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Description 

The  invention  relates  to  a  dialysis  system,  par- 
ticularly  such  as  is  used  for  removal  of  wastes  or 
water  content  from  blood. 

A  dialysis  system  is  known  in  which  a  dialysate 
container  is  divided  into  a  feed  chamber  and  a 
recovery  chamber  by  a  movable  diaphragm,  and 
the  feed  chamber  is  connected  to  an  inlet  and  the 
other  chamber  or  recovery  chamber  is  connected 
to  an  outlet  of  a  dialyzer  so  that  a  first  closed  line 
is  defined  by  the  feed  chamber,  the  dialyzer  and 
the  recovery  chamber,  and  a  second  closed  line 
which  is  constructed  in  the  same  manner  as  the 
first  closed  line  is  connected  to  the  dialyzer  so  that 
both  the  closed  lines  may  be  alternately  switched 
for  connection  to  the  dialyzer  (see  Japanese  Patent 
Publication  No.  82/1981). 

In  each  closed  line,  fresh  dialysate  introduced 
into  the  feed  chamber  is  supplied  to  the  dialyzer  in 
response  to  a  reduction  in  the  chamber  volume 
which  occurs  as  the  movable  diaphragm  moves, 
while  simultaneously  used  dialysate  flows  out  from 
the  dialyzer  into  the  recovery  chamber  in  response 
to  an  increase  in  the  volume  thereof  which  occurs 
as  the  movable  diaphragm  moves. 

In  a  dialysis  system  constructed  in  the  manner 
mentioned  above,  the  first  closed  line  is  connected 
to  the  dialyzer  while  the  second  closed  line  is 
disconnected  therefrom,  and  a  fresh  dialysate  intro- 
duced  into  the  feed  chamber  of  the  first  line  is 
supplied  to  the  dailyzer  in  response  to  a  reduction 
in  the  volume  thereof  which  occurs  as  the  movable 
diaphragm  moves  while  simultaneously  recovering 
used  dialysate  which  is  flowed  out  from  the  dia- 
lyzer  into  the  recovery  chamber  in  response  to  an 
increase  in  the  volume  thereof  which  occurs  as  the 
movable  diaphragm  moves.  During  the  time  the 
fresh  dialysate  is  being  supplied  to  the  dialyzer 
through  the  first  line,  fresh  dialysate  is  introduced 
into  the  closed  feed  chamber  of  the  second  closed 
line  while  a  used  dialysate  is  simultaneously 
drained  out  externally  from  the  recovery  chamber. 

Upon  termination  of  the  supply  of  the  fresh 
dialysate  from  the  first  line,  this  line  is  discon- 
nected  from  the  dialyzer  while  simultaneously  con- 
necting  the  second  closed  line  to  the  dialyzer  for 
initiation  of  the  supply  of  a  fresh  dialysate  there- 
from,  thus  alternately  supplying  the  fresh  dialysate 
to  the  dialyzer. 

In  a  dialysis  system  of  the  type  described,  in 
each  closed  line,  the  amount  of  fresh  dialysate 
which  is  supplied  from  the  feed  chamber  to  the 
dialyzer  can  be  brought  to  accurate  coincidence 
with  the  amount  of  used  dialysate  which  is  recov- 
ered  from  the  dialyzer  into  the  recovery  chamber. 
Accordingly,  an  amount  of  used  dialysate  which  is 
removed  from  part  of  the  closed  line  is  then  in  an 

accurate  coincidence  with  the  amount  of  ultrafil- 
tration,  and  hence  the  amount  of  ultrafiltration  can 
be  accurately  controlled  in  terms  of  the  amount  of 
used  dialysate  which  is  removed  from  the  closed 

5  line. 
However,  in  order  to  perform  the  dialysis,  it  is 

necessary  that  the  amount  of  used  dialysate  flow- 
ing  out  from  the  dialyzer  be  greater  than  the 
amount  of  fresh  dialysate  which  is  supplied  to  the 

io  dialyzer  from  the  feed  chamber.  In  a  dialysis  sys- 
tem  of  the  type  mentioned  above,  the  amount  of 
fresh  dialysate  which  is  supplied  from  the  feed 
chamber  to  the  dialyzer  coincides  with  the  amount 
of  used  dialysate  which  is  recovered  from  the  dia- 

75  lyzer  into  the  recovery  chamber,  and  hence  there 
is  a  need  to  provide  means,  effective  to  remove  an 
amount  of  used  dialysate  corresponding  to  the 
amount  of  ultrafiltration,  located  intermediately  the 
closed  line.  High  reliability  and  durability  are  re- 

20  quired  of  such  means  in  order  to  maintain  a  con- 
stant  amount  of  ultrafiltration  per  unit  time  over  a 
long  time.  In  the  prior  art  approach,  the  amount  of 
ultrafiltration  is  determined  by  metering  the  dia- 
lysate  which  is  removed,  and  accordingly,  the  me- 

25  tering  means  may  be  subject  to  contamination  by 
the  dialysate,  disadvantageously  causing  an  error 
in  the  quantity  being  metered. 

It  will  be  noted  that  in  a  dialysis  system  of  the 
type  described,  because  the  first  and  the  second 

30  closed  lines  are  alternately  connected  to  the  dia- 
lyzer  in  a  switching  manner,  the  supply  of  fresh 
dialysate  to  the  dialyzer  ceases  during  the  switch- 
ing,  disadvantageouly  increasing  a  length  of  time 
required  for  the  dialysis. 

35  A  fresh  dialysate  normally  comprises  a  mixture 
of  dilution  water,  a  concentrated  liquid  containing 
calcium  ions,  magnesium  ions,  and  so  on,  and  a 
concentrated  liquid  containing  bicarbonate,  in  given 
proportions.  A  different  kind  of  fresh  dialysate  is 

40  also  known  which  comprises  dilution  water  and  a 
concentrated  liquid  containing  acetate  mixed  to- 
gether  in  given  proportions.  Before  the  fresh  dia- 
lysate  is  introduced  into  the  feed  chamber,  the 
concentrated  liquid  and  dilution  water  are  mixed  in 

45  this  proportion  by  a  mixer,  which  then  supplies  the 
mixture  to  the  feed  chamber.  However,  the  mixer  is 
provided  with  a  mixing  tank  to  which  the  con- 
centrated  liquid  and  dilution  water  are  supplied  at  a 
given  rate,  and  because  a  relatively  increased 

50  amount  of  fresh  dialysate  is  prepared  in  one  step 
within  the  mixing  tank,  there  is  a  disadvantage  in 
that  the  mixer  requires  extra  space. 

In  the  prior  art,  US-A-41  72033  (Willock)  de- 
scribes  a  dialysate  supply  system  in  which  used 

55  dialysate  is  received  from  the  dialyser  into  a 
double-acting  cylinder  pump,  while  water  and  dia- 
lysate  concentrate  are  pumped  from  separate 
double-acting  supply  pumps  for  admixture  in  the 

3 
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supply  line  to  form  fresh  dialysate.  The  cylinders  of 
the  water  supply  pump  and  the  used  dialysate 
receiving  pump  are  connected  together  by  a  rigid 
pivoting  link  arm  having  an  adjustable  pivot  position 
which  governs  the  relative  volumes  of  supply  and 
take-up  in  those  pump  chambers. 

The  problem  addressed  herein  is  to  provide  a 
novel  dialysis  system  with  control  of  the  relative 
volume  changes  in  the  dialysate  feed  chamber  and 
recovery  chamber. 

Accordingly,  the  present  invention  provides  a 
dialysis  system  having 

a  dialyser; 
a  feed  chamber  for  holding  fresh  dialysate  for 

feeding  to  the  dialyser  through  an  intake  thereof, 
and  having  an  associated  feed  chamber  diaphragm 
which  is  movable  to  enable  the  feed  chamber  to 
adjust  its  volume; 

a  recovery  chamber  for  receiving  used  dia- 
lysate  from  an  outlet  of  the  dialyser  as  fresh  dia- 
lysate  is  fed  to  the  dialyser  from  the  feed  chamber 
in  operation,  and  having  an  associated  recovery 
chamber  diaphragm  which  is  movable  to  enable 
the  recovery  chamber  to  adjust  its  volume; 

the  feed  chamber,  dialyser  and  recovery  cham- 
ber  being  connected  to  function  as  a  closed  dia- 
lysate  line; 

the  feed  chamber  diaphragm  and  recovery 
chamber  diaphragm  being  coupled  together  under 
the  control  of  control  means  enabling  control  of  the 
relation  between  volume  change  in  the  recovery 
chamber  and  volume  change  in  the  feed  chamber, 

characterised  in  that  the  diaphragms  are  coup- 
led  by  means  of  a  variable  volume  control  chamber 
enclosed  between  them  on  their  sides  remote  from 
the  dialysate  and  filled  with  liquid,  and  the  control 
means  enables  controlled  variation  of  the  volume  of 
the  liquid-filled  control  chamber. 

With  this  arrangement,  a  difference  between  a 
variation  in  the  volume  of  the  recovery  chamber 
and  a  variation  in  the  volume  of  the  feed  chamber 
can  be  made  to  coincide  with  an  amount  of  ultrafil- 
tration,  thus  dispensing  with  means  of  the  prior  art, 
which  was  disposed  intermediately  in  a  closed  line 
to  remove  used  dialysate.  This  facilitates  securing 
a  high  level  of  reliability  and  durability  in  compari- 
son  to  the  provision  of  such  means.  Since  the 
amount  of  ultrafiltration  can  be  controlled  in  accor- 
dance  with  the  magnitude  of  a  difference  between 
variations  of  the  volumes,  a  more  positive  control 
over  the  amount  of  ultrafiltration  can  be  exercised 
than  when  used  dialysate  is  directly  removed  from 
the  closed  line. 

The  dialysis  system  may  include  a  feed  line 
which  feeds  fresh  dialysate  to  the  feed  chamber, 
and  which  comprises  a  supply  of  concentrated 
liquid  which  is  connected  to  at  least  the  feed  cham- 
ber  through  a  first  open/close  valve,  and  a  supply 

of  dilution  water  which  is  connected  to  the  feed 
chamber  through  a  second  open/close  valve. 
Whenever  fresh  dialysate  is  to  be  fed  into  the  feed 
chamber,  the  movable  diaphragm  associated  with 

5  the  feed  chamber  is  moved  in  a  direction  to  in- 
crease  the  volume  thereof,  and  the  first  and  the 
second  open/close  valve  are  opened  in  an  alternate 
fashion  so  that  the  concentrated  liquid  and  the 
dilution  water  are  sequentially  introduced  into  the 

io  feed  chamber  in  given  increments,  thereby  allow- 
ing  a  fresh  dialysate  to  be  prepared  within  the  feed 
chamber  through  a  mixing  process. 

With  this  arrangement,  the  first  and  the  second 
open/close  valve  are  alternately  opened  to  allow 

is  the  concentrated  liquid  and  the  dilution  water  to  be 
sequentially  introduced  into  the  feed  chamber  in 
given  increments,  allowing  a  fresh  dialysate  to  be 
prepared  by  mixture  within  the  feed  chamber,  thus 
eliminating  the  need  for  the  provision  of  a  separate 

20  mixing  tank  as  required  in  the  prior  art  and  thus 
allowing  a  reduction  in  the  size  of  the  entire  sys- 
tem. 

In  accordance  with  a  preferred  aspect  of  the 
invention,  the  dialysis  system  includes  at  least  two 

25  closed  lines  of  the  kind  described  above  and  is 
operable  in  a  manner  such  that  before  a  feed 
passage  and  a  recovery  passage  of  the  first  closed 
line  which  is  then  connected  to  the  dialyzer  are 
closed,  a  feed  passage  and  a  recovery  passage  of 

30  the  other  closed  line  are  opened  in  an  overlapped 
manner  or  while  the  feed  passage  and  the  recovery 
passage  of  the  first  closed  line  remain  open.  By 
repeating  the  operation,  it  is  possible  to  maintain  a 
continuous  supply  of  fresh  dialysate  to  the  dialyzer. 

35  In  this  manner,  an  interruption  in  the  supply  of 
fresh  dialysate  to  the  dialyzer  is  avoided,  enabling 
a  loss  in  time  to  be  eliminated. 

Specific  embodiments  of  the  invention  are  now 
described  by  way  of  example  and  with  reference  to 

40  the  accompanying  drawings,  in  which: 
Fig.  1  is  a  diagrammatic  view  of  one  embodi- 
ment  of  the  invention; 
Fig.  2  is  a  series  of  timing  charts  which  illustrate 
the  operation  of  the  embodiment  shown  in  Fig. 

45  1  ;  and 
Fig.  3  is  a  diagrammatic  view  of  another  em- 
bodiment  of  the  invention;  and 

Referring  to  the  drawings,  embodiments  of  the 
invention  will  now  be  described.  Referring  to  Fig.  1, 

50  a  dialyzer  1  includes  a  semi-permeable  diaphragm 
2  which  divides  it  into  a  chamber  3  for  liquid  to  be 
processed  and  a  dialysate  chamber  4.  Processed 
liquid,  typically  blood,  is  introduced  into  the  pro- 
cessed  liquid  chamber  3  through  a  feed  passage  5 

55  and  is  externally  drained  out  through  a  discharge 
passage  6. 

In  this  embodiment,  a  pair  of  first  and  second 
dialysate  containers  10,  10'  are  connected  for  al- 
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ternate  operation.  Each  is  adapted  to  supply  fresh 
dialysate  to  and  displace  used  dialysate  from  the 
dialyzer  1,  thus  enabling  a  dialysis  operation.  The 
first  and  second  containers  10,  10'  are  constructed 
in  substantially  the  same  manner,  and  hence  the 
construction  of  only  the  first  container  10  will  be 
described,  with  corresponding  parts  of  the  second 
container  10'  being  denoted  by  like  numerals  as 
applied  to  the  first  container  10  with  "prime". 

The  interior  of  the  first  container  10  is  divided 
by  a  pair  of  movable  diaphragms  11,  12  into  three 
chambers,  namely  a  first  feed  chamber  13,  a  first 
variable  volume  chamber  14  and  a  first  recovery 
chamber  15.  Fresh  dialysate  which  is  prepared  in 
the  first  feed  chamber  13  which  is  located  on  one 
side  of  the  container  10  is  supplied  through  a  first 
closed  line  16  to  the  dialysate  chamber  4  of  the 
dialyzer  1,  and  used  dialysate  is  recovered  from 
the  dialyzer  into  the  first  recovery  chamber  15 
which  is  located  on  the  other  side  of  the  container 
10.  It  is  to  be  understood  that  the  diaphragms  11 
and  12  need  not  be  completely  separate,  but  may 
be  partly  connected  together  in  an  integral  manner. 

The  first  closed  line  16  establishes  commu- 
nication  between  the  first  feed  chamber  13  and  the 
dialysate  chamber  14  through  a  first  feed  passage 
17,  a  first  feed  valve  18,  a  filter  19,  a  common  feed 
passage  20  and  a  constant  flow  rate  valve  21  ,  and 
also  establishes  communication  between  the  dia- 
lyzer  and  the  first  recovery  chamber  15  through  a 
common  recovery  passage  22,  a  pump  23,  a 
deaerator  24,  a  first  recovery  passage  25  and  a 
first  recovery  valve  26.  The  first  variable  volume 
chamber  14,  which  is  defined  centrally  within  the 
first  container  10,  has  a  quantity  of  a  liquid  30  e.g. 
silicone  oil,  sealed  therein  such  that  whenever  one 
of  the  diaphragms  1  1  moves,  the  other  diaphragm 
12  is  displaced  in  following  relationship  with  the 
first  diaphragm  11  because  of  the  liquid  30  inter- 
posed  therebetween.  In  this  manner,  the  liquid  30 
constitutes  interlock  means  which  couple  the  two 
diaphragms  11  and  12  in  the  present  embodiment. 

A  cylinder  unit  31  includes  a  cylinder  chamber 
32  which  communicates  with  the  first  variable  vol- 
ume  chamber  14,  and  also  includes  a  piston  34 
which  is  drivable  by  a  servo  motor  33  to  move 
back  and  forth,  thus  permitting  the  volume  of  the 
first  variable  volume  chamber  14  to  be  adjusted. 
The  cylinder  unit  31  is  designed  to  exercise  a 
greater  degree  of  control  over  the  volume  of  the 
chamber  14  when  the  diaphragms  11  and  12  are 
driven  to  the  right  (as  seen  in  Fig.  1)  than  when  the 
diaphragms  are  driven  to  the  left. 

As  a  consequence,  it  will  be  seen  that  a  vari- 
ation  in  the  volume  of  the  first  recovery  chamber 
15  will  be  greater  than  a  variation  in  the  volume  of 
the  first  feed  chamber  13  by  an  amount  which  is 
equal  to  the  variation  in  the  volume  of  the  chamber 

14  effected  by  means  of  the  cylinder  unit  31.  This 
allows  a  greater  amount  of  used  dialysate,  which 
exceeds  the  amount  of  fresh  dialysate  supplied  to 
the  dialyzer  1  from  the  first  feed  chamber  13  by  an 

5  amount  corresponding  to  the  variation  in  the  vol- 
ume  of  the  chamber  14,  to  be  recovered  into  the 
first  recovery  chamber  15,  with  that  variation  in  the 
volume  of  the  chamber  14  coinciding  with  the 
amount  of  ultrafiltration  by  the  dialyzer  1  . 

io  The  filter  19  disposed  in  the  first  feed  passage 
17  permits  a  flow  of  the  dialysate,  but  prevents  any 
flow  of  the  liquid  30  therethrough  thus  preventing 
the  liquid  30,  which  may  leak  into  the  first  feed 
chamber  13  as  a  result  of  failure  of  the  diaphragm 

is  11,  from  reaching  the  dialyzer  1  . 
Detecting  means  35  for  detecting  the  liquid  30, 

such  as  a  photo-tube  35  where  e.g.  a  colored 
silicone  oil  is  employed  as  the  liquid  30,  is  located 
upstream  of  the  filter  19,  permitting  a  breakdown  of 

20  the  diaphragm  11  to  be  detected  whenever  the 
dialysate  becomes  colored  by  contamination  by  the 
silicone  oil.  On  the  other  hand,  a  breakdown  of  the 
diaphragm  12  can  be  detected  by  a  blood  leakage 
sensor  36,  to  be  described  later,  which  is  capable 

25  of  detecting  the  presence  of  a  silicone  oil. 
A  filter  19'  corresponding  to  the  filter  19  is 

disposed  in  a  second  closed  line  16'  associated 
with  the  second  dialysate  container  10'  to  permit  a 
breakdown  of  the  diaphragm  11'  of  the  second 

30  container  10'  to  be  detected.  However  a  single  filter 
may  be  disposed  in  the  common  feed  passage  20 
to  simplify  the  arrangement. 

Any  suitable  arrangement  may  be  used  to  pro- 
vide  the  detecting  means  35  in  consideration  of  the 

35  variety  of  the  liquid  30  being  used.  As  another 
example  when  silicone  oil  is  used  as  the  liquid  30, 
part  or  all  of  the  second  feed  passage  17,  up- 
stream  of  the  filter  19,  may  comprise  a  transparent 
tube  allowing  a  visual  recognition  of  a  colored 

40  condition  caused  by  the  presence  of  the  colored 
silicone  oil. 

A  feed  line  40  operates  to  feed  fresh  dialysate 
alternately  to  the  first  feed  chamber  13  of  the  first 
dialysate  container  10  and  to  the  first  feed  chamber 

45  13'  of  the  second  dialysate  container  10'.  It  com- 
prises  a  source  of  supply  41  of  dilution  water,  a 
source  of  supply  42  of  concentrated  liquid 
(hereafter  referred  to  as  "A  liquid")  containing  cal- 
cium  and  magnesium  ions,  and  a  source  of  supply 

50  43  of  concentrated  liquid  (hereafter  referred  to  as 
"B  liquid")  containing  bicarbonates. 

The  source  of  supply  41  of  dilution  water  com- 
municates  with  the  first  feed  chamber  13  through  a 
common  inlet  passage  44,  a  manual  valve  45,  a 

55  heater  46,  a  pump  47,  a  deaerator  48,  a  solenoid 
operated  dilution  liquid  open/close  valve  49,  a  first 
inlet  passage  50  and  a  first  inlet  valve  51.  The 
source  of  supply  41  also  communicates  with  the 

5 



7 EP  0  306  241  B1 8 

second  feed  chamber  13'  through  a  similar  path  as 
mentioned  above,  branching  from  the  first  inlet 
passage  50  to  a  second  inlet  passage  50'  and 
through  a  second  inlet  valve  51'. 

A  bypass  path  52  is  connected  between  the 
output  of  the  pump  47  and  the  inlet  of  the  heater 
46,  and  a  relief  valve  53  is  disposed  in  this  path  so 
that  the  dilution  air  may  be  allowed  to  circulate 
through  the  bypass  passage  52  and  the  relief  valve 
53  when  the  discharge  pressure  of  the  pump  47 
exceeds  a  preselected  pressure  associated  with 
the  relief  valve  53  e.g.  when  the  solenoid  valve  49 
is  closed  while  the  pump  47  is  operating. 

The  sources  42,  43  of  supply  of  A  and  B 
liquids  are  connected  to  the  common  inlet  passage 
44  between  the  valve  49  and  the  branch  point 
between  the  two  inlet  passages  50,50',  through 
solenoid  operated  A-liquid  open/close  valve  54  and 
B-liquid  open/close  valve  55  respectively. 

A  waste  line  56  which  is  used  to  drain  out  used 
dialysate  from  the  first  recovery  chamber  15  com- 
prises  a  first  waste  passage  57  connected  to  the 
first  recovery  chamber  15,  a  first  waste  valve  58 
disposed  therein,  and  a  common  waste  passage  59 
through  the  blood  leakage  sensor  36.  It  will  be 
obvious  that  the  waste  line  56  also  includes  a 
second  waste  passage  57'  connected  to  the  sec- 
ond  recovery  chamber  15'  and  a  second  waste 
valve  58'  disposed  therein. 

It  is  to  be  understood  that  the  opening  and 
closing  of  the  solenoid  operated  valves,  as  well  as 
the  rotation  of  the  servo  motors  33,  33',  are  con- 
trolled  by  a  controller  including  a  microcomputer, 
not  shown. 

Referring  to  the  series  of  timing  charts  shown 
in  Fig.  2,  the  operation  of  the  dialysis  system 
mentioned  above  will  be  described. 

In  the  described  embodiment,  at  time  Ta 
shown  in  Fig.  2,  the  first  feed  valve  18  and  the  first 
recovery  valve  26  are  closed  while  the  first  inlet 
valve  51  and  the  first  waste  valve  58  are  open  in 
the  first  closed  line  16.  However  the  second  feed 
valve  18'  and  the  second  recovery  valve  26'  are 
open  while  the  second  inlet  valve  51'  and  the 
second  waste  valve  58'  are  closed  in  the  second 
closed  line  16',  in  opposite  manner  from  that  of  the 
first  closed  line  16.  Accordingly,  under  this  con- 
dition,  the  second  closed  line  16'  is  connected  to 
the  dialysate  chamber  4  of  the  dialyzer  1  while  the 
first  closed  line  16  has  its  communication  with  the 
dialysate  chamber  4  interrupted. 

Under  the  condition  mentioned  above,  a  given 
quantity  of  A  liquid  and  B  liquid  are  already  intro- 
duced  into  the  first  chamber  13,  and  A  liquid 
open/close  valve  54  and  the  B  liquid  open/close 
valve  55  are  closed.  In  addition,  the  dilution  liquid 
open/close  valve  49  is  open  to  permit  dilution  liquid 
to  be  introduced  into  the  first  feed  chamber  13, 

thus  allowing  fresh  dialysate  to  be  prepared  by 
mixing  within  the  first  feed  chamber  13.  As  the 
dilution  liquid  is  introduced  into  the  first  feed  cham- 
ber  13,  the  diaphragms  11  and  12  move  together 

5  so  that  the  volume  of  the  first  recovery  chamber  15 
reduces,  causing  used  dialysate  to  be  externally 
discharged  through  the  waste  passage  59. 

At  the  same  time,  fresh  dialysate  present  within 
the  second  feed  chamber  13'  is  being  supplied 

io  continuously  to  the  chamber  4  of  the  dialyzer  1, 
with  its  flow  rate  controlled  at  a  given  value  by 
means  of  the  constant  flow  rate  valve  21.  Used 
dialysate  from  the  dialysate  chamber  4  is  recov- 
ered  into  the  second  recovery  chamber  15'.  As  this 

is  happens,  the  cylinder  unit  31  operates  gradually  to 
reduce  the  volume  of  the  second  variable  volume 
chamber  14'  at  a  given  rate  whereby  an  amount  of 
used  dialysate,  greater  than  the  amount  of  fresh 
dialysate  that  is  supplied  from  the  second  feed 

20  chamber  13'  into  the  dialysate  chamber  4,  is 
gradually  recovered  into  the  second  recovery 
chamber  15';  the  difference  represents  the  amount 
of  ultrafiltration  in  the  dialyzer  1  . 

Fresh  dialysate  is  supplied  to  the  dialysate 
25  chamber  4  from  both  of  the  feed  chambers  13,  13' 

in  the  first  and  the  second  closed  lines  16  and  16', 
during  a  supply  time  interval  Ti  ,  during  which  the 
feed  valves  18,  18'  and  the  recovery  valves  26,  26' 
are  maintained  open.  The  duration  of  the  supply 

30  interval  Ti  is  previously  chosen  to  be  a  suitable 
value  on  the  basis  of  the  capacity  of  each  feed 
chamber  13,  13'  and  the  flow  rate  which  is  con- 
trolled  by  the  constant  flow  rate  valve  21,  so  that 
the  fresh  supply  of  dialysate  present  within  the 

35  feed  chamber  cannot  be  completely  exhausted 
within  the  interval  Ti  . 

On  the  other  hand,  fresh  dialysate  is  introduced 
into  the  feed  chambers  13,  13'  through  the  inlet 
passage  44  over  an  introduction  time  interval  T2, 

40  during  which  both  inlet  valves  51,  51'  and  waste 
valves  58,  58'  are  maintained  open.  The  introduc- 
tion  interval  T2  has  a  duration  less  than  that  of  the 
supply  interval  Ti  .  In  this  manner,  the  first  and  the 
second  feed  valves  18,  18'  are  maintained  open  in 

45  an  overlapped  manner  during  a  given  time  interval 
T  which  is  determined  by  the  two  intervals  Ti  and 
T2  as  the  difference  therebetween. 

At  time  Tb  shown  in  Fig.  2,  when  the  given 
introduction  interval  T2  has  passed  within  the  first 

50  closed  line  16,  fresh  dialysate  has  been  prepared 
already  within  the  first  feed  chamber  13,  and  the 
diaphragms  11  and  12  are  located  at  their  right- 
most  end.  Under  this  condition,  since  the  first  feed 
chamber  13  is  full,  the  dilution  water  fed  from  the 

55  pump  47  circulates  through  the  bypass  passage  52 
and  the  relief  valve  53  back  to  the  pump  47,  and 
the  first  variable  volume  chamber  14  is  at  its  maxi- 
mum  volume. 

6 
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At  time  Tb,  the  dilution  water  open/close  valve 
49  is  closed  and  simultaneously  the  various  valves 
within  the  first  closed  line  16  are  switched  over  in  a 
synchronous  manner.  Thus,  the  first  feed  valve  18 
and  the  first  recovery  valve  26  are  opened  while 
the  inlet  valve  51  and  the  first  waste  valve  58  are 
closed.  Consequently,  the  first  closed  line  16  is 
also  connected  to  the  dialysate  chamber  4  of  the 
dialyzer  1  simultaneously  with  the  second  closed 
line  16',  and  thus  fresh  dialysate  from  both  the  first 
and  second  feed  chambers  13,  13'  continues  to  be 
supplied  to  the  dialysate  chamber  within  the  dia- 
lyzer  1  while  used  dialysate  from  the  chamber  4  is 
recovered  into  both  the  first  and  second  recovery 
chambers  15,  15'.  It  should  be  understood  that  the 
flow  rate  of  fresh  dialysate  which  is  being  supplied 
to  the  dialysate  chamber  4  is  maintained  constant 
by  the  valve  21  . 

When  the  first  and  the  second  closed  lines  16 
and  16'  are  concurrently  connected  to  the  dialysate 
chamber  4  to  maintain  a  continued  supply  of  fresh 
dialysate  thereto,  at  time  Tc  shown  in  Fig.  2,  the 
second  variable  volume  chamber  14'  of  the  second 
closed  line  16'  which  has  initially  been  connected 
to  the  dialysate  chamber  4  ceases  to  reduce  its 
volume,  and  simultaneously  the  first  variable  vol- 
ume  chamber  14  of  the  first  closed  line  16  which  is 
subsequently  connected  to  the  dialysate  chamber 
4  begins  to  decrease  its  volume  at  a  given  rate 
gradually. 

By  continuously  reducing  the  volume  of  the 
first  and  the  second  variable  volume  chambers  14, 
14'  at  a  given  rate,  while  continuing  supply  of  fresh 
dialysate  to  the  dialysate  chamber  4  from  both 
closed  lines  16,  16',  ultrafiltration  can  be  continued 
at  a  given  rate. 

At  time  Td  shown  in  Fig.  2  when  the  supply 
time  interval  Ti  for  the  second  closed  line  16' 
passes,  the  second  feed  valve  18'  and  the  second 
recovery  26'  therein  are  closed,  and  the  second 
inlet  valve  51'  is  opened  while  the  second  waste 
valve  58'  remains  closed.  As  a  result  of  closure  of 
the  second  feed  valve  18'  and  the  second  recovery 
valve  26',  communication  between  the  second 
closed  line  16'  and  the  dialysate  chamber  4  is 
interrupted  so  that  fresh  dialysate  continues  to  be 
supplied  to  the  dialysate  chamber  4  only  from  the 
first  closed  line  16. 

At  time  Td  when  the  second  inlet  valve  51'  is 
closed  while  the  second  waste  valve  58'  remains 
closed,  the  A  liquid  open/close  valve  54  is  initially 
opened,  and  the  second  variable  volume  chamber 
14'  has  its  volume  reduced  to  a  predetermined 
value.  Thereupon,  since  the  diaphragm  12'  is  pre- 
vented  from  moving  by  the  closure  of  the  second 
waste  valve  58',  only  the  diaphragm  11'  is  operated 
to  increase  the  volume  of  the  second  feed  chamber 
13',  enabling  a  given  quantity  of  A  liquid  to  be 

drawn  into  the  second  feed  chamber  13'  from  the 
source  of  supply  42  through  the  A  liquid 
open/close  valve  54. 

When  the  given  quantity  of  A  liquid  has  been 
5  introduced  into  the  second  feed  chamber  13',  the 

valve  54  is  closed  while  the  B  liquid  open/close 
valve  55  is  opened  at  time  Te,  whereupon  the 
second  variable  volume  chamber  14'  has  its  vol- 
ume  reduced  to  a  predetermined  value.  In  this 

io  manner,  a  given  quantity  of  B  liquid  is  allowed  to 
be  drawn  into  the  second  feed  chamber  13'  from 
the  source  of  supply  43  through  the  B  liquid 
open/close  valve  55,  generally  in  the  similar  man- 
ner  as  mentioned  above. 

is  After  the  given  quantities  of  A  liquid  and  B 
liquid  have  been  introduced  into  the  second  feed 
chamber  13',  the  valve  55  is  closed  while  the 
dilution  water  open/close  valve  49  is  opened  at 
time  Tf.  The  second  waste  valve  58'  is  also 

20  opened. 
Then  the  pump  47  operates  to  pump  the  dilu- 

tion  liquid  into  the  second  feed  chamber  13' 
through  the  valve  49,  whereby  the  diaphragms  11' 
and  12'  are  driven  together  to  the  right,  causing 

25  used  dialysate  to  be  externally  drained  out  from  the 
second  recovery  chamber  15'.  In  the  meantime, 
the  cylinder  unit  31'  operates  to  return  the  volume 
of  the  second  variable  volume  chamber  14'  rapidly 
to  its  maximum  volume  from  the  reduced  volume 

30  condition  mentioned  above. 
It  will  be  recognized  that  the  condition  now 

reached  by  the  first  and  the  second  closed  lines 
16,  16'  is  opposite  from  that  which  prevailed  at 
time  Ta.  Thus,  the  described  operation  of  the  re- 

35  spective  closed  lines  16,  16'  is  subsequently  re- 
peated.  Since  the  respective  closed  lines  16,  16' 
are  connected  alternately  to  the  dialysate  chamber 
4  of  the  dialyzer  1  with  a  given  length  of  time 
interval  T  overlapped  therebetween,  it  is  assured 

40  that  fresh  dialysate  is  continuously  supplied  to  the 
dialysate  chamber  4  in  a  stabilized  manner,  thus 
enabling  a  continuous,  smooth  ultrafiltration. 

Where  fresh  dialysate  is  supplied  to  the  feed 
chambers  13,  13'  under  a  given  pressure,  the  con- 

45  stant  flow  rate  valve  21  may  comprise  a  throttle 
valve  e.g.  a  needle  valve. 

In  the  described  embodiment,  when  fresh  dia- 
lysate  is  prepared  by  mixture,  the  A  liquid,  the  B 
liquid  and  the  dilution  liquid  were  sequentially  intro- 

50  duced  and  mixed  in  this  order,  but  the  order  of 
introduction  is  not  limited  to  this.  By  way  of  exam- 
ple,  the  dilution  liquid  may  initially  be  supplied  up 
to  its  half  its  predetermined  quantity,  followed  by  a 
sequential  introduction  of  given  quantities  of  A  and 

55  B  liquids  as  mentioned,  and  finally  followed  by  the 
introduction  of  the  rest  of  the  dilution  liquid  into  the 
feed  chamber  13,  13'  until  the  latter  becomes  filled. 

7 
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A  pair  of  sources  of  supply  42  and  43  are 
utilized  in  the  described  embodiment  to  provide 
two  kinds  of  concentrated  liquids  A  and  B.  How- 
ever,  it  should  be  understood  that  the  source  of 
supply  of  concentrated  liquid  or  liquids  may  be  one 
or  three  or  greater  depending  on  the  kind  of  dia- 
lysate  being  used. 

In  the  procedure  described  above,  fresh  dia- 
lysate  is  prepared  by  mixture  within  each  of  the 
feed  chambers  13,  13'.  Alternatively,  it  is  possible 
for  fresh  dialysate  which  is  externally  prepared  to 
be  fed  into  the  respective  feed  chambers  13,  13'. 
In  this  instance,  because  variation  in  the  volumes 
of  the  variable  volume  chambers  14,  14'  occurs  in 
a  symmetrical  manner,  i.e.  one  increasing  while  the 
other  is  decreasing,  the  two  variable  volume  cham- 
bers  14,  14'  may  be  connected  together  through  a 
communication  passage  with  a  pump  disposed 
therein  which  can  feed  the  liquid  30  from  one  of 
the  variable  volume  chambers  to  the  other  in  either 
direction. 

It  is  to  be  understood  that  the  overlapped  op- 
eration  between  the  two  closed  lines  over  the  time 
interval  T  is  possible  both  when  fresh  dialysate  is 
prepared  within  the  respective  feed  chambers  13, 
13',  and  when  fresh  dialysate  which  is  externally 
prepared  is  fed  to  the  respective  feed  chambers 
13,  13'. 

Fig.  3  shows  another  embodiment  of  the  inven- 
tion  including  a  first  dialysate  container  110  which 
is  equivalent  to  the  first  dialysate  container  of  the 
previous  embodiment,  but  divided  into  separate 
container  sections  170,  171  at  a  point  intermediate 
the  diaphragms  111  and  112.  Each  of  the  contain- 
ers  170,  171  is  formed  with  a  variable  volume 
chamber  portion  114,  connected  together  through  a 
piping  172  which  is  in  turn  connected  to  a  cylinder 
chamber  132  of  a  cylinder  unit  131.  A  second 
dialysate  container  110'  is  constructed  in  a  similar 
manner,  and  parts  thereof  which  correspond  to 
those  of  the  first  container  110  are  designated  by 
like  reference  numerals  with  a  prime. 

In  this  embodiment,  each  of  the  feed  chambers 
113,  113'  is  connected  to  a  dialysate  chamber  104 
of  a  dialyzer  101  or  a  feed  line  140  for  fresh 
dialysate  in  a  switched  manner  through  three-way 
valves  173,  173',  instead  of  the  previous  feed 
valves  18,  18'  and  inlet  valves  51,  51'.  Similarly, 
three-way  valves  174,  174'  are  substituted  for  the 
recovery  valves  26,  26'  and  the  waste  valves  58, 
58'.  A  solenoid  operated  open/close  valve  175  is 
disposed  in  a  waste  line  156  in  order  to  introduce 
the  A  liquid  and  the  B  liquid  into  the  respective 
feed  chambers  113,  113'. 

In  other  respects,  the  arrangement  is  substan- 
tially  similar  to  the  previous  embodiment,  and  ac- 
cordingly,  corresponding  parts  are  designated  by 
reference  numerals  as  used  before  but  with  100 

added.  It  will  be  apparent  that  an  effect  can  be 
achieved  similar  to  that  of  the  First  embodiment. 

Claims 
5 

1.  A  dialysis  system  having 
a  dialyser  (1); 
a  feed  chamber  (13)  for  holding  fresh  dia- 

lysate  for  feeding  to  the  dialyser  (1)  through  an 
io  intake  thereof,  and  having  an  associated  feed 

chamber  diaphragm  (11)  which  is  movable  to 
enable  the  feed  chamber  (13)  to  adjust  its 
volume; 

a  recovery  chamber  (15)  for  receiving 
is  used  dialysate  from  an  outlet  of  the  dialyser  (1) 

as  fresh  dialysate  is  fed  to  the  dialyser  (1) 
from  the  feed  chamber  (13)  in  operation,  and 
having  an  associated  recovery  chamber  dia- 
phragm  (12)  which  is  movable  to  enable  the 

20  recovery  chamber  (15)  to  adjust  its  volume; 
the  feed  chamber  (13),  dialyser  (1)  and 

recovery  chamber  (15)  being  connected  to 
function  as  a  closed  dialysate  line  (16); 

the  feed  chamber  diaphragm  (11)  and  re- 
25  covery  chamber  diaphragm  (12)  being  coupled 

together  under  the  control  of  control  means 
(31)  enabling  control  of  the  relation  between 
volume  change  in  the  recovery  chamber  (15) 
and  volume  change  in  the  feed  chamber  (13), 

30  characterised  in  that  the  diaphragms 
(11,12)  are  coupled  by  means  of  a  variable 
volume  control  chamber  (14)  enclosed  be- 
tween  them  on  their  sides  remote  from  the 
dialysate  and  filled  with  liquid  (30),  and  the 

35  control  means  (31)  enables  controlled  variation 
of  the  volume  of  the  liquid-filled  control  cham- 
ber  (14). 

2.  A  dialysis  system  according  to  claim  1  in 
40  which  the  feed  chamber  diaphragm  (11)  and 

recovery  chamber  diaphragm  (12)  are  dispos- 
ed  within  a  container  (10)  in  which  the  variable 
volume  control  chamber  (14)  is  between  the 
diaphragms  (11,12),  the  feed  chamber  (13)  is 

45  on  the  other  side  of  the  feed  chamber  dia- 
phragm  (11)  and  the  recovery  chamber  (15)  is 
on  the  other  side  of  the  recovery  chamber 
diaphragm  (12). 

50  3.  A  dialysis  system  according  to  claim  1  in 
which  the  feed  chamber  (113)  and  feed  cham- 
ber  diaphragm  (111)  are  in  a  first  container 
(170)  and  the  recovery  chamber  (115)  and 
recovery  chamber  diaphragm  (112)  are  in  a 

55  second  container  (171),  the  variable  volume 
control  chamber  (114)  being  divided  into  first 
and  second  portions  in  the  first  and  second 
containers  (170,171)  respectively,  with  fluid 
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communication  (172)  between  the  two  portions. 

4.  A  dialysis  system  according  to  any  one  of  the 
preceding  claims,  in  which  the  control  means 
comprises  a  servo  motor-driven  cylinder  unit 
(31)  communicating  with  the  variable  volume 
chamber  (14). 

5.  A  dialysis  system  according  to  any  one  of  the 
preceding  claims  in  which  a  feed  passage  (17) 
connecting  the  feed  chamber  (13)  to  the  dia- 
lyser  (1)  has  a  filter  (19)  which  permits  flow  of 
the  fresh  dialysate  but  is  impermeable  to  the 
liquid  (30)  occupying  the  control  chamber  (14). 

6.  A  dialysis  system  according  to  claim  5  in 
which  a  detector  (35)  is  provided  on  the  feed 
passage  (17)  upstream  of  the  filter  (19),  to 
check  for  the  presence  in  the  feed  passage 
(17)  of  any  escaped  liquid  (30)  from  the  control 
chamber  (14). 

7.  A  dialysis  system  according  to  any  one  of  the 
preceding  claims,  in  which  a  dialysate  con- 
centrate  source  (42,43)  and  a  dilution  water 
source  (41)  are  connected  to  the  feed  chamber 
(13)  along  a  feed  line  (40)  by  way  of  respective 
closable  valves  (49,54,55),  whereby  dialysate 
concentrate  and  dilution  water  can  be  admitted 
sequentially  to  the  feed  chamber  (13)  along 
the  feed  line  (40)  to  form  fresh  dialysate  in  the 
feed  chamber  (13)  by  mixture,  the  feed  cham- 
ber  diaphragm  (11)  thereby  being  driven  to 
increase  the  volume  of  the  feed  chamber  (13). 

8.  A  dialysis  system  according  to  claim  7  in 
which  there  are  two  sources  of  dialysate  con- 
centrate,  namely  a  source  (42)  of  concentrated 
liquid  containing  calcium  and  magnesium  ions, 
and  a  source  (43)  of  concentrated  liquid  con- 
taining  bicarbonate,  each  having  a  respective 
closable  valve  (54,55)  enabling  them  to  be  fed 
sequentially  to  the  feed  chamber  (13). 

9.  A  dialysis  system  according  to  any  one  of  the 
preceding  claims  having  two  said  closed  dia- 
lysate  lines  (16,16'),  each  having  a  respective 
said  feed  chamber  (13,13'),  recovery  chamber 
(15,15'),  feed  chamber  and  recovery  chamber 
diaphragms  (11,12;11',12'),  and  variable-vol- 
ume  liquid-filled  control  chambers  (14,14')  de- 
fined  between  them, 

each  of  said  closed  dialysattte  lines 
(16,16')  being  connectable  to  supply  dialysate 
to  the  same  dialyser  (1)  alternately,  and 

each  of  the  recovery  chambers  (15,15') 
being  connectable  to  a  waste  line  (59)  for 
discharging  used  dialysate  from  one  of  the 

closed  lines  while  the  other  supplies  the  dia- 
lyser  (1). 

10.  A  dialysis  system  according  to  claim  9  in 
5  which  the  switching  between  the  connection  of 

the  alternate  closed  dialysate  lines  (16,16')  to 
the  dialyser  (1)  involves  an  overlap  during 
which  both  said  lines  (16,16')  are  connected  to 
the  dialyser  (1),  so  that  fresh  dialysate  is  sup- 

io  plied  continuously  to  the  dialyser  (1)  during  the 
switching. 

11.  A  dialysis  system  according  to  claim  10  in 
which  a  time  T2  taken  to  replenish  the  feed 

is  chamber  of  one  of  the  closed  dialysate  lines 
with  fresh  dialysate  is  less  than  a  supply  time 
Ti  during  which  both  closed  dialysate  lines 
(16,16')  are  connected  to  the  dialyser  (1). 

20  Patentanspruche 

1.  Dialysesystem,  das  umfaBt: 
einen  Dialysator  (1); 
eine  Zufuhrkammer  (13)  zur  Aufnahme  von  f  ri- 

se  schem  Dialysat  zum  Speisen  des  Dialysators 
(1)  uber  einen  EinlaB  desselben,  die  eine  zuge- 
ordnete  Zufuhrkammermembran  (11)  aufweist, 
die  beweglich  ist,  urn  es  der  Zufuhrkammer 
(13)  zu  ermoglichen,  ihr  Volumen  anzupassen; 

30  eine  Wiedergewinnungskammer  (15)  zur  Auf- 
nahme  von  verbrauchtem  Dialysat  uber  einen 
AuslaB  des  Dialysators  (1),  wenn  beim  Betrieb 
frisches  Dialysat  dem  Dialysator  (1)  von  der 
Zufuhrkammer  (13)  zugefuhrt  wird,  und  die 

35  eine  zugeordnete  Wiedergewinnungskammer- 
membran  (12)  aufweist,  die  beweglich  ist,  urn 
es  der  Wiedergewinnungskammer  (15)  zu  er- 
moglichen,  ihr  Volumen  anzupassen; 
wobei  die  Zufuhrkammer  (13),  der  Dialysator 

40  (1)  und  die  Wiedergewinnungskammer  (15) 
miteinander  verbunden  sind,  sodaB  sie  als  eine 
geschlossene  Dialysatleitung  (16)  fungieren; 
wobei  die  Zufuhrkammermembran  (11)  und  die 
Wiedergewinnungskammermembran  (1  2) 

45  durch  eine  Steuereinrichtung  (31)  gesteuert 
miteinander  gekoppelt  sind,  welche  die  Steue- 
rung  der  Beziehung  zwischen  der  Volumsan- 
derung  in  der  Wiedergewinnungskammer  (15) 
und  der  Volumsanderung  in  der  Zufuhrkammer 

50  (13)  ermoglicht, 
dadurch  gekennzeichnet,  dal3  die  Membranen 
(11,12)  durch  eine  Steuerkammer  (14)  mit  vari- 
ablem  Volumen  gekoppelt  sind,  die  zwischen 
ihnen  an  ihren  vom  Dialysat  entfernten  Seiten 

55  eingeschlossen  und  mit  Flussigkeit  (30)  gefullt 
ist,  und  die  Steuereinrichtung  (31)  die  gesteu- 
erte  Anderung  des  Volumens  der  mit  Flussig- 
keit  gefullten  Steuerkammer  (14)  ermoglicht. 

9 
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2.  Dialysesystem  nach  Anspruch  1,  bei  dem  die 
Zufuhrkammermembran  (11)  und  die  Wieder- 
gewinnungskammermembran  (12)  innerhalb  ei- 
nes  Behalters  (10)  angeordnet  sind,  in  dem 
sich  die  Steuerkammer  (14)  mit  variablem  Vo- 
lumen  zwischen  den  Membranen  (11,12)  befin- 
det,  die  Zufuhrkammer  (13)  sich  auf  der  ande- 
ren  Seite  der  Zufuhrkammermembran  (11)  und 
die  Wiedergewinnungskammer  (15)  sich  an  der 
anderen  Seite  der  Wiedergewinnungskammer- 
membran  (12)  befindet. 

3.  Dialysesystem  nach  Anspruch  1,  bei  dem  die 
Zufuhrkammer  (113)  und  die  Zufuhrkammer- 
membran  (111)  sich  in  einem  ersten  Behalter 
(170)  befinden  und  die  Wiedergewinnungskam- 
mer  (115)  und  die  Wiedergewinnungskammer- 
membran  (112)  sich  in  einem  zweiten  Behalter 
(171)  befinden,  wobei  die  Steuerkammer  (114) 
mit  variablem  Volumen  in  einen  ersten  und 
einen  zweiten  Abschnitt  im  ersten  bzw.  im 
zweiten  Behalter  (170,171)  mit  Fluidkommuni- 
kation  (172)  zwischen  den  beiden  Abschnitten 
unterteilt  ist. 

4.  Dialysesystem  nach  einem  der  vorhergehen- 
den  Anspruche,  bei  dem  die  Steuereinrichtung 
eine  durch  Servomotor  angetriebene  Zylinde- 
reinheit  (31)  umfaBt,  die  mit  der  Kammer  (14) 
mit  variablem  Volumen  kommuniziert. 

5.  Dialysesystem  nach  einem  der  vorhergehen- 
den  Anspruche,  bei  dem  ein  Zufuhrdurchgang 
(17),  der  die  Zufuhrkammer  (13)  mit  dem  Dia- 
lysator  (1)  verbindet,  einen  Filter  (19)  aufweist, 
der  den  FluB  des  frischen  Dialysats  zulaBt, 
aber  fur  die  Flussigkeit  (30),  die  sich  in  der 
Steuerkammer  (14)  befindet,  undurchlassig  ist. 

6.  Dialysesystem  nach  Anspruch  5,  bei  dem  ein 
Detektor  (35)  am  Zufuhrdurchgang  (17)  strom- 
aufwarts  vom  Filter  (19)  vorgesehen  ist,  urn  zu 
prufen,  ob  irgendwelche  aus  der  Steuerkam- 
mer  (14)  entwichene  Flussigkeit  (30)  im  Zu- 
fuhrdurchgang  (17)  vorhanden  ist. 

7.  Dialysesystem  nach  einem  der  vorhergehen- 
den  Anspruche,  bei  dem  eine  Dialysatkonzen- 
tratquelle  (42,433)  und  eine  Verdunnungswas- 
serquelle  (41)  entlang  einer  Zufuhrleitung  (40) 
durch  jeweilige  schlieBbare  Ventile  (49,54,55) 
an  die  Zufuhrkammer  (13)  angeschlossen  sind, 
wodurch  Dialysatkonzentrat  und  Verdunnungs- 
wasser  entlang  der  Zufuhrleitung  (40)  nachein- 
ander  in  die  Zufuhrkammer  (13)  eingelassen 
werden  konnen,  urn  durch  Mischung  frisches 
Dialysat  in  der  Zufuhrkammer  (13)  zu  bilden, 
wobei  die  Zufuhrkammermembran  (11)  da- 

durch  bewegt  wird,  urn  das  Volumen  der  Zu- 
fuhrkammer  (13)  zu  erhohen. 

8.  Dialysesystem  nach  Anspruch  7,  bei  dem  zwei 
5  Dialysatkonzentratquellen  vorhanden  sind, 

namliche  eine  Quelle  (42)  fur  konzentrierte 
Flussigkeit,  die  Kalzium-  und  Magnesiumionen 
enthalt,  und  eine  Quelle  (43)  fur  konzentrierte 
Flussigkeit,  die  Bikarbonat  enthalt,  von  denen 

io  jede  ein  jeweiliges  schlieBbares  Ventil  (54,55) 
aufweist,  die  es  ermoglichen,  daB  sie  nachein- 
ander  der  Zufuhrkammer  (13)  zugefuhrt  wer- 
den. 

is  9.  Dialysesystem  nach  einem  der  vorhergehen- 
den  Anspruche,  das  zwei  genannte  geschlos- 
sene  Dialysatleitungen  (16,16')  aufweist,  von 
denen  jede  eine  jeweilige  genannte  Zufuhr- 
kammer  (13,13'),  Wiedergewinnungskammer 

20  (15,15'),  Zufuhrkammer-  und  Wiedergewin- 
nungskammermembranen  (11,12;  11  ',12')  und 
zwischen  ihnen  ausgebildete,  mit  Flussigkeit 
gefullte  Steuerkammern  (14,14')  mit  variablem 
Volumen  aufweist, 

25  wobei  jede  der  genannten  geschlossenen  Dia- 
lysatleitungen  (16,16')  anschlieBbar  ist,  urn  ab- 
wechselnd  demselben  Dialysator  (1)  Dialysat 
zuzufuhren,  und 
jede  der  Wiedergewinnungskammern  (15,15') 

30  an  eine  AbfluBleitung  (59)  zum  Austragen  von 
verbrauchtem  Dialysat  aus  einer  der  geschlos- 
senen  Leitungen  anschlieBbar  ist,  wahrend  die 
andere  den  Dialysator  (1)  versorgt. 

35  10.  Dialysesystem  nach  Anspruch  9,  bei  dem  das 
Umschalten  zwischen  dem  AnschlieBen  der 
abwechselnd  geschlossenen  Dialysatleitungen 
(16,16')  an  den  Dialysator  (1)  eine  Uberlap- 
pung  mit  sich  bringt,  wahrend  der  die  beiden 

40  genannten  Leitungen  (16,16')  an  den  Dialysator 
(1)  angeschlossen  sind,  sodaB  wahrend  des 
Umschaltens  dem  Dialysator  (1)  kontinuierlich 
frisches  Dialysat  zugefuhrt  wird. 

45  11.  Dialysesystem  nach  Anspruch  10,  bei  dem 
eine  Zeit  T2,  die  notwendig  ist,  urn  die  Zufuhr- 
kammer  einer  der  geschlossenen  Dialysatlei- 
tungen  mit  frischem  Dialysat  auf  zufullen,  kur- 
zer  ist  als  eine  Zufuhrzeit  Ti  ,  wahrend  der 

50  beide  geschlossene  Dialysatleitungen  (16,16') 
an  den  Dialysator  (1)  angeschlossen  sind. 

Revendicatlons 

55  1.  Systeme  de  dialyse  ayant 
un  dialyseur  (1)  ; 
une  chambre  d'alimentation  (13)  pour 

contenir  le  dialysat  frais  pour  fourniture  au 

10 
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dialyseur  (1)  par  son  entree  et  ayant  un  diaph- 
ragme  associe  (11)  de  chambre  d'alimentation 
qui  est  mobile  pour  permettre  d'ajuster  le  volu- 
me  de  la  chambre  d'alimentation  (13)  ; 

une  chambre  de  recuperation  (15)  pour 
recevoir  le  dialysat  use  d'une  sortie  du  dialy- 
seur  (1)  tandis  que  du  dialysat  frais  est  fourni 
au  dialyseur  (1)  par  la  chambre  d'alimentation 
(13)  en  fonctionnement,  et  ayant  un  diaphrag- 
me  associe  de  chambre  de  recuperation  (12) 
qui  est  mobile  pour  permettre  d'ajuster  le  volu- 
me  de  la  chambre  de  recuperation  ; 

la  chambre  d'alimentation  (13),  le  dialyseur 
(1)  et  la  chambre  de  recuperation  (15)  etant 

4.  Systeme  de  dialyse  selon  I'une  quelconque 
des  revendications  precedentes,  ou  le  moyen 
de  commande  comprend  une  unite  a  cylindre 
entraTnee  par  servomoteur  (31)  communiquant 

5  avec  la  chambre  a  volume  variable  (14). 

6.  Systeme  de  dialyse  selon  la  revendication  5, 
ou  un  detecteur  (35)  est  prevu  sur  le  passage 
d'alimentation  (19)  en  amont  du  filtre  (19),  pour 
verifier  la  presence,  dans  le  passage  d'alimen- 
tation  (17),  de  tout  liquide  (30)  s'etant  echappe 
de  la  chambre  de  controle  (14). 

7.  Systeme  de  dialyse  selon  I'une  quelconque 
des  revendications  precedentes,  ou  une  sour- 
ce  de  dialysat  concentre  (42,  43)  et  une  source 
d'eau  de  dilution  (41)  sont  connectees  a  la 
chambre  d'alimentation  (13)  par  une  ligne  d'ali- 
mentation  (40)  au  moyen  de  vannes  respecti- 
vement  fermables  (49,  54,  55),  ainsi  le  dialysat 
concentre  et  I'eau  de  dilution  peuvent  etre 
admis  sequentiellement  dans  la  chambre  d'ali- 
mentation  (13),le  long  de  la  ligne  d'alimenta- 
tion  (40),  pour  former  du  dialysat  frais  dans  la 
chambre  d'alimentation  (13)  par  melange,  le 
diaphragme  (11)  de  la  chambre  d'alimentation 
etant  ainsi  entraTne  pour  augmenter  le  volume 
de  la  chambre  d'alimentation  (13). 

8.  Systeme  de  dialyse  selon  la  revendication  7, 
ou  il  y  a  deux  sources  du  dialysat  concentre, 
c'est-a-dire  une  source  (42)  d'un  liquide 
concentre  contenant  les  ions  de  calcium  et  de 
magnesium  et  une  source  (43)  de  liquide 
concentre  contenant  du  bicarbonate,  chacune 
ayant  une  vanne  fermable  respective  (54,  55) 
permettant  une  fourniture  sequentielle  a  la 
chambre  d'alimentation  (13). 

9.  Systeme  de  dialyse  selon  I'une  quelconque 
des  revendications  precedentes,  ayant  deux 
lignes  fermees  de  dialysat  (16,  16'),  chacune 
ayant  respectivement  la  chambre  d'alimenta- 
tion  (13,  13'),  la  chambre  de  recuperation  (15, 
15'),  les  diaphragmes  de  la  chambre  d'alimen- 
tation  et  de  la  chambre  de  recuperation  (11,  12 
;  11',  12')  et  les  chambres  de  controle  rem- 
plies  d'un  liquide  a  volume  variable  (14,  14') 
definies  en  eux, 

chacune  desdites  lignes  fermees  de  dialy- 

connectes  pour  fonctionner  comme  une  ligne 
fermee  de  dialysat  (16)  ; 

le  diaphragme  (11)  de  la  chambre  d'ali- 
mentation  et  le  diaphragme  (12)  de  la  chambre 
de  recuperation  etant  couples  I'un  a  I'autre 
sous  le  controle  d'un  moyen  de  commande 
(31)  permettant  le  controle  de  la  relation  entre 
le  changement  de  volume  dans  la  chambre  de 
recuperation  (15)  et  le  changement  de  volume 
dans  la  chambre  d'alimentation  (13), 

caracterise  en  ce  que  les  diaphragmes 
(11,  12)  sont  couples  par  une  chambre  de 
controle  a  volume  variable  (14)  enfermee  entre 
eux  sur  leurs  cotes  qui  sont  eloignes  du  dialy- 
sat  et  qui  est  remplie  d'un  liquide  (30)  et  en  ce 
que  le  moyen  de  commande  (31)  permet  une 
variation  controlee  du  volume  de  la  chambre 
de  controle  (14)  remplie  de  liquide. 

Systeme  de  dialyse  selon  la  revendication  1, 
ou  le  diaphragme  (11)  de  la  chambre  d'alimen- 
tation  et  le  diaphragme  (12)  de  la  chambre  de 
recuperation  sont  disposes  dans  un  conteneur 
(10)  ou  la  chambre  de  controle  a  volume  varia- 
ble  (14)  est  entre  les  diaphragmes  (11,  12),  la 
chambre  d'alimentation  (13)  est  de  I'autre  cote 
du  diaphragme  (11)  de  la  chambre  d'alimenta- 
tion  et  la  chambre  de  recuperation  (15)  est  de 
I'autre  cote  du  diaphragme  (12)  de  la  chambre 
de  recuperation. 

Systeme  de  dialyse  selon  la  revendication  1, 
ou  la  chambre  d'alimentation  (113)  et  le  diaph- 
ragme  (111)  de  la  chambre  d'alimentation  sont 
dans  un  premier  conteneur  (170)  et  la  chambre 
de  recuperation  (115)  et  le  diaphragme  (112) 
de  la  chambre  de  recuperation  sont  dans  un 
second  conteneur  (171),  la  chambre  de  contro- 
le  a  volume  variable  (114)  etant  divisee  en 
premiere  et  seconde  portions  dans  les  premier 
et  second  conteneurs  (170,  171),  respective- 
ment,  avec  communication  de  fluide  (172)  en- 
tre  les  deux  portions. 

5.  Systeme  de  dialyse  selon  I'une  quelconque 
des  revendications  precedentes,  ou  un  passa- 
ge  d'alimentation  (17)  connectant  la  chambre 

io  d'alimentation  (13)  au  dialyseur  (1)  a  un  filtre 
(19)  qui  permet  I'ecoulement  du  dialysat  frais 
mais  qui  est  impermeable  au  liquide  (30)  qui 
occupe  la  chambre  de  controle  (14). 

is  6.  Systeme  de  dialyse  selon  la  revendication  5, 
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sat  (16,  16')  pouvant  etre  connectee  pour  four- 
nir  du  dialysat  au  meme  dialyseur  (1)  de  ma- 
niere  alternee  et 

chacune  des  chambres  de  recuperation 
(15,  15')  pouvant  etre  connectee  a  une  ligne  5 
de  residus  (59)  pour  evacuer  le  dialysat  use  de 
I'une  des  lignes  fermees  tandis  que  I'autre 
alimente  le  dialyseur  (1). 

10.  Systeme  de  dialyse  selon  la  revendication  9,  10 
ou  le  changement  entre  la  connexion  des  li- 
gnes  alternees  fermees  de  dialysat  (16,  16') 
vers  le  dialyseur  (1)  implique  un  recouvrement 
pendant  lequel  les  deux  lignes  (16,16')  sont 
connectees  au  dialyseur  (1),  done  du  dialysat  is 
frais  est  fourni  continuellement  au  dialyseur  (1) 
pendant  le  changement. 

11.  Systeme  de  dialyse  selon  la  revendication  10, 
ou  un  temps  T2  pris  pour  remplir  la  chambre  20 
d'alimentation  de  I'une  des  lignes  fermees  de 
dialysat  par  du  dialysat  frais  est  plus  court 
qu'un  temps  d'alimentation  Ti  pendant  lequel 
les  deux  lignes  fermees  de  dialysat  (16,16') 
sont  connectees  au  dialyseur  (1).  25 
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