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BACKGROUND OF THR 97T ON The present inventionEgtﬁ aly
retates to a system and a nethod for m xing solutions. Mre
specifically, the present invention relates to a system and net hod
for 10 adm xed solutions for wuse in automated peritoneal

di al ysis (APD). It is known thalt & nunber of different products
are ~housed in containers prior to admnistration to a

- patient. For exanple, in the nedical field, it is
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. SPECIFICATION
TITLE
"SYSTEM AND METHOD FOR PROVIDING STERILE FLUIDS
FOR ADMIXED SOLUTIONS IN AUTOMATED
5 PERITONEAL DIALYSIS"
(9) HE TON
The present invention generally relates to a system
and a method for mixing solutions. More specifically,
the present invention relates to a system and method for
10 admixed solutions for use in automated peritoneal
dialysis (APD).
It is known that a number of different products are
housed in containers prior to administration to a
patient. For example, in the medical field, it is
15 generally known that enteral, intravenous and peritoneal
solutions may be housed in containers. Generally,
medical solutions can be administered directly to a

patient.
Often, one or more solutions or ingredients must be
20 combined to form another solution to be administered to

a patient. Combined medical solutions, however, may
typically be unstable. Degradation of mixed sclutions
can occur during the manufacturing process, for example,
during sterilization. Likewise, during long-term
25 storage, such products may degrade or suffer reduced
efficacy. For example, amino acid and dextrose may be
combined to form a parenteral solution for intravenous
administration to a patient. If amino acids and dextrose
are combined in a single container and stored,
30 discoloration often takes place. Other examples of
incompatible solutions include: Dbicarbonate-dextrose;
amino acid polymers-dextrose; Dbicarbonate-dextrose:
polymers; and amino acid polymers-dextrose polymers.



15 general ly known that enteral, intravenous and peritoneal

-solutions may be housed in containers. Ceneral ly, nmedi cal
sotutions can be adm nistered directly to a patient.

Often, one or nore solutions or ingredients nmust be 20 c0ﬁ€+ gnhﬂ form
anot her sol uti ONOPHOM adni nistered to a patient. ’ﬂ% "Bdi cal
sof utions, however, nmay typically be unstable. Degradation of m xed
sol utions can occur during the manufacturing process, for exanple,
during sterilization. Li kewi se, during long-term25 storage, such
products may degrade or suffer reduced - 2 -efficacy. For exanple, am no
acid and dextrose may be ' conbined to forma parenteral solution for

i nt ravenous adm nistration to a patient. If am no acids and dextrose
are conbined in a single container and stored, 30 di scol oration often

t akes pl ace. O her exanpl es of I nconpati bl e sol utions include:

bi car bonat e- dext r ose; amno acid  polymers-dextrose;
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pol yners. acidsV€h@74€xt¥bse are sold separately. If a combined
PCT/ US96/ 14091 amino acid and dextrose solution is prescribed, the amino
acid solution and dextrose solution must be combined from
5 two separate containers. The transfer of fluid from one
container to another can, however, be time-consuming.
Further, fluid transfer is often dangerous due to touch
or airborne micrcobial contamination that may occur during
the process.

10 Therefore, containers have been developed to provide
a simplified and less time-consuming procedure for
combining at least two solutions. For example,

containers having more than one chamber for storing a
respective number of solutions prior to mixing are known.

15 The chambers of these containers are segregated from each
other, but selective communication is possible through
the use of a frangible seal or closure between the
chambers which may be opened from outside the container
by manipulating the walls of the container. However,

20 often multiple fluids must be mixed.

And, often, different combinations of fluids require
mixing, or only a single fluid is required for direct
infusion to a patient, particularly patients undergoing
automated peritoneal dialysis treatment.

25 In an APD system, it is often desirable to pump PD
sclutions from different containers in an alternate or
simultaneous mode to obtain a mixture of APD solutions
for direct delivery to a patient or intermediate delivery
to a container for mixing and subsequent delivery to a

30 patient. Further, the volumes of solutions used in APD
are larger than volumes of solutions used in, for
example, continuous ambulatory peritoneal dialysis



-2
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desirable.

A need, therefore, exists for an improved system and
method for mixing solutions, particularly for mixing
prior to administration or during administration to a
patient undergoing automated peritoneal dialysis.

SUMMARY OF THE INVENTION

'The present invention relates to a system and a
method for mixing a solution for delivery to a patient.
More specifically, the present invention relates to a
system and a method for mixing fluids for delivery to a
patient undergoing peritoneal dialysis.

In an embodiment, a system is provided for mixing
a solution for delivery to a patient. The system
comprises a first container holding a first fluid and a
second container holding a second fluid. Means for
mixing the first fluid and the second fluid is provided
to form the solution wherein the first fluid and the
second fluid are independently withdrawn from the first
container and the second container, respectively. Means
for delivery of the solution to the patient are further
provided.

In an embodiment, the system has a control means
monitoring the solution delivered to the patient. The
control means is capable of controlling volume of the
solution delivered to the patient.

In an embodiment, means are provided for heating the
solution prior to delivery to the patient.

In an embodiment, the means for mixing includes a
pump.



m xing, or only a single fluid is required for direct infusion to a

patient, particularly patients undergoing aut onat ed peritoneal
dialysis treatnent. 25 In an APD system it is often desirable to
punp PD solutions fromdifferent containers in an alt

si mul t aneous nO¥R*Y¥®¥Ybtain a mixture of APD sol utions Q&ﬁgﬁsg?@gkt
dedivery to a patient or internediate delivery to a container for

m xi ng and subsequent delivery to a 30 patient. Further, the vol unes
of solutions used in APD are larger than volunmes of solutions used
in, for exanpl e, continuous anbul at & y peritoneal dialysis

WD 97/ 07837 _ PCT/ US96/ 14091

- 3- (CAPD). Therefore, the ability to directly and

In an embodiment, the means for mixing includes a
plurality of pumps.

In an embodiment, the first fluid and the second
fluid are sterile.

5 In an embodiment, the solution is delivered to a
patient undergoing peritoneal dialysis.

In another embodiment of the present invention, a
method is provided for mixing fluids during delivery to
a patient. The method comprises the steps of: providing

10 a first container holding a first fluid; providing a
second container holding a second fluid; withdrawing the
first fluid and the second fluid from their respective
containers sequentially or, alternatively, simul-
taneously; mixing the first fluid and the second fluid

15 forming a mixed solution; and delivering the mixed
solution to the patient.

In an embodiment, the method further comprises the
step of controlling volume of withdrawal of the first
fluid and the second fluid independently.

20 In an embodiment, the method further comprises the
step of controlling volume of delivery of the mixed
solution to the patient.

In an embodiment, the method further comprises the
step of heating the mixed solution prior to delivery to

25 the patient. ‘

In an embodiment, the method is performed on a
patient undergoing peritoneal dialysis.

In another embodiment of the present invention, a
method is provided for direct infusion of a plurality of

30 fluids to a patient. The method comprises the steps of:
providing at least one container; filling the at least
one container with the first one of the plurality of



si mul taneously m x solutions prior to delivery or during del i very of
solution to a patient undergoing APD is desirable. 5 A
need, therefore, exists for an inproved system and met hod for m xi ng

sol uti ons, parwpy)g%],y for m xing prior to adm ni st r%irmg?ﬁmquri ng

adm ni stration pati ent undergoi ng automated peritone

dial ysis. SUMMARY OF THE | NVENTI ON 10 The
present invention relates to a systemand a met hod for m xing a
solution for delivery to a patient. More specifically, the present

I nvention relates to a system and-aSnet hod for m xing fluids for
delivery to a pati ent undergoi ng peritoneal dialysis. 15 I n
an enbodi ment, a systemis provided for mxing a solution for
delivery to a patient. The system conprises a first container
holding a first fluid and a -second cont ai ner holding a second fl uid.
Means for m xing the first fluid and the second fluid is provided 20
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fluids to be pumped to the patient.
In another embodiment of the present invention, a
method is provided for direct and simultaneous infusion
10 of a plurality of fluids to a patient. The method
comprises the steps of: providing a plurality of
containers equal to the plurality of fluids; and pumping
each of the plurality of fluids from each of the
plurality of containers simultaneously to the patient.
15 In an embodiment, the method further comprises the
step of inputting an amount of each of the plurality of
fluids to be pumped to the patient.
In another embodiment of the present invention, a
system is provided for infusion of a plurality of
20 solutions to a patient. The system has a means for
storing each of the plurality of solutions and an input
means for inputting an amount of each of the plurality
of solutions required for delivery to the patient. A
pumping means is capable of pumping each of the plurality
25 of solutions to the patient.
In an embodiment, the pumping means simultaneously
pumps each of the solutions to the patient.
In an embodiment, the pumping means seguentially
pumps each of the solutions to the patient.
30 In an embodiment, the pumping means alternately
pumps each of the solutions to the patient.
In an embodiment, storage means is provided for



In an enbodi ment, the neans for m xing includes a punp
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- 4 In an enbodi ment, the neans for mxing includes a
lurality of p In an enbodi nent, the first flu he

gecond ?ﬁ@?ﬁwEVE sterile. 5 I n an enbodinent%e?ﬂ%ﬁéoghtion

is~delivered to a pati ent undergoi ng peritoneal dialysis.

I n anot her enbodi nent of the present invention, a met hod i s provided

for mxing fluids during delivery to a patient. The nmethod conpri ses

the steps of: providing 10 a first cont@iher holding a first fluid;

providing a

receiving each of the plurality of solutions for mixing
prior to delivery to the patient.

In an embodiment, control means are provided and is
operatively connected to the pumping means and is capable

5 of contreolling the pumping means for sequential or
simultaneous delivery of the solution.

In an embodiment, means are provided for heating at
least one of the plurality of solutions.

It is, therefore, an advantage of the present

10 invention to provide a system and a method for admixing
solutions for peritoneal dialysis.

Another advantage of the present invention is to
provide a system and a method for admixing solutions for
automated peritoneal dialysis (APD).

15 Yet another advantage of the present invention is
to provide a system and a method to mix two or more
solutions to obtain a ready-to-use solution for APD.

A still further advantage of the present invention
is to provide a system and a method for providing

20 solutions to a patient containing ingredients which
cannot be sterilized together.

Further, an advantage of the present invention is
to provide a system and a method for active mixing of

" fluids prior to administration to a patient.

25 And, another advantage of the present invention is
to provide a system and a method for direct infusion of
different fluids into a patient.

Moreover, an advantage of the present invention is
to provide a system and a method for monitoring and

30 controlling predetermined ratios of fluids for direct
infusion into a patient or via mixing of the
predetermined ratios of solutions prior to delivery. '



second contai ner holding a second fluid; w thdraw ng the first fluid
and the second fluid fromtheir respective containers sequentially
Qr; alternatively, si mul - taneously; mxing the first fluid and

t he second fl uj formng a m xed solution; and dellvqkﬁﬂ§ I xed
solution to thggﬁéarg%t In an enbodi nent, the tho ?urtﬂgr
conpri ses the step of controlling volune of wthdrawal of the first
fluid and the second fluid i ndependently. 20 In an enbodi nent, the
met hod further conprises the , step of controlling volune of delivery
of the m xed solution to the patién?.' In an enbodi nent,
the nmethod further conprises the step of heating the m xed sol ution
prior to delivery to 25 t he patient. In an enbodi ment, the
method is perfornmed on a pati ent undergoing peritoneal dialysis.

| n anot her enbodi nent of the present |nvent|on met hod i s provided

et hod conpr i ses. e SpgiELgRal ' Hdattizey dd#gaagassasefoﬁé CBHESFRET
filling the at | daviention arendescmihedmin»maﬂd1wmalfbesbppaeenﬁ fhem,
plurality of the detailed description of the presently preferred
embodiments and from the drawings.
5 OF THE D

Figure 1 illustrates a schematic diagram of an
embodiment of a system for pumping multiple components
of the present invention.

Figure 2 illustrates a schematic diagram of another

10 embodiment of a system of the present invention for
pumping a plurality of components.

Figure 3 illustrates a flow diagram for mixing
components of a solution with intermediate storage of the
solution prior to delivery of the solution to a patient.

15 Figure 4 illustrates a flow diagram for direct
infusion of different solutions to a patient.

Figure 5 illustrates a black box diagram of

components of an embodiment of a system of the present
invention.

20 Figure 6 illustrates a schematic diagram of an
embodiment for mixing and/or heating of three solutions
and/or components.

Figure 7 illustrates a schematic diagram of an
embodiment for mixing and/or heating of four solutions

25 and/or components.
DETAILED DESCRIPTION OF THE
S LY PRE D EMBODIMENTS

The present invention provides a system and a method
for mixing solutions. More specifically, the present
30 invention provides a system and a method for mixing
solutions for use in automated peritoneal dialysis (APD)
and administration of the solutions to a patient.
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fluids; punping the first one of the plurality of fluids to the
patient; filling at |east one container with the second one of the
pIurallty of fluids: and punping the second one of th of
fluids to the BK?PWP. In an enbodi ment, the net hgﬁ(w?h“%y
coapri ses the step of inputting an anount of each of the plurality
of fluids to be punped to the patient. I n anot her

enbodi ment of the present invention, a nmet hod i s provided for direct
and simul taneous infusion 10 of aplurd ity of fluids to a patient.

The et hod conprises the steps of: providing a plurality of
containers equal to the plurality of fluids; and punping each of the
plurality of fluids fromeach of the plurality of containers

simul taneously to the patient. 15 In an enbodi nent, the nethod
further conprises the step of inputting an anount of each of the
plurality of flﬁﬂf(ﬁrﬂ-ﬂgb@"b&?pgawbe tire 2Baemiadiment of a systep

anot her enbodi nenl &brt hretives afiixingv ¥ | #nplarality of components is
illustrated. In the embodiment of the system 1
illustrated, three fluid containers 10a, 10b and 10c are
5 shown. The containers 10a, 10b and 10c hold three
separate fluids or components required to be mixed prior

to delivery to a patient. Although three containers 10a,
10b and 10c are shown, only two of the three containers
may contain components required to be administered to a
10 patient. Alternatively, a single one of the components
may be delivered to a patient without mixing. As should
be understood, any type of container such as a bag, a

vial or the like, may be implemented. Container should,
therefore, not be deemed as limiting, but rather as any

i5 source capable of holding a fluid or other component.

As illustrated, two pumps 12 and 14 are illustrated
in the system 1. The pumps 12 and 14 are operatively
connected to supply valves. The first pump 12 controls
‘pumping of fluids through supply valves 16a, 16b and l6c,

20 as well as drain valve 18. The pump 14 controls pumping
through supply valves 20a, 20b and 20c, as well as drain
valve 22. Therefore, each of the pumps 12, 14 can access
the supply valves associated with each fluid in the fluid
containers 10a, 10b and 10c. This permits mixing of all

25 of the solutions from the fluid containers 10a, 10b and
10c in a real time mode.

In an embodiment of the present invention, the fluid
in the fluid containers 10a, 10b, and 10c are sterile
fluids requiring separate storage thereof. The fluids

30 may be actively and aseptically mixed while being
delivered to a patient undergoing peritoneal dialysis.
The pumps 12 and 14 operate independently and deliver a



systemis provided for infusion of a plurality of 20 solutions to a

patient. The system has a neans for storing each of the plurality
of, solutions and an i nput means for inputting an anount of each of
the plurality of solutions required for delivery tot | . A
punpi ng neans WE’%@Bﬁﬁle of punping each of the plurality ZSHﬁmﬁE%#ﬁWﬁl
salutions to the patient. I n an enbodi nent, the punping neans
si mul t aneousl y punps each of the solutions to the patient.

In an enbodi ment, the punping neans sequentially punps each of the
solutions to the patient. 30 | n -al® enbodi ment, the punping neans
alternately punps each of the solutions to the patient.

I n an enbodi nent, storage neans is provided for WD 97/ 07837
PCT/ US96/ 14091 - 6-

resultant fluid mixture to a patient at a controlled rate
until a desired amount of fluid has been delivered to the

patient.
As illustrated, a heater 24 may also be provided to
5 heat the fluids in the containers 10a, 10b and 10c.

Alternatively, the fluids may be heated in line prior to
-administration to a patient.
Another embodiment of the present invention is
illustrated in Figure 2. 1In the embodiment illustrated,
10 fluid containers 10a, 10b...10(n-1) and 10n are shown.
An equal number of supply valves l6a, 16b,...16(n-1), 1én
are shown and are controlled and accessible by a pump 12.
Likewise, a second pump 14 controls and accesses an egual
number of supply valves 20a, 20b,...20(n-1) and 20n.
15 Drain wvalves 18 and 22 are also controllable and
accessible by the pumps 12 and 14, respectively.

As illustrated in Figures 1 and 2, the systems 1
shown illustrate pumping of solutions to a patient or an
intermediate container for mixing therein prior to

20 pumping to the patient. 1In addition, a waste drain is
provided for draining solution from containers in the
system 1 or merely draining from conduit running through
the system 1 including the valves and pumps. Further,
while two pumping chambers 12 and 14 are illustrated,

25 additional pumping chambers may be implemented by those
skilled in the art. The system 1 is, therefore, designed
for active mixing and pumping of parenteral dialysis
solutions from different containers in alternate or
simultaneous modes to obtain a mixture of PD solutions

30 for ultimate delivery to a patient.

Two options for active mixing are available: a) a
first option prepares a mixture of fluids in an



receiving each of the plurality of solutions for mxing prior to
delivery to the patient. I n an enbodi nent, control neans are
provi ded and is operatively connected to the punping neans and is

capable 5 of controlling the punping neans for sequenti
si nul t aneous deV@IEIRPHE the sol ution. In an enbghP@@% 148 ans

are provided for heating at | east one of the plurality of solutions.
It is, therefore, an advantage of the present 10 i nvention to provide
a system and a nethod for adm xing sol utions for peritoneal
di al ysi s. Anot her advant age of 3Phe present invention is to
provide a system and a nethod for adm xi ng solutions for aut omat ed
peritoneal dialysis (APD). 15 Yet anot her advantage of the present
i nvention is to provide a systemand a nethod to mx two or nore
solutions to obtain a ready-to-use solution for APD. A stil
further advantage of the present invention is to provide a system
and a nmethod for pRrESFrEediaL® contadngti obefoses pdminiatraticani niteg a
Lngiﬁdients “giChpatien?;QﬁﬂﬂQﬂ QES?EGﬁH|6?EiBﬂ$H$¥éGQly infuses fiyids
urther, an advantage e _present.invention is 0. pravi a
system and a neth%ﬁg?o$15£ﬁﬁ ﬁP@Fﬁb“8fs 1nte' a FFEF&?“E?#(ﬁ§%é¥Y ot 4
admi ni stration topatpemtent. 25 And, anot her advantage of the
present invention is The fik&tPspridie s SYEhEratddaifetigdréos disr act

' nfusion of flg%nf fcfiraegr}:tamf lf’c':zdsalcgs.w?ea ?:E'nSE‘t' The method allows
preparation of a predetermined quantity of solution (the
dwell volume) that may be mixed according to a
predetermined ratio of solutions. To this end,
10 parameters are determined and input into the system at
step 100. The parameters include the number of cycles
to be performed in the treatment along with the mixing

ratios of solutions from the various containers.
The START cycle is initiated at step 110 by filling
15 a first fluid in a first container and filling a second
fluid in a second container as designated at steps 120
and 120'. Then, at steps 130 and 130', the contents of
the first and second containers are pumped to a common
- intermediate storage container. Simultaneously with
20 pumping of the contents of the containers, the volume
pumped is measured from the containers as designated at
steps 140 and 140'. Subsequently, at steps 150 and 150°',
a determination is made as to whether total volume of
each of the fluids in the intermediate storage container
25 is sufficient to achieve dwell volume and mixing ratio.
An affirmative answer moves to step 160 and begins
pumping of the mixed fluid from the intermediate storage

container to a patient.

If one or both volumes of fluid are insufficient to
30 achieve the desired and necessary dwell volume and mixing
ratio, the process returns to steps 120 and/or 120°'.
After mixed fluid is pumped from an intermediate storage



Mor eover, an advantage of the present invention is to provide a

system and a nethod for nonitoring and 30 control ling predeterm ned
ratios of fluids for direct infusion into a patient or via m xing of
t he pre nﬁlﬂed ratios of solutions prior to deliver
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-3 Addi tional features and advantages of the present
i nvention are described in, and will be apparent from the detailed
description of the presently preferred enbodi ments and fromthe
drawi ngs. 5 BRI EF DESCRI PT+ ML GF THE DRAW NGS
Figure 1 illustrates a schematic di agram of an

. container to a patient, a dwell step and a drain step are

performed as indicated at steps 170 and 180 to complete

the cycle. A determination is made at step 190 as to

whether the total number of cycles has been completed.

5 If not, a new cycle is started as designated at step 110.

Alternatively, if all cycles are completed, the dialysis
treatment is completed.

It should be understood that each of the fills need

not necessarily have the same mixing ratio. For example,

10 a fill could start with a 1:1 ratio and gradually change
to a 2:1 ratio due to the fluid concentration within, for
example, the blood stream changing during therapy.
Further, the last bag fill for a wet day may, likewise,
be of a different mixing ratio.

15 To implement the steps delineated in Figure 3, a
program module with pump and valve instructions are
provided in a controller or processor as shown in Figure
5. To £fill fluid in a first pumping chamber, all valves

"are first closed. A supply valve is opened and a

20 negative pressure is applied to the pump chamber.
Following filling of the chamber, the supply valve is
closed.

To pump the contents of a pumping chamber to an

intermediate storage container, all valves are first

25 closed and then the appropriate supply valve is opened

and positive pressure is applied to the chamber. When

. the pumping chamber is emptied, the supply valve is
closed.

Of course, other pumping systems may be implemented

30 by those skilled in the art including, but not limited

to, peristaltic pumps, bags placed in pressurized or

evacuated chambers and the like. Similarly, other volume



enbodi mrent of a systemfor punping nultiple conponents of the
present invention. Figure 2 illustrates a schematic di agram of
anot her 10 enbodi ment of a system of the present invention for

punping a plurality of conponents. Figure 3 illustr | ow
di agram for mi V@ /07837 conponents of a solution with int er?@s‘;@éﬁ’{
st.orage of the solution prior to delivery of the solution to a
patient. 15 Figure 4 illustrates a flow diagramfor direct

i nfusion of different solutions to a patient. Figure 5

Il lustrates a black box di agram of - t8mponents of an enbodi nent of a
system of the present I nvention. 20 Figure 6 illustrates a
schemati c di agram of an enbodi ment for m xing and/or heating of

t hree sol utions and/ or components. Figure 7 illustrates
a schematic diagram of an enbodi nent for m xing and/or heating of
four solutions 25 and/ or conponents. DETAI LED
DESCRI PTI ON OF THReasuring systems may bPREGiIdjied, PREERRREN davBAAIVIENDS

The present | NVenLifi by HEXRLCRANLAME! 8P% peristalfic :ggﬂg
e

~solutions. More specifica x, the_prese I.nveénti on pr.ovi a
system and a net B3 PBr eXpEPhE, multipls, hags,Rlacgd Qe 3 $
peritoneal dial ysceuldPbe implementedadte nmenditororfidfl/direisolvdliumes.to a

patient. 5 Peristaltic pump revolutions or pump strokes could be
used to produce the desired mixing ratio. Real time
variable mixing is accommodated as a result.

To pump mixed fluid from the intermediate storage
container to a patient, all valves are first closed, and

10 a supply valve is opened and negative pressure is applied
to a first chamber. The first supply valve is then
closed, and a first pumping valve is opened. Positive
pressure is applied to the first pumping chamber, and
then the pumping valve is closed. This process is

15 repeated unless the intermediate storage container is
empty or until the dwell volume is reached.

To drain fluid from the peritoneal cavity, all
valves are first closed, and a pumping valve is opened.
Negative pressure is applied to a first chamber and then

20 the valve is closed. The drain valve is then open and
positive pressure is applied to the chamber. The valve
is then closed and the process is repeated unless the
peritoneal cavity is empty.

In addition to the foregoing, additional

25 . instructions and program modules may be provided
including check routines, measurement routines and
calculation routines.

Referring now to Figure 4, a method for direct
infusion of fluids is shown. The cycle illustrated

30 allows for direct infusion of fluids from different
solution containers according to a predetermined ratio.
A first step 200 determines parameters including the
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- 8- Referring now to Figure 1, an enbodi nent of a system
1 for active mxing of a plurality of conponents is illustrated. .

I'n the enbodinment of the system 1 i I'lustrated, t%&,ﬁ@gﬂ
cont ai ners 10aYOYW™Hd 10c are 5 shown. The contai ners a, and
10¢ hold three separate fluids or conponents required to be m xed
pri or to delivery to a patient. Al though three containers 10a,

10b and 10c are shown, only two of the three containers may contain
conponents required to be admnistered to ¥ 10 patient. Alternatively,
a single one of the conponents may be delivered to a patient w thout
m xi ng. As shoul d be understood, any type of container such as a
bag, a vial or the like, may be inplenented. Container should,
therefore, not be deened as linmiting, but rather as any 15 source

capabl e of holding a fluid or other conponent.
number of dwells and the mixing ratios required.

Infusion of dwell volume is started as shown at step 210.

To begin the infusion, fluids are £filled in

respective chambers as designated at steps 220 and 220°'.

5 Volume is subsequently measured at steps 230 and 230' in
each of the respective chambers. The contents of each
chamber may be pumped to the patient as designated at

steps 240 and 240'. A determination is made at steps 250

and 250' as to whether total volume of each fluid pumped

10 to the patient is sufficient to achieve a predetermined
mixing ratio. If both fluids have been pumped to the
patient to satisfy the mixing ratio, a determination must
be made as to whether the dwell volume has been achieved
as indicated at step 260. If so, the dwell and drain

15 steps at steps 270 and 280, respectively, are performed.
If another dwell volume is required to be infused as
determined at step 290, the system returns to beginning
of infusion of dwell volume. If not, the system is ended
as designated at step 300.

20 If, however, insufficient amounts of either or both
of the fluids has been pumped, the system returns to
steps 220 and/or 220' for filling fluids in the chambers
until the mixing ratio is satisfied. 1If the dwell volume
is not satisfactorily achieved as determined at step 260,

25 the infusion of the dwell volume is re-started at step
210.

For simultaneous infusion of different fluids with
direct infusion of a first fluid and a 50:50 fluid mix
ratio of two fluids, the chamber is filled with a minimal

30 quantity of a first fluid, and a second chamber is filled
with a minimal quantity of a second fluid. The fluids
are pumped simultaneously from their respective chambers



As illustrated, two punps 12 and 14 are illustrated in the system 1.

The punps 12 and 14 are operatively connected to supply valves. The
Ei!st punp 12 controls punpi ng of fluids through supply val ves 16a,
6b and 16c, 20 as well as drain valve 18. The punp 14
punpi ng WOPYYBY supply val ves 20a, 20b and 20c, as m%ﬁjcif?‘glmn
val ve 22. Therefore, each of the punps 12, 14 can access the supply
val ves associated with each fluid in the fluid contai ners 10a, 10b
and 10c. This permts mxing of all 25 of the solutions fromthe fluid
contai ners 10a, 10b and 10c in a redt tine node. In an
enbodi nent of the present invention, the fluid in the fluid
contai ners 10a, 10b, and 10c are sterile fluids requiring separate
storage thereof. The fluids 30 may be actively and aseptically m xed
whil e being delivered to a patient undergoing peritoneal dialysis.
The punps 12 and 14 operat e independently and deliver a WO
97/ 07837 to a patient. PCT/ US96/ 14091

Sequential infusion of different fluids may also be
performed by direct infusion of a 50:50 ratio of two
fluids. First, a chamber is filled with a minimal

5 quantity of a first fluid, and the first fluid is pumped
from the first chamber to the patient. Then, a second
chamber is filled with a minimal quantity of a second
fluid. The second fluid in the second chamber is pumped
to the patient. In the alternative, the same chamber may

10 be used for pumping each of the fluids therein.

In addition to the foregoing, direct infusion having
a mixing ratio of, for example, one-third of a first
fluid and two~-thirds of a second fluid may follow a cycle
that begins by filling a first chamber with a second

15 fluid and a minimal quantity pump wvolume pumping the
fluid to a patient. A second chamber is then filled with
a first fluid and a minimal quantity pump volume pumps
the first fluid to the patient. Then, the second fluid
is filled in a third chamber, and a minimal quantity pump

20 volume pumps the fluid to the patient. In an alternative
embodiment to that described, the firét, second and third
chambers may be replaced by a single chamber or a pair
of chambers.

Referring now to Figure 5, a black box diagram of

25 an embodiment of the system 1 is illustrated. As shown,
a plurality of fluid containers 10a, 10b, 10¢,...10(n-1),
10n is operatively comnected via a controller 50 to the
pumps or pump chambers. An input means 52 allows a user
to designate specific mixing ratios and/or quantities of

30 fluids to be mixed for administration to a patient. The
pumps or pump chamber 12 and 14 via the valves 16a,...16n
and 20a...20n, respectively, withdraw fluids from the



-9- resultant fluid mxture to a patient at a controlled rate
until a desired anmount of fluid has been delivered to the patient.
As.illustrated, a heater 24 nmay al so be provided to 5 heat the fluids
inthe containers 10a. 10b and 10c. Al ternatively, the \ y be
heated in | i'newBWW"{o adm nistration to a patient. ebridsbhaii

Anot her enbodi nent of the present invention is illustrated in Figure
2. In the enbodinent illustrated, 10 fluid containers 10a, 10b ...
10(n-1) and I On are shown. An equal nunber of supply val ves 16a,

16b, ... 16(n-1), 16n are shown and &Be-controlled and accessible by a
punp 12. Li kewi se, a second punp 14 controls and accesses an equal
nunber of supply val ves 20a, 20b,...20(n-1) and 20n. 15 Drain val ves
18 and 22 are also controllable and accessi ble by the punps 12
and 14, respectively. As illustrated in Figures 1 and 2, the

systens 1 shown illustrate punping of solutions to a patient or an
i nt er redi at e confaPEBLNeEF 193 Ut @Seisetp fogitht gboye withyppfereneet he

paltie_nt. fIn additbi Figueesast andr&i n And, as previousdgdséer f6reh)i tige
S ¢ o coBRhAgRn' Bublly gy pRY°LEMAMETTIEY SR MY 0T
Furt her, mixed intermediately in a solution bag as designated at
5 54 before infusion into a patient or may be infused
directly into a patient.

Sensors 56 for measuring volume to the solution bag
or patient may be provided to monitor the specific
amounts of fluid being delivered. The sensors 56 may

10 feed back signals to the controller 50, or,
alternatively, may display volume measurements such that
a user may vary the delivery of fluids to be pumped to
the solution bag or patient 54. The controller 50 may
also control the operation of the valves 18 and 22 for

15 draining of the system 1 by the pumps 12 and/or 14 to the
drain 58,

Referring now to Figures 6 and 7, schematic diagrams
of systems 200 and 300, respectively, are illustrated.
The system 200 illustrated in Figure 6 achieves active

20 mixing as well as on-line heating for three separate
fluid containers 202. Supply valves VS1A, VS2a, VS1B,
and VS2B may be used to selectively connect pump 204 and
pump 206 to the fluid containers 202. Temperature
sensors 208 are implemented to monitor and control

25 temperature of the fluid pumped through a heater 210.
The heater 210 may be any known type of heater, such as
microwaves, infrared, or the like.

Fluid may be delivered to a patient when the pumps
204, 206 are withdrawing fluid from any of the containers

30 202 and further when the valves VPA and VPB are open and
bypass valves VBPA and VBPB are closed. The bypass
valves VBPA and VBPB are open if fluid temperature is not



whil e two punping chanbers 12 and 14 are illustrated, 25 addi ti onal

system 1l is,

parenteral dial

punpi ng chanbers may be i npl enmented by those skilled in the art. The
t herefore, designed for active mxing and punpi ng of

Si s solutions fromdifferent container nate
*’%@Z@ "nodes to obtain a mxture of PD sol utlgﬁy?%@" 491

or

ultimate delivery to a patient.
a) a

si nmul

are avail abl e:
WO 97/ 07837
_10_
patient;

PCT/ US96/ 14091
i nt er medi at e cont ai ner- B#f ore adnministration to a

and b) a second option directly infuses fluids

10

15

20

25

30

within specific temperature delivery 1limits. As a
result, the fluid is recirculated. Additional heat may
be added if the fluid is too cold. On the other hand,
if the fluid 4is too warm, the fluid is simply
recirculated until the £fluid cools down. Partial
recirculation and/or draining may also be accomplished
by either drain valve VDA or VDB. This results in more
rapid cooling of the temperature of the fluid.

Pumps 204 and 206 may withdraw fluid from the
patient, as well, and discharge the fluid to the waste
drain whenever the drain valves VDA and VDB and the VBPA
and VBPB are open if the other valves are closed. A loop
to the patient line as shown in Figure 6 can be any
desired length since the loop can be purged after a drain
so that fresh dialysate will be delivered to the patient
during all of the next fill. A Venturi tee 212 prevents
delivery of fluid to, or withdrawal of fluid from, the
patient whenever fluid is passed through the tee 212.
This 1loop is particularly beneficial for pediatric
patients wherein a small recirculated volume of fluid can
adversely affect the efficacy of dialysis.

Figure 7 is identical to Figure 6 except four
separate containers 302 are provided containing fluids
for active mixing and on-line heating thereof. Two pumps
304,306 are selectively connected to the fluid containers
302 via supply valves VSI1A, VS2A, VS1B and VS2B.
Temperature sensors 308 are provided to monitor and
control the temperature of the fluid pumped through a
heater 210. The heater, 1like that described with
reference to Figure 6, may be any known type, such as
microwave, infrared or the like. The remaining valves
and Venturi tee 312 operate identically as described with

Two options for active n1X|ng
first option prepares a mxture of fluids in an



fromdifferent containers into a peritoneal cavity of a patient. 5
The first optionis illustrated in Figure 3 as a fl ow di agram f or
active m xing. The met hod al | ows preparation of a predeterm ned:
quantity of sogg;' (,t he dwel | vol une) that may be mmd@g,fﬁgpl ng
to a predete ned ratio of solutions. To this

paraneters are determned and i nput into the system at step 100. The
paraneters include the nunber of cycles to be perforned in the
treatment along with the m xing rati os of solutions fromthe various
cont ai ners. The START cycle irsiPnttiated at step 110 by filling
15 a first fluidin a first container and filling a second fluid
in a second contai ner as designated at steps 120 and 120'. Then, at
steps 130 and 130', the contents of the first and second containers
are punped to a common I ntermedi ate storage contai ner.

Si mul t aneously with 20 i ng of the contents of the containers, the
vol une punbefe #@qﬁaé’éhrr"’m ureofr t he containers as designated at

steps 140 and 140'. Smwmrltdwingailsﬁwﬁatlﬂé @iﬁmigies are offer’vbd to

determnation is t mh Q ol h of t
fluids in the int§$ q% gh gnE% alnért§§ presegtsdﬁpe éﬁP FWdF
achi eve dwel | vol ﬁh@uhfhd’lcm %mgemﬁoas limiting, ther typesi of selkdonmves
to step 160sand bggdysr componemwnphag ﬁiytﬁgammﬁ@aq fluid fromthe

“internedi ate storm container to a patient. |f one or
both vol unes of f nsufficient to 30 achi eve the desired and

necessary dwel | vel umOns¢ontriner is filledtwith tahsodnbiensof cdextrpse
steps 120 and/or 120".(7,72%), calcium chloride (2.50 mM), magnesium

chloride (0.50 mM).

10 . Another container is filled with a solution of
sodium bicarbonate (74 mM), sodium chloride (190
mM), pH 7.2. By mnmixing the solutions (1:1)
according to the system described, a solution with
dextrose (3.86%), calcium chloride (1.25 mM),

15 magnesium chloride (0.25 mM), sodium chloride (95
mM), sodium bicarbonate (37 mM), pH 7.2 is
obtained.

EXAMPLE 2:
. One container is filled with a solution of dextrose

20 (5.79%) .

. Another container is filled with a solution of

sodium lactate (120 mM), sodium chloride (276 mM),
calcium chloride (3.75 mM), magnesium chloride
(0.75 mM), pH 6.3.

25 . By mixing the solutions (2:1) according to the
system described, a solution with dextrose (3.86%),
calcium chloride (1.25 mM), magnesium chloride
{0.25 mM), sodium chloride (92 mM), and sodium
lactate (40 mM), pH 6.1 is obtained,

30 EXAMPLE 3:

. One container is filled with a solution of 8.50%
dextrose, calcium chloride (2.50 mM), magnesium



After mxed fluid is punped froman internedi ate storage WO

97/ 07837 PCT/ US96/ 14091

- 11 - container to a patient, a dwell step and a drain step
are performed as indicated at steps 170 and 180 to conpl et

the cycle. A MRAHation is nade at step 190 as to %&sﬁ@}‘"?lhe

total nunber of cycles has been conpleted. 5

If not, a new cycle is

started as designated at step 110. Alternatively, if all cycles are
conpl eted, the dialysis treatment is conpl eted. It

shoul d be understood that each of the fil-l 28need

not necessarily

have the sanme m xing ratio. For exanple, 10 a fill could start with a

1:1 ratio and gradual |y change - toa 2:1ratio due to the fluid
concentration within

10

15

20

25

30

for

chloride (0.50 mM).

A second container is filled with a solution of
2.72% dextrose, calcium chloride (2.50 mM),
magnesium chloride (0.50 mM).

A third container is filled with a solution of
sodium chloride (194 mM) and sodium bicarbonate (70
mM), pH 7.2.

By mixing the solutions as described, a final
solution can be obtained with calcium chloride
(1.25 mM), magnesium chloride (0.25 mM), sodium
chloride (97 mM), sodium bicarbonate (35 mM)} and
dextrose, pH 7.2, and the dextrose concentration
can be varied over the therapy session between
1.36% and 4.25%. The dextrose concentration will
be 1.36% when the rate of withdrawal from container
two and three is equal, and no fluid is being
withdrawn from container one. As less fluid is
withdrawn from container one and instead drawn from
container two, the dextrose concentration will
increase. The dextrose concentration will be
4.25% when rate of withdrawal from container one
and three is equal, and no fluid is being withdrawn
from container two.

EXAMPLE 4:

One container is filled with a solution of 8.50%
dextrose,- calcium chloride, (2.50 mM) magnesium
chloride (0.50 mM).

A second container is filled with a solution of
1.00% dextrose, calcium chloride (2.50 mM), magnes-
ium chloride (0.50 mM).

A third container is filled with a solution of
sodium chloride (194 mM) and sodium lactate (70



exanpl e, the bl ood stream changi ng during therapy. Further, the | ast
bag fill for a wet day may, |ikew se, be of a different m xing
ratio. 15 To i npl enent the steps delineated in Figure 3, a
program nodul e with punp and val ve instructions are pr.oyi kad, @
controller or M%?é'gg??r as shown in Figure 5. To fill %’g%g’ll#\&%
fi¥st punping chanber, all val ves are first closed. A supply val ve
i s opened and a 20 negative pressure is applied to the punp
chanber . Followng filling of the chanber, the supply valve is

cl osed. To punp the contents -0fi%a-punpi ng chanber to an

I nternmedi ate storage container, all valves are first 25 cl osed and t hen
t he appropriate supply valve is opened and positive pressure is
applied to the chanber. Wen t he punpi ng chanber is enptied, the
supply valve is cl osed. O course, other punping systens
may be i npl enented 30 by those skilled in the art including, but not
linmted to, permM}alpH bBunps, bags placed in pressurized or

evacuat ed chanbers andpfhenildifR &he IVtiofkhals VAbYERibed, a final
solution can be obtained with calcium chloride
(1.25 mM), magnesium chloride (0.25 mM), sodium
5 ' chloride (97 mM}, sodium lactate (35 mM) and
dextrose, pH 6.1, and the dextrose concentration
-can be varied over the therapy session between
0.50% and 4.25%. The dextrose concentration will
be 0.50% when the rate of withdrawal from container
10 two and three is equal, and no fluid is being
withdrawn from container one. As less fluid is
withdrawn from container one and instead drawn from
container two, the dextrose concentration will
increase. The dextrose concentration will be 4.25%
15 when the rate of withdrawal from container one and
three is equal, and no fluid is being withdrawn
from container two.

EXAMPLE 3:
. One container is filled with a solution of glucose
20 polymers (15%), calcium chloride (2.50 mM),
magnesium chloride (0.50 mM).
. Another container is filled with a solution of

amino acids (2%), sodium bicarbonate (74 mM),
sodium chloride (126 mM), pH 7.2. By mixing the
28 solutions (1:1) according to the system described,
a solution with glucose polymers (7.5%), amino
acids (1%), calcium chloride (1.25 mM), magnesium
chloride (0.25 mM), sodium chloride (63 mM), sodium

bicarbonate (37 mM), pH 7.2 is obtained.
30 The system and method of the present invention may
be used in a variety of situations, not limited to that
described above where solutions are mixed and delivered



WO 97/ 07837 PCT/ US96/ 14091
- 12 - nmeasuri ng systens nay be enployed, such as load cells or
si opl e counting of the revolutions of a peristaltic punp. As an

exanpl e, nultlple baas pl aced on a single scale coul d be il ted
to monitor fill%W vol unes. Peristaltic punp revoldﬁqgﬁgﬁwﬁgunp

st rokes coul d be used to produce the desired m xing ratio. Real
time vari able mxing is accommpbdated as a result. To
punmp mxed fluid fromthe internedi ate storage container to a
patient, all valves are first closed, and-180 - a supply valve is opened
and negative pressure is applied to a first chanber. The first
supply valve is then closed, and a first punping valve is opened.
Positive pressure is applied to the first punpi ng chanber, and

t hen the punping valve is closed. This process is 15 repeat ed unl ess
the internedi ate storage container is enpty or until the dwell
volume i s reached. to a patient. TEpxdexamplé uithel Bpsténnaagebet delEdmentedt v,

et ive pricuis MSE PP el NBMTLAG 40 i O Hencne
to a heater line and another container is attached to a
" supply line. Prior to initiation of therapy, the system
5 performs a mixing procedure. Such a procedure may take
hours and typically pulls a portion of the mixture during
each pass.

Another option for the system is to provide an empty
container on the heater and a first container on a supply

10, line and a second container on the last bag line. During
a dwell period, solution may be pulled in equal amounts
to the heater bag where the solution would be heated.
A Y-junction may be added to the last bag line to allow
a manual addition of a different solution to the last bag

15 as required. A patient may manually open a clamp prior
to receiving solution from the last bag.

Yet another option is to attach a container to a
heater line and another container to a supply line. A
second heater may be wrapped around a supply container.

20 During therapy, the system may alternately pull solution
from each bag and push a mixture to the patient.

It should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the

25 art. Such changes and modifications may be made without
departing from the spirit and scope of the present
invention and without diminishing its attendant
advantages. It is, therefore, intended that such changes
and modifications be covered by the appended claims.



20 the valve is cl osed. The—dfa+ﬂ~vaive'T§‘fhen open and

positive pressure is applied to valve I's then
¢l osed and the process is repea l ["ﬂ] peritoneal cavity is
enpty. | n addi t|o s f@re90|ng, addj 1. aﬁ
I nstructions Qﬁﬁgm%gﬁgranm nDduIes nay be provided |ﬁ@#ﬁ I'ng
check routines, neasurenent routines and cal cul ati on routines.
Referring now to Figure 4, a nethod for direct i nfusion of fluids is
shown. The cycle illustrated 30 allows for direct infusion of fluids
fromdifferent solution containers atcerding to a predeterm ned
ratio. A first step 200 determ nes paraneters including the
WO 97/ 07837 PCT/ US96/ 14091
- 13 -,
HE CLAINM:
1. A system for mixing a solution for delivery to a
2 peritoneal cavity of a patient, the system comprising:
a first container holding a first fluid:
4 a second container holding a second fluid;
means for automatically mixing the first fluid and
6 the second fluid to form the solution wherein the first
fluid and the second fluid are independently withdrawn
8 from the first container and the second container,
respectively; and
10 means for delivering the solution to the peritoneal

cavity of the patient.

2. The system of Claim 1 further comprising:
2 a control means monitoring the solution delivered
to the peritoneal cavity of the patient.

3. The system of Claim 1 further comprising:
2 means for heating the solution prior to delivery to
the peritoneal cavity of the patient.

4. The system of Claim 1 wherein the means for mixing
2 includes a pumping means.

3. The system of Claim 1 wherein the means for
2 automatically mixing includes a microprocessor.

6. The system of Claim 2 wherein the control means
2 controls volume of the solution delivered to the
peritoneal cavity of the patient. '

Sheet Has Been RTlated THIS SHEET HAS BEEN
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nunber of dwells and the mxing ratios required.. | nfusi on of dwell
volunme is started as shown at: To begin the infusion,
fluids are f| lled in Elﬁmmnﬂm u‘mum as designated at st eps 220
and 220 éﬁﬁ@%ﬁ?l S subseduehtﬂy Meadur&d at steps 230 s0o1 N
each of the regﬁ chanbers. The contents of each cha er nay be
pufiped to the patient as designated at steps 240 and 240'. A

determ nation is made at steps 250 and 250' as to whether total

vol ume of each fluid punped 10 to the patient is sufficient to achieve
a predeterm ned mxing ratio. |f -b8Bh-fluids have been punped to

t he patient to satisfy the mxing ratio, a determ nation nust

be made as to whether the dwell vol une has been achieved as
indicated at step 260. If so, the dwell and drain 15 steps at steps
270 and 280, respectively, ‘are perforned. | f another dwell volune is
required to be infused as determ ned at step 290 the systemreturns
t o begi nni ng 7. of Thef s¥stam & Riaim \;oﬁbﬁfei!‘ft%t fte Thdde Ands
ended 2 as dereyseted aftluiiccardOsterle. I, hovvever,

i nsufficient anounts of either or both of the fluids has been
punped, the systemreturns to steps 220 and/or 220" for filling
fluids in the chaffeer sR methodfpr| migdngi filyddsaduging delivergdto| @ t he
dwel | vol une perifordl gavity ast & phyiast) ehedmethsteicdmprisihqitiid ep
260, 25 the'ingu5|on of the dwell volune is re-started at step

210. |ﬂETtaneous I nfusion of different fluids with

direct infudion of a fpreviding & fiass eonbainewihplging a first fluid;

providing a second container holding a second fluid;

6 automatically withdrawing the first fluid and the
second fluid from their respective containers
8 sequentially or simultaneously;
mixing the first fluid and the second fluid forming
10 a mixed solution; and
' delivering the mixed solution to the peritoneal
12 cavity of the patient.

9. The method of Claim 8 further comprising the step
2 of:

- controlling volume of withdrawal of the first fluid
4 and the second fluid independently.

10. The method of Claim 8 further comprising the step
2 of:

controlling volume of delivery of the mixed solution
4 to the peritoneal cavity of the patient.

11. The method of Claim 8 further comprising the step

2 of: .
heating the mixed solution prior to delivery to the
4 peritoneal cavity of the patient.
e THIS SHEET HAS B EN!
This Sheet Has Been R, REPLACED
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ratio of two fluids, the chanber is filled with.a mninml 30 quantity
of a first fluid, andaseco?ﬁumﬁ[m' with a minimal
gquantity of a second fl uid I""II“““I are punped simul t aneously

fromtheir resgrai chanbers” ¢ * WD 97/ 07837

PCT] US96/ 14091 VO STHST 14 - PCTUSINLT a
patti ent . Sequential infusion of different fluids nay al so be
performed by direct infusion of a 50:50 ratio of two fl uids.

First, a chanber is filled with a mnimal 5 quantity of a first fluid,
and the first fluid is punped from®he-first chamber to the patient.
Then, a second chanber is filled with a mninmal quantity of a second

12. The method of Claim 8 wherein the patient is
2 undergoing peritoneal dialysis.

13. A method for direct infusion of a plurality of

2 fluids to a peritoneal cavity of a patient, the method
comprising the steps of:

4 providing at least one container;

£illing the at least one container with a first one
6 of the plurality of fluids;

pumping the first one of the plurality of fluids to
8 the peritoneal cavity of the patient;

filling at least one container with a second one of
10 the plurality of fluids; and

pumping the second one of the plurality of fluids
12 to the peritoneal cavity of the patient.

14. The method of Claim 13 further comprising the step

2 of:
inputting an amount of each of the plurality of
4 fluids to be pumped to the peritoneal cavity of the

patient.

15. A method for infusion of a plurality of fluids to

2 a peritoneal cavity of a patient, the method comprising
the steps of:

4 providing a plurality of containers equal to the
plurality of fluids; and

6 pumping each of the plurality of fluids from each
of the plurality of containers sequentially or

8 simultaneously to the peritoneal cavity of the patient
or a storage means prior to delivery to the peritoneal

10 cavity of the patient.

THIS SHEET HAS BEEN
REPLACED
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fluid. The second fluid in thesecond chanber 1s punped to the
patient. In the alternative, t y 10 be used for

punpi ng each of the fluids theTE"mm‘mem[||“HI n addition to the
foregoing, dir 94 sion having ¢ Lt MasmRing ratio of, fyi Ayaiee.
one-third of a Y fluid and two-thirds of a second flurd may
follow a cycle that begins by filling a first chanber with a second
15 fluid and a mnimal quantity punp vol ume punping the fluid to
a patient. A second chanber is then filled with a first fluid and a
m ni mal quantity punp vol ume punps - @Re~first fluid to the patient.
Then, the second fluid is filled in a third chanber, and a m ni nal
gquantity punp 20 vol unme punps the fluid to the patient. 1In an
alternative enbodi nent to that described, the first, second and.
third chanbers may be replaced by a single chanber or a pair

of chanbers. Referrl nom/to g 5 a bl ack box dlagran1of
25 an enbodi mtfit o?h?rﬂ?QRRﬂ ¢lpim;} dcomﬂ§1§+ﬁﬂwF a
plurality of2 fluidfeontainers 10a, 10b, 10c, 10(n 1), 10n is
operatively connected trol p u
chanbers. An input neaé?%é}fﬁqléﬁ gﬁéué@ &9 EQSh °f t?f #H&& e% gEé

m xing ratiés andféﬂlaﬁaﬁﬂ tl?%sp‘éiﬁpgb “to' tbPuPG§1f-Bn%1 nFiBHtYon the

adm ni stration topatpehtent. The punps or punp chanber 12 and 14
via the valves 16a,...16n and 20a...20n, respectively, wthdraw

fluids fromthe
. 17. A system for infusion of a plurality of solutions

2 to a peritoneal cavity of the patient, the system
comprising:

4 means for storing each of the plurality of
solutions;

6 input means for inputting an amount of each of the
plurality of solutions required for delivery to the

8 peritoneal cavity of the patient; and-

pumping means capable of pumping each of the

10 plurality of solutions to the peritoneal cavity of the

patient.

18. The system of Claim 17 herein the pumping means
2 simultaneously pumps each of the solutions to the
peritoneal cavity of the patient.

19. The system of Claim 17 wherein the pumping means
2 sequentially pumps each of the solutions to the
peritoneal cavity of the patient.

20. The system of Claim 17 wherein the pumping means
2 alternately pumps each of the solutions to the peritoneal
cavity of the patient.

THIS SHEET HAS BEEN
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Sheet Has Been RTlaced

TR




WD 97/ 07837 - PCT/ US96/ 14091

- 15 - cont ai nermmmﬂll lll m t forth above with reference
to.Figures 3 and 4. And, I@Li rth, the wi t hdr awn
fluids fromthe containers 10a..% 16n fay® be m xed int bAlabY 1N
a solution badW9§WHE§79nated at 5 54 before infusion int a |ent or
may be i nfused directly into a patient. Sensors 56 for
measuring volume to the solution bag or patient may be provided to
nmoni tor the specific amounts of fluid being delivered. The sensors
56 may 10 feed back signals to the25centroller 50, or
alternatively, may display volune neasurenents such that a user may
vary the delivery of fluids to be punped to t he solution bag or
patient 54. The controller 50 may al so control the operation of the

val ves 18 and 22 for 15 draining of the system 1l by the punps 12 and/or
14 to the

21. The system of Claim 17 further comprising:
2 storage means receiving each of the plurality of
solutions for mixing prior to delivery to the peritoneal
4 cavity of the patient.

22. The system of Claim 17 further comprising:

2 control means operatively connected to the pumping
means and capable of controlling the pumping means for
4 sequential or simultaneous delivery of the solution.

23. The system of Claim 17 further comprising:

2 means for heating at least one of the plurality of
solutions.

24. The system of Claim 17 wherein the input means and
2 pumping means are capable of receiving and pumping
variable mixing ratios of the plurality of solutions.

~25. The system of Claim 17 wherein the pumping means
2 alters the amount of each ¢of the plurality of solutions
between fills.
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drain 58. Referring now to Figures 6 and 7, schematic di agrans
of systens 200 and 300, respectively, are illustrated. The system
200 illustrated in Figure 6 achieves active 20 m xing as well as

on-line heating f ;ozé?ree separate fluid containers 2% W
val ves VSIA, V@?A?,Q’ B, and VS2B may be used to sel ecti</0§ y connect

~ puAp 204 and punp 206 to the fluid containers 202. Tenper at ure

- sensors 208 are inplenmented to nonitor and control 25 t enper at ure of
the fluid punped through a heater 210. 1/7 The heater 210 may be any
known type of heater, such as m crowaves, infr orf the I|ike.
Fluid may be delivered to atient whe éhe punps &ﬂl 206 are

wi t hdrawi ng fluid from any 3 contalners 30 10a 202 and further when

t he val ves VPA and VPB are opef By pass val v VBPA and VBPB are

cl osed. The bypass Y4 < are off®n if fluid
tenperature i s not
PCT/ US96/ 14091 MEANS TO
1\ HEAT FLUIDS
_— —16a
20a '

PUMPING
MEANS B

WASTE T
DRAIN TO PATIENT/CONTAINER



- 16 - Wi thin specific tenperature delivery limts. As a

result, the fluid is recirculated. Additional heat may be added if
the fluid is too cold. On the ot her hand, if the fluid is too warm
the fluid is sinpl 5 recirculated until the fluid co

Parti al “YE | ati on and/ or draining may al so be acc?%ﬁ’sgﬁye}@”
by-either drain valve VDA or VDB. This results in nore rapi d cool ing
of the tenperature of the fluid. - Punps 204 and 206 nay wi t hdraw
fluid fromthe 10 patient, as well, and discharge the fluid to the

wast e drai n whenever the drain val ves VDA and VDB and the VBPA

and VBPB are open if the other valves aré&/tlosed. A |oop to the
patient |line as shown in Figure 6 can be ?ﬂy desired |l ength since
the | Qop can be purgefdafter a drain 15 10(nd)

hat frem;x%;e will be
e next . turi tee
212 prevents rawal of fluid from the
pati ert whenever fl ) This loop is
particul arly benefiCi ' i FLUBtlen)s wherein a small
recircul ated vol une [

di al ysi s. | I S 4 ' FQure\ 6 except four
separate contaf',ners 302 afe I ni '

N

delivered to the patient during all of

FLUID 2

20a 16a
VSIB
9 e f\ 18
22— VDB VDA
Dk —————

PUMPING
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PUMPING
CHAMBER
B

A
) 16b
o [ D f
VSiB ~16(n-1)
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shoul d not be deened as limting the types of solutions 5 and/ or

conponent that may be m xed: EXAMPLE 1: [err] One
container is filled with a solution of dextrose (7.72% ,
cal cium chloride (2.50 , magnesi um chloride (Q.
[err] Anot h¥O T3 ner is filled with a solution of cg%sgm‘%%}dl um
bi carbonate (74 mV), sodium chloride (190 4/7 my), pH 7.2 By
m Xi ng t he sol ut i.ens 4{1'41\ accol-di Rg t.o-the C\chf em
descri bed, a solutijon with dextros?(B 869, cal cium chlloride
(1.25 mv, 15 peres-ar-ehb-orgde~0—29 V), sodi um chlori dg (95
mV), sodi um bi car bgnat e 37_rer, PHT [221 obt ai ned.
EXAMPLE 2: [lerr] ®Ae| dont aj 1 isfiEec with a solution qf
dextrose 20 (5. ¥9%gee 1=4 ktler container is fillled
with a solution of <2 sgiu ctlat g mV), sodi um chl orfi de
(276 MV, cal qi chlorijdemt 3.[74 magnesi um chl ori de
[err] . (0.75 mV),| pH 613. &5 ﬁ* Nk ing the solutions} (2:1)
according to the - msks gpc@jpad, vmpgol ut Lon with dextrose
(3.86%, cal ¢ijurkchl al (@)= 3] Jfegned umg
(0.25 mM), sodium ghl ori Le (22| D = prles i 40 m ,
pH 6.1 i s obtained,| 30 EXWIE%"I" a - t ai er i S
filled with a sol utfi on of 8.'5‘09/0541 EO e, aIC| m cjil oft|de
(2.50 mM), nagnesi um a ={ll=ia ol ~ ]
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- 18 - chloride (0.50 mMM. [err] A second
container is filled with a solution of 2. 72% dextrose,
cal cium chlori 9@ o nv, magnesi um chloride (0.50 M. 5
[err] A third confalner is filled with a solution of PCT/USI&/IGPY m
chloride (194 nmVM) and sodi um bi carbonate (&J7 mv), pH 7.2.
[err] By m xing the solutions as described, a final
solution can be obtained with calciumchloride 10 (.25 MV,
magnesi um chloride - (0.25 mM), sodium chloride (97 mM, sodium
bi carbonate (35 nV) and
L1 B H
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dextrose, pH 7.2, and the dextrose concentration can be varied

over the therapy session between 1.36% and 4.25% The dextrose
concentration wll 15 be 1.36% when the rate of vvithdravval from
cont ai ner two and three is equal, and no fluid i

wi t hdr awn from“(:%%(“gm one. As | ess fl ui d S SP d?g\%l from
cont ai ner one and instead drawn from 6/7 cont ai ner tvvo, the
dextrose concentration wll 20 i ncr ease. The dextrose
concentration wll be 425%when rate f w thdrawal from

cont ai ner one and three |s[_equal an(j... fluid is being

W t hdr awn on nt al ner :EgI\/PLE 4. 25 [err]

One container is filled h a sol om of 8. 50%[:1..] dext rose,

cal ciymchl oride, (2.50

n@e& 15_, Iorlde(O 50 nmV).
[err] A second cont ai IS &N Mh a fsol ut{ 1. 00%
dextrose, cal cium chl orgfle (2.50 BRgnesg- i um chl ori de

(0.50 V). err]l____ A_tprr I e NS f|_|_b-éd__vv|th_a solution of
sodi um chl oridg {194 nmV) and |sodi um | act pte—| 70 B
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- 19 - mv), pH 6.3. By m xing the solutions as
described, a final sol ution can be obtained with cal cium

chl ori de .25 mV), magnesiumchloride (0.25 MV, LddEN 4001
chioride (97 M?"mé%di um lactate (35 rW), and exé'tdr ose, pH
6.4, and the dextrose concentration can be varied over the

t her apy session between 0.50% and 4.25% The dextrose
concentration wl|l be 0.90% when the Rate of w thdrawal from

contai ner 10 t an qual, &w@no fluid is being
wi t hdrawn from cont ai ner . As I ds&fluid i &S W t hdrawn from
cont ai ner one and i nsteafid awn fro® E EC‘Bnt ai ner two, the
dextrose concentration WHIy = o E| B incrgadé«pThe dextrose
concentration will be 4. %% 15 w < when the&i@te of withdrawal from
cont ai ner one and t hr eeN "'Equal , af™o fluid is bei ng
Wi t hdrawn - § F-OF -GO{- R F ~=EW0 - YANPL 5 - —— - [err]
One cont ai nerl\is!fi lled with p soluti o Pleagjjucose —.!
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m chloride (2. 50 my , TIoqre #-p Wwoct cep

com—l

magnesk um chI oride ﬂ [.Imml]: [err] Anot her T pd
with a solution of "% acids (2%, sodi u é@}@ﬁ HE%P e
m , sodlumchlorlde(126mvp pH 7.2. By mixing the 25
solutions (1:1) according to the system d¥scri bed, 19 MAR 49%%!1 4t { on
with glucose p (7.5%, am no acidg (1%, calcium
chloride (1. Zwmnesi um chloride (Q.2Z25 mV), sodrum
chloride (63 mV), sodium bi carbonate (37, _pH 7.2 is

obt ai ned. 30

The system and net hod of the present

I nventi on may

be used in a vari etll. of Aisystemi bnsmixingta $alutionefor tdelivéryito a peritonedb savitybed

above where sol

e m.xed and delivered

WD 97/ 07837

PCT/ US96/ 14091°

tu a pa %%t, € systém comprising :
a first container holding a first fluid;
a second container holding a second fluid;

20 -

means for automatically mixing the first fluid and the second fluid to form
the solution wherein the first fluid and the second fluid are independently
withdrawn from the first container and the second container, respectively wherein
the means for automatically mixing includes a first pumping means and a second
pumping means, the first pumping means being connected a first supply valve, the
first supply valve being connected to both the first container and a second supply
valve, the second supply valve being connected to both the first container and the
second pumping means, the second pumping means also being connected to a third
supply valve, the third supply valve being connected to both the second container
and a fourth supply valve, the fourth supply valve being connected to both the
second container and the second pumping means; and

the first and second pumping means being connected to means for directly
delivering the solution to the peritoneal cavity of the patient from the means for
automatically mixing. '

2. The system of Claim 1 further comprising': _
a control means monitoring the solution delivered to the peritoneal cavity

of the patient.

3.

means for heating the solution prior to delivery to the peritoneal cavity of

The system of Claim 1 further comprising :

the patient.

4.

pumping means.

The system of Claim 1 wherein the means for mixing includes a

This Sheet Has Been Repl
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to a patient. For m may be i I%W&ﬁm SHEET_ or
pre-t her apy m'xing @WIM;IM I s attadhgd to alh¢ater |ine
and anot her cont ai - Supp! YOI MAR- 999 i ¢r [toO
initiation of therapy, the system 5 perforjms} a m xi ng progequre. Such
a procedure nay take hours and tyfRcally f the .
m xture during each pass. Anpt her option_for tihe system
is to provide an enpty container on the heater and a first container
on a supply 10 g1 ne 1gpq ﬁeﬁ%f@&in??%ﬁféi‘@fhe%eﬁ@@oﬂ aASomaARdIlY diLing

Duri ng a dwel'l peri 05 solution may be pulled in equal anmounts

to the heat er itclgdestacemicroprecessdrut i on woul d be heat ed. A Y-junction
may be added to the last bag line to allow a manual addition of a
different solution to the |last bag 15 as required. A patient may
manual |y open- a cl P Pryyersystem of Clafin R6#IRirdin/the 66ittdl nf¥ané contrdlieoluart bag.
Yet another option is to atfach a container to a heater |ine and
anot her cont aiafdhe sejutions delisiesed torthe peritoneal cavigpebthe naliglter may be wr apped
around a supply container. 20 During therapy, the system may
alternately pull solution from each bag and push a m xture to the
patient. 7. |t Beowksenbef CRdariswhedin the firstafldid and dieasegend fnid

nodi fications to the presently preferred enbodi nents descri bed
herein will bearagsistileant to those skilled in the 25 art. Such changes
and nodifications may be nade w t hout departing fromthe spirit and
scope of the present I nvention and wthout dimnishing its

at tepdant 8. A method for mixing fluids during delivery to a peritoneal cavity

of a patient, the method comprising the steps of :
providing a first container holding a first fluid;
providing a second container holding a second fluid;
connecting the first container to a first pumping means and a second
pumping means such that either pumping means may pump ﬂuid.from said first
container;
connecting the second container to the first pumping means and the second
pumping means; | | . '
connecting the first and second pumping means to an intermediate
container;
~ automatically withdrawing the first fluid and the second fluid from their
_respectivé containers with the first and second pumping means sequentially or
simultaneously and pumping the first fluid and second fluid to the intermediate
container;
mixing the first fluid and the second fluid forming a mixed solution in the
intermediate container; and '
directly delivering the mixed solution from the intermediate container to the

peritoneal cavity of the patient following mixing.

9. The method of Claim 8 further comprising the step of :
controlling volume of withdrawal of the first fluid and the second fluid




advantages. It is, therefore, i nt ended that such

A o

peritoneal cavity.of "a bat't edt, *thé system conpri
container holding a first flui d 23second
fluid; means for automatically m xi ng the

fluid to formthe solution wherein the first fl ui
i ndependently withdrawn fromthe first container

changes and

ery to a
suREBhAQEi!&'I: ENT w@@h t

' a second
e second
luid are
t ai ner,

respectively wherein the means for automatically
punpi ng rreansjnia@emieaﬂyond punpi ng neans, the fir
connected a first supply valve, the first supply

m xi ng i ncl udes a| first
' ei ng
val ve being connected to

both the first container and a second supply valve, the second supply val ve

bei ng connected to fgot h JHagnéthtd bf CRAMPS Rithe? @Embti

eReOfBp PHAPI Ng neans,

t he second punping neans al so bei ng connected to aﬁnﬁl rd supply val ve, the
third supply val ve donirolling vohwst afdelivery of theimixed selution odhe mrﬁeneal cavity

of the patient.

11.  The method of Claim 8 further comprising the step of :

heating the mixed solution prior to delivery
w patient. '

to the peritoneal cavity of the

12.  The method of Claim 8 wherein the patient is undergoing peritoneal

dialysis.

13. A system for infusion of a plurality of solutions to a peritoneal

cavity of the patient, the system comprising :

means for storing each of the plurality of solutions in a plurality of separate

containers;

input means for inputting an amount of each of the plurality of solutions

required for delivery to the pefitoneal cavity of the patient; and

— pumping means for pumping each of the plurality of solutions directly to

the peritoneal cavity of the patient including first and second pumping means each
being connected to each of the plurality of containers in such a manner that either

pumping means may be used to pump fluid from at least one of said containers.

14.  The system of Claim 13 wherein the first and second pumping
means simultaneously pump each of the solutions to the peritoneal cavity of the

patient.

15.  The system of Claim 13 wherein the pumping means sequentially

pumps each of the solutions to the peritoneal cavity of the patient.

This Sheet Has Been Re[ilace




and a fourth sup val ve, the fourth supply valve being connected to both
the second cont ai ﬁ!'lﬁﬁl’u]m&u]wun punpi ng nmeans; and the first and
second punpi hg ne ed to nmeans for directly delivering the
solution to the perltoneal cavity of the patient fromthe nmeans for

automatical ly m xi ng. 2. Th&4system of Claim1 further
conpri sing: a control nmeans nonitoring the solution delivered to
the peritoneal cavity of the patient. 3. The system of O aim

1 further conprising The syste‘.ii?%l‘%lﬁﬁ{ 1567dr&id the HuBiing hiéﬂndoﬁl'té}hatéﬁ
delivery to the peritoneal cavity of the patient.

syst em of O aipampswiach of the sodutinss e thegperitoneaheaviity f the patient.punpi ng nmeans.

17.  The system of Claim 13 further comprising :
storage means receiving each of the plurality of solutions for mixing prior

to delivery to the peritoneal cavity of the patient.

18.  The system of Claim 13 further comprising :
confrol means operatively connected to the pumping means and capable of
N controlling the pumping means for sequential or simultaneous delivery of the

solution.

19.  The system of Claim 13 further comprising :
means for heating at least one of the plurality of solutions.

20. The system of Claim 13 wherein the input means and pumping
means are capable of receiving and pumping variable mixing ratios of the plurality

of solutions.

21.  The system of Claim 13 wherein the pumping means alters the

~ amount of each of the plurality of solutions between fills.
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-23- independent| met hod of Claim 8 furtherﬁl-'w‘*%s?'0

corpri 51 thel ﬂ!ﬂiillﬂﬂluullllluullfsnz; | 'h'e“parf"eﬁ?ﬂ of_del ivery of (HE'Hf sely:

met hod of -Cl aim 8 fcurther conprising the step of: REPLACEME{&E{SHE Tthe m xed

solution prior to delivery to the peritoneal cavi{y[or the patTent.

12. The nmethod of Claim8 wherein the patient i$-dn Qﬁqﬂt‘@ t pneal
di al ysi s. 13. A system for infygion off 4t "1eas tvvo sapar ate
solutions to a peritoneal cavity of the patient, th | s} ng:

means for storingLAIMS of the solutions in a sepanfate container;
I nput neans for inputting an anount of each of the~sofutions required for
delivery to the peritoneal cavity of the patient; and punpi ng nmeans
for punping each.-of the soAuwyitemstof ntifimk laysohRtion@r Aelivdrpne al pegiotehlycatityt he
patient including first and second punping neans each bei ng connected ¥
each of the pluref 2 pyticst. theAYeMEPMPriBnguch a manner that either punping

means may be used to one of said containers
allowing the first angﬁggécéh%ingr %lﬂ%mgﬁﬁﬁ{ 0 sinmultaneously,
sequentially, or a second container holding a second fluid;

means for automatically mixing the first fluid and the second fluid to form
the solution wherein the first fluid and the second fluid are independently
withdrawn from the first container and the second container, respectively wherein
the means for automatically mixing includes a first pumping means and a second
pumping means, the first pumping means being connected a first supply valve, the
first supply valve being connected to both the first container and a second supply
valve, the second supply valve being connected to both the first container and the
second pumping means, the second pumping means also being connected to a third
supply valve, the third supply valve being connected to both the second container
and a fourth supply valve, the fourth supply valve being connected to both the
second container and the first pumping means; and _

the first and second pumping means being connected to means for directly

delivering the solution to the peritoneal cavity of the patient from the means for
automatically mixing.

2. The system of Claim 1 further comprising :

a control means monitoring the solution delivered to the peritoneal cavity
of the patient.

3. The system of Claim 1 further comprising :

means for heating the solution prior to delivery to the peritoneal cavity of
the patient.

4, The system of Claim 1 wherein the means for mixing includes a
pumping means.
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alternately punp ‘eachof The solutions to the peritoneal cavity of the

patient.

temof Caim13 further conprising:
st orage- means rlmul l“u nlmrt he plurality of sols#+ehrs—formxing prior

to delivery to thecperit®nenl *cavity of the patient{ REPLACEMENT SHEET | The

system of Claim 13 further conprising:

- 24-

control neans operatively connected tp th i ans and
capabl e of controlling the punpi ng neans #gr sequenti gl Eodr)ﬁgﬁnzﬁpaae us
delivery of the solution. 16. -~ '

conpri si ng:

e systen]o t Her

independently.

10.  The method of Claim 8 further comprising the step of :
controlling volume of delivery of the mixed solution to the peritoneal

cavity of the patient.

11.  The method of Claim 8 further comprising the step of :
heating the mixed solution prior to delivery to the peritoneal cavity of the

patient.

12.  The method of Claim 8 wherein the patient is undergoing
peritoneal dialysis.

13. A system for infusion of at least two separate solutions to a
peritoneal cavity of the patient, the system comprising :

means for storing each of the solutions in a separate container;

input means for inputting an amount of each of the solutions required for
delivery to the peritoneal cavity of the patient; and

pumping means for pumping each of the solutions directly to the
peritoneal cavity of the patient including first and second pumping means each
being connected to each of the plurality of containers in such a manner that either
pumping means may be used to pump fluid from at least one of said containers
allowing the first and second pumping means to simultaneously, sequentially, or

alternately pump each of the solutions to the peritoneal cavity of the patient.
14.  The system of Claim 13 further comprising :
storage means receiving each of the plurality of solutions for mixing prior

to delivery to the peritoneal cavity of the patient.

15.  The system of Claim 13 further comprising :



i nput means and

means for heating at Ieast one ﬂmt he plurality of solutions.

Covent o ecer | OO

ariable mxing r tIREBLAIIEMENq! Sperafity of

sol ut.i ons. he system of C ai m 13 yhgrern—thke—pohpi N§ neans

alters the anmount of each of the plurality of sol uf]i dn n fifl
DA AR Stbo
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- 25 - 21. The systemof Claim 17 further

anpri sing:

-24-

control means operatively connected to the pumping means and capable

of controlling the pumping means for sequential or simultaneous delivery of the

solution.

16.  The system of Claim 13 further comprising :

means for heating at least one of the plurality of solutions.

17.  The system of Claim 13 wherein the input means and pumping

means are capable of receiving and pumping variable mixing ratios of the

plurality of solutions.

18.  The system of Claim 13 wherein the pumping means alters the

amount of each of the plurality of solutions between fills.
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2 storage neans receiving each of the plurality of g &ns
for mxing prior to delivery to the peritoneal 4 cavity of t‘ﬁ%"g
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