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Description 

The  present  invention  relates  to  a  blood  reservoir,  and  more  particularly  to  a  hard-shell  blood  reservoir 
for  use  with  an  artificial  lung,  the  blood  reservoir  having  a  fluid-permeable  member  for  impeding  the  blood 

5  flow  to  inhibit  blood  spouting  disposed  over  blood  inlet  ports  for  uniforming  the  flow  of  blood  in  the  blood 
reservoir  thereby  to  avoid  the  danger  of  mixing  air  bubbles  in  the  blood. 

When  a  surgical  operation  is  effected  on  the  chest  of  a  patient,  an  extracorporeal  blood  circulation 
circuit  including  an  artificial  lung  is  used  in  recent  years  in  bypassing  relation  to  the  lung  of  the  patient,  and 
carbon  dioxide  is  removed  from  the  blood  of  the  patient  and  fresh  oxygen  is  added  to  the  blood  by  the 

io  artificial  lung. 
The  extracorporeal  blood  circulation  circuit  includes  a  blood  reservoir  for  temporarily  storing  the  blood 

so  that  air  bubbles  produced  during  the  circulation  of  the  blood  will  be  removed  from  the  blood,  or  for 
supplying  stored  blood  to  make  up  for  a  reduction  in  the  rate  of  circulation  of  the  blood.  Blood  reservoirs 
now  in  use  in  the  art  are  roughly  classified  into  a  soft  bag  reservoir  which  is  made  of  a  soft  material,  and  a 

75  hard  shell  reservoir  which  is  made  of  a  hard  material.  The  soft  bag  reservoir  is  advantageous  in  that  it  has 
no  blood-air  interface,  but  disadvantageous  in  that  it  cannot  hold  a  large  amount  of  blood  and  cannot  give 
an  exact  indication  of  how  much  blood  is  stored  therein. 

The  hard-shell  reservoir  can  store  a  large  amount  of  blood  and  allows  the  user  to  know  the  exact 
amount  of  blood  stored  therein.  Other  advantages  of  the  hard-shell  container  are  that  it  can  easily  be  united 

20  with  an  artificial  lung,  thus  permitting  an  extracorporeal  blood  circulation  circuit  to  be  simplified,  and  also  the 
blood  can  easily  be  debubblized  when  the  extracorporeal  blood  circulation  circuit  is  set  up  and  primed. 
Japanese  Laid-Open  Patent  Publication  No.  59(1984)-57661  ,  corresponding  to  US-A-4,620,965  and  forming 
the  preample  of  Claim  1  ,  proposes  a  hard  shell  blood  reservoir  combined  with  an  artificial  lung  in  view  of 
the  above  functions  and  advantages. 

25  It  is  very  important  that  a  hard-shell  blood  reservoir  be  capable  of  reliably  removing  air  bubbles  which 
have  been  introduced  into  the  blood  through  a  blood  extracting  tube.  If  the  blood  containing  air  bubbles 
were  returned  to  the  patient,  then  the  patient  would  suffer  from  the  danger  of  embolism.  The  hard-shell 
blood  reservoir  therefore  has  a  debubblizing  filter  for  removing  air  bubbles  from  the  stored  blood. 

EP-A-0080610  discloses  a  soft  type  blood  reservoir  comprising  a  blood  inlet  port,  a  blood  storage 
30  chamber  communicating  with  the  blood  inlet  port,  a  blood  outlet  port  defined  in  a  lower  portion  of  the  blood 

storage  chamber,  the  inlet  port  being  provided  with  two  or  more  apertures  in  the  portion  thereof  extending 
into  the  reservoir.  However,  such  apertures  must  be  placed  at  a  higher  level  than  the  opening  formed  in  the 
end  of  the  blood  outflow  port. 

The  applicant  has  devised  a  hard-shell  blood  reservoir  having  a  blood  inlet  port  opening  at  a  bottom 
35  thereof,  as  shown  in  FIG.  1  of  the  accompanying  drawings.  If  a  large  amount  of  blood  G  flows  from  the 

blood  inlet  port  2  into  the  blood  reservoir  4,  the  blood  tends  to  be  forcibly  spouted  as  indicated  by  the 
dotted  line  6  in  FIG.  1.  Therefore,  the  blood  in  the  blood  reservoir  4  is  liable  to  be  ununiform  in  flow,  or  air 
bubbles  are  apt  to  be  trapped  in  the  blood.  The  blood  reservoir  4  has  a  blood  debubblizing  filter  8  for 
removing  air  bubbles  from  the  blood.  If  the  flow  of  the  blood  B  becomes  ununiform,  then  the  debubblizing 

40  capability  of  debubblizing  filter  8  is  lowered,  and  also  new  air  bubbles  are  produced  by  the  ununiform  blood 
flow. 

One  solution  to  the  above  problems  due  to  the  spouting  of  the  blood  B  from  the  blood  inlet  port  2  into 
the  blood  reservoir  4  would  be  to  provide  a  region  for  allowing  the  blood  B  to  stay  therein  in  the  vicinity  of 
the  blood  inlet  port  2.  However,  if  such  a  region  is  large  enough  to  uniformize  the  blood  flow  caused  by  the 

45  spouted  blood  B,  then  the  amount  of  blood  stored  in  the  blood  reservoir  4  is  increased,  and  hence  the 
priming  volume  of  the  extracorporeal  blood  circulation  circuit,  with  the  result  that  the  burden  on  the  patient 
is  also  increased. 

In  view  of  the  aforesaid  drawbacks  of  the  conventional  blood  reservoirs,  it  is  an  object  of  the  present 
invention  to  provide  a  blood  reservoir  which  can  prevent  blood  introduced  from  blood  inlet  ports  from  being 

50  spouted  and  uniformize  the  flow  of  blood  in  the  blood  reservoir  without  involving  an  increase  in  the  amount 
of  stored  blood,  so  that  the  danger  of  mixing  air  bubbles  in  the  blood  will  be  minimized. 

To  achieve  the  above  object,  there  is  provided  in  accordance  with  the  present  invention  a  hard-shell 
blood  reservoir  comprising  a  blood  inlet  port,  a  blood  inlet  chamber  communicating  with  the  blood  inlet  port, 
a  blood  storage  chamber  communicating  with  the  blood  inlet  chamber,  and  a  blood  outlet  port  communicat- 

55  ing  with  the  blood  storage  chamber,  said  blood  inlet  port  opens  vertically  upwardly  and  is  provided  with  a 
fluid-permeable  member  covering  the  opening  of  the  inlet  port  for  impeding  the  blood  flow  to  inhibit  blood 
from  spouting,  said  blood  storage  chamber  having  a  bottom  extending  progressively  downwardly  from  the 
bottom  of  the  blood  inlet  chamber,  and  said  blood  outlet  port  being  defined  at  the  lowest  end  of  the  blood 
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storage  chamber. 
In  a  preferred  embodiment,  the  fluid-permeable  blood  spouting  inhibitor  comprises  a  mesh  structure. 
The  mesh  structure  has  a  mesh  size  (opening)  ranging  from  2  to  0.42  mm  (mesh  number  ranging  from 

10  to  40). 
5  The  mesh  structure  substantially  covers  the  blood  inlet  port  with  only  one  end  of  the  mesh  structure 

being  fixed. 
The  blood  reservoir  further  includes  a  blood  inlet  chamber  extending  from  the  blood  inlet  port  to  the 

blood  storage  chamber,  and  a  blood  debubblizing  filter  disposed  transversely  across  a  blood  passage 
defined  by  the  blood  inlet  chamber. 

io  FIG.  1  is  a  schematic  elevational  view  of  a  blood  reservoir  as  a  comparative  example; 
FIG.  2  is  a  side  elevational  view,  partly  in  cross  section,  of  an  artificial  lung  apparatus  incorporating  a 
blood  reservoir  according  to  the  present  invention; 
FIG.  3  is  a  vertical  cross-sectional  view  of  the  blood  reservoir  of  the  invention; 
FIG.  4  is  a  cross-sectional  view  taken  along  line  IV  -  IV  of  FIG.  3; 

is  FIG.  5  is  a  diagram  of  a  blood  circuit  employed  in  a  blood  circulation  experiment  conducted  on  the  blood 
reservoir  according  to  the  present  invention;  and 
FIG.  6  is  a  diagram  showing  the  relationship  between  the  mesh  size  of  a  fluid-permeable  member  for 
inhibiting  blood  spouting  employed  in  the  blood  reservoir  of  the  invention  and  the  height  of  a  blood 
spout. 

20  A  preferred  embodiment  of  a  blood  reservoir  according  to  the  present  invention  will  be  described  in 
detail  with  reference  to  the  accompanying  drawings. 

FIG.  2  shows  a  blood  reservoir  20  according  to  the  present  invention  which  is  combined  with  an  artificial 
lung  21  for  exchanging  oxygen  and  carbon  dioxide  in  blood  B  and  a  heat  exchanger  28  for  keeping  the 
blood  B  at  a  predetermined  temperature. 

25  The  blood  reservoir  20  will  first  be  described  with  reference  to  FIGS.  3  and  4. 
The  blood  reservoir  20  is  a  blood  reservoir  of  the  hard  shell  type  for  use  in  an  artificial  lung  circuit.  As 

shown  in  FIG.  3,  the  blood  reservoir  20  has  a  pair  of  blood  inlet  ports  22a,  22b,  a  blood  inlet  chamber  24 
communicating  with  the  blood  inlet  ports  22a,  22b  and  having  a  bottom  which  is  substantially  at  the  same 
level  as  the  blood  inlet  ports  22a,  22b,  a  blood  storage  chamber  26  communicating  with  the  blood  inlet 

30  chamber  24  and  having  a  bottom  extending  progressively  downwardly  from  the  blood  inlet  chamber  24,  and 
a  blood  outlet  port  28  defined  in  the  lower  end  of  the  blood  storage  chamber  26.  The  blood  reservoir  20 
comprises  a  container  housing  30  of  a  hard  material  such  as  hard  polyvinyl  chloride,  polystyrene, 
polycarbonate,  or  the  like.  The  container  housing  30  has  an  upper  opening  closed  by  a  cover  32.  The 
container  housing  30  should  preferably  be  transparent  so  as  to  allow  the  user  to  visually  observe  the  blood 

35  B  stored  in  the  container  casing  2. 
A  fluid-permeable  member  for  inhibiting  blood  spouting  or  blood  flow  stabilizer  33  is  disposed  over  the 

blood  inlet  ports  22a,  22b.  The  blood  inlet  ports  22a,  22b  are  connected  to  blood  outlet  tubes  34a,  34b  (see 
FIG.  2)  from  the  artificial  lung  21.  The  fluid-permeable  member  33  serves  to  lessen  or  stabilize  the  flow  of 
the  blood  B  introduced  from  the  blood  inlet  ports  22a,  22b  into  the  blood  reservoir  20.  The  fluid-permeable 

40  member  33  comprises  a  mesh  of  woven  fiber  members  and  is  disposed  over  the  blood  inlet  ports  22a,  22b 
with  only  one  side  33a  near  the  blood  storage  chamber  26  being  fixed  to  the  bottom  of  the  blood  inlet 
chamber  24  near  the  blood  inlet  ports  22a,  22b  by  adhesive  bonding,  thermal  fusion,  or  the  like. 

The  blood  inlet  chamber  24  communicating  with  the  blood  inlet  ports  22a,  22b  defines  a  blood  passage 
extending  from  the  blood  inlet  ports  22a,  22b  through  the  fluid-permeable  member  33  to  the  blood  storage 

45  chamber  26.  The  blood  inlet  chamber  24  is  higher  in  position  than  the  blood  storage  chamber  26,  and  has  a 
bottom  which  is  substantially  at  the  same  level  as  the  blood  inlet  ports  22a,  22b,  as  described  above.  The 
bottom  of  the  blood  inlet  chamber  24  may  be  flat  or  semicylindrical  in  shape.  However,  the  flat  bottom  is 
preferable  since  a  blood  debubblizing  filter  (described  later)  can  easily  be  placed  thereon.  The  blood 
storage  chamber  26  communicating  with  the  blood  inlet  chamber  24  serves  to  store  the  blood  B  which  has 

50  flowed  into  the  blood  reservoir  20.  The  bottom  of  the  blood  storage  chamber  25  extends  progressively 
downwardly  from  the  blood  inlet  chamber  24.  The  blood  B  which  is  temporarily  stored  in  the  blood  reservoir 
20  is  discharged  out  from  the  blood  outlet  port  29  defined  in  the  lower  end  of  the  blood  storage  chamber 
26. 

The  blood  reservoir  20  also  has  a  blood  debubblizing  filter  36  disposed  in  the  housing  30  and  extending 
55  transversely  fully  in  and  across  the  blood  passage  defined  by  the  blood  inlet  chamber  24.  The  debubblizing 

filter  36  serves  to  remove  air  bubbles  from  the  blood  B  which  has  flowed  into  the  blood  inlet  chamber  24  so 
that  the  blood  B  free  of  air  bubbles  can  be  delivered  into  the  blood  storage  chamber  26.  The  debubblizing 
filter  36  is  generally  in  the  form  of  of  foamed  bodies  which  are  of  a  hydrophobic  nature  to  allow  air  bubbles 

3 
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in  the  blood  to  grow  and  be  removed.  The  foamed  body  is  of  a  three-dimensional  mesh  structure.  In  the 
illustrated  embodiment,  the  debubblizing  filter  36  is  composed  of  a  foamed  body  38a  of  a  larger  mesh 
number  and  a  foamed  body  38b  of  a  smaller  mesh  number,  the  foamed  bodies  38a,  38b  are  arranged  side 
by  side.  The  foamed  body  38a  is  positioned  closer  to  the  blood  inlet  ports  22a,  22b,  whereas  the  foamed 

5  body  38b  is  positioned  closer  to  the  blood  storage  chamber  26.  The  mesh  number  referred  to  above 
represents  the  number  of  interstices  or  openings  occurring  per  length  of  25.4  mm  (1  inch),  and  is  originally 
an  indication  of  the  size  of  openings  of  a  screen  or  sieve. 

The  debubblizing  filter  36  is  held  in  intimate  contact  with  the  bottom  of  the  blood  inlet  chamber  24  and 
extends  across  the  full  width  of  the  blood  passage  so  that  the  incoming  blood  B  will  be  in  full  contact  with 

io  the  debubblizing  filter  36.  The  debubblizing  filter  36  is  also  held  in  intimate  contact  with  the  side  walls  of  the 
housing  30.  The  upper  end  of  the  debubblizing  filter  36  is  preferably  held  in  intimate  contact  with  the  cover 
32  mounted  on  the  top  of  the  housing  30  in  order  to  prevent  the  debubblizing  filter  36  from  being  moved  by 
the  blood  flow  or  to  prevent  the  blood  B  from  flowing  out  beyond  the  upper  end  of  the  debubblizing  filter 
36.  The  housing  30  has  ridges  40a  through  40f  projecting  from  the  inner  side  and  bottom  surfaces  thereof 

is  on  both  lateral  sides  of  the  debubblizing  36. 
The  artificial  lung  21  coupled  to  the  blood  reservoir  20  comprises  a  housing  50  and  attachment  covers 

52a,  52b  closing  the  upper  and  lower  ends,  respectively,  of  the  housing  50.  The  housing  50  accommodates 
therein  a  number  of  hollow  fiber  membranes  54  which  are  vertically  disposed  in  spaced  relation  to  each 
other.  The  hollow  fiber  membranes  54  have  opposite  open  ends  held  in  the  housing  50  by  partitions  56a, 

20  56b  in  a  fluidtight  manner,  with  the  open  ends  remaining  open.  The  attachment  cover  52a,  the  housing  50, 
and  the  partition  56a  jointly  define  a  gas  inlet  space  58  communicating  with  the  hollow  spaces  in  the  hollow 
fiber  membranes  54  and  connected  to  a  gas  inlet  port  60.  The  other  attachment  cover  52b,  the  housing  50, 
and  the  partition  56b  jointly  define  a  gas  outlet  space  62  communicating  with  the  hollow  spaces  in  the 
hollow  fiber  membranes  54  and  connected  to  a  gas  outlet  port  64.  The  inner  wall  surface  of  the  housing  50, 

25  the  partitions  56a,  56b,  and  the  outer  wall  surfaces  of  the  hollow  fiber  membranes  54  jointly  define  a  blood 
chamber  66  connected  to  a  blood  inlet  tube  68  communicating  with  the  heat  exchanger  23  and  the  blood 
outlet  tubes  34a,  34b  which  communicate  with  the  blood  reservoir  20. 

The  blood  outlet  tubes  34a,  34b  of  the  artificial  lung  21  are  joined  in  a  fluidtight  manner  to  the  blood 
inlet  ports  22a,  22b  of  the  blood  reservoir  20.  The  blood  outlet  tubes  34a,  34b  and  the  blood  inlet  ports  22a, 

30  22b  may  be  joined  by  threaded  interfitting  engagement,  tapered  interfitting  engagement,  fitting  engagement 
through  an  O-ring,  ultrasonic  or  high-frequency  bonding,  or  adhesive  bonding. 

The  artificial  lung  21  is  of  the  type  which  delivers  a  gas  G  containing  oxygen  such  as  air  into  the  hollow 
fiber  membranes  54  and  allows  the  blood  B  to  flow  outside  of  the  hollow  fiber  membranes  54  for  a  gaseous 
exchange  between  the  gas  G  and  the  blood  G.  Alternatively,  the  artificial  lung  21  may  be  of  the  type  which 

35  delivers  the  blood  B  into  the  hollow  fiber  membranes  54  and  the  gas  G  containing  oxygen  around  the 
hollow  fiber  membranes  54  for  a  gaseous  exchange  between  the  gas  G  and  the  blood  B,  or  of  the  type 
which  includes  flat  membranes  for  a  gaseous  exchange.  Preferably,  the  artificial  lung  21  should  be  of  the 
type  which  passes  the  blood  B  around  the  hollow  fiber  membranes  54  as  described  above  in  this 
embodiment.  With  the  artificial  lung  21  of  this  type  being  employed,  since  any  pressure  loss  across  the 

40  artificial  lung  21  is  small,  a  blood  circulation  circuit  incorporating  the  blood  reservoir  20  is  not  required  to 
have  a  blood  delivery  pump  in  front  of  the  artificial  lung  21  ,  but  the  blood  B  can  be  fed  by  gravity  from  the 
patient  to  the  artificial  lung  21  and  the  blood  reservoir  20. 

The  heat  exchanger  23  is  coupled  to  the  blood  inlet  tube  68  of  the  artificial  lung  21  .  The  heat  exchanger 
23  has  a  number  of  heat  exchanging  tubes  72  disposed  in  a  casing  70  in  spaced  relation  to  each  other  and 

45  extending  in  the  longitudinal  direction  of  the  casing  70.  The  opposite  open  ends  of  the  heat  exchanging 
tubes  72  are  held  on  side  walls  of  the  casing  70  by  partitions  (not  shown)  in  a  fluidtight  manner,  with  the 
open  ends  of  the  tubes  72  remaining  open.  The  partitions,  the  side  walls  of  the  casing  70,  and  the  outer 
wall  surfaces  of  the  heat  exchanging  tubes  72  jointly  define  a  space  74  which  communicates  with  a  blood 
inlet  port  76  and  the  blood  inlet  tube  68  of  the  artificial  lung  21  .  The  inner  spaces  in  the  heat  exchanging 

50  tubes  72,  which  are  isolated  from  the  space  74  in  a  fluidtight  manner,  communicate  with  a  water  inlet  port 
77  communicating  with  the  exterior  of  one  of  the  partitions  of  the  casing  70  and  a  water  outlet  port  (not 
shown)  communicating  with  the  exterior  of  the  other  partition  of  the  casing  70.  Warm  or  cold  water  W  is 
supplied  from  the  water  inlet  port  77  into  the  heat  exchanging  tubes  72,  and  warms  or  cools  the  blood  B 
held  in  contact  with  the  heat  exchanging  tubes  72.  The  heat  exchanger  23  may  be  of  the  type  in  which  the 

55  blood  B  is  passed  through  the  heat  exchanging  tubes  72  and  a  cooling  or  warming  medium  is  passed 
around  the  heat  exchanging  tubes  72.  The  heat  exchanger  23  and  the  blood  reservoir  20  further  have  ports 
78,  80,  respectively,  for  the  insertion  of  temperature  sensor  probes. 
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The  blood  reservoir  of  the  above  embodiment  is  basically  constructed  as  described  above.  Operation 
and  advantages  of  the  blood  reservoir  will  be  described  below. 

The  blood  reservoir  20,  the  artificial  lung  21  ,  and  the  heat  exchanger  23  which  are  combined  together 
serve  as  an  artificial  lung  apparatus.  The  blood  B  is  introduced  from  the  blood  inlet  port  76  into  the  casing 

5  70  of  the  heat  exchanger  23,  and  warmed  or  cooled  by  the  water  W  flowing  through  the  heat  exchanging 
tubes  72  while  the  blood  B  is  flowing  toward  the  blood  inlet  tube  68  of  the  artificial  lung  21  . 

Then,  the  blood  B  flows  from  the  blood  inlet  tube  68  into  the  housing  50  of  the  artificial  lung  21.  During 
passage  through  the  blood  chamber  66,  a  gaseous  exchange  is  effected  between  the  blood  B  and  the  gas 
G  containing  oxygen  which  flows  through  the  hollow  fiber  membranes  54,  thereby  removing  excessive 

io  carbon  dioxide  from  the  blood  B  and  adding  oxygen  to  the  blood  B.  The  blood  B  to  which  oxygen  is  added 
flows  out  of  the  artificial  lung  21  from  the  blood  outlet  tubes  34a,  34b  and  flows  into  the  blood  reservoir  20 
through  the  blood  inlet  ports  22a,  22b  and  fluid-permeable  member  for  inhibiting  blood  spouting  33. 

Since  the  blood  B  flowing  into  the  blood  reservoir  20  is  reduced  in  speed  when  it  passes  through  the 
fluidpermeable  member  33,  the  blood  B  flowing  from  the  blood  inlet  ports  22a,  22b  does  not  spout  as 

is  indicated  by  the  dotted  line  82  in  FIG.  3,  and  the  danger  of  producing  air  bubbles  in  the  blood  due  to 
localized  blood  flows  is  minimized. 

The  fluid-permeable  member  for  inhibiting  blood  spouting  33  is  not  limited  to  any  size  and  configuration 
insofar  as  it  can  effectively  interfere  with  the  blood  B  from  the  blood  inlet  ports  22a,  22b.  However,  it  is 
preferable  that  the  fluid-permeable  member  33  substantially  cover  the  blood  inlet  ports  22a,  22b.  The  fluid- 

20  permeable  member  for  inhibiting  blood  spouting  33  is  also  not  limited  to  any  structure  insofar  as  it  is 
permeable  to  fluids.  However  ,  it  is  preferable  that  the  fluid-permeable  member  33  be  of  a  mesh  structure 
capable  of  effectively  acting  on  the  blood  B  and  developing  a  small  pressure  loss  due  to  contact  with  the 
blood  B.  If  the  fluid-permeable  member  33  is  a  mesh,  then  the  mesh  size  (opening)  thereof  should 
preferably  range  from  2  mm  to  0.42  mm  (mesh  number  from  10  to  40),  particularly  from  1.3  mm  to  0.50 

25  mm  (mesh  number  from  15  to  35).  If  the  mesh  size  of  the  fluid-permeable  member  33  were  greater  than  2 
mm  (mesh  number  smaller  than  10),  it  would  not  be  sufficiently  effective  to  suppress  the  generation  of  air 
bubbles  upon  an  increase  in  the  amount  of  blood  flowing  therethrough.  If  the  mesh  size  were  lower  than 
0.42  mm  (mesh  number  in  excess  of  40),  air  bubbles  flowing  from  the  blood  inlet  ports  22a,  22b  and 
attached  to  the  mesh  would  tend  to  flow  into  the  blood  reservoir  20  after  elapse  of  a  certain  period  of  time. 

30  The  fluid-permeable  member  33  should  preferably  be  made  of  a  material  that  has  a  less  tendency  to 
activate  the  components  of  the  blood  upon  contact  therewith.  For  example,  such  a  material  may  be 
polyvinyl  chloride,  polyethylene,  polypropylene,  polyester,  polycarbonate,  or  the  like. 

Most  preferably,  the  fluid-permeable  member  33  should  be  arranged  such  that,  as  shown  in  FIGS.  3 
and  4,  the  fluid-permeable  member  33  of  a  mesh  structure  is  positioned  in  substantially  covering  relation  to 

35  the  blood  inlet  ports  22a,  22b  with  only  the  side  33a  thereof  being  fixed.  If  the  opposite  ends  of  the  fluid- 
permeable  member  33  were  fixed,  then  air  bubbles  introduced  from  the  blood  inlet  ports  22a,  22b  would 
tend  to  be  broken  up  by  the  fluid-permeable  member  33.  If  the  mesh  structure  is  of  a  small  mesh  size,  it  is 
apt  to  develop  an  increased  pressure  loss.  With  only  the  side  33a  of  the  fluid-permeable  member  33  being 
fixed,  when  air  bubbles  flow  in  from  the  blood  inlet  ports  22a,  22b,  the  mesh  structure  tend  to  flex  for 

40  thereby  allowing  air  bubbles  to  pass  without  breaking  them  up  and  also  preventing  the  pressure  loss  from 
being  increased. 

The  blood  B  introduced  from  the  blood  inlet  ports  22a,  22b  now  reaches  the  debubblizing  filter  36  in  the 
blood  inlet  chamber  24.  Air  bubbles  contained  in  the  blood  B  contact  the  cells  of  the  foamed  bodies  38a, 
38b  of  the  debubblizing  filter  36  and  are  combined  into  larger  air  bubbles,  which  are  moved  from  the  blood 

45  B  into  an  upper  space  in  the  blood  reservoir  20  and  are  reliably  removed.  Inasmuch  as  the  two  foamed 
bodies  38a,  38b  have  different  mesh  sizes  which  become  smaller  in  the  direction  in  which  the  blood  B 
flows,  the  pressure  loss  across  the  debubblizing  filter  36  is  not  increased,  and  the  air  bubbles  in  the  blood 
B  are  brought  into  sufficient  contact  with  the  cells  of  the  foamed  bodies  38a,  38b,  with  the  result  that  the 
blood  B  is  effectively  debubblized. 

50  The  blood  B  from  which  air  bubbles  have  been  removed  by  the  debubblizing  filter  36  flows  from  the 
blood  inlet  chamber  24  into  the  blood  storage  chamber  26.  After  the  blood  B  has  temporarily  been  stored  in 
the  blood  storage  chamber  26,  it  is  delivered  to  the  patient's  body  from  the  blood  outlet  port  38  in  the  lower 
end  of  the  blood  storage  chamber  26. 

An  experiment  conducted  on  the  blood  reservoir  of  the  present  invention  will  be  described  below. 
55  There  was  employed  a  blood  reservoir  20  including  a  housing  30  having  a  storage  capacity  of  4  I,  with 

each  of  blood  inlet  ports  22a,  22b  being  of  an  elliptical  shape  having  a  length  {I)  of  42  mm,  a  width  (d)  of 
12.2  mm,  and  an  end  radius  (r)  of  6.1  mm,  as  shown  in  FIG.  4.  The  blood  inlet  chamber  24  had  a  flat 
surface  up  to  the  front  edge  of  the  debubblizing  filter  36,  the  flat  surface  having  a  length  of  30  mm  and  a 
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width  of  150  mm.  The  debubblizing  filter  36  was  disposed  in  the  blood  inlet  chamber  24  across  the  blood 
passage  thereof  and  composed  of  a  foamed  body  38a  (having  a  thickness  of  15  mm)  made  of  a 
polyurethane  foam  having  a  mesh  size  of  1.282  mm  (mesh  number  of  13),  the  foamed  body  38a  being 
positioned  closer  to  the  blood  inlet  ports  22a,  22b,  and  a  foamed  body  38b  (having  a  thickness  of  15  mm) 

5  made  of  a  polyurethane  foam  having  a  mesh  size  of  2.38  mm  (mesh  number  of  8),  the  foamed  body  38b 
being  held  closely  against  the  foamed  body  38a  and  positioned  closer  to  the  blood  storage  chamber  26. 
Nets  of  polypropylene  having  various  mesh  size  (mesh  number)  shown  in  Table  1  ,  below,  were  disposed  as 
the  fluid-permeable  member  for  inhibiting  blood  spouting  33  according  to  Inventive  Examples  1  through  5 
over  the  blood  inlet  ports  22a,  22b,  with  the  side  33a  being  fixed,  as  shown  in  FIG.  4. 

io  An  experimental  blood  circuit  was  constructed  of  the  blood  reservoir  20  and  a  blood  storage  tank  88 
having  a  storage  capacity  of  20  I  and  connected  to  the  blood  reservoir  20  by  a  roller  pump  86.  Using  the 
experimental  blood  circuit  and  employing  the  fluid-permeable  members  for  inhibiting  blood  spouting  33  of 
different  mesh  size  (mesh  number),  a  blood  circulation  experiment  was  carried  out  at  blood  flow  rates  of  4 
I/min.  and  6  I/min.  to  determine  how  the  blood  B  was  spouted  from  the  blood  inlet  ports  22a,  22b.  The 

75  results  of  the  experiment  are  shown  in  Table  1  and  FIG.  6. 
A  comparative  blood  circulation  experiment  was  also  conducted  using  the  same  blood  reservoir  as  the 

blood  reservoirs  20  according  to  inventive  examples  1  through  5  in  Table  1  except  that  no  blood  spouting 
inhibitor  33  is  disposed  over  the  blood  inlet  ports  22a,  22b,  and  also  using  the  same  experimental  blood 
circuit  as  described  above,  and  it  was  determined  how  the  blood  B  was  spouted  from  the  blood  inlet  ports 

20  22a,  22b. 

Table  1 

Mesh  size  mm  (mesh  number)  Spout  height  (mm) 

Flow  rate  (4  I/mm)  Flow  rate  (6  I/mm) 

Comparative  Example  -  23  32 

Inventive  Example  1  4.3(5)  18  27 

Inventive  Example  2  2.7(7)  17  25 

Inventive  Example  3  1.6(11.5)  12  17 

Inventive  Example  4  1.35(14.5)  10  16 

Inventive  Example  5  0.5  (33.5)  9  12 

The  height  of  the  spout  of  the  blood  B  from  the  blood  inlet  ports  22a,  22b  in  the  blood  reservoirs  20 
which  have  the  fluid-permeable  members  33  (according  to  Inventive  Examples  1  through  5)  was  apparently 
lower  than  that  in  the  blood  reservoir  which  has  no  fluid-permeable  member  for  inhibiting  blood  spouting 
(according  to  Comparative  Example).  Moreover,  the  spout  height  was  progressively  lower  as  the  mesh 
number  of  the  fluid-permeable  member  33  is  increased  (i.e.,  the  size  of  mesh  openings  is  reduced).  When 
the  spout  height  exceeded  about  20  mm,  air  bubbles  were  produced. 

With  the  present  invention,  as  described  above,  the  blood  reservoir  includes  a  blood  storage  chamber 
having  blood  inlet  ports  and  a  blood  outlet  port,  and  a  fluid-permeable  member  for  inhibiting  blood  spouting 
disposed  over  the  blood  inlet  ports.  Since  blood  flowing  in  from  the  blood  inlet  ports  is  retarded  by  the  fluid- 
permeable  member  inhibiting  blood  spouting,  the  blood  does  not  spout  into  the  blood  reservoir,  and  hence 
the  danger  of  generation  of  air  bubbles  due  to  located  blood  flows  is  minimized.  As  a  result,  it  is  possible  to 
achieve  safer  extracorporeal  circulation  of  blood  when  the  blood  reservoir  is  incorporated  in  an  extracor- 
poreal  blood  circulation  circuit. 

The  fluid-permeable  member  inhibiting  blood  spouting  is  more  effective  in  preventing  the  incoming 
blood  from  being  spouted  if  the  fluid-permeable  member  substantially  covers  the  blood  inlet  ports.  If  the 
fluid-permeable  member  inhibiting  blood  spouting  is  of  a  mesh  structure,  particularly  a  mesh  structure 
having  a  mesh  size  ranging  from  2  to  0.42  mm  (mesh  number  from  10  to  40),  and  is  positioned  in  covering 
relation  to  the  blood  inlet  ports  with  only  one  end  thereof  being  fixed,  then  any  pressure  loss  across  the 
fluid-permeable  member  is  almost  eliminated,  but  the  fluid-permeable  member  can  well  prevent  the  blood 
from  being  spouted. 
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Claims 

1.  A  hard-shell  blood  reservoir  (20)  comprising  a  blood  inlet  port  (22a(b)),  a  blood  storage  chamber  (26), 
said  blood  storage  chamber  having  a  bottom,  and  a  blood  outlet  port  (28)  communicating  with  the 

5  blood  storage  chamber  and  defined  at  the  lowest  end  of  said  blood  storage  chamber,  characterized  in 
that  a  blood  inlet  chamber  is  communicating  with  said  blood  inlet  port  and  said  blood  storage  chamber, 
the  bottom  of  said  blood  storage  chamber  is  extending  progressively  downwardly  from  the  bottom  of 
the  blood  inlet  chamber,  and  said  inlet  port  (22a(b))  opens  vertically  upwardly  and  is  provided  with  a 
fluid-permeable  member  (33)  covering  the  opening  of  the  inlet  port  for  impeding  the  blood  flow  to 

io  inhibit  blood  from  spouting. 

2.  A  blood  reservoir  according  to  claim  1  characterized  in  that  said  fluid-permeable  member  (33) 
comprises  a  mesh  structure. 

is  3.  A  blood  reservoir  according  to  claim  2,  characterized  in  that  said  mesh  structure  has  a  mesh  size 
(opening)  ranging  from  2  to  0.42  mm  (mesh  number  ranging  from  10  to  40). 

4.  A  blood  reservoir  according  to  claim  2  or  3,  characterized  in  that  said  mesh  structure  substantially 
covers  said  blood  inlet  port  with  only  one  end  of  the  mesh  structure  being  fixed. 

20 
5.  A  blood  reservoir  according  to  any  one  of  claims  1  through  4,  wherein  said  blood  inlet  chamber  (24) 

extends  from  said  blood  inlet  port  (22a(b))  to  said  blood  storage  chamber  (26),  and  further  including  a 
blood  debubblizing  filter  (36)  disposed  transversely  across  a  blood  passage  defined  by  said  blood  inlet 
chamber  (24). 

25 
Patentanspruche 

1.  Hartwandiger  Blutbehalter  (20),  der  eine  BluteinlaBoffnung  (22a(b))  und  eine  Blutspeicherkammer  (26) 
hat,  wobei  die  Blutspeicherkammer  einen  Boden  und  eine  BlutauslaBoffnung  (28)  hat,  die  mit  der 

30  Blutspeicherkammer  in  Verbindung  steht  und  an  dem  untersten  Endabschnitt  der  Blutspeicherkammer 
ausgebildet  ist,  dadurch  gekennzeichnet,  daB  eine  BluteinlaBkammer  in  Verbindung  mit  der  Blutein- 
laBoffnung  und  der  Blutspeicherkammer  steht,  der  Boden  der  Blutspeicherkammer  sich  von  dem 
Boden  der  BluteinlaBkammer  aus  progressiv  abwarts  erstreckt,  und  die  EinlaBoffnung  (22a(b))  vertikal 
aufwarts  offnet  und  mit  einem  fluiddurchlassigen  Bauelement  (33)  versehen  ist,  das  die  Mundung  der 

35  EinlaBoffnung  zum  Hemmen  der  Blutstromung  abdeckt,  urn  das  Blut  am  Sprudeln  zu  hindern. 

2.  Blutbehalter  gemaB  Anspruch  1,  dadurch  gekennzeichnet,  daB  das  fluiddurchlassige  Bauelement 
(33)  eine  Gitterstruktur  aufweist. 

40  3.  Blutbehalter  gemaB  Anspruch  2,  dadurch  gekennzeichnet,  daB  die  Gitterstruktur  eine  Gitterweite 
(Offnung)  im  Bereich  von  2  bis  0,42  mm  hat  (Anzahl  der  Gitter  liegt  im  Bereich  von  10  bis  40). 

4.  Blutbehalter  gemaB  Anspruch  2  oder  3,  dadurch  gekennzeichnet,  daB  die  Gitterstruktur  im  wesentli- 
chen  die  BluteinlaBoffnung  bedeckt,  wobei  nur  ein  Endabschnitt  der  Gitterstruktur  befestigt  ist. 

45 
5.  Blutbehalter  gemaB  einem  der  Anspruche  1  bis  4,  wobei  die  BluteinlaBkammer  (24)  sich  von  der 

BluteinlaBoffnung  (22a(b))  bis  zu  der  Blutspeicherkammer  (26)  erstreckt,  und  desweiteren  einen 
Blutentblasungsfilter  (36)  enthalt,  der  quer  durch  einen  durch  die  BluteinlaBkammer  (24)  ausgebildeten 
Blutdurchgang  angeordnet  ist. 

50 
Revendications 

1.  Reservoir  a  sang  (20)  a  enveloppe  dure  comprenant  un  orifice  (22a(b))  d'admission  de  sang,  une 
chambre  (26)  de  stockage  de  sang,  ladite  chambre  de  stockage  de  sang  comportant  un  fond,  et  un 

55  orifice  (28)  de  sortie  de  sang  communiquant  avec  la  chambre  de  stockage  de  sang  et  defini  a 
I'extremite  la  plus  basse  de  ladite  chambre  de  stockage  de  sang,  caracterise  en  ce  qu'une  chambre 
d'admission  de  sang  communique  avec  ledit  orifice  d'admission  de  sang  et  ladite  chambre  de  stockage 
de  sang,  le  fond  de  ladite  chambre  de  stockage  de  sang  s'etendant  progressivement  vers  le  bas 
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depuis  le  fond  de  la  chambre  d'admission  de  sang,  et  ledit  orifice  d'admission  (22a(b))  s'ouvre 
verticalement  vers  le  haut  et  est  pourvu  d'un  element  (33)  permeable  aux  fluides,  recouvrant  I'ouverture 
de  I'orifice  d'admission  pour  ralentir  I'ecoulement  du  sang  et  pour  empecher  le  sang  de  jaillir. 

5  2.  Reservoir  a  sang  selon  la  revendication  1,  caracterise  en  ce  que  ledit  element  (33)  permeable  aux 
fluides  comprend  une  structure  maillee. 

3.  Reservoir  a  sang  selon  la  revendication  2,  caracterise  en  ce  que  ladite  structure  maillee  presente  une 
taille  de  maille  (ouverture)  comprise  entre  2  et  0,42  mm  (nombre  de  mailles  compris  entre  10  et  40). 

10 
4.  Reservoir  a  sang  selon  la  revendication  2  ou  3,  caracterise  en  ce  que  ladite  structure  maillee  recouvre 

pratiquement  ledit  orifice  d'admission  de  sang,  I'une  des  extremites  seulement  de  la  structure  maillee 
etant  fixee. 

is  5.  Reservoir  a  sang  selon  I'une  quelconque  des  revendications  1  a  4,  dans  lequel  ladite  chambre 
d'admission  de  sang  (24)  s'etend  depuis  ledit  orifice  d'admission  de  sang  (22a(b))  jusqu'a  ladite 
chambre  (26)  de  stockage  de  sang,  et  comprenant  en  outre  un  filtre  (36)  d'elimination  des  bulles  du 
sang  dispose  transversalement  dans  un  passage  d'acheminement  de  sang  defini  par  ladite  chambre 
(24)  d'admission  de  sang. 

20 
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