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WATER-REMOVAL CONTROL SYSTEM FOR DIALYSIS DEVICES

" BACKGROUND OF THE INVENTTON
1. Field of the Invention
The present invention :i'elates to a water‘removai

+ 5 control system for dialysis devices and, more particularlj,

to a water-removal control system capable of recalculating and

displaying a planned finish time of dialysis treatment by

changing at least one of preset values of a planned water-

removing volume and a water-removing rate when there is the
10 necessity of changing a predetemined finish time pf dialysis

treatment for some reasons or other during dialysis.

2. Description of the Prior Art |

Dialysis devices have been used widely to perform

dialysis treatment for patients with chronic renal failure.
18 . Such dialysis devices are gene:bally composed of a dialyzer,

a blood line, a dialysate line, a blood pump, a water-removal v

pump, and a water-removal control system. The water-removal

control syétem génerally comprises a volume—seﬁting' means for

sett_ing a volume of water to be removed, a :ate:-setti_ng means
20 - for setting a water-removing rate, a control means for

contro_lling watér-_removing procedure on the basis of a set

value of the water-removing rate set by the rate-setting

means. The control means is so designed as to calculate a

necessary time for dialysi_s_from the set volume to water to
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2. Description of the Prior Art Dialysis devices have been used w dely to
p“erfor“m dialysis treatnment for patients with chronic renal failure. 15
Such di al ysis devices are generally conposed of a dial yZ/GJ’__‘_,:_a;;hrlfﬂGdf:ﬁT_:WQ‘-‘ a
dial ysate line, a blood punp, a water-renpval punp, aff ??v@@w-m;e&rﬁv’é‘l‘ \
control system The water-renoval cont ol System gen rayy y peoupt-Edes |
vol une-setting neans for setting a volune of water to- —a
rate-setting neans 20 for setting a water-renoving rate, a control
means, for controlling water-renoving procedure on the basis of a set val ue
of the water-renoving rate set by the rate-setting nmeans. The control means
IS so designed as to calculate a . .

be removed and the set value of the water-removing rate, and
determine a finish time of dialysis -treatment, i.e., a time

. I
at which the dialysis treatment has been finished, from the .-

necessary time’ and the actual time. Generally, the control T
5 means is so designed as to have the ability to change the
volume of water to be removed and the wateri-remov:'gng rate even
in the dialysis treatment.
High performance dialysis devices have recently been
developed and make it possible to remove a large volume of
10 water from the blood. | However, there is such a fear that the
patient’s life is in danger because of improper control of “.
water removal which causes excessive or insufficient watex
removal. Thus, there is an increasing deman& for a water-
' removal control system for dialysis devices that ensures '
15 correct and safe control of water removal. KT
To meet such a demand, a few dialysis devices with
a ultrafiltrétion control system have been proposed, for
example, in Japanese Utility Model publication JP-B- 6-11001
and Japanese Patent JP-A ~ 6-14994. |
20 . The former discloses a dialysis device comprising
a volume-setting means for setting a planned volume of water
to be filtered, a rate-setting means for setting a filtering-
rate, a control unit for controlling ultrafiltration procedure
. on the basis of the filtering rate determined by the rate-

25 setting means, the control unit being so designed that it K

—— 1
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necessary time for dialysis fromthe set volune to waterto ——2-be—resoved .
&nd the set value of the water-renoving rate, and det erfyipgs a-kEEnisd BEARE |;
of dialysis treatnent, i.e., a time at which the dialys}s treaasmusihas
been Ti ni shed, fromthe necessary tine and the actual t%—e:‘ﬂﬁf—at—ﬁy‘——t‘%
control 5 means is so designed as to fave the abi lity to change the

vol ume of water to be renoved and the water-renoving rate even in the .
di al ysis treatnent. .

allows at least one of the filtration volume and filtexring- .
rate to be changed dﬁring dialysis treatment, the controi unit - *-
being adapted to calculate the remaining time of dialysis, by
using the planned filtration volume, the filtering-rate, and
5 .the volume of water filtered by that time, and to display the
result. If the fiit:;ation volume or filtering-rate is changed .
during dialysis, the contxol unit recalculate the remaining
time of dialysis from the changed value and displays the
result. _ {\_'
10 : The 1éttér, JP-A- 6-149%4, discloses a water—re;noval .
calculating system for dialysis device, including means for
setting a planned volume of water to be removed, a planned '
finish time of dialysis treatment and a current time as data - .
for control of. water-removal, and a means for calculating the
15 required time for dialysis treatment from the data, from which
the water-removing rate at the time of start of dialysis is
calculated automatically.  If the dialysis ‘treatment is
delayed for some reasons or other, the water-removing rate is
automatically recalculated f}:om the remaining time of dialysis
20 treatment and the remaining volume of watexr to bé. removed, to
.eliminate the delay of dialysis treatmeﬁt, and then reset the ' .
water—removing rate to the calculated new value.
Howéver, the dialysis device of JP-B- £-11001 I
displays not the finish time of dialysis treatment, but the !

25 remaining time of dialysis treatment, so that the 6perators
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High performance di al ysis 'devices have recently been devel oped and neke it .
Possible to renpve a | arge volume of 10 water fromthe blood. However .

there is such

a fear that .the patient's life is in d
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|tration control system have been proposed, for exanple,

are liable to make a wrong judgement carelessly on the finis‘h.

St—and saf e

]

i:,'n i
ty Model publication JP-B- 6-11001 and Japanese Patent JP-A, -

time of dialysi treatment. If it becomes difficult to finish

the dialysis treatment within the initially planned time for
some reasons or other, there is the necessity of finishing the
dialysis treatment within a time shorter than the initially
planned finish time. In such a case,. the dialysis treatments
often bring to an end simultaneously, particularly, when many

patients are treated at the same time, so that the operators

are pressed by work because of after-treatment and preparation -

for the next treatments. Accordinglf(, ‘the operators would
make a mistake in calculation when sé_ttiﬁg the planned volume
of water to be removed fxrom the blood or ultrafiltration rate.
- Since the water-removal calculating system of JP-A-
6-14994 is so designed as to reset the water-removing rate to
finish the dialysis treatment at the initially determined
time, the water-removing rate becomes too fast, causing excess
water-removal. This problem may be overcome by setting upper
limits to the water-removing rate, but it requires recalcu-
lation of. the water-removing rate every when the water-
removing rate exceeds the limit. .
SUMMARY OF THE INVENTION
It is‘ therefore an object of the present invention
to provide a water-removal control system for dialysis

devices, which causes no excess water-removal and makes it

e —
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tg07~w, . The fornmer discloses a dialysis device conprising a _
Vol unk-setting means for setting a planned volune of water to be filtered,!

i_#%' e,

a rate-setting neans for setting a filtering- rate, —a-

controlling ultraf iltration procedure qonghe basis oﬂﬂﬁﬁ%@??; te,.
determ ned by the rate- 25 setting neans, the c nt r ol REY
designed that it 3 allows at l.east one of the fil on vol unme and

filtering- rate.to be changed during dialysis treatnent, the control unit

possible to control schedules df dialysis treatment so as to
be free from concurrent finishes of dialysis treatments.
The above and othexr objects of the present invention
are achieved by providing a water-removal control system for
5 | dialysis device, including: : .
a'volume—setting'meana for setting a planned vo1ﬁme
of water to be remo#ed or a ﬁlanned water-rémoving volume; .?‘
a rate-setting wmeans for'setting a water-removing . .
rate; and
10 altime—displaying means for calculating frqm'the
planned volume of water ‘to bé removed, set by said volume-
setting means, and the water-removing rate.set by said rate-
setting means, and for displayihg the.iesultant finish time
of dialysis treatment;
is sald control system being so designed as to allow
the water-removing rate to be changed _sﬁep by step by .°
operating the rate-setting means during dialysis, and allow
the time-displaying means to calculate the finish time oﬁ IR
dialysis treatment synchronously with a stepped change of the !
20 water~removing rate as well as to display the resultant finish
" time of dialysis treatment.
In a preferred embodiment, the rate-setting' means
is composed of an up and down type 5witch or a ﬁair of push-

button switches.
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bet ng adapt.ed to cal culate.the remaining tine of dialysis, by using the
plannfed filtration volume, the filtering-rate, and. 5 ;==the=votam=oF—
water filtered by that time, and to display the result.jl This 8heET HREEEENo
volume or filtering-rate is changed duang dialysis, t contAEFLAGHER i
recal culate the remaining. time of dialysis fromthe chs vart e and ;i
di splays the result. 10 The latter, JP-A- 6-14994, disclos%g
a water-renoval calculating systemfor dialysis device, including neans for
setting a planned volume O water to be renoved, a planned finish tine of
dialysis treatnent and a current tinme as data for control of water-renpval,
and a neans for calculating the

The control system may be 50 designed as to allow
the planned water-removing volume to-be changed step by step
by;operating the volume-setting'means during'dialysié,.and to
allow the time-di?playing means to calculate the finish time

5 of dialysis treatment synchronously with a stepped change of
_the planned water-removing volume as well as to display the .
resultant finish time'of_dialysis'treatment. In this case,
the volume-setting means for setting the .planned water- ))
removing volume is preferably composea of an up-down type |
10 switch or ; pair of push-buﬁton switches. |

Tn still another embodiment, the contrBI system is
provided with a displaying means for calculating and display-
ing a remaining time from the actual time to the planned
finish time of diélysis treatment; -

15 | BRTEF DESCRIPTION OF THE DRAWINGS
| '~ The above and other objects and features of the
present invention will become clear from the following Lo
description taken in conjunction with the preferred embpdi-
ments therecof with reference to the "accompanying drawings,
20 throughout which like parts are desigﬂated by like réferenCe !
numerals, and in which:
Fig. 1 is a diagram illustrating a dialysis device

with a water-removal control system according to the present

invention; and
_ -
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15 . required time for dialysis treatnent fromthe
waterirenoving rate at the tine of start of dlaIyS|s
automatically. ~ If the dialysi's treatment is delayed- (e
other, the water-renoving rate is automatigcally recalculated from
remaining tinme of dialysis 20 treatnment and the remaining vol une of

water to be renoved, to elimnate the delay of dialysis treatnent, and then .
reset the water-renoving rate to the cal cul ated new val ue. However, the

di al ysis device of JP-B- 6-11001 displays not the finish time of dialysis
treatnment, but the 25 remaining tinme of dialysis treatnent, so that.

the operators -

FPig. 2 is a diagram illusﬁrating one example of a
display pangl of a water-removal control unit of Fig. 1.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS .
Referring to Fig.. 1, there is shown a hemodialysis
s system comprising blood line 1, a dialyzer 2 arranged in the
blood line 1, a blood pump 3 arranged in an upstream side of
the blood line 1, a dialysate line 4 connected to the dialyzer ‘e
2, a waﬁer—removing means 5 arranged in the dialysate line 4
to remove water from the blood, a dialysate pump 7 for feeding
10’ , a dialysate to the dialysate-line 4, and a water-removal
i ‘control unit € for controlling the water-removing means 5 and
dialysate pﬁmp 7.
During diaiysis, the blood from the wvein of a
patient is introduced into the dialyzer 2 by the blood pump
15 3 via the blood line i, and the dialysate is introduced into e
the dialyzer 2 by the dialyééte pump 7 via the dialysate line
4 to remove toxic wastes and surplus water from the blood.’ B
In the dialyzer 4, the blood is dialyzed and then returned to
the artery of the patient via the blood line 1. At that time,
T 20 the surplus water in the blood is removed therefrom at a
| predetermined.rate, introduced along with the waste dialysate
into the watér-removing means 5 through the dialysate line 4,
and then discharged out of the system. During dialysis, the

water-removing rate of the water-removing means 5 and the
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4 are_li.able to nake a wong judgenent carelessly on the finish tine of
dialySis treatment. |If it becormes difficult to finish-~Fhe=dialysis_
treatment within the initially planned time for some refsB#s orrther, -
there is the necessity of finishing the 5 . di al ysi s jiLreat ri"ﬂrtm\@gaﬂ'i’?'r“"a.
time shorter than the initially planned figish tinme. In suc —1h
dialysis treatnments often bring to an end sinultaneously, particularly,
when many patients are treated at the sane tinme, so that the operators are
pressed by work because of after-treatnent and preparation

Speraticm of the dialysate pump 7 are controlled by the
contxrol unit 6. _ |
After starting the dialysis treatment, it might be
- necassary to increase the water-remdving rate to catch up the -
5 delay of dialysis treatment because of interruption of the
water removal control due to warning signals, or it might be
necessary to change the finish time of dialysis treatment
because .of fears that it wmight cause extrémely hard work
resulting from concurrent finish of the dialysis t:.reatments
10 of many patients. Further, it might be neée_ssarjr to change
the pianned volume of water to be removed. -The water-removal
contyol system of the present invention is lso desigﬁed as to f\-
meet such requirements by changing the water-removing rate.
Further, the water-removal control system of the present
15 invention may be so designed as to have a function to respond
to these requirements by changing the planned water-removing ° .
volume. ;
' In this enll;odiment, the control system. ié sc
designed that the value of the water-removing rate can be
20 changed step by step by operating the rate-setting means
(switch 9) even when the dialysié treatment is being caﬁ:ried
out. To this end, the rate-setting means:is composed of a
pair of up and down key switches. Aalso, the volume-seti:ing
méans is composed of a pair of up and down key switches so as

/
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10 for the next treatments. Accordingly, the operat,",e:tﬁwpm make a

‘m stake in calculation when setting the planned vol une gf Tivatesz=9 e
* renoved fromthe blood or ultrafiltration rate. Since tﬁe wat @t ﬁr@{‘! FEr
cal cul ati ng system of JP-A- 6-14994 is so designed as tm:_: }
water-renmoving rate to 15 . finish.the dialysis treatnent at the
inktially determned tine, the water-renoving rate becones too fast,
causi ng excess water-renoval. This prebBPem may be overcone by setting upper
limts to the water-renoving rate, but it requires recalcu- lation of the
wat er-renoving rate every when the water- 20 renoving rate exceeds the
limt. SUVWMARY OF THE | NVENTI ON .e

to make it possible to change the value ef the volume of water ' "_;
removal step by step durlng dialysis. . ,;
The watexr-removing means 5 is generally composed of
- a uli:rafiltration pump as disclosed in JP-B- 56-82 or & device
5 . as disclosed in JP-B- 3-54590. The device disclosed in JP-B-
3-54590 comprises a closed container for temporxaxily stoxing
fresh and used dialysate, the closed centainer being parti-
tioned by two movable diaphragms into a dialysate feed
ghalﬁber, e dialysate recovery chamber, and a variable-v_olume
10 chanber located between them and connected to a volume-control .
means containiné a silicone oil and forcing it to flow into
or flow out from the variable-volume chamber to control its | |
volume.
The water-removal control unit 6 includes a micro-
15 processor (not shown) that performs arithmetic and logical
calculations and controls the operations of the other elements
of the system. - Also, the centrol unit 6 includes a display
‘panel 100 as shown in Fig. 2, which is provided with input
means for setting data required for control of water removal
20 and a means for displaying control data as the occasion
| demands. Data required for control of water removal generally
include, for example, a planned \_rolume of water to be removed

from the blood, a water-removing rate, ‘and a planned finish

time of dialysis treatment. , i
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It is therefore an obj ect of the present invention to provide a

wat er -renoval control systemfor .dialysis devices, which JaUSEes=hQ._excess
wat er -renoval and nakes it 5 possible to control sched I@B”&ﬁﬁ:ﬂiﬁl‘y\ﬁ:&:; _
treatment so as to be free fromconcurrent finishes of di Si s:?&pie}ég}s%ﬁt‘é‘;

The"above and ot her objects of the present invention are achi -
providing a water-renoval control systén’l or 5 di al ysi s devi ce,

i ncl udi ng:

As shown in Fig. 2, the display panel 100 in this
embodiment Iis provided with a volume-setting switch 8 for
setting a plamned volume of water to be removed, a rate-
setting switch 9 for setting a water-removing rate, three

5 basic displaying windows (81, 91 and 12), and additional two
displaying windows (10 and 11). The displaying window 8’;1. is
used for displaying the planned volume of w.ater to be remcved (\_
that has been set by the volume-setting switch 8, the
displaying windoﬁ'_gl i.s for diépla?ing the water-removing rate
10 = set by the rate—sétting switch 9, and the displaying window
12 is for displaying the plamned finish time of dialysis ,.?
treatment which had been derived from the plannéd water-
removal volume anﬁ the water-ren'toving J’:'ate by the microproces-
sor. One of the additional displaying windows 10 is used for
1s displaying an elapsed time from the beginning of the dialysis
treatment, while the other addi.tional. displaying windows 11
is for displaying an actual or current time. The addifional
displaying windows 10 and 11' are optional and thus they may
be omitted if unnecessary. ' e
20. ' If necessary, the display panel 100 may be provided
with a remaining-time displaying means including an additional K
window for displaying a time period between the actual time
and planned finish time of giialysis treatment. The provision
of the remaining-time displaying means makes it ' possible to

25 modify the schedule of dialysis treatment with ease when
T
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a,vol ugre-setting neans for setting a planned volune of water to be renoved -
or a pl anned wat er - renovi ng volune a rate-setting neans for setting a

wat er-renoving rate; and 10 a tlne dlsplayLng neans._for . .
calcul ating fromthe planned vol ume of water 'to be renoyegd,. &e”Jﬁﬁﬁﬁﬁffa”;
vol une- setting nmeaans, and the water-rekbvtng rate set Ry salﬁ -ha “513 - ;
setting neans, and for displaying the resultant finish tfﬁﬂ:ﬂE:até£¥§ié&&m:-
treatment; 15 sai d control system being so designed as to
allow the water-renoving rate to be changed step by step by operating the
rate-setting neans during dialysis, and all ow

treating many pétients at the same time, since the remaining
time for each patient can be seen at a glance.
In use, a planned water remova11§5lume is set first

by pushing the volume—setting-switéh 8, and then the water-

5 removing rate is set by the rate-setting switch 9. These set
values are respectively displayed in the displaying windows
81 and 91 and a required time.for dialysis treatment is
automatically determined from set values of the planned volume ¢
and the waterfremﬁving rate by equation: |

10 .  Required time = planned volume / water-removing rate

| Then, from the required time and the actual time, a finish
time of d1a1y31s treatment is automatlcally calculated by the
control unit 6 and displayed in the finish tlme—dlsplaying
window 12.

15 If there is the necessity of changing the water-
removing rate or planned finish time of dialysis treatment -
during dialysis, this may bé done by ch#nging the set value
6f water-removing rate. If'there is the neéessity of changing
thé initially'planned volume of water to be removed, this may’

20 be done by operating of the rate-setting switch 9. If an -

| upper or lower half of the push button,SWitcp S is'pressed and
held under pressed condition, the water-rémoving rate is
increased or decreased step by step and simultaneously
displayed in the water-removing rate displaying window 951.

25 At the same time, a newly estimated finish time of dialysis
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the t|n=e di spl ayi ng neans to.calculate the finish tinme of dialysis .
treat ment synchronously with a stepped change of the 20 wat er - r enovi ng

rate as wel |

as to display the resultant finish tinme of |picabysi-s—treatnent.

I'n a-preferred enbodi ment, the rate-setti ng rmeans i s conpasiicetzanay BepRdi;

down type switch or a pair of push- buttof

SW t ches. The c&EPLACEBYST em'

may be so designed as to allow the planned water-renovi N VOrthie~te=He—=---
changed step by step

10

15

20

- 25

treatment is recalculated and’ displayed as a new planned

- finish time of dialysis treatment in the displaying'window 12.

The change of the finish fime of dialysis treatment
can be carried out by pressing the rate-sétting switch 9 and
hoiding it under the préssad condition until the finish time |,
of dialysis treatment displayed in the displaying window 12
reaches to the desired finish time of dialysis treatment.
Thus, it . is easy to modify the finish time of dialysis
treatnieht during dialysis. Further, it is possible to avoid
the calculation error or input error of the water- remmrlng
rate or finish tiwe of dialysis treatment during dialysis.

By previouély storing an upper limit of the water-

. removing rate for each patient in the memory of the water- |

removal control unit 6, it is possible to avoid excess water-
lremoval since the control unit prevents the water-removing
rate .from being increased over the upper .limit even if the
push button switch is being pressed after the water-removing |
rate has reached to the upper limit. Of course, the indica-
tion of the f:'-.nish time of dialysis treatment is not altered
after the water-removing rate has reached to the upper limit.
Further, the planned finish time of dialysis treat-
ment can be changed by _adjuéting the volume of water to be
removed. This may be done in the same manner as above

procedure, for example, by pressing an upper or lower half of

!

the volume-setting switch 8. .
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by operat| ng the vol une-setting neans during dialysis, and to allow the.
t'i me- di spl ayi ng neans to calculate the finish time 5 f—gi-alysis
treat ment synchronously with a stepped change of the plan 1edHW&t’e¥, HTeNORBERY |
volume as well as to display the resultagg Linish tine of ydi al yBEBLACED |
treatment. In this case, the volume-setting nmeans for settTAg-the prammegd—=
wat er - renovi hg volunme i s preferably conposed of an up-down type 10

switch or a pair of push-button switches. In still another enbodi nent, the
control systemis provided with a displaying neans for cal cul ati ng and
display- ing a remaining tine fromthe actual tine to the planned finish
time of dialysis treatnent. - o

The control system of the present invention may be
provided with a means for displaying the remaining timé of -
dialysis treatment calculated 'by the control unit. In this IR
case, fhe remaining time of dialysis treatment ié ihdicated

5 in the ciisplaying window. The longer the remaining .timé, the
wider the range of variation of the finish time of &ialysis_
treatment. - Thus, it is convenient to ugse the remaining time

| displaying ﬁleans when there is the necessity of shortening the
required time for dialysis treatment or of catching up the

10 delay of dialysis treatment during dialjr':sis. |

As will be understood from the'above, according to .
the present invention, it is possible to schedule the finish
time of dialysis treatment, thus making it possible to avoid
concurrent finish of the dialysis treatments for many

15  patients. Further, according to the present invention, it is [ |
poséible to provide a control system which is easy to control
the finish time of dialysis treatment, free from calculation
errors and free from fears that'it might cause excess removal
of water when the water-removing rate is changed during

- 20 dialysis. '

e Although the preseixt invention has been fully de-
seribed in connection with the preferred embodn.ments thereof
with reference to the accompanying drawings, it is to be noted \
that various changes and modifications are apparent to those

25 skilled in the art. Such changes and modifications are to be
Y ' g
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15° BRI EF DESCRI PTI ON OF THE DRAW NGS The above ancl_nLher__ob,t.e.cLs._a.nd_\
features of the present invention will become clear firomd&e:: ff;qr*J;@wENg :
description taken in conjunction with the preferred enpodi- R@Qh@t_b ereo

wi.th reference to the acconpanyi ng draw ngs, 20 t WMesugh
parts are designated by |like reference nunerals, and in whlch Fig. 1is a
diagramillustrating a dialysis device ygth a vvater-rem)val control system

according to the present invention; and . A

understood as included within - the scope of the present
invention as de_fined by the appended claims unless- they depax't‘-' ’

therefrom.

—_—
This Sheet Has

i




7 Fig.~2 is a diagramillustrating one exanple of a display panel of a f

wat er -orenoval control unit of Fig. 1. DETAILED DESCRI PTI Q “=‘1P' D
EMBODI MENTS Referring to Fig. 1, there is shown a herj /bt em
conprising blood line 1, a dialyzer 2 arranged in th ) a_bfood

punp 3 arranged in an upstrean15|de of ‘the blood lin a—th e Ine 4
connected to the dialyzer 2., a water-T Vi ng neans 5 arranged in the
dialysate line 4 to renove water fromthe blood, a dialysate punmp 7 for

feeding 10 a dialysate to the_dialysate-line 4, and a-water=Tenoval -

A

WHAT IS CLAIMED IS:
1. A watei-removal control system for dialysis -
device, including: : ' | ' . -
a volume-~setting means for setting a planned volume
5 of water to be removed; .
a rate-setting means for settiﬁg a water-yemoving ) ﬂ
rate; and : ' : .
a time-digplaying means for calculating'from the
planned volume of water to be.rémoved, set by said volume-
10 setting meéﬁs, and the water-removing rate set by said rate-
setting means, and for displaying the fesultant finish time
of dialysis treatment;
said contrdl systém being so designed as to allow
the water-removing rate té be changed step by step by
15 operating the rate-setting means during dialysis, and allow ' .o
the time-displaying means to calculate the finish time of
dialysis treatment synchronously with a stepped change of the 1y
water-removing rate as well as to display the resultant finish
time of dialysis treatment.
20 2. The water-removal control system for dialysis
" device according to claim 1 wheteiﬁ the rate-setting meéns is
composed of an up and down type switch.
3. The water-removal contrxol system for dialysis
device according to c¢laim 1 or 2 wherein the control system

25 is so designed'as to allow the planned watér~rem0ving volume
Rt b duinis
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unit 6 for controlling the water-renoving neans 5 and dial ysate

punmp 7. During dialysis, the blood fromthe vein of a patient is introduced

into the dialyzer 2 by the blood punp 15 ~° 3 via the b
the dialysate is introduced into the di gkyzer 2 by the d dﬂy@&%&Eﬁwhﬁ;BE
the dialysate line 4 to renpve toxic wastes and surplus
the blood is dialyzed and t henTeturned to the
artery of the patient via the blood line 1. At that fT

surplus water in the blood is renoved therefromat a mﬂﬂmn,ﬂ ﬁ rate,

bl ood.

I ntroduced along with the waste dialysate into the wat
through the dial ysate |ine 4,

10

In the dialyzer 4,

t er RERBIAIIR

4

to be changed step by step by operating the volume-setting

meane during dialysis, and to allow the time-displaying means

to calculate the finish time -of dialysis treatment synchro- _

nously with a stepped change of the planned water-rewoving
volume as well as té diapléyﬁthe resultaﬁt-finigh time of
dialysis treatment. . .

4. The water-removal control system for dialysis
device according tO'ciaim 3 wheréin the volume-setting means
is composed of an up and down type switch.

5. The whter-rémbval control gystem for dialysis
device according_ to any ione 'of preceding claims 1 to 4,
wherein sald contxol system includes a displaying means for
calculating and displaying a remaining time from the actual
time to the finish time of dialysié treatment. |

6. A water-removal control'system substantially

as hereinbefore described with reference to the accompanying

drawings.

This Sheet Has Been Reﬂlaced
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PTG e
and then di scharged out of the system During dialysis,_ the: —matef*?/g_zm ~ .
rate of the water-renoving neans 5 and the 8 operat |“on yof witidie éjﬁ? ysat e
punp 7 are controlled by the control unifp.6. After starting & 789 =
treatnment, it mght be necessary to increase the water- \r;emv—‘rrrg’“éte to

catch up the 5 delay of dialysis treatnent because of interruption of

the water renoval control due to warning si'gnals, or it mght be .

WATER-REMOVAL CONTROL SYSTEM FOR DIALYSIS DEVICES v:

A water-removal control system 6 for dialysis device inchudes a
volume-getting means 8§ for setting a planned volume of water to be removed;
a rate-setting means 9 for setting a water-removing rate; and a time-displaying
means 12 for calculating from the planned volume of water to be removed, set
10 by said volume-getting means 8, and the water-removing rate set by said rate-
sciting means 9, and for displaying the resultant finigh time of dialysis
treatment. The control system 6 is so designed as to allow the water-removing
rate to be changed step by step by operating the rate-setting means 9 during
dialysis, and allow the time-displaying means 12 to calculate the finish time of I
T dialysis treatment synchronously with a stepped change of the water-removing | !
. rate as well as to display the resultant finish time of dialysis treatmeat. K32

I

Figure 2 —
eet Has Been Reﬁaced

" T




rvec;\ary to change the finish tinme of dial ysis treatnent because.of_-fears
< hat~it mght cause extremely hard work resul ting fron1concurre
the dialysis treatnments 10 of many -patients. Further-«lf
necessary to change the planned volu of water to be rem)v*écf -

wat er -renoval control system of the g?lsent i nventi on'=s55 desi gned as to

neet such requirenents by changing the water-renovi ng—r*a’t-e——Ftrr—t—heﬁ—t—he—
wat er -renoval control system of the present 15 |nv
designed as to have a function to refhesd

on be SO
o these req |Qg
the planned water-renoving vol ume. ' &Nt S enbodlnent ,“ I tem
is so - '
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blood pump 3 v‘qb
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desiyned that the value of the water-renoving rate can be 20 changed
step by step by operati ng the rate-setting neans (switch 9) SvET e
dialysis treatnment is being carried out. To this end, the r*@tﬁwiéé‘tﬂslﬁg“*qu'f\
means i s conposed of a pair of up and gd\m key switches. Al b0, t REPLATED.

vol une-setting neans i s conposed of a pair of up and down ke
as REPLACEMENT SHEET 9 to nmake it possible to change t-he value of the

vol une of water-
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+'Tenoval - -step by step during dialysis. The water-renoving neans 5 is
general |y conposed of a ultrafiltration punp as discl osed |n JP-B- 56-82 or
a device 5 as disclosed in JP-B- 3-54590. The devi -

. . - : 8HBEEN
and-used di al ysate, the closed container bétmy parti- EPEﬁGEMEmW

_ : )il oned by two bjl e
di aphragns into a dialysate feed chanber, a dialysate Q[\éerﬂ &t'@m)

a vari abl e-vol unme 10 chanber | ocated between them & =

vol ume-control neans containing a silicone oil and forcing it to flom1|nto
or flow out fromthe variabl e-vol une chanber to control its vol une.

WATER-REMOVAL CONTROL SYSTEM FOR DIALYSIS DEVICES

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a water-removal
5 control system for dialysis devices and, more particuiarly;f
to a water-removal control system capable of recalculating _and
' displayiné a planned finish time of dialysis treatment by
changing at least one of preset valﬁes of- a planned water-
removing volume and a watgr—removing rate when there is the
10 necessity of changing a predetermined finish time of dialysis
treatment for some reasons or other‘durfng dialysis.
2. Deéscription of the P?ior Art |
Dialysis devices have been used widely to perform
dialysis treatment for patients with chronic renal failure.
15 Such dialysis devices are generally composed of a dialyzer,
a blood line, a dialysate line, a blood pump, a water-removal
pump,  and a water-removal control system.- The water-removél
control system generally comprises é.volume-setting'means for
éétting a volume of water to be removed, a rate-setting means
20 foi setting a wa;er-removing' rate, a control means for
controlling water-removing précedure on the basis of a set
value of thg water-removing rate set by the rate-setting
means. The control means is so designed as to calculate a .

necessary time'for dialysis from the set volume to water to



3 The water-renoval control unit 6 includes a micro- 15 processor'(not
shown) that perforns arithmetic and | ogical calcul ati ong—and-—controls ‘
operations of the other elenents of the system Al so, t‘¢u§QﬁbEMENﬁBﬂEé}

i ncl'udes -a display panel 100 as shown in Fig. 2, which fIs provig J hhm
i nput nmeans for setting data required for™c nfrol of ‘ emafenpyal E&
and a neans for displ-aying control data as the occasi on—denends—bat=

required for control of water renoval generally include, for exanpl a
. pl anned vol une of water to be renoved fromthe blood, a mater-renDV|ng
rate, and a planned finish tinme of dialysis treatnent.

be removed and the.set-valﬁe of the water-removing rate, and
determine a finiéh_time of dialysis ‘treatment, i.e., a time -
at which the dialypis treatment has been finished,'from the
necessary time’ and the actuél time. Generally, the control
5 means is so designed as to have the'ability to change the
volume of water to be removed and the water-removing rate even
in the dialysis treatment.
High performance dialysis de_vices have recently been
developed and make it possible- to remove a large volume of
‘10 water from the blood. ' However, there is such a fear that the
patient’s life is in danger because of improper control of.
water removal which causés excessive or insufficient water
removal. _Thus, there is an inéreasing demand for a water-
removal control systém for dialysis devices that ensurés'
15 correct and safe control of water removal.
To meet such a demand, a few dialysis devices with
a ultrafiltration control systlem hax}e been proposed, for
example, in Jépanese Utility Model publication JP-B- 6-11001
and Jap;nese Patent JP-A - 6-14994.
ﬁo The former discloses a dialysis device comprising
a voluﬁe-setting means for setting a planned volume of water
to be filtered, a rate-setting means for setting a filtering-
rate, a control unit for,cc_ontrolliné‘ uitrafiltration_ procedure
on the basis of the filtering rate determ;i.ned by the rate-

25 setting means, the cohtrol unit being so designed that it



- 10 - As shown in Fig. 2, the display panel 100 in this enbodlnent is
provided with a vol une- settlng swwtch 8 for setting a_pla ""\
water to be renoved, a rate- setting switch 9 for sett] lﬁﬂP&Amﬁ!v“ENTrséﬁﬁ?\'ﬂ
rate, three 5 basi ¢ di spl ayi ng wi ndows (81, 91 and] 12 d
two di splaying windows (10 and 11). The d1§bray|ng Wi wqm&BifS JSSdEE
di spl ayi ng the planned vol une of water to be renoved tBeat=—he '
t he vol une-setting switch 8, the displaying window 91 is for dISp| ayl ng the :
wat er-renovi ng rate

allows at least one of the filtration volume and filtering-
rate to be changed during dialysis treatment, the control uﬁiti”
being adapted to calculate the remaining time of dialysis, by .
using the planned filtration volume, the filtering-rate, and.
5 the volume of water filtered by that time, and to display the
result. If the filtration'volume or'filtéring-rate is changed-
during dialysis, the control unit recalculate the remaining.
time of dialysis from the changed wvalue and displays the
result.
710 | : The lattexr, JP-A- 6-14994, discloses a water-removal
| calculating system for dialysis device, including means for
setting a planned volume of water to be removed, a planned
finish time of dialysis treatment and a current time as data
for control of water-removal, and a means for calculating the
15 required.time for dialysis treatment from the data, from which
the water-removing rate ét the time of start of dialysis is
calculated automaticaily. If the dialysis treatment is
delayed for some reasons or other, the water-removing rate is
automatically recalcﬁlated from the remaining time of dialysis
éo _ treatment and the remaining volume of watef to be reﬁoved, to
eliminate the delay of dialysis treatment, and then reset the
water-removing rate to.the_calculated néw value.
However, the dialysis device of JP-B- 6-11001
displays not the finish time of dialysis treatment, but the

25 remaining-timé of dialysis treatment, so that. the operators



3

©10 + set by the rate-setting switch 9, and the displaying mnndom112 IS
for displaying the planned finish tinme of dialysis treafres : had been
derived fromthe planned water- renoval volune and the "r’*GEMENﬂBHEéﬁ“
by the m croproces- sor. One of the additional displayijphg mnndoms 10 is
used. for 15 di spl ayi ng an el apsed time4 romthe begj 44 .
dialysis treatnent, while the other additional displayi T HaEW 3]s
di spl aying an actual or current tine. The additional displaying windows 10
and 11 are optional and thus they nay be omtted if unnecessary. 20

| f necessary, the display panel 100 nmay be provided with a renmaining-tine
di spl ayi ng neans including an additional

are liable to make a wfong judgement carelessly on the finish
tiﬁe of dialysis freatment.' If it becomes difficult to finish
the dialysis treatment within the initially planned time for
gsome reasons or other, there is the necessity of finishing the
5 dialysis treatment within a time shorter than the initially
_ planned finish time. In such a case,'the dialysis treatments:
often bring to an end simultaneéusly, particularly, when many
patients. are treated at the same-time, so that the operators
are pressed by work because of after-treatment and preparation
10 for the next treatments. Apcordingly,:the operators would
maké a mistake in calculation when setting the planned volume
of water to be removed from the blood or ultrafiltration rate.
Since the water-removal calculating system of JP-A-
6-14994 is so designed as to reset the water-removing rate to
15 finish the dialysis.treatment at the initially determined
time, the water-removing rate becomes too fast, causing excess
waﬁer-femoval. This problem may be overcomé by setting upper
limits to the water-removing rate, but it requires recalcu-
lation of the water-removing rate every when the water-
;0 femoving rate exceeds the limit. -
~*» ' SUMMARY OF THE INVENTION
It is therefore an object of the present invention
to. provide a water-removal control system for dialysis '

devices, which causes no excess water-removal and makes it



4 wi ndow for displaying a tine period between the actual
finish time of dialysis treatnent. The provision of t
di spl ayi ng means makes it possible to 25 nodi fy t
dial'ysis treatment with ease when 11 treati ng many
time; since the remaining time for each pat?ent can ba
use, a planned water ‘renoval volune is set first by p

tlne and pl anned

vol une-setting switch 8, and then the water-

10

15

20

possible to con;rol schedules of dialysis treatment so as to
be free from concurrent finishes of dialysis treatments.

The above and other objects of thé present invention .
are achleved by providing a water-removal control system for
dlalys1s device, including:

a volume-setting means for setting a planned volume*
of water to be removed or a planned water-removing volume;

a rate-setting means for setting a water-removing
rate; and .

a tiﬁe-displaying means for calculating from the
planned volume of water 'to be removed, set by said volume-
setting means, and the water-removing rate.set by said rate-
setting_means, and for displaying the resultant finish time
of dialysis treatment;

said control system being so designéd.as to allow
the water-removing rate to be changed step by step by
operating the rate-setting means during dialysis, and allow
the time-displaying means to calculate the finish time of
diélysis treatment synchronously with a stepped chapge of the

water-removing rate as well as to display the resultant finish

" time of dialysis treatment.

In a preferred embodiment, the rate-setting- means
is composed of an up and down type switch or a pair of push-

button switches.



5 v renpbving rate is set by the rate-setting switch 9. = Hggt bs
are respectively displayed in the displaying windows § a
required tinme for dialysis treatnent is automatically
val ues of the planned volune and the water-renoving ra
- Required time = planned volune / water-Téwving rate
required tinme and the actual tine, a finish tine of dialysis treatnent is -
automatically cal cul ated by the control unit 6 and displayed in the finish:
ti me-di splayi ng wi ndow 12. 15 If there is the necessity of
changi ng the water- renoving rate or planned finish tinme of dialysis
t r eat ment

The  control syétem may be so designed as to allow
the planned water-removing volume to-be changed step by stepﬂ”
by operating the vdlume—setting means during dialysié,Qand to
allow the time-digplaying'means-to calculate the finish time

5 of dialysis treatment synchronouslylwith a stepped change of
the planned water-réﬁoving volume as weil as to displéy the:
resultant finish time of dialysis treatment. 1In this case,
the .volume-setting' means' for setting the planned water-
removing volume is preferably composed of an up-down type

i0 -switch or ; pair -of push-button switches.

In still another embodiment, the control system is
provided with a displaying means for calculating and'disﬁlay—
ing a remaining time from Ehe actual time to the planned
finish time of dialysis treatment.

15 BRIEF DESCRIPTION OF ;I'HE DRAWINGS

The above and other objects and features of the
present. invention ' will become clear from the following
description taken in conjunction with the preferred embodi-
ments thereof with reference to the accompanying. drawings,

éo Ehroughout which like parts are designated by like reference
numerals, and in which:

Fig. 1 is a diagram illustrating a dialysis device
with a water-removai.control system according to the present

invention; and



“during dialysis, this may be done by changing the set yalue of- ;
water-renoving rate. |If there is the necessity of changi RgpitACENMENT SHEEY L
pl anned vol ume of water to be renoved, this may 20 be done %y oper at i hg
of the rate-setting switch 9. |f an upper or |ower hal r@e pg;m...matpn
switeh 9 is pressed and held under pressed dondition, t FERFOH g
rate is increased or -decreased step by step and simnmultaneously displayed in
the water-renoving rate displaying wi ndow 91. 25 At the sane tine, a
newly estimated finish tinme of dialysis

. Fig. 2 is a diagram illustrating one example of a
display panel of a water-removal control unit of Fig. 1.
DETAILED DESCRIP'i‘ION OF THE. PREFEBRED EMBODIMENTS
Referring to Fig. 1, there is shown a hemodialysis
5 system comprising blood line 1, a dialyzer 2 arranged in the
blood line 1, a blood pun.Ip 3 arranged in an upstream sidé of-
the blood line 1, a dialirsate line 4 connected to the dialyzer
2, a water-removing means 5 arranged in thé dialysate line 4
to remove water from the blood, a dialysate pump 7 for feeding -
10° a dialysate to the dialysate-line 4, and a water-removal
i “control unit 6 for controlling the water-removing means 5 and
- ! dialysate pump 7.
‘During dialysis, the blood from the wvein of a
patient is introduced into the dialyzer 2 by the blood pump
15 3 via the blood line 1, and the dialysate is introduced into
the dialyzer 2 by the dialysate pump 7 '.via the dialysate line
4 to remove toxic wastes and surplus water from the blood.
In the dialeer 4, the blood is dialyzed and then ﬁ:‘eturned_ to
the artery of the patient wvia the blood line 1. At that time,
'.:2_0 i:he surplus water in the blood is removed therefrom at a
predetermined rate, introduced along with the wéste dialysate
into the water-removing means 5 through the dialysate line 4,
and then discharged out of the system. During dialysis, the

water-removing rate of the watei:‘—removing means 5 and the



* 12 treatnment is recal cul ated and di spl ayed as a new planned finish tine of
dialysis treatnent in the displaying wndow 12. The change of the fInISh
time of dialysis treatnment can be carried out by pressing the
switch 9 and 5 hol ding it under the pressed conditifs
time. of dialysis treatnent dlsplayed||1t1m§chsplay|ng
the desired finish time of dialysis treatnent. Thus,
the finish time of dialysis treatnment during dlaIyS|s Hurfher —
possi ble to avoid ‘10 the calculation error or input error of the
water-renmoving rate or finish tine of dialysis treatment during dialysis.

operation of the dialysate pump 7 are controlled b& the
~ control unit 6.

After starting the dialysis treatment, it might be
necessary to increase the water-removing rate to catch up the
5 delay of dialysis treatment because of interruptidn of the
water remdval control due to warning signals, or it might be*
necessary to change the finish time of dialysis treatment
because of fears that it might causé extréme-ly hard work
resulting from concurrent finish of the dialysis treatments
10 of many patients. Further, it might be necessary to change
the pianned volume of water to be removed. 'The water-removal
control system of the present inventiog 'is so designed as. to
meet such requirements by changing the water—remoﬁing rate.
Further, the water-removal control system of the present
15 invention may be so designed as to have a function to respond
to these requirements by changing the planned water-i‘emoving

volume. |
In this embodiment, the c'ontrol system is .so
. designed that the value of the water-removing rate can be
20 éhanged step by step by operating the rate-setting means
(éwitch 9) even when the .dialysis treatment is being carried
out. To this end, the i‘ate-setting means, is composed of 'é
pair of up and down key switches. Also, the VOlume;setting

means is composed of a pair of up and down key switches so as



"By previously storing an upper Iimt of the water-- rempving rate for each
patient in the nenory of the water- renoval control unit 6, it is possible
to avoi d excess water- 15 renoval since the contro
wat er-renovi ng rate from bei ng i ncreased over the upper
push-button switch is being pressed after-tfe water-re V|ng
reached to the upper limt. O course, the indica- tion,é*aﬁhe frnTsh t1 ;
of dialysis treatnment is not altered 20 after the water-renoving rate
has reached to the upper limt. Further, the planned finish tine of
dialysis treat- nent can be changed by adjusting the volunme of water to be
r enoved. This nay be done in the sane nanner as above

to make it possible to change the value of the volume of water
removal- step by step during dialysis.

The water-removing means 5 is generally composed of

a ultrafiltration pump as disclosed in JP-B- 56-82 or a device

5 as disclosed in JP-B- 3-54590. The device disclosed in JP-B-~

3-54590 comprises a closed container for temborarily storing:

fresh and used dialysate, the closed container being parti-

tioned by two movable diaphragms into a dialysate .feed

chamber, a dialyééte'recovery chamber, and a variable-volume

10 chamber located between them and connected to a volume-control

means containing a silicone oil and forcing it to flow into

or flow out from the variable-volume chamber to control its

volume.

The water-removal control unit 6 includes a micro-

15 processor (not shown) that performs arithmetic and logical

calculations and controls the operations of the other elements

of the system. Also, the control ﬁnit 6 includes a display

panel 100 as shown in Fig. 2, which is provided with input

means for setting data required for control of water removal

120 énd a means for displaying control data as the occasion

demands. Data required for control of water rémoval generally

include, for example, a planned volume of water to be removed

from the blood, a water-removing rate, and a planned finish

time of dialysis treatment.



*"procedure,

for exanple, by pressing an upper or |lower half of 25 ~ the

vol une-setting swtch 8. 13 The control systemof the present invention
may be provided with a nmeans for displaying the renaini ng tinme of dialysis

treatment cal culated by the control unit. In'this'cas Ty + iiime
of dialysis treatnment is indicated 5 . =i 30thke displ %S@m%

| onger the remaining-tine, the w der the range of var aglo .
time of dialysis

10

15

20

25

gh

-----------------------------

As shown in Fig. 2, the_ display panel 100 in this
embodiment is provided with a volume-setting switch 8 for =
setting a planned volume of water to be removed,. a rate-
setting switch 9 for setting a water-removing rate, three
basic displaying windows (81, 91 and 12), and additional two
displaying windows (10 and 11). The displaying window 81 is®
used for dispiaying the planned volﬁme of ws;tter to be removed
that has been set by the volume-setting switch 8, the
diéplaying window 91 is for displaying the water-removing rate -
set by the rate-setting switch 9,' and the displaying window
12 is for displaying the pianned finish time of dialysis
treatment which had been derived from the planned water-.
removal volume and the water:-removing'réte by the microproces-
sor. One of the additional displaying windows 10 is used for
displaying an elapsed time from the beginning of the dialysis
treatment, while the other additional displaying windows 11
is for displaying an actual or current time. The additional
displaying windows 10 and 11 are optional and thus they may
b_e' omitted if unﬁeceséary.

If necessary, the display panel 100 may be provided
with a remaining-time displaying means including an additional
window for display-ing a time period between the actual time
and planned :Elnlsh time of dla].YSJ.S treatment The provision
of the rema:LnJ.ng t1me displaying means makes it possible to

modify the schedule of dialysis treatment with ease when



“treatment. Thus, it is convenient to use the remai ning time displaying
nmeans when there is the necessity of shortening the r ired tinme for

di al ysis treatnent or of catching up the 10 del ay E ent
during dialysis. As will be understood fromthe above)i acc 4 MENT SHERT i
present invention, it is possible to scheddile the fini Sk | e Gfgd\i, N V996
treatnent, thus nmaking it possible to avoid concurrenﬁ:{ifmfgh ----- ofv.. he |t
dialysis treatnments for many 15 patients. Further, acco ~the

present invention, it is possible to provide a control systemwhich is easy
to control the finish tinme of dialysis treatnent, free fromcal cul ati on
errors and free fromfears that it m ght cause excess renova

treating many patients at the same time, éince the remaining
time for each patienﬁ can be seen at-a glaﬁce. |
In use, é planged water removal vdlume is set first
-Sy pushing the volume-setting switch 8, and then the water-
5 removing rate is set by the rate-setting switch 9. These set
valueé are respectiveiy'displayed in the displaying windows:
81 and 91 and a required time for dialysis treatment is
automatically‘determined from set values of the planned volume
and the water-removing rate by equation:

10 ..- Required time = planned volume '/ watér-removing rate
Then, from the required time and the actual time, a finish
time of dialysis treatment is automatically calculated by the.

- control unit- 6 and displayed in the finish time-displaying
window 12.

15 If ﬁhere is the necessity of changing the wéter-
femoving rate or planned finish time of dialysis treatment
during dialysis, this may be done by changing the set value
of wate;-removing rate. If there is the necessityfof changing
the initially planned volume of water to be removed, this may

20 be done by operating of the rate-setting switgh 9. If an
upper 6r lower half of'the push.button'switcp 9 is presséd and
Iheld. under pressed condition, the wéter-removing rate is
increased or dec;eased step by step ana simultaneously
displayed in the water-removing rate displaying window 91.

25 At the same time, a newly estimated finish time of dialysis



“of water when the water-renoving rate is changed duri ng 20 di al ysis.

Al t hough the

present invention has been fully de- scri

W th the preferred enbodi nents thereof with reference tipghea EWWGHEBTQ

dravii ngs, it

is to be noted that various changes and nqifi gayi $ii$ tare

apparent to those 25 skilled in the artt2 =Such chanpesteand......cocomemeerrrene '
% I )

nodi fi cations are to -be 14 understood as included wi

t he present
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25

treatment .is reca_.ldulated and displayed as a new planned
finish time of dialysis treatment in the displaying window 12.""
| The change of the finish time of éialysis treatment
can ‘be carried out by pressing the rate—set@:ing switch 9 and
holding it under the pressed condition until the finish time
of dialysis treatment displayed i.n the displaying window 12
reaches to the desired finish time of dialysis treatmentl.
Thus, it is easy to modify the finish time of dialysis
treatment during dialysis. Further, it is poss_ible to avoid
the calculation errof or input error of the water-ret:noving
rate or fin;'i.sh time of dialysis treafment during dialysis.’
By préviouély. storing an upper limit of the water-

removing rete for each patient in the me.mory of the water-
removal control unit 6, it is possible to a_.(roid excess water-
removal since the control unit prevents the water-removing .
rate from being increased over the upper limit even if the

push button switch is being p-ressed after the water-removing

-rate has reached to the upper limit. Of course, the indica-

tion of the finish time of dialysis treatment is not altered
after the water-removing rate has reached to the upper limit.

Further, the planned finish time of dialysis treat-

‘ment ean be changed by adjusting the volume of water to be

removed. This may be done in the same ‘manner as above
procedure, for example, by pressing an upper or lower half of

the volume-setting switch 8.



‘|nveht|on as defined by the appended clains unl ess they depart therefrom

15 WHAT IS CLAIMED | S: 1. A wat er-renoval control gystem
i ncluding: a volune-setting nmeans for setting
of water to be renoved; a rate-setting ngaqg tor set

devi ce,

10

15

20

25

The -control system of the present invention may be
provided with a means for displaying the remaining time of
dialysis treatment calculated by.thg control unit. In this .
case, the remaining time of dialysis treatment is indiéated.
in the displaying.window. The longer the remaining time, the
wider the range of variation of the finish time of dialysis®
treatment. Thus, it is convenient to use the remaining time
displaying means when there is the necessity of shortening the
required time for dialysis tréatment or of catching up the
delay of dialysis treatment during dialy;ié.

As will be understood from the'fabove, according to
the.present invention, it is possible to schedule the finish
time of dialysis treatment, thus making it possible to avoid
concurrént* £inish of the dialysis treatments for many
patients. Further, according to the présent invention, it is
possible to provide a control system which is easy td control
the finish time of dialysis treatment, free.from calculation-
errors and free from fears that it might cause excess removal
of water when the water-removing rate is changed during
dialysisf |

Aiqhough the preseﬁt invention has been fully.dea
scribed in connection with the preferred eﬁbodiments:there6f 
with reference to the accompanying drawings, if is to be noted
that various changeé and modifications are apparent to those

skilled in the art. Such changes and modifications are to be



“rate; and a tine-displaying neans for cal cul ating fron1the pl anned vol une
of water to be renoved, set by said volune- 10 set frg—reasT—aiRe—-ne
water-renoving rate set by said rate- setting neans, al

resul'tant finish tine of dialysis treatnent; 'said cont syq} jhgeln SO
designed as to allow the water-renoving ratlté o be cha|o*465te§ ﬂ&
15 operating the rate-setting means during dialysi 7 :
ti me-di splaying nmeans to cal culate the finish tine of dlaIyS|s treatnent
synchronously with a stepped change of the water-renoving rate as well as
to display-the resultant finish _

understood as included within the scope of the present
invention as defined by the appended claims unless they depart -~

therefrom.



s

“time of dialysis treatment. 20 2. The water-renoval control
system for dialysis device according to claim1l wherein the rate-setting
means i s conposed of an up and down type switch. 3. \
control systemfor dialysis device according to clai nj BERLAZEMENTES HELR ,
control system 25 is so designed as tol& lFow t he [pl anngdy \éxghgr,sggarm i ng
vol une 16 to be changed step by step by operating || Fetevel.une:, eLLing: .

l*C'LM S * :

WHAT IS CLATIMED IS:
| 1. ..A water-removal control system for dialysis ™"
device, including: |
a volume-setting means for setting a planned volume
5 of-water to be removed;
a rate-setting means for settiﬁg a-water-removing‘
‘rate; and - |
a time-displaying means for calculating from the
planned Volume of water to be removed, set by said volume-
10 setting meaﬁs, and the water-removing rate set by said rate-
setting meahs, and for displaying the resultant finish time
of dialysis tréatment;
said control system being so des;gned as to allow
the water-removing rate to be changed step by step by
15 operating the rate-setting means during dialysis, and allow
the time-displaying means to calculate_the'finiéh time of
dialysis treatment synchronously with a stepped .change of the
water-removing rate as well as to display the resﬁltant finish
time of dialysis treatment.
éo_ | : 2. The watér-removal control system for dialysis
" device according to claim 1 wherein the rate-setting means is
compoéed of an up and down type switch. |
3. The Qater—removal control.system for dialysis
device according'to claim 1 or 2 wherein the control system

25 is so designed-as to allow.the planned water-removing volume



s means during dialysis, and to allow the tine-displaying neans to cal cul ate

the finish time of dialysis treatnment synchro- nously wth a stepped change
system for .dialysis device according to claim3 wherei
preceding clains 1 to 4, wherein said control systemi (i '@g
nmeans for cal cul ating and di spl ayi ng.a renaining tine_ﬂ ﬁﬂﬂ “ﬂ?lﬂmrf

. . * 4 L M $ *

of. t he pl anned water-renoving 5 vol une as well as

resultant finish time of dialysis treatmepé._4. The wilt REPLAGENENT SHRET o) -

means i s conposed of. an up and down type switch. 10 EQE[X%LﬂKﬁéEﬁ@#hQJ

wat er -renoval control system for dialysis device acco qm}#??%%%?ﬁﬁﬁfiﬁf
to be changed step by step by operéting.the volume-setting
means during dialysis, and to allow the time-displaying means'“
to calculate the finish time of dialysis treatment synchro-
nously with a stepped change of the planned water-removing

5 volume as well as to display the resultaﬁt finish time of

dialysis treatment. . .
| 4. The Water-rembval-control system fqr dialysis
device according to claim 3 wherein the volume-settihg means
is composed of an up and down type switch.

10 D 5. The water-removal control system for dialysis
device according_to any ione of preceding claims 1 to 4,
‘wherein said control system includes a displaying.means for
.-calculatiﬁg and displaying a remaining time from the actual

time to the finish time of dialysis treatment.
6. A Qater-removal control system substéntially
as hereinbefore described with reference to the accompanying

drawings.



“tim¥ to the finish tinme of dialysis treatnment. 6. A water-renpval control
system substantially as hereinbefore described with refer;g nﬁ@FMbEthﬁfNT SHEET ;
acconpanyi ng .dr awi ngs. 17~ _ f

WATER-REMOVAL CONTROL SYSTEM FOR DIALYSIS DEVICES

A water-removal control system 6 for dialysis device includes a

volume-setting means 8 for setting a planned volume of water to be removed;
a rate-setting means 9 for setting a water-removing rate; and a time-displaying
means 12 for calculating from the planned volume of water to be removed, set

10 ' by said volume-setting means 8, and the water-removing rate set by said rate-
setting means 9, and for displaying the resultant finish time of dialysis
treatment. The control system 6 is so designed as to allow the water—reihoving
rate to be changed step by step by operating the rate-setting means 9 during
dialysis, and allow the time-displaying means 12 to calculate the finish time of

15 dialy'sis treatment synchronously with a stepped change of the water-removing
rate as well as to display the resultant finish time of dialysis treatment.

Figure 2 i
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