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Description 

Technical  Field 

This  invention  relates  to  a  blood  separator 
which  automatically  separates  centrifuged  compo- 
nent  parts  of  blood  contained  in  a  blood  bag  by 
distributing  the  component  parts  to  separation 
bags. 

A  blood  separator  as  defined  in  the  first  of 
Claim  1  is  disclosed  in  GB-A-2  046  612. 

Background  Art 

Recently,  abuses  associated  with  whole  blood 
transfusion  are  becoming  to  be  regarded  as  a 
serious  problem,  and  component  transfusion, 
whereby  only  the  component  parts  of  blood  neces- 
sary  for  a  patient  are  used  for  transfusion,  is  in- 
creasingly  being  adopted  with  a  view  to  minimizing 
the  physical  burdens  imposed  on  a  patient  and 
unfavorable  side  effects  due  to  immunity  and  the 
like. 

To  make  a  component  preparation,  it  is  neces- 
sary  to  separate  the  component  parts  of  blood  in  a 
blood  bag  by  means  of  a  centrifugal  separator  and 
to  supply  the  component  parts  to  respective  sepa- 
ration  bags. 

In  a  conventional  process,  a  separator  stand 
such  as  that  shown  in  Fig.  8  is  used  to  manually 
separate  centrifuged  plasma  in  a  blood  bag  and 
enclose  the  separated  plasma  by  forming  an  en- 
closing  portion  in  a  tube  extending  from  a  separa- 
tion  bag. 

That  is,  a  blood  bag  1  which  has  undergone 
centrifugation  is  set  under  vertically  retaining  pins  3 
while  blood  corpuscles  are  prevented  from  rising. 
An  intermediate  portion  of  a  tube  extending  from  a 
separation  bag  4  is  previously  closed  by  a  clamp 
6,  and  a  separation  needle  7  attached  to  the  ex- 
treme  end  of  the  tube  5  is  put  through  an  outlet  1a 
of  the  blood  bag  1  so  that  the  two  bags  are 
connected  with  each  other.  A  lever  8  of  the  separa- 
tion  stand  2  is  then  disengaged  from  a  hook  9.  The 
lever  8  that  is  constantly  forced  by  a  spring  (not 
shown)  in  the  desired  direction  thereby  pinches  the 
blood  bag  1  between  a  swingable  pressurizing 
plate  1  1  and  a  stationary  plate  1  0  of  the  separation 
stand  2.  At  the  same  time,  the  clamp  6  closing  the 
intermediate  portion  of  the  tube  5  is  removed, 
thereby  allowing  plasma  to  be  separately  supplied 
to  the  separation  bag  4.  When  blood  corpuscles 
start  entering  the  tube  5  after  the  plasma  has 
moved  to  the  separation  bag  4,  the  tube  5  is 
closed  by  the  clamp  6,  the  pressurizing  plate  1  1  is 
returned,  and  the  lever  8  is  brought  into  engage- 
ment  with  the  hook  9. 

Thereafter,  the  separation  bag  4  is  pressed  by 

hand  and  the  clamp  6  is  opened  so  as  to  discharge 
air  toward  the  blood  bag  1,  and  the  tube  5  is 
closed  by  the  clamp  6. 

Conventionally,  an  ordinary  separation  process 
5  is  based  on  manual  operations,  as  described 

above,  and  entails  the  problems  described  below. 
1)  The  burden  imposed  on  the  operator  is  con- 
siderable.  That  is  to  say,  the  separation  opera- 
tion  is  labor-intensive  and  is  conducted  one  bag 

io  at  a  time.  The  number  of  bags  simultaneously 
operated  by  one  operator  is  at  most  two.  The 
level  of  working  efficiency  is  therefore  low. 
2)  Such  items  of  equipment  as  a  separation 
stand,  a  balance  and  a  tube  sealer  must  be 

75  provided  separately,  and  the  space  occupied  by 
such  equipment  is  considerable. 
3)  A  high  degree  of  skill  and  intuition  are  need- 
ed  in  controlling  the  quantity  of  each  blood 
component  part. 

20 
Disclosure  of  the  Invention 

An  object  of  the  present  invention  is  to  provide 
a  blood  separator  free  from  these  problems. 

25  The  present  invention  therefore  provides  a 
blood  separator  as  defined  in  Claim  1  . 

The  control  means  controls  the  limiting  means 
by  receiving,  as  an  item  of  control  information, 
detection  information  from  the  detection  means 

30  and/or  measured  weight  information  from  the 
retention/measurement  means,  and  thereby  auto- 
matically  stores  the  component  parts  in  the  respec- 
tive  separation  bags. 

35  Brief  Description  of  the  Drawings 

Figs.  1A  to  1C  are  diagrams  of  the  appearance 
of  an  embodiment  of  the  present  invention; 
Fig.  2A  and  2B  are  block  diagrams  of  this  em- 

40  bodiment; 
Figs.  3A  to  3C  are  flow  charts  of  a  first  se- 
quence  of  the  embodiment; 
Fig.  4  is  a  diagram  of  a  state  of  a  blood  bag 
which  has  undergone  strong  centrifugation; 

45  Fig.  5  is  a  diagram  of  a  state  of  a  secondary 
bag  which  has  undergone  light  centrifugation 
after  separation  processing  in  accordance  with 
the  first  sequence  of  the  embodiment; 
Figs.  6A  and  6B  are  flow  charts  of  a  second 

50  sequence  of  the  embodiment; 
Figs.  7A  and  7B  are  flow  charts  of  a  third 
sequence  of  the  embodiment;  and 
Fig.  8  is  a  diagram  of  the  appearance  of  a 
conventional  blood  separator. 

55 
Best  Mode  for  Carrying  Out  the  Invention 

A  preferred  embodiment  of  the  present  inven- 
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tion  will  be  described  below  with  reference  to  the 
accompanying  drawings. 

[First  Embodiment] 

(Construction) 

Figs.  1A  to  1C  are  a  plan  view,  a  front  view  and 
a  side  view  of  an  embodiment  of  the  present  inven- 
tion,  illustrating  the  appearance  thereof. 

Referring  to  Figs.  1A  to  1C,  a  pressurizing 
plate  21  for  pressurizing  a  blood  bag  51  ,  a  stopper 
22  for  limiting  the  movement  of  the  pressurizing 
plate  21,  a  measurement  plate  23,  a  weight  scale 
window  24  through  which  a  measured  value  of  the 
weight  of  an  object  placed  on  the  measurement 
plate  23  is  indicated  are  illustrated.  The  weight  of 
the  object  on  the  measurement  plate  23  is  mea- 
sured  by  a  spring  balance  mechanism  having  par- 
allel  links  and  incorporating  a  rotary  encoder  which 
outputs  a  signal  having  a  value  proportional  to  the 
measured  weight. 

An  adjustment  knob  25  is  used  to  adjust  the 
position  of  a  photosensor  29  in  the  vertical  direc- 
tion.  A  worm  gear  26  is  fixed  to  a  rotary  shaft 
connected  to  the  adjustment  knob  25.  The  worm 
gear  26  constantly  meshes  with  a  pinion  gear  27  to 
which  the  photosensor  29  is  secured.  At  a 
pressurization/retention  section  28,  the  blood  bag 
51  is  retained  and  pressurized  with  the  pressurizing 
plate  21.  The  photosensor  29  is  used  to  detect  a 
concentrated  red  corpuscle  portion  of  blood  in  the 
blood  bag  51  suspended  from  hook  pins  (not 
shown)  of  the  pressurization/retention  section  28. 

A  separation  bag  is  suspended  from  a  hanger 
31.  A  spring  balance  mechanism  having  parallel 
links  is  constructed  below  the  hanger  31  .  A  rotary 
encoder  incorporated  in  the  balance  mechanism 
outputs  a  signal  having  a  value  proportional  to  the 
measured  weight  of  the  separation  bag  suspended 
from  the  hanger  31  .  Another  hanger  32  is  provided 
from  which  an  separation  bag  optionally  used  is 
suspended.  Each  of  clamp  valves  33  to  35  is 
operated  to  control  the  flow  of  a  liquid  in  a  tube  by 
fastening  a  tube  sealer.  When  the  valve  is  closed, 
the  liquid  flow  is  stopped.  An  operational  panel  40 
is  provided  with  a  power  switch  15,  a  select  switch 
36  for  selecting  one  of  different  operational  modes, 
a  start  switch  37,  and  a  stop  switch  38.  Handles  41 
and  42  and  a  maintenance  panel  43  are  also  pro- 
vided.  Bags  51  to  54  which  receive  component 
parts  of  blood  may  also  be  attached  to  the  hanger 
32  if  necessary. 

The  construction  of  an  electric  control  section 
of  this  embodiment  will  be  described  below  with 
reference  to  block  diagrams  of  Figs.  2A  and  2B. 

A  control  section  100  controls  the  overall  op- 
eration  of  this  embodiment  in  accordance  with  a 

program  stored  in  a  program  cassette  200  attached 
to  a  connector  115  of  a  program  cassette  control 
section  114.  A  pressurizing  cylinder  control  section 
101  controls  a  pressurising  cylinder  102  which 

5  maintains  the  pressurizing  plate  in  a  non-pressuriz- 
ing  state  against  the  pressure  of  a  spring  (not 
shown).  The  pressurizing  plate  21  pressurizes  a  set 
bag  by  the  force  of  this  spring  when  the  pressuriz- 
ing  cylinder  102  is  not  actuated.  A  hanger  weight 

io  conversion  section  103  calculates  the  weight  of  a 
bag  suspended  from  the  hanger  31  from  a  signal 
which  is  output  from  a  rotary  encoder  105  of  a 
weight  measurement  section  104  provided  below 
the  hanger  31  and  which  has  a  value  proportional 

is  to  the  weight  of  the  bag,  the  hanger  weight  conver- 
sion  section  103  then  outputs  a  calculated  value  to 
the  control  section  100.  A  weight  conversion  sec- 
tion  106  calculates  the  weight  of  a  bag  placed  on 
the  measurement  plate  23  from  a  signal  which  is 

20  output  from  a  rotary  encoder  108  and  which  has  a 
value  proportional  to  the  weight  of  the  bag  mea- 
sured  by  a  weight  measurement  section  107,  and 
the  weight  conversion  section  106  outputs  a  cal- 
culated  value  to  the  control  section  100. 

25  Valve  control  sections  110  to  112  control 
opening/closing  of  the  clamp  valves  1  to  3  (33  to 
35).  A  RAM  113,  a  sound  output  control  section 
116  for  driving  a  speaker  or  controlling  sound  out- 
puts  from  the  speaker,  e.g.,  a  chime  sound,  the 

30  photosensor  29  and  the  switches  36  to  38  are  also 
connected  to  the  control  section  100. 

(Operation) 

35  A  process  of  control  effected  by  the  thus- 
constructed  embodiment  will  be  described  below 
with  specific  reference  to  the  flow  charts  of  Figs. 
3A  to  3C. 

In  step  S1,  a  key  "1"  of  the  select  switch  36  is 
40  selected  to  select  a  first  sequence.  In  step  S2, 

bags  are  thereafter  set  in  respective  positions.  In 
this  case,  a  blood  bag  51  which  has  undergone 
strong  centrifugation  (e.g.,  at  1700  to  5500  G  for  4 
to  10  minutes)  is  set  inside  the  pressuring  plate,  a 

45  secondary  bag  1  (52)  is  suspended  from  the  hang- 
er  31  and  a  secondary  bag  3  (53)  and  a  tertiary 
bag  (54)  are  placed  on  the  measurement  plate  23. 
In  step  S3,  communication  is  provided  between  the 
secondary  and  tertiary  bags  and  the  blood  bags  by 

50  tubes  extending  through  the  clamp  valves  1  and  3 
(33  and  35),  as  shown  in  Fig.  1A,  although  no  tube 
is  provided  between  the  hanger  32  and  the  clamp 
valve  2  (34)  in  this  case. 

The  component  parts  of  blood  in  the  blood  bag 
55  51  are  separate  from  each  other,  as  shown  in  Fig. 

4.  That  is,  a  concentrated  red  corpuscle  layer  61  is 
formed  at  the  bottom,  a  white  corpuscle  layer  62  is 
formed  over  the  layer  61,  a  platelet  layer  63  is 
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formed  over  the  layer  62,  and  a  plasma  layer  64  is 
formed  at  the  highest  position. 

In  step  S4,  check  is  made  to  determine  wheth- 
er  or  not  the  detection  position  of  the  photosensor 
29  is  approximately  at  a  predetermined  height 
(e.g.,  about  32  mm)  from  an  upper  surface  of  the 
blood  bag  51  (position  A  shown  in  Fig.  4)  after  the 
blood  bag  51  has  been  suitably  set  at  the  position 
of  the  pressurizing  plate  21  .  If  the  photosensor  29 
is  not  at  the  predetermined  position,  the  photosen- 
sor  29  is  moved  in  the  vertical  direction  in  step  S5 
by  rotating  the  adjustment  knob  25  so  as  to  adjust 
the  photosensor  29  to  the  desired  position,  and  the 
process  then  proceeds  to  step  S6.  Since  light  can 
be  transmitted  through  the  plasma  layer  64,  supply 
of  the  blood  content  to  the  secondary  bag  1  (52) 
can  be  controlled  so  that  the  content  is  discharged 
until  the  photosensor  29  detects  the  concentrated 
red  corpuscle  layer  61,  thereby  enabling  the  user 
to  adjust  the  amount  of  supplied  liquid. 

Preparation  for  blood  separation  is  thereby 
completed.  Then,  in  step  S6,  the  start  switch  37  is 
depressed  to  input  a  starting  signal.  In  step  S7,  the 
clamp  valve  2  (34)  and  the  clamp  valve  3  (35)  are 
closed  to  inhibit  the  liquid  from  flowing  through  the 
set  tubes.  The  flows  into  the  secondary  bag  2  (not 
set,  in  this  example)  and  the  secondary  bag  3  (53) 
are  thereby  stopped.  In  step  S8,  a  command  to 
stop  actuation  of  the  pressurizing  cylinder  is  issued 
to  the  pressurizing  cylinder  control  section  101, 
thereby  allowing  the  pressurizing  plate  21  to 
squeeze  (press)  the  blood  bag  51  by  the  pressure 
of  the  pressurizing  plate  spring.  Consequently,  in 
step  S9,  the  blood  content  in  the  blood  bag  51  is 
transported  to  the  secondary  bag  1  (52)  via  the 
clamp  valve  1  (33)  in  an  open  state.  In  step  S10, 
whether  or  not  the  photosensor  29  has  detected 
the  concentrated  red  corpuscle  layer  61  is 
checked.  If  NO,  completion  of  detection  is  waited. 
After  the  red  corpuscle  level  in  the  blood  bag  51 
has  been  detected  by  the  photosensor  29,  the 
process  proceeds  from  step  S10  to  step  S11,  and 
a  command  to  close  the  clamp  valve  1  (33)  is 
issued  to  the  valve  control  section  110,  thereby 
stopping  the  flow  into  the  secondary  bag  1  (52).  As 
a  result,  only  the  plasma  layer  64  in  the  blood  bag 
51  is  transported  to  the  secondary  bag  1  (52). 

In  step  S12,  the  weight  of  the  secondary  bag  3 
(53)  and  the  tertiary  bag  (54)  that  are  placed  on  the 
measurement  plate  23  and  that  are  vacant  is  mea- 
sured  (weight  data  is  read  from  the  weight  conver- 
sion  section  106),  and  the  value  of  the  weight  is 
stored  in  the  RAM  113.  In  step  S13,  the  valve 
control  section  3  (112)  is  controlled  so  as  to  open 
the  clamp  valve  3  (35)  and,  in  step  S14,  the  blood 
content  in  the  blood  bag  51  is  thereby  transported 
to  the  secondary  bag  3  (53).  The  control  section 
100  monitors  the  measured  weight  output  from  the 

weight  conversion  section  106,  and  checks  whether 
or  not  a  quantity  of  blood  content  corresponding  to 
a  first  set  value  (e.g.,  70  g)  designated  from  the 
program  cassette  200  has  entered  the  bag  (or 

5  whether  or  not  the  weight  of  the  bag  has  in- 
creased).  After  transportation  of  the  first  set  quan- 
tity  has  been  completed,  the  process  proceeds  to 
step  S16,  and  the  valve  control  section  3  (112)  is 
controlled  so  as  to  close  the  clamp  valve  3  (35), 

io  thereby  stopping  the  flow  into  the  secondary  bag  3 
(53).  Thereafter,  in  step  S17,  the  pressurizing  cyl- 
inder  control  section  101  is  controlled  so  as  to 
actuate  the  pressurizing  cylinder  102  to  open  the 
pressurizing  plate  21.  The  secondary  bag  3  (53)  is 

is  thereby  supplied  with  platelets,  part  of  white  and 
red  corpuscles  and  the  rest  of  plasma. 

In  step  S18,  the  valve  control  section  1  (110)  is 
controlled  so  as  to  open  the  clamp  valve  1  (33) 
and,  in  step  S19,  the  blood  content  (plasma)  is 

20  thereby  allowed  to  flow  from  the  secondary  bag  1 
(52)  into  the  primary  bag,  i.e.,  the  blood  bag  51  by 
spontaneous  fall.  Then,  in  step  S20,  the  weight  of 
the  secondary  bag  1  (52)  suspended  from  the 
hanger  31  is  read  from  the  hanger  weight  conver- 

25  sion  section  103,  and  whether  or  not  a  quantity  of 
liquid  corresponding  to  a  set  bag  weight  (e.g.,  20 
g)  designated  from  the  program  cassette  200  has 
entered  the  bag  is  monitored.  After  the  set  value 
has  been  reached,  the  process  proceeds  to  step 

30  S21,  and  the  valve  control  section  110  is  controlled 
so  as  to  close  the  clamp  valve  1  (33),  thereby 
stopping  the  flow  into  the  blood  bag  51  . 

Thus,  the  predetermined  quantity  of  plasma 
flows  into  the  concentrated  red  corpuscles  remain- 

35  ing  in  the  blood  bag  51  .  As  a  result,  the  hematocrit 
value  of  the  concentrated  red  corpuscle  liquid  can 
be  corrected  to,  for  example,  80  %  or  less. 

Separation  of  the  blood  components  is  thus 
completed  and,  in  steps  S22  and  S23,  the  sound 

40  output  control  section  116  is  controlled  so  as  to 
output  a  chime  sound  from  the  speaker  117  several 
times  as  well  as  to  blink  the  start  lamp  118 
(illumination  portion  of  the  illumination  type  of  start 
switch  37).  The  operator  thereby  recognizes  that 

45  the  process  of  separating  the  blood  components 
has  been  completed.  The  operator  then  pinch  the 
tubes  used  for  connection  between  the  bags  by 
clips  or  the  like  so  as  to  close  the  tubes,  and 
thereafter  depresses  the  end  switch  38  to  input  an 

50  ending  signal.  In  response  to  this  input  monitored 
by  the  control  section  100,  the  process  proceeds  to 
step  S25,  and  the  valve  control  sections  110  to  112 
are  controlled  so  as  to  open  the  clamp  valves  33  to 
35,  thereby  terminating  the  process. 

55  In  the  above  description,  the  present  invention 
is  exemplified  with  respect  to  the  case  where  the 
secondary  bag  2  is  not  suspended  from  the  hanger 
32.  The  secondary  bag  2  may  be  used  in  such  a 

4 
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manner  that  an  additive  liquid  for  preservation  of 
blood  to  be  supplied  to  the  blood  bag  as  desired  is 
contained  in  the  secondary  bag  2,  and  a  predeter- 
mined  quantity  of  the  additive  liquid  is  supplied  to 
the  blood  bag  51  after  step  S17.  Of  the  blood 
component  parts  separated  and  distributed  in  the 
blood  bag  51  and  the  secondary  bags  1  (52)  and  3 
(53),  concentrated  red  corpuscles  61,  white  cor- 
puscles  62  and  platelets  63  and  part  of  plasma  64 
can  be  separated  more  finely. 

To  perform  this  operation,  the  secondary  bag  3 
(53)  is  subjected  to  weak  centrifugation.  For  exam- 
ple,  weak  centrifugation  is  effected  at  800  G  for  5 
minutes.  After  this  processing,  the  content  of  the 
secondary  bag  3  (53)  is  in  a  state  such  as  that 
illustrated  in  Fig.  5,  and  the  upper  most  layer  is  a 
layer  of  liquid  platelets  65.  A  quantity  of  liquid 
platelets  can  be  obtained  by  such  a  light  cen- 
trifugation. 

Thereafter,  a  process  in  accordance  with  a 
second  sequence  shown  in  Figs.  6A  and  6B  may 
be  executed. 

First,  in  step  S50,  a  key  "2"  of  the  select 
switch  36  is  depressed  to  select  the  second  se- 
quence.  In  step  S51,  the  secondary  bag  3  (53)  in 
the  state  shown  in  Fig.  5  is  set  at  the  pressurizing 
plate  21,  the  tertiary  bag  (54)  is  placed  on  the 
measurement  plate  33,  and  connection  is  provided 
between  these  bags  by  using  a  tube  which  is  led 
through  the  clamp  valve  3  (35).  In  step  S52,  wheth- 
er  or  not  the  photosensor  29  is  at  the  predeter- 
mined  position  is  checked,  as  in  the  case  of  step 
S4.  If  NO,  the  adjustment  knob  25  is  rotated  in  step 
S53  to  set  the  photosensor  29  to  the  desired  posi- 
tion.  The  process  then  proceeds  to  step  S54,  and 
the  start  switch  37  is  depressed  and  turned  on.  The 
control  section  1  00  detects  the  on  state  of  the  start 
switch  37  and  controls  the  pressurizing  cylinder 
control  section  101  to  stop  actuation  of  the  pres- 
surizing  cylinder,  so  that  the  pressurizing  plate  21 
is  pressed  against  the  secondary  bag  3  (53)  by  the 
force  of  the  pressurizing  plate  spring  (not  shown). 
Then,  in  step  S56,  the  clamp  valve  3  (35)  is 
opened,  and  the  content  liquid  in  the  secondary 
bag  3  (53)  is  transported  to  the  tertiary  bag  (54).  In 
step  S58,  whether  or  not  the  photosensor  29  has 
detected  red  corpuscles  is  monitored.  After  the 
photosensor  29  has  detected  red  corpuscles,  the 
process  proceeds  to  step  S59,  and  the  valve  con- 
trol  section  110  is  controlled  so  as  to  close  the 
clamp  valve  3  (35).  In  steps  S60  to  S62,  chime 
sound  is  output,  the  start  lamp  118  is  made  to 
blink,  and  the  input  given  by  pressing  the  end 
switch  38  is  waited,  as  in  the  case  of  steps  S22  to 
S24.  The  operator  presses  the  end  switch  after  he 
has  recognized  the  completion  of  the  second  se- 
quence  and  performed  necessary  operations.  Then, 
the  process  proceeds  from  step  S62  to  step  S63, 

the  clamp  valve  1  is  opened,  and  the  process 
terminates. 

This  control  process  enables  liquid  platelets  65 
to  be  separated  alone  from  the  mass  of  concen- 

5  trated  red  corpuscles  61,  white  corpuscles  62  and 
liquid  platelets  65. 

[Second  Embodiment] 

io  (Operation) 

The  present  invention  has  been  described  with 
respect  to  the  case  where  the  content  liquid  in  the 
secondary  bag  3  (53)  is  separated  under  the  con- 

15  trol  using  the  photosensor  29.  However,  the  em- 
bodiment  apparatus  is  capable  of  effecting  separa- 
tion  by  utilizing  weight  measurement  instead  of 
sensing  with  the  photosensor. 

An  example  of  such  a  separation  process 
20  based  on  weight  measurement  will  be  described 

below  with  reference  to  the  flow  charts  of  Figs.  7A 
and  7B. 

In  step  S100,  a  key  "3"  of  the  select  switch  36 
is  depressed  to  select  a  third  sequence.  In  step 

25  101,  the  secondary  bag  3  (53)  in  the  state  shown  in 
Fig.  5  is  set  at  the  pressurizing  plate,  and  the 
tertiary  bag  (54)  is  placed  on  the  measurement 
plate  23.  In  step  S102,  communication  is  provided 
between  the  secondary  bag  3  (53)  and  the  tertiary 

30  bag  (54)  by  a  tube  which  is  clamped  by  the  clamp 
valve  3  (35)  at  its  intermediate  portion.  In  step 
S103,  the  start  switch  37  is  depressed  and  turned 
on.  The  control  section  100  detects  this  operation, 
the  process  immediately  proceeds  to  step  104,  and 

35  the  valve  control  section  110  is  controlled  so  as  to 
close  the  clamp  valve  3  (35).  Then,  in  step  S105, 
the  weight  of  the  tertiary  bag  (54)  placed  on  the 
measurement  plate  23  is  measured  and  a  mea- 
sured  value  is  stored  in  the  RAM  113.  In  step 

40  S106,  the  pressurizing  cylinder  control  section  101 
is  controlled  so  as  to  stop  actuation  of  the  pres- 
surising  cylinder,  so  that  the  pressurizing  plate  21 
is  pressed  against  the  secondary  bag  3  (53)  by  the 
force  of  the  pressurizing  plate  spring.  In  step  S107, 

45  the  clamp  valve  3  (35)  is  opened  and,  in  step 
S108,  the  blood  content  of  the  secondary  bag  3 
(53)  is  transported  to  the  tertiary  bag  (54)  by  the 
pressing  with  the  pressurizing  plate  21  . 

In  step  S109,  the  weight  of  the  tertiary  bag 
50  (54)  is  monitored  by  being  read  from  the  weight 

conversion  section  106,  and  is  checked  to  deter- 
mine  whether  or  not  the  weight  of  the  tertiary  bag 
has  been  increased  to  a  predetermined  value  des- 
ignated  from  the  program  cassette  200  by  trans- 

55  portation  of  a  predetermined  quantity  (e.g.,  40  g). 
After  transportation  of  the  predetermined  quantity 
has  been  completed,  the  process  proceeds  to  step 
S110.  In  steps  S110  to  S114,  the  same  processing 
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as  steps  S59  to  S63  of  Fig.  6  is  executed. 
As  described  above,  the  blood  separator  in 

accordance  with  this  embodiment  operates  on  the 
basis  of  a  multi-bag  system  for  making  blood  com- 
ponent  preparations  by  centrifugation  (e.g.,  a 
double-bag  system,  triple-bag  system,  a 
quadruple-bag  system  or  SAG  bag  system)  and 
automatically  separates  the  blood  component  parts 
(red  and  white  corpuscles,  platelets  and  plasma)  as 
desired.  The  present  invention  thus  eliminates  the 
need  for  any  manual  separating  operation  such  as 
that  required  in  the  conventional  system,  thereby 
reducing  the  burdens  imposed  on  the  operator. 

Moreover,  the  present  invention  enables  one 
unit  to  have  various  functions,  i.e.,  functions  as  a 
separation  stand,  a  function  for  detecting  an  inter- 
face  between  the  blood  components,  a  clamping 
function  (tube  sealing  function)  and  a  weight  mea- 
suring  function,  thereby  enabling  construction  of  a 
blood  separator  having  a  reduced  size. 

The  blood  separator  of  the  present  invention 
can  be  operated  by  any  person  to  separate  the 
blood  components  uniformly,  although  convention- 
ally  the  operator  needs  to  be  skilled  in  controlling 
the  detection  of  an  interface  between  the  blood 
components  and  the  quantity  (weight)  of  each 
blood  component  part  as  well  as  have  quick  per- 
ceptions. 

As  described  above,  the  blood  separator  of  the 
present  invention  is,  though  reduced  in  size,  ca- 
pable  of  automatically  separating  desired  quantities 
of  blood  components  without  requiring  a  high  de- 
gree  of  skill  and  intuition. 

Also,  the  blood  separator  of  the  present  inven- 
tion  is,  though  reduced  in  size,  capable  of  enabling 
the  operator  to  select  the  height  at  which  the 
interface  is  detected,  as  well  as  automatically  sepa- 
rating  desired  quantities  of  blood  components  with- 
out  requiring  a  high  degree  of  skill  and  intuition. 

Claims 

1.  A  blood  separator  comprising: 

blood  bag  pressurizing  means  (21)  for  retain- 
ing  a  centrifuged  blood  bag  (51)  and  pressuriz- 
ing  the  same  at  a  predetermined  pressure; 

separation  bags  (52,  53,  54)  connected  with 
said  blood  bag  (51)  via  tube  means  (56,  57, 
58)  and  capable  of  receiving  separated  blood 
components; 

limiting  means  (33,  34,  35)  provided  at  inter- 
mediate  portions  of  said  tube  means  (56,  57, 
58)  between  said  blood  bag  (51)  and  said 
separation  bags  (52,  53,  54),  said  limiting 
means  (33,  34,  35)  limiting  the  flows  of  liquids 

in  said  tube  means  (56,  57,  58); 

detection  means  (29)  for  detecting  the  level  of 
an  interface  between  components  of  blood  in 

5  said  blood  bag  (51)  retained  by  said  blood  bag 
pressurizing  means  (21);  and 

control  means  (100)  for  controlling  said  limiting 
means  (33,  34,  35)  while  receiving,  as  an  item 

io  of  control  information,  detection  information 
from  said  detection  means  (29), 

characterized  by 

is  moving  means  (25,  26,  27)  for  moving  said 
detecting  means  (29)  relative  to  said  blood  bag 
(51)  and 

a  multiple  number  of  retention/measurement 
20  means  (31,  32,  23)  each  holding  one  of  said 

separation  bags  (52,  53,  54),  said 
retention/measurement  means  (31,  32,  23) 
measuring  the  weight  of  said  each  separation 
bags  (52,  53,  54); 

25 
whereby  said  control  means  (100)  is  adapted 
to  control  said  limiting  means  (33,  34,  35)  in 
accordance  with  measurement  information 
from  said  retention/measurement  means  (31, 

30  32,  23)  instead  or  additionally  to  said  detection 
information. 

2.  A  blood  separator  according  to  claim  1, 
wherein  said  detection  means  (29)  includes 

35  light  emitting  means  and  light  receiving  means 
for  receiving  light  emitted  from  said  light  emit- 
ting  means  and  transmitted  through  said  blood 
bag  (51),  said  detection  means  (29)  detecting 
the  interface  from  a  change  in  the  intensity  of 

40  the  transmitted  light  due  to  a  difference  be- 
tween  compositions  of  the  blood  components 
in  said  blood  bag  (51). 

3.  A  blood  separator  according  to  claim  1, 
45  wherein  a  tube  of  said  tube  means  extending 

from  said  blood  bag  (51)  diverges  into  a  tube 
(56)  connecting  with  a  first  one  of  said  separa- 
tion  bag  (52)  and  another  tube  (58)  connecting 
with  second  one  of  said  separation  bag  (53), 

50  and  said  limiting  means  (33,35)  limits  the  flows 
between  the  divergence  point  and  said  separa- 
tion  bags  (52,53). 

4.  A  blood  separator  according  to  claim  1, 
55  wherein  the  position  of  at  least  one  of  said  bag 

retaining  means  (31  ,32)  for  retaining  said  sepa- 
ration  bags  (52,53,54)  is  higher  than  that  of 
said  blood  bag  pressurizing  means  (21). 
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5.  A  blood  separator  according  to  claim  4, 
wherein  a  separated  blood  component  re- 
ceived  by  one  of  said  separation  bag  (52) 
retained  at  the  upper  position  can  be  returned 
to  said  blood  bag  (51). 

6.  A  blood  separator  according  to  claim  5, 
wherein  said  control  means  (100)  controls  the 
flow  rate  on  the  basis  of  said  measurement 
information  from  said  retention/measurement 
(31,32,23)  means  when  said  separated  blood 
component  is  returned. 

Patentanspruche 

1.  Blutabscheidevorrichtung,  umfassend: 
eine  Blutbeutel-Andruckeinheit  (21)  zum 

Halten  eines  zentrifugierten  Blutbeutels  (51) 
und  zum  Druckbeaufschlagen  desselben  mit 
einem  vorbestimmten  Druck, 

Trenn-  oder  Abscheidebeutel  (52,  53,  54), 
die  mit  dem  Blutbeutel  (51)  uber  Schlauchmit- 
tel  (56,  57,  58)  verbunden  sind  und  abgeschie- 
dene  Blutkomponenten  oder  -bestandteile  auf- 
zunehmen  vermogen, 

in  mittleren  Abschnitten  der  Schlauchmittel 
(56,  57,  58)  zwischen  dem  Blutbeutel  (51)  und 
den  Abscheidebeuteln  (52,  53,  54)  vorgesehe- 
ne  Begrenzungsmittel  (33,  34,  35)  zum  Be- 
grenzen  der  Stromungen  von  Flussigkeiten  in 
den  Schlauchmitteln  (56,  57,  58), 

eine  Detektoreinheit  (29)  zum  Erfassen  der 
Hohenlage  einer  Grenzflache  zwischen  den 
Bestandteilen  des  Bluts  in  dem  durch  die 
Blutbeutel-Andruckeinheit  (21)  gehaltenen  Blut- 
beutel  (21)  und 

eine  Steuereinheit  (100)  zum  Steuern  der 
Begrenzungsmittel  (33,  34,  35),  wahrend  sie 
als  Steuerinformation(seinheit)  eine  Detektions- 
information  von  der  Detektoreinheit  (29)  ab- 
nimmt. 

gekennzeichnet  durch 
Verschiebemittel  (25,  26,  27)  zum  Ver- 

schieben  der  Detektoreinheit  (29)  relativ  zum 
Blutbeutel  (51)  und 

eine  Mehrzahl  von  Halte/Me/Seinheiten  (31, 
32,  23),  die  jeweils  einen  der  Abscheidebeutel 
(52,  53,  54)  halten,  wobei  die 
Halte/Me/3einheiten  (31,  32,  23)  das  Gewicht 
eines  jeden  Abscheidebeutels  (52,  53,  54) 
messen, 

wobei  die  Steuereinheit  (100)  befahigt  ist, 
die  Begrenzungsmittel  (33,  34,  35)  in  Abhan- 
gigkeit  von  Me/Sinformation  von  den 
Halte/Me/3einheiten  (31,  32,  23)  anstelle  der 
oder  zusatzlich  zur  Detektionsinformation  zu 
steuern. 

2.  Blutabscheidevorrichtung  nach  Anspruch  1, 
wobei  die  Detektoreinheit  (29)  eine  Lichtemis- 
sionseinheit  und  eine  Lichtempfangseinheit 
zum  Empfangen  des  Lichts,  das  von  der  Lich- 

5  temissionseinheit  emittiert  und  vom  Blutbeutel 
(51)  durchgelassen  wird,  aufweist  und  die  De- 
tektoreinheit  (29)  die  Grenzflache  anhand  einer 
Intensitatsanderung  des  durchgelassenen 
Lichts  aufgrund  einer  Differenz  zwischen  den 

io  Zusammensetzungen  der  im  Blutbeutel  (51) 
enthaltenen  Blutbestandteile  detektiert  oder  er- 
fa/3t. 

3.  Blutabscheidevorrichtung  nach  Anspruch  1, 
is  wobei  ein  vom  Blutbeutel  (51)  abgehender 

Schlauch  der  Schlauchmittel  in  einen  mit  ei- 
nem  ersten  Abscheidebeutel  (52)  verbundenen 
Schlauch  (56)  und  einen  anderen,  mit  einem 
zweiten  Abscheidebeutel  (53)  verbundenen 

20  Schlauch  (58)  divergiert  bzw.  ubergeht  und  die 
Begrenzungsmittel  (33,  35)  die  Stromungen 
zwischen  dem  Ubergangspunkt  und  den  Ab- 
scheidebeuteln  (52,  53)  begrenzen. 

25  4.  Blutabscheidevorrichtung  nach  Anspruch  1, 
wobei  die  Position  bzw.  Lage  mindestens  einer 
der  Beutel-Halteeinheiten  (31,  32)  zum  Halten 
der  Abscheidebeutel  (52,  53,  54)  hoher  liegt 
als  die  der  Blutbeutel-Andruckeinheit  (21). 

30 
5.  Blutabscheidevorrichtung  nach  Anspruch  4, 

wobei  ein(e)  vom  einen  Abscheidebeutel  (52), 
der  in  der  oberen  Position  oder  Lage  gehalten 
ist,  aufgenommene(r),  abgeschiedene(r)  Blut- 

35  komponente  oder  -bestandteil  zum  Blutbeutel 
(51)  zuruckfuhrbar  ist. 

6.  Blutabscheidevorrichtung  nach  Anspruch  5, 
wobei  die  Steuereinheit  (100)  die  Stromungs- 

40  menge  bei  der  Ruckfuhrung  der  (des)  abge- 
schiedenen  Blutkomponente  oder  -bestandteils 
auf  der  Grundlage  der  Me/Sinformation  von  den 
Halte/Me/3einheiten  (31  ,  32,  23)  steuert. 

45  Revendicatlons 

1.  Separateur  de  sang,  comprenant: 
un  moyen  (21)  de  mise  en  pression  de 

poche  de  sang  pour  retenir  une  poche  (51)  de 
50  sang  centrifuge  et  mettre  celle-ci  a  une  pres- 

sion  predetermined; 
des  sacs  de  separation  (52,  53,  54)  relies 

a  ladite  poche  (51)  de  sang  via  des  moyens 
formant  tuyaux  (56,  57,  58)  et  capables  de 

55  recevoir  des  constituants  sanguins  separes; 
des  moyens  de  limitation  (33,  34,  35)  dis- 

poses,  au  niveau  de  parties  intermediates 
desdits  moyens  formant  tuyaux  (56,  57,  58) 
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entre  ladite  poche  (51)  de  sang  et  lesdits  sacs 
de  separation  (52,  53,  54),  lesdits  moyens  de 
limitation  (33,  34,  35)  limitant  les  circulations 
de  liquides  dans  lesdits  moyens  formant 
tuyaux  (56,  57,  58);  5 

un  moyen  de  detection  (29)  pour  detecter 
le  niveau  d'une  interface  entre  des  constituants 
sanguins  dans  ladite  poche  (51)  de  sang  rete- 
nue  par  ledit  moyen  (21)  de  mise  en  pression 
de  poche  de  sang;  et  10 

un  moyen  de  commande  (100)  pour  com- 
mander  lesdits  moyens  de  limitation  (33,  34, 
35)  tout  en  recevant,  comme  element  d'infor- 
mations  de  commande,  des  informations  de 
detection  provenant  dudit  moyen  de  detection  is 
(29), 

caracterise  par 
des  moyens  de  deplacement  (25,  26,  27) 

pour  deplacer  ledit  moyen  de  detection  (29) 
par  rapport  a  ladite  poche  (51)  de  sang;  et  20 

un  nombre  multiple  de  moyens  de 
retenue/mesure  (31,  32,  23)  contenant  chacun 
un  desdits  sacs  de  separation  (52,  53,  54), 
lesdits  moyens  de  retenue/mesure  (31,  32, 
23)  mesurant  le  poids  de  chacun  desdits  sacs  25 
de  separation  (52,  53,  54); 

grace  a  quoi  ledit  moyen  de  commande 
(100)  est  congu  pour  commander  lesdits 
moyens  de  limitation  (33,  34,  35)  en  fonction 
des  informations  de  mesures  provenant  des-  30 
dits  moyens  de  retenue/mesure  (31,  32,  23)  a 
la  place  ou  en  plus  desdites  informations  de 
detection. 

Separateur  de  sang  selon  la  revendication  1,  35 
dans  lequel  ledit  moyen  de  detection  (29) 
comporte  un  moyen  photo-emetteur  et  un 
moyen  photorecepteur  pour  recevoir  la  lumiere 
emise  depuis  ledit  moyen  photoemetteur  et 
transmise  a  travers  ladite  poche  (51)  de  sang,  40 
ledit  moyen  de  detection  (29)  detectant  I'inter- 
face  a  partir  d'une  variation  de  I'intensite  de  la 
lumiere  transmise  due  a  une  difference  de 
composition  entre  les  constituants  sanguins 
presents  dans  ladite  poche  (51)  de  sang.  45 

Separateur  de  sang  selon  la  revendication  1, 
dans  lequel  un  tuyau  parmi  lesdits  moyens 
formant  tuyaux  s'etendant  depuis  ladite  poche 
(51)  de  sang  se  divise  en  un  tuyau  (56)  se  so 
raccordant  a  un  premier  (52)  desdits  sacs  de 
separation  et  en  un  autre  tuyau  (58)  se  raccor- 
dant  a  un  second  (53)  desdits  sacs  de  separa- 
tion,  et  lesdits  moyens  de  limitation  (33,  35) 
limite  la  circulation  entre  le  point  de  division  et  55 
lesdits  sacs  de  separation  (52,  53). 

Separateur  de  sang  selon  la  revendication  1, 

dans  lequel  la  position  d'au  moins  un  desdits 
moyens  (31,  32)  de  retenue  de  sacs  pour 
retenir  lesdits  sacs  de  separation  (52,  53,  54) 
est  plus  haute  que  celle  dudit  moyen  (21)  de 
mise  en  pression  de  poche  de  sang. 

5.  Separateur  de  sang  selon  la  revendication  4, 
dans  lequel  un  constituant  sanguin  separe  regu 
par  un  premier  (52)  desdits  sacs  de  separation 
retenu  dans  la  position  la  plus  haute  peut  etre 
renvoye  dans  ladite  poche  (51)  de  sang. 

6.  Separateur  de  sang  selon  la  revendication  5, 
dans  lequel  ledit  moyen  de  commande  (100) 
commande  le  debit  en  fonction  desdites  infor- 
mations  de  mesures  provenant  lesdits  moyens 
de  retenue/mesure  (31,  32,  23)  lorsque  ledit 
constituant  sanguin  separe  est  renvoye. 
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