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WATER-REMOVAL CONTROL SYSTEM FOR DIALYSIS DEVICES

" BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention :i'elates to a water‘removai
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
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.
Such dialysis devices are gene:bally 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-removal
control syétem génerally comprises a volume—seﬁting' means for

setting a volume of water to be removed, a rate-setting means

- for setting a water-removing rate, a control means for

controlling 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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be iemoved and the set value of the water-removing rate, and
determine a finish time of diaiysis ‘treatment, i.e._, a time
atl which the dialysis treatment has been finished, from the
necessary time’ and the actual time. Generally, the control
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
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 demand for a water-

 removal control system for dialysis devices that ensures

correct and safe control of water removal.

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. |
. 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 basia of the filtering rate determined by the rate-

setting means, the control unit be:mg so designed that it

——
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allows at least one of the filtration volume and filtering-

rate to be changed during dialysis treatment, the control unit -

being adapted to calculate the remaining time of dialysis, by

using the planned filtration volume, the filtering-rate, and

the volume of water filtered by that time, and to display the

result. If the fiit:;ation volume or filtering-rate is changed .

du;:ing dialysis, the contxol unit recalculate the remaining
time of dialysis from the changed value and displays the
result.

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 °

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

treatment and the remaining volume of watexr to be removed, to

.eliminate the delay of dialysis treatmeﬁt, and then reset the

water-removing rate to the calculated new value.
However, the dialysis device of JP-B- £-11001
displays not the finish time of dialysis treatment, but the

remaining time of dialysis treatment, so that the 6perators
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are liable to make a wrong judgement carelessly on the finish.
time of dialysis 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,.tha 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. Accordingl},'the operators would
make a mistake in calculation when séttiﬁg 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
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
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possible to control schedules of 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
dialysis device, including:

a volume—setting' means for setting a planned 'volﬁme
of water to be remoired or a ﬁlanned water-rémoving volume;

a rate-setting wmeans for setting a water-removing
rate; and

a .time—d'isplay:ing 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 t'.he' resultant finish time
of dialysis treatment;

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
dialysis treatment synchronously with a stepped change 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 ﬁair of push-

button switches.
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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

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 composed of an up-down type
switch or a pair of push-button 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 dialysis treatment.

'BRIEF DESCRIPTION OF THE 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 embpdi-
ments therecof with reference to the "accompanying drawings,
throughout which like parts are desigﬂated by like reference
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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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
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 : -

2, a water-removing means 5 arranged in the dialysate line 4
to remove water from the blood, a dialysate pump 7 for feeding

a dialysate to the dialysate-line 4, and a water-removal

‘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
3 via the blood line i, and the dialysate is introduced into
the dialyzer 2 by the dialyééte pump 7 via the dialysate line

4 to remove toxic wastes and surplus water from the blood.’

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,
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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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
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
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
meet such requirements by changing the water-removing rate.
Further, the water-removal control system of the present
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
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

e
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to make it possible to change the value 6f the volume of water
removal step by step dur:.ng dialysis.

The water-removing means 5 is ge.nerally composed of

- a uli:rafiltration pump as disclosed in JP-B- 56-82 or a device

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 c§ntainer being parti-
tioned by two movable diaphragms into a dialysate feed
ghalﬁber, .a. dialysate recovery chamber, and a variable_-v_olume
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-
processor (not shown) that performs arithmetic and logical
calculations and controls the operations of the other elements

of the system. Also, the control 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
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.
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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
basic displaying windows (81, 91 and 12), and additional two
displaying windows (10 and 11). The displaying window 81 is
used for displaying the planned volume of w.ater to be removed
that has been set by the volume-setting switch 8, the
displaying windoﬁ'_gl i.s for diépla?ing the water-removing rate
set by the rate—sétting switch 8, and the displaying window
12 is for displaying the planned finish time of dialysis
treatment which had been derlved from the planned water-
removal volume and the water-remova.ng xate 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 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. '

If necessary, the display panel 100 may be provided
with a remaining-time displaying means including an additional
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

modify the schedule of dialysis treatment with ease when
T
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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 removal "'%blume is set first
by pushing the volume-setting: switéh 8, and then the water-
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 water—_rembving rate by equation:

Required time = planned volume / water-removing rate
Then, from the required time and the actual time, a finish
time of dialyéis treatment is automaticallj calculated by the
control unit 6 and displayed ‘in the finish time-displaying
window 12.

If there is the. necessity of changing the water-
removing rate or planned finish time of dialysis treatwment
during dialysis, this may bé done by chaﬁging the set value

of water-removing rate. If there is the necessity of changing

the initially planned volume of water to bé removed, this may’

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

upper or lower half of the push button,SWitc_h 9 is 'pressed and
held under pressed condition, the water-rémoving rate is
increased or decreased step by step and simultaneously
displayed in thé water-removing rate displaying window 951.

At the same time, a newly estimated finish time of dialysis
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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 f£inish 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 erxror of the water-ret;toving
rate or finish tine 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-

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 pressed after the water-removing _'

rate has reached to the upper limit. Of course, the indica-
tion of the f:'-.nish t.ime of dialysis treatment is not altexed
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.
' ‘This Sheet Has Been Reﬁaced

AR

FTHiS SHEET HAS BEEN |

N



10

15

20

28

o

- 13 -

THIS GHEET 11AS BEEN |
- REPLACED

The control system of the present invention may be

provided with a means for displaying the remaining time of -

dialysis treatment calculated 'by the control unit. In this
case, fhe remaining time of dialysis treatment ié ihdicated
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 use the remaining time

displaying means when there is the necessity of shortening the

required time for dialysis treatment or of catching up the

delay of dialysis treatment during dialjr'éis.

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
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
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
skilled in the art. Such changes and modiWre to be
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understood as included within - the scope of the present
invention as de_fined by the appended claims unless they depax't‘-' ’

therefrom.
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WHAT IS CLAIMED IS:

| 1. A watér-removal control system for dialysis -
device, including: |

a volume-~setting means for setting a planned volume
of water to be removed; .

a rate-setting means for setti;ng a water-yemoving
rate; and '

a time-digplaying means for calculating' from the
planned volume of water to be .r'emoved, set by said volume-
setting meé.x:ls, and the water-removing rate set by said rate-
setting means, and for displaying the 'resultant finish time
of dialysis treatment; | |

said contrdl systém being so des'igned as to allow
the water-removing rate té 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

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

2. The water-removal control system for dialysis

" device according to claim 1 whei:_ei;i the rate-setting means 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

is so designed as to allow the planned watér~removing volume
RSt b Stk
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to be changed step by step by operating the volume-setting v
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 resultant finish time of
dialysis treatment. .

4. The water—removal control system for dialysis
device according to clalm 3 wherein 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, r \
wherein said contxrol 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 substéntially
as hereinbefore described with reference to the accompanying

drawings.
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