre  AuSenflachen 
stromt,  sowie  einer  AuslalSduse  (27)  vom  Behalter 
fur  das  zweite  Fluid  und  einer  Diffusionseinrichtung 
(1)  fur  das  zweite  Fluid  gebildet  wird,  dadurch  ge- 
kennzeichnet,  dalS  die  Diffusionseinrichtung  von 
mehreren  Armen  (11,  12,  13,  14)  gebildet  wird,  die 
in  einem  Muster  um  eine  Achse  angeordnet  sind,  wo- 
bei  die  Arme  von  im  wesentlichen  parallelen,  gegen- 
iiberliegenden,  beabstandeten  Wanden  (2,  3;  4,  5;  6, 
7;  8,  9)  gebildet  werden,  wobei  jedes  Paar  von  be- 
nachbarten  Wanden  zu  zwei  aufeinanderfolgenden 
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deuxieme  collecteur  (24)  pour  le  premier  fluide  quit- 
tant  les  fibres  (17);  des  buses  d'admission  (23)  et 
d'evacuation  (25)  dans  le  recipient  (16)  pour  le  pre- 
mier  fluide;  une  buse  d'admission  (26)  dans  le  reci- 

5  pient  pour  un  deuxieme  fluide  qui  se  diffuse  entre  les 
fibres  (17),  en  s'ecoulant  sur  leurs  surfaces  exterieu- 
res,  et  une  buse  de  sortie  (27)  du  recipient  pour  le 
deuxieme  fluide,  caracterise  en  ce  que  le  diffuseur  (  1  ) 
est  constitue  par  plusieurs  bras  (11,  12,  13,  14)  dis- 

w  poses  les  uns  a  la  suite  des  autres  autour  d'un  axe,  les 
bras  etant  constitue  par  des  parois  sensiblement 
paralleles,  distantes  et  en  vis-a-vis  (2,  3;  4,  5;  6,  7;  8, 
9)  chaque  paire  de  parois  voisines  appartenant  a  deux 
bras  consecutifs  (3,  4;  5,  6;  7,  8;  9,  2)  constituant  un 

is  diedre  dont  I'arete  est  sensiblement  parallele  a  I'axe 
precite,  le  diffuseur  etant  introduit  entre  les  fibres 
dans  une  position  proche  de  la  region  terminale  des 
fibres  proprement  dites,  de  sorte  que  I'axe  du  diffu- 
seur  est  sensiblement  parallele  a  I'axe  du  recipient 

20  (16),  et  que  le  diffuseur  est  en  correspondance  avec 
la  buse  d'admission  (26)  pour  le  deuxieme  fluide,  per- 
mettant  au  deuxieme  fluide  sortant  de  la  buse 
d'admission  (26)  de  penetrer  dans  le  diffuseur. 

2.  Oxygenateur  selon  la  revendication  1  ,  caracte- 
25  rise  en  ce  que  les  parois  en  vis-a-vis  (2,  3;  4,  5;  6,  7; 

8,  9)  qui  constituent  le  diffuseur  (  1  ),  et/ou  les  regions 
de  liaison  entre  les  parois,  sont  pourvues  d'orifices 
(15)  pour  le  passage  du  deuxieme  fluide. 

3.  Oxygenateur  selon  la  revendication  1  ou  2, 
30  caracterise  en  ce  que  le  diffuseur  est  constitue  par 

deux  ou  plus  de  deux  bras  (11,  12,  13,  14). 
4.  Oxygenateur  selon  I'une  quelconque  des 

revendications  1,2,3,  caracterise  en  ce  que  le  diffu- 
seur  possede  un  orifice  d'admission  (10)  pour  le 

35  deuxiemer  fluide,  I'orifice  etant  forme  dans  I'espace 
intermediate  entre  deux  parois  (6,  7)  qui  forment  un 
des  bras  (1  3)  du  diffuseur  proprement  dit,  et  etant  en 
correspondance  avec  la  buse  d'admission  (26)  pour 
le  deuxieme  fluide. 

40  5.  Oxygenateur  selon  I'une  quelconque  des 
revendications  1  ,  2,  3,  caracterise  en  ce  que  le  diffu- 
seur  (30)  possede  un  conduit  (35)  pour  I'introduction 
du  deuxieme  fluide,  I'extremite  du  conduit  rencon- 
trant  le  plan  de  liaison  des  extremites  superieures  des 

45  parois  constituant  les  bras  (3  1  ,  32,  33,  34)  du  diffu- 
seur  (30)  dans  une  position  axiale  par  rapport  aux 
bras  proprement  dits,  I'autre  extremite  du  conduit 
(35)  s'engageantdans  la  buse  d'admission  (37)  pour 
le  deuxieme  fluide. 

so  6.  Oxygenateur  selon  I'une  quelconque  des  re- 
vendications  precedentes,  caracterise  en  ce  qu'il  est 
prevu  un  deuxieme  diffuseur,  a  proximite  de  la  region 
terminale  des  fibres  opposee  a  celle  ou  est  situe  le 
premier  diffuseur. 

55  7.  Oxygenateur  selon  la  revendication  6,  caracte- 
rise  en  ce  que  le  deuxieme  diffuseur  possede,  confor- 
mement  a  I'un  quelconque  des  modes  de  realisation, 
un  nombre  quelconque  de  bras,  et  est  situ6  a  une 
position  angulaire  quelconque  quel  que  soit  le  mode 

60  de  realisation,  le  nombre  de  bras  ou  la  position  angu- 
laire  du  premier  diffuseur. 

8.  Oxygenateur  selon  I'une  quelconque  des 
revendications  prec6dentes,  caracterise  en  ce  que  ie 
premier  fluide  est  du  sang,  et  le  deuxieme  fluide  est 

65  un  melange  de  gaz  contenant  de  I'oxygene. 

Armen  (3,  4;  5,  6;  7,  8;  9,  2)  gehort,  die  einen  Zwei- 
f  lachner  bilden,  dessen  Kante  im  wesentlichen  parallel 
zur  Achse  verlauft,  wobei  die  Diffusionseinrichtung 
zwischen  die  Fasern  an  einer  Stelle  nahe  dem  Endbe- 
reich  der  Fasern  eingesetzt  wird,  so  dalS  die  Achse  der 
Diffusionseinrichtung  im  wesentlichen  parallel  zur 
Achse  des  Behalters  (16)  liegt,  und  wobei  die  Diffu- 
sionseinrichtung  mit  der  EinlaBduse  (26)  im  Zusam- 
menhang  steht,  damit  das  aus  der  EinlalSduse  (26) 
austretende  Fluid  in  die  Diffusionseinrichtung  eintre- 
ten  kann. 

2.  Oxygenator  gema'IS  Anspruch  1,  dadurch  ge- 
kennzeichnet,  dafc  die  gegenuberliegenden  Wande 
(2,  3;  4,  5;  6,  7;  8,  9),  die  die  Diffusionseinrichtung 
(1)  bilden,  und/oder  die  Verbindungsbereiche  zwi- 
schen  ihnen  mit  Offnungen  (15)  versehen  sind,  um 
das  zuweite  Fluid  durchzulassen. 

3.  Oxygenator  gema'IS  Anspruch  1  oder  2,  da- 
durch  gekennzeichnet,  daft  die  Diffusionseinrich- 
tung  von  zwei  oder  mehr  Armen  (11,  12,  13,  1  4)  ge- 
bildet  wird. 

4.  Oxygenator  gemate  jedem  der  Anspruche  1,2, 
3,  dadurch  gekennzeichnet  date  die  Diffusionsein- 
richtung  eine  EinlalSoff  nung  (  1  0)  fur  das  zweite  Fluid 
besitzt,  wobei  die  Offnung  im  Verbindungsraum  zwi- 
schen  zwei  Wanden  (6,  7)  gebildet  wird,  die  einen 
Arm  (13)  der  Diffusionseinrichtung  bilden,  wobei  sie 
mit  der  EinlalSdiise  (26)  fur  das  zweite  Fluid  im  Zu- 
sammenhang  steht. 

5.  Oxygenator  gema'IS  jedem  der  Anspruche  1,  2,  3, 
dadurch  gekennzeichnet,  daft  die  Diffusionseinrich- 
tung  (30)  eine  Leitung  (35)  fur  das  Einleiten  des  zwei- 
ten  Fluids  besitzt,  wobei  das  Ende  der  Leitung  die  Ver- 
bindungsebene  der  oberen  Enden  der  Wande,  die  die 
Arme  (31,  32,  33,  34)  der  Diffusionseinrichtung  (30) 
bilden,  an  einer  axialen  Stelle  relativ  zu  den  Armen 
trifft,  wobei  das  andere  Ende  der  Leitung  (35)  mit  der 
EinlalSdCise  (37)  fur  das  zweite  Fluid  im  Eingriff  steht. 

6.  Oxygenator  gemalS  jedem  der  bisherigen  An- 
spruche,  dadurch  gekennzeichnet,  dalS  eine  zweite 
Diffusionseinrichtung  nahe  beim  Endbereich  der  Fa- 
sern  gegeniiber  jener  Stelle  vorgesehen  ist,  wo  die 
erste  Diffusionseinrichtung  angeordnet  ist. 

7.  Oxygenator  gemalS  Anspruch  6,  dadurch  ge- 
kennzeichnet,  dalS  die  zweite  Diffusionseinrichtung 
in  Ubereinstimmung  mit  jeder  Ausfuhrungsform  ir- 
gendeine  Anzahl  von  Armen  besitzt,  wobei  sie  unab- 
hangig  von  der  Ausfuhrungsform,  der  Anzahl  der  Ar- 
me  oder  Winkelstellung  der  ersten  Diffusionseinrich- 
tung  in  irgendeiner  Winkelstellung  angeordnet  ist. 

8.  Oxygenator  gemalS  jedem  der  bisherigen  An- 
spruche,  dadurch  gekennzeichnet,  date  das  erste 
Fluid  Blut  und  das  zweite  Fluid  ein  Gasgemisch  ist, 
das  Sauerstoff  enthalt. 

Revendications 
1  .  Oxygenateur  a  fibres  creuses,  constitue  par  un 

recipient  sensiblement  cylindrique  (16);  un  collec- 
teur  (22)  pour  un  premier  fluide  introduit;  une  plura- 
lite  de  fibres  creuses  (17)  nSunies  en  un  f  aisceau  dans 
le  recipient  (16),  les  fibres  (17)  e"tant  f  ixees  au  niveau 
de  leurs  regions  terminales  par  un  adhesif  (18,  19) 
et  etant  ouvertes  a  leurs  extr6mites  pour  permettre 
au  premier  fluide  de  penetrer  dans  les  fibres;  un 
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