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SPECI PI CATI O0ON__ TITLE

FOLDABLE DIALYSIS UNIT 5 BACKGROUND OF THE | NVENTI ON
The present invention generally relates to a punping system Mbre
speci fi calwggstfdgs present invention rel ates to a posvsesnsl a net hod
for punping fluid, particularly for peritoneal dialysis. 10

As is well known, peritoneal dialysis is a procedure for renoving

t oxi ¢ substances and netabolites normally excreted by the kidneys

and for aiding in the regul ation
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SPECIFICATION
TITLE
FOLDABLE DIALYSIS UNIT

5 BACKGROUND OF THE INVENTION

The present invention generally relates to a pumping
system. More specifically, the present invention relates
to a system and a method for pumping fluid, particularly
for peritoneal dialysis.

10 As is well known, peritoneal dialysis is a procedure
for removing toxic substances and metabolites normally
excreted by the kidneys and for aiding in the regulation
of fluid and electrolyte balance. Peritoneal dialysis

_ is accomplished by instilling peritoneal dialysis fluid

15 through a conduit into a peritoneal cavity of an
individual. The instilled peritoneal dialysis fluid
contains ionic concentrations of electrolytes that are
similar to those in the physiological extracellular fluid
with the exception of lactate which is present as a

20 bicarbonate precursor.
Fluid and solute transport occur across the

peritoneal membrane between the plasma of the patient and

the instilled dialysis fluid. These processes result in

normalization of plasma electrolyte profiles. Toxic

25 substances and metabolites present in high concentrations

in the blood cross the peritoneal membrane into the

dialyzing fluid. Dextrose, in varying concentrations,

is used in the dialyzing fluid to produce a solution

hyperosmolar to the plasma thus creating an osmotic

30 gradient that facilitates fluid removal from the
patient's plasma into the peritoneal ca#ity.

After a period of time (dwell time), the spent or

used dialysis fluid is removed from the peritoneal
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with acute or chronic renal failure when non-dialytic
medical therapy is judged to be inadequate. _

One form of peritoneal dialysis, continuous
ambulatory peritoneal dialysis {CAPD)  involves
maintaining dialysis solution in comstant contact with
the peritoneal membrane throughout the entire day. To
conduct CAPD, the patient manually drains spent dialysate
and manually instills new dialysate performing a number
of necessary manipulations during the procedure. CAPD
relies on gravity to move fluid in and out of the
peritoneal cavity. The peritoneal dialysis solution is
changed approximately three to five times per day and
typically four exchanges per day. Usually, three of
these exchanges include dwell times of four to six hours
while an overnight exchange may include a dwell time of
eight to ten hours.

During the 1long, overnight dwell period, the
efficiency of fluid removal may be reduced if the osmotic
gradient is lost due to uptake of dextrose into the
patient over time: Also, the ability of the dialys;s
fluid to promote clearance of uremic toxins is reduced
once the concentration of the toxin in the dialysis fluid
reaches the plasma concentration of the analyte. Thus,
removing spent fluid and replacing it with fresh dialysis
solution (the addition of a fifth peritoneal dialysis
exchange) during the overnight period may be helpful to
patients requiring additional fluid or toxin removal.

The present invention, therefore, provides a system
and a method to satisfy a need of patients requiring a
fifth peritoneal dialysis exchange (during sleep) or for
patients who desire a more convenient method to perform
four exchanges per day by skipping one daytime exchange.
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t he peritoneal nenbrane throughout the entire day. To conduct_CAPD,
the patient manually drains spent dialysate and manual l'y instills
new di al ysate perform ng a nunber 10 of necessary manipul ations during
t he procedure. CAPD relies on gravity to move fluid in and out of

t he peritoneal cavity. The peritoneal dialysis solution is

changed approximately three to five tines per day and typically four
exchanges per day. Usual |y, three of 15 these exchanges include dwell
tinmes of four to six hours whi | e an overni ght exchange may i nclude a

dwel | tinme of
The_present invention, therefore, provides a system and
a method for a night exchange that aids in removing
peritoneal dialysis solution into and out of the patzent
and allows the patient additional freedom of movement
5 during the procedure.
_ SUMMARY OF THE INVENTION

The present invention provides a system and a method
for automatic control of exchanged solutions,
particularly for treatment of renal failure patients

10 undergoing peritoneal dialysis. The system provides a
device, particularly suitable for patienté requiring a
fifth dialysate solution exchange. The device
automatically drains spent fluid from the peritoneum and
fills with a prescribed volume of peritoneal dialysis

15 fluid warmed to body temperature.

Tc this end, in an embodiment, the present invention
provides a system for controlling fluid flow. The system
has a holder capable of holding a first container having
a first solution therein. A processor unit has a means

20 for cohtrolling flow connected to the holder wherein the
means for controlling flow is capable of controlling flow
of the first solution from the first container in the
holder. A tray is provided capable of holding a second
container wherein the means for controlling flow is

25 capable of controlling flow of a second solution to the
second container. '

In an embodiment, a heater is incorporated in the
holder capable of heating the first solution in the first
container in the holder.

30 In an embodiment, a scale is incorporated in the
tray capable of weighing the second container placed on

the tray.
' In an embodiment, the system includes a fill valve



eight to ten hours. During the | ong, overnight dwell period,
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solution (the addition of a fifth peritoneal dialysis exchange)
during the overnight period may be hel pful to patients requiring
additional fluid or toxin renoval. The present invention,
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patients requiring a fifth peritoneal dialysis exchange (during
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perform four exchanges per day by skippi ng one dayti ne exchange.
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controlling flow of the first solution from the first
container.

In an embodiment, the system includes a drain valve
controlling flow of the second solution to the second

5 container. :

In an embodiment, an arm connects the holder to the
processor unit. 3

In an embodiment, an arm connects the processor unit
to the tray. :

10 In an embodiment, a display is operatively connected’
to the processor unit.

In an embodiment, an input means is operatively
connected to the processor unit.

In an embodiment, means are provided for effecting

15 structural relationships between the holder and the
processor unit.

In an embodiment, a cover is connected to the holder
to substantially enclose the first container in the
holder.

20 In an embodiment, a power switch is operatively
connected to the tray to activate the system.

In an embodiment, means are provided to altef
position of the processor unit.

In an embodiment, means are provided to release the

25 holder, the processor unit and the tray to orient in a
non-operable position. .

In an embodiment, an audible means is provided
operatively connected to the processor unit capable of
producing an audible signal.

30 In an embodiment, an auxiliary processor is provided
in the tray operatively connected to the. processor unit.

In an embodiment, a real time clock is operatively
connected to the processor unit.
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activation of the system,

In an embediment, operator-actuated keys are
provided to control programming'of the processor unit.
The operator-actuated keys are modifiable by the
processor unit. '

In an embodiment, the means for controlling flow of
the system is a pneumatic pump.

In an embodiment, sensing means are provided for
detecting temperature of the first solution in the
container. -

In an embodiment, a plurality of strain gauges are
constructed and arranged with the tray capable of
meaguring weight of the second container on the tray.

In another embodiment of the present invention, a
method is provided for controlling fluid flow. The
wethod comprises the steps of: providing a holder capable
of holding a first container having a first solution
without_hanging the first container; providing a tray
capable of heolding a second container having a second
solution without hanging the second container, the first

container remotely situated from the second container;

and controlling flow of the first solution from the first
container and the flow of the second solution to the
second container.

In an embodiment, the method further comprises the
step of weighing the second sclution in the sgsecond
container without removing the second container.

In an embodiment, the method further comprises the
step of heating the first solution in the holder.

In an embodiment, the method further comprises the
step of selectively enclosing the first container in the



of the first solution fromthe first container in the hol der. A tray

I s provided capable of holding a second cont ai ner wherein the neans
for controlling flowis 25 ——eapable of controlling flow of a second
solution to the second cont ai ner . I n an enbodi nent, a
heater is incorporated in the hol der capabl e of heatiggrthe first
sol ution in t h&0362439 container in the holder. 30 N
enbodi ment, a scale is incorporated in the tray capabl e of weighing
t he second contai ner placed on the tray. In an
enbodi nent, the systemincludes a fill valve WO 96/ 24396
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holger.

In an embodiment, the method further comprises the
step of sensing temperature of the firgt solution in the
first container.

5 In an embodiment, the method further comprises the
step of controlling draining of the first container and
the filling of the seccond container.

In an embodiment, the method further comprises the
step of draining the first container only after weighing

10 the second container. '

In an embodiment, the method further comprises the
step of folding the holder and the tray into a second
position not suitable for use.

In an embodiment, the method further comprises the

15 step of providing a display indicative of performed
functions.

In an embodiment, the method further comprises the
step of providing a cover to selectively enclose the
first container in the holder.

20 In another embodiment of the presgent invention, a
bag holder is provided having a container selectively
openable to hold a bag therein. A cover encloses the
container in the bag holder wherein the cover is hinged

_ to the container. A heating element is incorporated in

25 the container capable of heating a solution in the bag.

In an embodiment, the bag holder further has an
opening in the container through which an extension of
the cover is inserted wherein the cover is pivotable at
the opening.

30 In an embodiment, the heating element is a film
etched in the container.

In an embodiment, a sensor is incorporated with the
heating element to detect temperature variations of the



controlling flow of the first solution fromthe first cont ai ner

In an enbodi nent, the systemincludes a drain valve controlling flow
of The-sectond Solution to™The setond 5 cont al ner . 'n an
enbodi nent, an arm connects the holder to the processor unit.

In an enbogj 49 2N arm connects the processor unit PCTIU%QM?%? tray. 10
I n an enbodi , a display is operatively connected 0 e
processor unit. In an enbodi ment, an input nmeans is operatively
connected to the processor unit. I n an enbodi nent, means are
provi ded for effecting 15 structural relationships between the hol der
and the processor unit. - 7 - In an enbodinent, a cover is
connected to the hol der to substantially enclose the first container
in the hol der. 20 In an enbodi ment, a power switch is
operatively connected to the tray to activate the system

In an enbodi nent, neans are provided to alter position of the
processor unit. In an enbodi ment, nmeans are provided to rel ease

t he 25 *"“ékﬁﬁci%Bﬁineﬁgﬁéﬁi.U”it and the tray to orient in a

In an embodiment, the container of the bag holder
ig insulated.

In another embodiment of the present invention, a

5 portable peritoneal dialysis exchange system is provided.
The system has a drain tray capable of holding a drain
bag without hanging the drain bag. A pouch is capable
cf holding a solution bag without hanging the solution
bag. A collapsible linkage connects the drain tray to

10 the pouch, and a processor having a flow controcl means
is operatively connected to the drain bag and the
solution bag to control flow of fluid to the drain bag
from a patient and from the solution bag to the patient.

In an embodiment, the system has a scale

15 incorporated in the drain tray to measure weight of the
drain bag.

In an embodiment, the system has a heating means
incorporated in the pouch to effect heating of the
solution bag and its contents.

20 In an embodiment, wvalves are associated with the
processor to assist the flow control means to control
flow of fluids. )

In an embodiment, the processor of the system is
constructed and arranged between the drain tray and the

25 pouch wherein the pouch gravitationally feeds fluid from
the solution bag toward the processor. _

In an embodiment, a dieplay is associated with the-
processor displaying functions of the processor.

In an embodiment, keys are associated with the

30 processor to control programmable functions of the

processor.
In an embodiment, a cover is constructed and
arranged to selectively open and close the pouch.



non- oper abl e position. I n an enbodi nent, an audi ble neans is

provi ded operatively connected to the processor unit capabl e of
produci ng an audi bl e signal. 30 In an enbodi ment, an auxiliary

pt ocessor is provided in the tray operatively connected to the
processor uni kyg9enaiss I n an enbodi nent, a real tine clpeglsosoizrs
operatively connected to the processor unit. WO 96/ 24396
PCT/ US96/ 01375 In an enbodi ment, a progranmabl e

timng neans is

In an embodiment, means for adjusting orientation
of the processor without affecting the orientation of the
pouch is provided.

In an embodiment, a handle is constructed and

5 arranged on the linkage to seleétively effect collapse
of the linkage. '

It is, therefore, an advantage of the present
invention to provide a system and a method for solution
exchange that is simple to use.

10 Yet another advantage of the present invention is.
to provide a system and a method for solution exchange
that is convenient to use.

A further advantage of the present invention is to
provide a éystem and a method for solution exchange that

15 is cost-effective to use.

A still further advantage of the present invention
is to provide a system and a methed for solution exchange
that requires use of a portable device.

Moreover, an advantage of the present invention is

20 to provide a system and a method for solution exchange
particularly suitable for patients requiring peritoneal
dialysis.

And, another advantage of the present invention is
to provide a system and a method for solution exchange

25 = that may be performed during the night time and/or while
a patient is sleeping.

A further advantage of the present invention is to
provide a system and a method for solution exchange that
is programmable.

30 A still further advantage of the present invention
is to provide a system and a method for solution exchange
that is compact sc as to be easily stowed.

And, another advantage of the present invention is



operatively connected to the processor unit to control activation of
the_system ___I'n an enbodi nent, operator-actuated keys are 5
provi ded to control programm ng of the processor unit. The

operat or-actuated keys are nodifiable by the processor unit.

I n an enboggeghlzest Ne means for controlling flow of PCTAOBS/0337Stem i S a
pneumati c punp. 10 I n an enbodi nent, sensing neans are provi ded
for detecting tenperature of the first solution in the

cont ai ner. In an enbodi ment, a plurality of strain gauges are
constructed and arranged with the tray capable of 15 measuri ng wei ght of
the second container on the tray. -9 - I n anot her enbodi nent of the
present invention, a met hod is provided for controlling fluid flow
The met hod conprises the steps of: ‘providing a hol der capabl e

of holding a first container having a first solution 20 wi t hout hangi ng
the first container; providing a tray capabl e of hol ding a second
cont ai ner having a second sol ution w thout hanging the second

cont ai ner, thetéiﬂsﬁxaide a syﬁe_aﬁaa:ﬁfra rr@m-ioeih ¥ogi bb&hﬁfiozﬁ_rébmﬁé‘tfgeseﬁong_
cont ai ner; rQl.lin the.fir utjon fromthe first
25 cont ai n%?p?;{%} ,tcfitgr}%elagzv:{‘/ngf gt éﬁgég%ﬁdug%‘%t‘?%%l d-L t ogvexf =i second
cont ai ner. minimizing| heah Xoffodi nent, the nethod further conprises the

step of weighing th@reesend &9lddvadtabs bfeclegrRdent invewdidriizer without
remving, the SerUARl' ' BkeedCana o mecndd 80 SBROLIP Lxcidie™! O
that prevents filling of one solution prior to draining
of a second solution.
Another advantage of the present invention is to
provide a system and a method for solution exchange that

10 is safe to use.

Yet another advantage of the present invention is
to provide a system and a method for solution exchange
that provides suitable alarm conditions to notify a
patient of conditions or failure in the system.

15 Additional features and advantages of the present
invention are described in, and will be apparent from,
the detailed description of the presently preferred
embodiments and from the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Figure 1 illustrates a front perspective view of an
embodiment of the system of the present invention.

Figure 2 illustrates a perspective view with one arm
folded up in an embodiment of the system of the preset
invention.

25 ' Figure 3 illustrates a rear perspective view of an
embodiment of the system of the present invention.

Figure 4 illustrates a ‘perspective view of the
system of the present invention in its collapsed or
folded position.

30 Figure 5 illustrates an environmental view of the
general flow regquirements of solutions to and from a
patient requiring peritoneal dialysis.

Figure 6 illustrates a black box diagram of the




step of heating the first solution in the hol der. In an

enbodi nent, the nethod further conprises the - step of selectively
enclosing the first container_in the WO 96/ 24396

PCT/ US96/ 01375 hol der . In an enbodi nent, the
met hod further conprises the step of sensing tenperature of the
first sol uti ongbBsidies first container. 5 | PQIVUSSGIHISTN nent

the nethod further conprises the
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hardware components in an embodiment of the present
invention.

Figure 7 illustrates a circuit diagram of the
pneumatics required for the system in an embodiment of

5 the present invention.

Figure 8 illustrates a general flow chart of a
structure of the main program to operate the system and
method of an embodiment of the present invention.

Figure 9 illustrates perspective views of various

10 user interface screens displayed by an embodiment of the
system of the present invention.

The present invention provides a system for
15 automatic control of dialysate solution exchange in
tyeatment of chronic renal failure patients undergoing
peritoneal dialysis. The system includes a machine that
automatically drains spent fluid from the peritoneum then
fills the same with a prescribed wvolume of peritoneal
20 dialysis fluid warmed to body temperature. The device
£fills the need for patients who require a peritoneal
dialysis exchange, such as a fifth exchange, night time
exchange, or those patients requiring a more convenient
time and method for performing four exchanges by skipping
25 one day time exchange.
The system is designed for use with a peritoneal
dialysis solution container, such as, for example, a
Dianeal™ peritoneal dialysis soclution in an Ultrabag™
container manufactured and sold by Baxter Healthcare
30 Corporation of Deerfield, Illinois. Such a container
consists of a solution bag, administration tubing and a
drain bag. Other similar twin bag systems may be
implemented with the system of the present invention.



step of controlling draining of the first container and the filling
of the second cont ai ner-. In an enbodinentz t he net hod further

conpri ses—the—— - step- of draintng-the frst—eontaner—onty—after———
wei ghi ng 10 t he second cont ai ner. I n an enbodi nent, the
met hod further conprises the . step of folding the hol der the tray
into a Sec\gﬂasms%np position not suitable for use. PcrmsoslolasP an
enbodi ment, the nethod further conprises the 15 step of providing a
di splay indicative of perforned functi ons. In an
enbodi nent, the nmethod further conprises the step of providing a
cover to selectively enclose the . 14f Lrst container in the holder. 20
I n anot her enbodi nent of the present in&éntion, a bag hol der is
provi ded having a contai ner selectively . openable to hold a bag

t herein. A cover encloses the container in the bag hol der wherein
the cover is hinged to the container. A heating elenent is

i ncorporated in 25 - t he contai ner capable of heating a solution in the

bag. I np ap_enpodi,nent he haol der. furt her has

opening in the con&?ﬁﬁfﬁ%%ﬁﬁ Rﬁ{"léh°€3§!5<t%§r’r§i BRd gfransters t%%g cover is
i nserted wher @exithuezbidalysipispdubitn ta and from tshpabpent riprizg

In an enbodi Mpe diB2yBEA! +FERHMFENT ALS eRtbhbi®n line wRhClREthathe

el RS TR TP Vin “STELRCPLA, pRLOLER LR W th the
' 5 patient more freedom of movement once connected to the
system, Such an extension line is typically a single use
product. -

Referring now to the drawings wherein like numerals
refer to like parts, an embodiment of an exchange system

10 of the present invention is generally designated at 1.
The sgystem 1 includes four principal components: an
operator touch control panel 10, an insulated heater 12
incorporated in a pouch 26, a scale 14 incorporated in
a drain tray 30 and at least two automated valves 16a,

15 16b.

As illustrated in Figure 1, a solution bag 18 is
provided within the pouch 26 including the insulated
heater 12, and a drain bag 20 is laid on the drain tray
30 including the scale 14. Administration tubing 22

20 connects the drain bag 20 and the golution bag 18 with

' the system 1 and the automated valves 16a, 16b. An
extension line tubing 24 connects to the administration
tubing 22 and extends to a patient 2 {as shown in Flgure
5) subjected to the peritoneal dialysis procedure.

25 Referring now to Figure 5, a fluid flow diagram
demonstrating how the system 1 of the present invention
cycles fluid into and out of a patient 2 is shown. To
this end, the system 1 consists of the two automated
valves 1; one valve 16a is a fill valve between the

30 solution bag 18 and the extension line 24 and the other
valve 1l6b is a drain valve between the extension line
tubing 24 and the drain bag 20. The administration
tubing 22 connects the valves 16a and 16b to the solution
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-7- solution in the bag. In an enbodi nent, the
cont ai ner of the bag hol der i s insul ated. I n anot her
eirbodi ment of the present invention, a 5 portabl e peritoneal dialysis
exchange systemis provided. The system has a drain tray capabl e of
hol di ng a dr aMP9/243% bag wit hout hanging the drain bag. APEHUEN/GLYS
capabl e of holding a solution bag wi thout hanging the sol ution

bag. A collapsible |linkage connects the drain tray to 10 t he pouch, and

a processor having a flow control neans
- 12 =

bag 18 and the drain bag 20, respectively.
Referring again to Figures 1-4, the exchange system
1 generally consists of a collapsible S-shaped pole with
three distinct areas: a top portion, a bottom portion
5 and a middle portion. The top portion of the exchange
system 1 includes the insulated heater 12 incorporated
in a shell of the pouch 26 for holding the solution bag
18. The pouch 26 is insulated and includes the heater
12 designed to slowly warm the solution bag 18 and the
10 solution therein to a temperature approximately equal to’
body temperature. The solution bag 18 is loaded into the
pouch 26 with the administration tubing 22 exiting =z
bottom end of the pouch 26. A cover 28 encloses the
pouch 26 holding the solution bag 1B. The cover 28 may
15 be folded to enclose the pouch 26 as illustrated in
Figures 2 and 4.
The bottom poxrtion of the exchange system includes
the drain tray 30 with the scale 14 incorporated therein.
The scale 14 is capable of measuring a weight of the
20 fiuid drained into the drain bag 18 that is fed from the
administration tubing 22 into the drain bag 20. The
drain bag 20 may be placed on the drain tray 30 in any
position to determine the weight of the drain bag 20
using the incorporated scale 14. As illustrated in
25 Figure 1, the drain bag 20 is centrally located on the
drain tray 30.

" Finally, the middle portion includes the operator
touch control panel 10 and the automated clamps or valves
l6a,16b. The operator touch control panel 10, in a

30 preferred embodiment, is an LCD display 54 provided with
various sized fonts and icons making the exchange system
1 easy-to-use and flexible for various language formats.
To this end, three keys 34 are provided allowing input



I's operatively connected to the drain bag and the solution bag to

control flow of fluid to the drain bag froma patient and fromthe
solution bag™To the patient. I'n~ an enbodinent, the system
has a scale 15 i ncorporated in the drain tray to neasure wei ght of

t he wolsgidIod a0 I n an enbodi nent, the pyStRepis a
heati ng neans I ncorporated in the pouch to effect heating of the
solution bag and its contents. 20 In an enbodi ment, valves are
associated with the processor to assist the flow control nmeans to
control fl ow of fluids. In an enbodi ment, the processor
of the systemis constructed andmr-ranged between the drain tray and
t he 25 pouch wherein the pouch gravitationally feeds fluid from

the solution bag toward the processor. In an enbodi nent, a

di splay is associated with the processor displaying functions of the
processor. I n an enbodi nent, keys are associated with the 30.
processor to control programmable functions of the processor.

I n an enbodi negt . irFceR¥LEiohS constructed and arranged to selectively

open and close theieguggkched areas 36 are also provided to accept the

administration tubing 22, The notched area 36 includes
the valve 16a that controls fluid flow from the solution
5 bag 18 through the extension line tubing 24 and to the
patient 2 while the other notched area 36 includes the
valve 16b and receives solution from the patient 2 and
drains the same to the drain bag 20 on the drain tray 30.
Preferably, the administration tubing 22 from the
10 solution bag 18 goes through the top notched area 36
while the bottom notched area 36 receives the
administration tubing 22 leading to the drain bag 20.

Connecting the top portion to the middle portion is

an upper arm 38. A release handle 40 is provided along

15 a length of the upper arm. The release handle 40
includes a lever requiring manipulation to fold the
exchange system 1 for storage or transport. A lower arm
42 connects the middle portion with the lower portion.
A power switch 44 is preferably provided on the lower

20 portion adjacent the drain tray 30 to activate and
deactivate the exchange system 1.

Referring to Figure 3, the exchange asystem 1
includes an upper knuckle 46 at the middle portion
opposite a face of the operator touch control panel 10.

25 The upper knuckle 46 includes a tilt adjuster 48 that
adjusts the view angle of the operator touch control
panel 16. The lower knuckle 50 is provided at the lower
portion of the exchange system 1 and connects the lower
arm 42 to the drain tray 30. The upper knuckle 46

30 connects the upper arm 38 to the lower arm 42 and also
connects the operator touch contrxol panel 10
therebetween. A detachable power cord 52 is. connected
to the lower portion at the drain tray 30.
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I n an enbodi nent, neans for adjusting orientation of the processor

wi t hout affecting the orientation of the “pouch is provided.

I'n an enbodiment, a handle is constructed and 5 arranged on the

| i nkage to se%&i jlvely effect collapse of the |inkag@ermusesnisrs

It is, theref ! advant age of the present I nvention to provide a
system and a nethod for solution exchange that is sinple to use. 10
Yet anot her advantage of the present invention is _ to provide a
system and a nethod for sol ution exchange that is convenient to use.
A further advantage of the present inventignjs to provi de a system
and a nethod for solution exchange that 15 is cost-effective to use.

Referring now to Figure 4, the fill valve 16a and
the drain valve 16b are shown adjacent the operator touch
control panel 10. The fill valve 16a connects to the
administration tubing 22 that connects to the solution

5 bag 18. The fill valve 16a controls flow of solution
from the solution bag 18 to the patient 2. Similarly,
the drain valve 16b is at a location where the drain line
is inserted and is capable of controlling the flow of
solution from the patient 2 to the drain bag 20 on the

10 drain tray 30. . .
_ The operator touch control panel 10 includes the
display 54. The display 54 displays information with
respect to set-up of the exchange system 1 prior to use.
During use, the display 54 displays information with
15 respect to progress of treatment. The control keys 34,
in conjunction with the display 54, of the operator touch
control panel 10 are used for set-up for treatment.

To use the exchange system 1, a well-lit area with
a clean, flat surface is preferred. The exchange system

20 1 is particularly adaptable for home use, particularly
for patients who 7require an exchange at mnight.
Therefore, a night stand or a table near a bed of the
patient is typically a good choice for setting up the
system 1. An outlet is further required for plugging in

25 the power cord 52 to provide power to run the exchange
system 1.

To operate the exchange system 1, the bag 18
containing a solution, such as Dianeal™, distributed by
Baxter Healthcare Corporation of Deerfield, Illinois, may

30 be used with a separate or pre-attached set. A prep kit
or disconnect cap as well as any other accessories
typically required for performing a CAPD exchange are
also necessary. An extension set is further required,



A still further advantage of the present invention Is to provide a
system and a nethod for solution exchange that requires use of a

portabte—device. . == Moreover; an advantage of the present

i nvention is 20 to provide a systemand a method for solution exchange

particul ar lhabl e for patients requiring peritoneal ofd7®! ySi s.
And, anot h{(ﬁ)’g}#\?&ﬁt age of the present invention is Pcfmsgglr ov?de a

systen1and a nmethod for solution exchange 25 that may be perfornmed
during the night tinme and/or while a patient is sleeping.

A further advantage of the present invention is to provi de a system
and a nethod for solution exchange thatyg - I's programmabl e. 30

A still further advantage of the present invention is to provide a
system and a nethod for sol ution exchange that is conpact so as to
be easily stowed. And, anot her advantage of the present

I nvention is WO 96/ 24396
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such as the extension line tubing 24.

The exchange system 1 is typically stored in the
position illustrated in Figure 4. To set up the exchange
system 1, the lower arm 42 is raised to the position

5 shown in Pigure 2. The upper arm 38 may then be pulled
to unfold the exchange system 1 into an upright position
as illustrated in Figures 1 and 3. The upper knuckle 46 _
and the lower knuckle 50 are designed such that the
exchange system 1 remains in position and will not
10 collapse prior to full extension of the upper arm 38 and
the lower arm 42. _

After the exchange system 1 is converted to the
position illustrated in Figureg 1 and 3, the power cord
52 is plugged into a grounded outlet. The soluticn bag

15 18 and the drain bag 20 with the fill line and the drain
line as part of the administration tubing 22 may then be
loaded into the system 1 as illustrated in Figure 1. The
extension 1line tubing 24 way be attached to the
administration tubing 22 for connection to a patient.

20 To thisg end, the £ill line of the administration tubing
22 is pressed onto the fill wvalve gate at the location
of the sutomated valve 16a. Tubing is inserted into the
slots, and the automated fill valve 16a with its gate
springs back into its original position. The drain line

25 is similarly inserted into the drain valve 16b.

Prior to initial set-up, the power switch 44 turns
on the system and instructions are provided for each step
required to set up the system 1. That is, the display,
following power-up provides the message "LOAD SET AND

30 ATTACH EXTENSIONS*. The display 54 includes a real time
clock and a programmable time to activate the exchange.
The display 54, following set-up, provides instructions,
such as the following: ®CONNECT SET, BREAK FRANGIBLES



t-o provide a systemand a nethod for solution exéhange capabl e of

heating a solution using mninml power and m nimzing heat |oss.

Mor eover, an advantage of the._present invention is 5 to provide a
system and a nethod for solution exchange that prevents filling of
one solution prior to draining of a second sol ution.

Anot her advantwgesmdssé he present invention is to pr oVPGCRAUS26/8I3TE em
and a nethod for solution exchange that 10 is safe to use.

Yet anot her advantage of the present invention is to provide a
system and a nethod for sol ution exchange t hat provides suitable
alarmconditions to notify a patient of conditions or failure in the
system 15 Addi ti onal features andsadvant ages of the present

i nvention are described in, and will be apparent from the detailed
description of the presently preferred enbodi nents and fromthe

dr awi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS 20

Figure 1 illustrates a front perspective view of an

AND VERIFY FLOW'. These instructions indicate to the
user or administrator that an auto-flush procedure will
take place. This initiates fluid flow from the £ill bag
to the drain. After the flush from the £ill bag has been
5 completed, the display 54 will read "OPEN TRANSFER SET".
The .patient transfer set clamp is then cpened.
At this point, fluid from the patient flows from the
-drain'bag. The drain valve 16b then closes after an
appropriate flush volume has been detected on the drain
10 tray. Then, the patient can go to bed. '
During the night, an exchange takes place at the
designated time programmed on the display 54. Therefore,
following flushing, the display 54 indicates that the
flush is complete ("FLUSH COMPLETE") and further
15 indicates that set-up is complete by providing an
appropriate message such as "GOOD NIGHT." At the
programmed time, for example, 2:00 a.m., the exchange
system 1 opens the drain wvalve 16b and drains the fluid
from the patient's peritoneal cavity into the drain bag
20 20. After the drain is complete, the system 1 opens the
£ill wvalve 16a, and fresh solution flows into the
peritoneal cavity. During this time, the display 54 méy
provide an indication of the amount of fluid in the drain
bag 20 by that information sensed and transmitted by the
25 scale 14 incorporated within the drain tray 30.
The following day, the patient 2 can touch any of
the keys 34 on the control panel 10, and the display 54
will activate. The patient 2 is then instructed by the
display 54 of the operator touch control panel 10 to
30 "CHECK FILL BAG", "ATTACH CLAMPS", and "CLOSE TRANSFER
SET AND CAP OFF." Therefore, the patient 2 is required
to be attached to élamps and to each line to eliminate
spilling during removal and to open a new disconnect cap



enbodi nent of the system of the present invention. Figure 2

Illustrates a perspective view with one arm folded up in an

enbodi ment of the system of the preset I nvention. 25 Figure |
3 illustrates a rear perspective view of an enbodi ment of the system
of the preggekrispyention. Figure 4 ill ustratgsrosse@fzzpecti ve
view of the system of the present invention in its collapsed or

fol ded position. 30 Figure 5 illustrates an environnental view of

t he general flow requirenents of solutions to and froma

patient requiring peritoneal dialysis. Figure 6 illustrates a

bl ack box di agram of the - \A® 26/ 24396 '
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and to cap off the transfer set. The disposable is then

removed and discarded using normal procedures reguired

for CAPD. An "UNLOAD" instruction is then provided, and

an indication of the drain volume may be displayed as
5 well,

The exchange system 1 may then be put away by the
patient 2 by pressing the release handle 40 and pressing
down simultaneously on the upper arm 38. The lower arm
42 simultanecusly releases such that the exchange system

10 1 is forced to the position as illustrated in Figure 4.

The operator touch control panel 10 allows a user
to program a number of therapy parameters. For example,
the exchange time, the drain time, the set time, the set
date and the previous £ill volume may all be programmed.

15 The display 54 provides step-by-step instructions for
effecting programming of each parameter using only the
three keys 34 adjacent the display 54 on the operator
touch control panel 10.

The operator touch control panel 10 may also include

20 an alarm 56 or an audic prompt or other features as
required by the system 1. Whenever the exchange system
1 identifies a problem in the system 1, the system 1 may
sound an alarm and may immediately stop moving solution.
The type of alarm may be displayed. Two basic types of

25 alarms may occur during therapy: an alarm capable of
correction by the patient or with minimal assistance
prompt and aid or an alarm indicative of system erxror
caused by a problem within the exchange system 1.
Following an alarm, the display 54 prompts the patient

30 or user to correct the condition. A number of alarm
messages may be displayed on the display 54 and
appropriate trouble shooting messages may follow.
Examples of such alarm messages include "CHECK DRAIN



har dwar e conponents in an enbodi nent of the present I nvention

Figure 7 illustrates a circuit diagramof the pneumati cs required
for the systemin an enbodi nent of 5 the present invention.

Figure 8 illustrates a general flow chart of a structure of the main
programto operate the system and met hod of an enbodi nent of the
present i nvent Wonp6243%6 Figure 9 illustrates perspect PGEUSPPBIFES of

various 10 user interface screens displayed by an enbodi ment of the
system of the present invention. DETAI LED DESCRI PTI ON
OF THE The present invention provides a systemfor 15
automatic control of dialysate solution exchange in treat nent of
chronic renal failure patients undergoing” 18 = peritoneal dialysis. The
system i ncl udes a nachi ne that automatically drains spent fluid from
t he peritoneumthen fills the same with a prescribed vol une of
peritoneal 20 dialysis fluid warned to body tenperature. The device
fills the need for patients who require a peritoneal di al ysi s
exchange, such as a fifth exchange, mégg time exchange, or those

patients requirind-EE&br " EFHEFFef Y", "CHECK FILL LINE", "CHECK
HEATER BAG®, "CHECK PATIENT LINE", "DRAIN NOT COMPLETE"

and "SYSTEM ERROR." ]
The heater 12 incorporated in the insulated pouch
5 26 of the exchange system 1 is connected at a top end of
the upper arm 38 and is provided by an aluminum plate
with a resistive heating element and a thermally
insulated enclosure to receive the scolution bag 18. A
thermal c¢ircuit interrupting device is mounted on the
10 heater plate and shuts down the heater in the event of
a thermal run away condition.
Referring now to Figure 6, a block diagram of the
electronics necessary for operating the exchange system
1 is illustrated. A processor 58 is provided and mounted
15 within the operator touch control panel 10. The
processor 58 monitors all inputs to the system 1 and
controls the display 54, the valves 16a, 16b, the heater
60, the pump and other subsystems, such as the alarm S56.
An auxiliary processor 62 may be provided and
20 located in the base platform of the drain tray 30. The
auxiliary processor 62 is used as a slave device to
implement certain control and monitoring functions of
components, particularly at the location of the drain
tray 30. The primary purpose of the auxiliary processor
25 62, however, is to minimize the amount of interconnect
cabling required between the operator touch control panel
10 and the base portion at the drain tray 30.
The £ill and drain valves 16a and 16b, respectively,
operate by a pneumatic system requiring a pneumatic
30 circuit as illustrated in Figure 7. The pneumatic
circuit is generally designated at 64 in Figure 7 and
includes a pneumatic pump 66 driven by a motor 68. The
pump 66 is connected to three solenoid-type pneumatic



time and nethod for perform ng four exchanges by skipping 25 one day

ti me exchange. _ The systemis designed for use with a peritonea
di alrysi~s—sotution conta|nef ----- suct—as;—f or exampte, a ——Draneatferri—
peritoneal dialysis solutlon in an U trabag[err] cont ai ner

manuf actured and sold by Baxter Healthcare 30 Cor por a erfield,
I'llinois. Y& cont aiyner consists of a soluti or?‘%&%"%"ge

adm ni stration tubing and a drai n bag. QG her simlar tw n bag
systens may be i npl emented with the system of the present invention.
WD 96/ 24396 PCT/ US96/ 01375
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valves 70, 72 and 74. The three solencid-type valves 70,
72 and 74 are located in the base portion undexr the drain
tray 30 and provide routing of air pressure to the two
valves 16a and 16b located in the operator touch control

5 panel 10 via two pneumatic tubes between the base portion
and the panel 10.

To open the f£ill valve i6a, the pneumatic pump 66 _
is first turned on with the main solenoid valve 70 in the
vented position to allow the pump 66 to start-up.

10 Following start-up of the pump 66, the f£ill solenoid
valve 72 and the main solenocid valve 70 are opened.
Pressure builds in a pinch valve diaphragm and the valves
open. When the valve positions indicate that the valve
is open, the main solenoid valve 70 is placed back in the

15 vented position, and the pump 66 is turned off. To close
the filled solencid valve 72, the filled solencid valve
72 is placed in the vented position.

The drain sclenoid valve 74 operates in a similar
manner as the fill solencid wvalve 72. The valves 1l6a,16b

20 are spring-loaded, and the solenoid valves are normally
vented when not energized so that the spring will assure
that the valves will fail in the closed position.

Preferably, the main processor 58 and the auxiliary.
processor 62 control and monitor all operations of the

25 exchange system 1. The main processor 58 is preferably
a master sixteen-bit wmicrocontroller, and the auxiliary
processor 62 is ©preferably a slave eight-bit
microcontroller. The software architecture is shown in
Figure 8 after the system 1 is initialized as generally

30 designated at 100, for concurrently running tasks 102,
104, 106 and 108. These tasks include interrupt tasks
102, monitor tasks 104, control tasks 106 and treatment
tasks 108.



A sterile fluid path of the twin bag transfers the peritoneal
dialysis solution to and froma patient during the dialysis
treatment. An extension Tine may further be provided to | engthen the
fluid path allowing the 5 pati ent nore freedom of novenent once

connected to t‘bg%m,,‘ system Such an extension line is tvyyoramobdi3es
singl e use pr oduct . Referring now to the draw ngs

wherein |ike nunerals refer to |ike parts, an.enbodi nent of an
exchange system 10 of the present invention is generally designated at
1. The system 1 includes four principal conponents: an

operator touch control panel 10, an insulatxed-heater 12 - | ncor por at ed
in a pouch 26, a scale 14 incorporated in a drain tray 30 and at

| east two automated val ves 16a, 15 16b. As illustrated in
Figure 1, a solution bag 18 is provided wi thin the pouch 26

I ncl udi ng the insul ated heater 12, and a drain bag 20 is laid on the
drain tray 30 including the scale 14. Adm ni stration tubing 22 20

cogneﬁt s the dr ald n b?gz;zQ kst hﬁ mwrsyeaexbae&nlaewia{bslflled ad f&t&ﬁé&tz im 1
and the autonated val ve ext nSL nlinet
connects to the ad:rﬁnr’ﬁ ??%]f? momé?ﬁbl%%skfz qet

I‘ent 2
(as shown in FI gurI@terrupt 38R A rec opgras ions %@rﬁ!ﬁﬂ\?@ala mhangsu én a
procedure. 25 physicRef @infpoRent ORdD o), 0862 Sxanipllel, UtHe fyDWed, agham

deronstial 10, ol b 10 B ah BY SIS episat Yo, ¢
consists of the twseaucrpenakipns that read the status of physical
' components such as temperature, fluid, the position of
valves or user keys. Control and monitor tasks are not -
intertwined as is wusually done in single-threaded
10 software. On the contrary, a clear software.boundary is
defined between control and monitor functions to provide
a completely modular and easily verifiable software. The
modules communicate with each other with relatively few
global wvariables. Therefore, changes in one module are
15 prevented from adversely propagating to other modules.
The interrupt tasks are generated by either external or
internal conditions and must be serviced immediately.
The main processor 58 and the auxiliary processor
62 are linked through a serial peripheral interface. The
20 master-slave protocol consists of a data-in, data-out,
data-clock and a slave-select line. The main processor
58 acgts as the master and orchestrates the entire
communication. By selecting the auxiliary processor 62
as the slave, the two processors 58,62 exchange eight
25 bits of data. For master-to-slave, this is a command
byte; for slave-to-master, this is an input data byte.
If a longer command or data transfer is necessary, a
simple multi-byte protocol may be uaed.
To ensure data integrity, additional safeguards are
30 built on top of the basic serial peripheral interface
protocol. Periodically,' the two processors 58,62
exchange time stamps so that if, for some reason, either
processor 58 or 62 is not performing as required, the



valves 1; one valve 16a is a fill valve between the 30 sol ution bag 18

and the extension line 24 and the ot her valve 16b is a drain valve
bet ween--t he—ext ensi-ea—+ne— -—tubt ng 24—and—the drai n—bag 20— The
admi ni stration tubi ng 22 connects the valves 16a and 16b to the
sol ution WD 96/ 24396

PCT/ US96/ (Y8 P6r2439% - 12 ECT/USI6AI37S bag
18 and the drain bag 20, respectively. Referring again to
Figures 1-4, the exchange system 1 generally consists of a

col | apsi bl e S-shaped pole with
- 21 -

other processor detects the same and an oxrderly ﬁault
recovery can be attempted.
As previously discussed, the operator touch control
panel 10 includes the operator keys 234 provided for =a
5 user to interact with ‘the exchange system 1. In a
preferred embodiment, the keys are *soft" keys that have
no designation on the actual membrane of the key 34, but -
rather are defined by software on the panel 10 directly
above the actual key 34. The key definition will change ,
10 based on the state of the system 1 at that time. The key
' 34 may be back 1lit and the intensity of the key back
light varies along with intensity of the back light of
the display S4. In addition to the three visible keys,
two invisible keys are available for entry into service

15 and nurse's menus, for example.
The display 54 is further provided for communication
with the user. The dipplay 54, in a preferred

embodiment, has 302 x 240 pixels in a graphics mode and
40 x 30 characters in a text mode. Text and graphics

20 may, however, ba overlaid for greater flexibility. The
display 54 may be back lit by a cold cathode fluorescent
tube (CCFT), the intemsity of which is wvariable under
software control. The contrast is also variable under
software control.

25 The alarm 56 and audio system 1is provided for
audible feedback to the patient. Every press of the keys
34 results in a short audible tone. 'An§ usexr set-up
errors that are detected will result in a distinctive
tone to prompt the user to look at the display 54 for

30 instructions on correcting the set-up error. The service
menu and the nurse's menu are accessed by holding down
certain key combinations at the time of power-up. Access
to these menus is not possible at any other time.



t'hree distinct areas: a top portion, a bottomportion 5 and a mddl e
portion. The top portion of the exchange system 1 includes the

i nsul ated heater 12 incorporated in a shell of_the pouch 26 for
ol di ng the solution bag ~— 18. The pouch 26 is insulated and incl udes
t he heater 12 designed to slowwy warmthe solution bag 18 and the 10

sol ution therﬁknm of tenperature approximately equal to PCT/USSRERTS
tenperature. The solution bag 18 is | oaded into the pouch 26 with
the adm nistration tubing 22 exiting a bottom end of the pouch 26.
A cover 28 encl oses the pouch 26 hol ding the solution bag 18. The
cover 28 may 15 be folded to enclose the pouch 26 as illustrated in
Figures 2 and 4. The bottom pogsioon of the exchange system

i ncl udes the drain tray 30 with the scale 14 incorporated therein.
The scale 14 is capable of nmeasuring a weight of the 20 fluid drained
into the drain bag 18 that is fed fromthe adm ni stration tubing 22
into the drain bag 20. The drain bag 20 may be placed on the drain
tray 30 in any position to determ ne the weight of the drain bag 20

usi ng the incorporat edpSaale 4. 111t rakbyStaRt @Fei0iadh of khaUrgsdr the

drain bag 20 is centrally located gn_t . drgi n ay ‘
Finally, the ni dd%t%{)}r%‘?/ﬁ‘or?‘irﬁér‘ﬁdggrtgﬁe ofEeRAAY 5% '} 8%%%“%6% &)
panel 10 and the afit diwet cabfit! dkgws oisvallees shown witdn tlspir vAsiaple at or

touch control panglgdfhadidnd d8fined Weitdlel 88seWhAdlidthe s§sBBmLLD di spl ay

54 i ded_with f ont d Ki, h h
system 51 easy- (TR EEaARL | Shi Bk FOP0RF | B P B O FRRES.

tray 30 includes force sensing resistors (not shown).
Force applied to the resistors causes the resistance to _
change. The more force applied, the lower the resistance
becomes. If the force sensing resistors are placed in
10 a simple voltage divider circuit, a certain force gives
a repeatable voltage from the divider. The four sensing
resistors can then be calibrated by running the system
through an entire range of force and recording the
corresponding voltage. Using the set of calibration
15 voltages, the force on the force sensing resistors can
be determined for all subsequent runs. Of course, other
known scales may be implemented to measure the rate of
the drain bag 20 on the drain tray 30.
' The insulated heater 12 within the pouch 26 may
20 include internal sensors (not shown) to monitor the
temperature of the foil heater assembly. The internal
sensors can be tested for accuracy in 1linearity by
applying power to the heater element and monitoring the
response of the sensors. Due to intrinsic properties of
25 the nickel iron material of the element and the sensors,
as the temperature increases, so does their resistances.
If the sensor is pléced in a bridge circuit, the change
in resistance can be directly related to a change in
voltage. The sensors are special traces etched onto the
30 heater at the same time and of the same material as the
heater trace itself. The sensor is a thin equivalent of
the heater trace causing its resistance to be higher.
When temperature increases[ the registance of the trace



To this end, three keys 34 are provided all ow ng input WO

96/ 24396 PCT/ US96/ 01375

- 18 - of information™ WO not ched ar eas 36 are

al so provided to accept the adm ni stration tubing 22. The notched
area 36 inglu the valve 16a that controls flui m t he

sol ution g"%ﬁg 18 through the extension |ine tubi ngg‘z“yugynggg:{% t he
patient 2 while the other notched area 36 includes the val ve 16b and
receives solution fromthe patient 2 and drains the sane to the

drain bag 20 on the drain tray 30.
- 23 -

increases. The increase is detected by a bridge circuit
which amplifies the change.
The exchange system 1, therefore, provides a simple,
convenient and cost-effective device for providing an
5 additional exchange during the night time. The system
1 satisfies a need for patients who require a fifth CAPD
exchange or patients who desire a more convenient method -
of performing four exchanges. The system 1 is portable
and performs an exchange using a twin bag using an .
10 extension line. The system 1 has two automated valves,
ensures drain before £ill and provides a simple user
interface and an insulated heater to raise and maintain
fluid temperature.
Although the present invention has been described
15 with reference to a peritoneal dialysis procedure, it
should be understood that the present invention is
adaptable to other fluid control systems, such as
intravenous feeding.
It should be understood that various changes and
20 modifications to the presently preferred embodiments
described herein will be apparent to those sgkilled in the
art. Such changes and modifications may be made without
departing from the spirit and scope of the present
invention and without diminishing its attendant
25 advantages. It is, therefore, intended that such changes
and modifications be cqvered by the appended claims.
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area 36 receives the adm ni stration tubing 22 leadihg @o'th

drai n bag 20. Connecting the top portion to the mddle portlon
IS an upper arm 38. A release handle 40 is provided al ong 15 a

| ength of the wRPRhaREM The rel ease handl e 40 I ncl pgeesssniver
requiring mani pulation to fold the exchange system 1 for storage or
transport. A lower arm 42 connects the mddle portion with the | ower
portion. A power switch 44 is preferably provided on the | ower 20
portion adjacent the drain tray 30 to activate and deactivate the
exchange system 1. Referring toz4i-gure 3, the exchange system 1
i ncl udes an upper knuckle 46 at the middle portion opposite a face
of the operator touch control panel 10. 25 The upper knuckl e 46

I ncludes a tilt adjuster 48 that adj usts the view angle of the
operat or touch control panel 10. The | ower knuckle 50 is provided at
t he | ower portion of the exchange system 1 and connects the | ower
arm42 to the draiggtgmo. The upper knuckl e 46 30 connects the
upper arm 38 to the

t ouch cont rol bangl g%tm = andfﬁzlgrsocbl&l erflu,& de ac abtpl %8%%“2:)?{1

52 is connected comprisinghe | ower portion at the drain tray 30:

' a holder capable of holding a first container having

5 a first solution therein;

a processor unit having a means for controlling flow
connected to the holder wherein the means for controlling _
flow is capable of controlling flow of the first solution
from the first container in the holder; and )

10 a tray capable of holding a second container wherein
the means for controlling flow is capable of controling
flow of a second solution to the second container.

2. The system of Claim 1 further comprising:

a heater incorporated in the holder capable of

15 heating the first solution in the first container in the
holder.

3. The system of Claim 1 further comprising:

a scale incorporated in the tray capable of weighing
the second container placed on the tray.

20 4. The system of Claim 1 wherein the means for
controlling flow includes a fill valve controlling flow
of the first sclution from the first container.

5. The system of Claim 1 wherein the means for
controlling flow includes a drain valve controlling flow

25 of the second solution to the second container.

6. The system of Claim 1 further comprising:
- an arm connecting the holder to the processor unit.

7. The system of Claim 1 further comprising:
- an arm connecting the processor unit to the tray.
30 8. The system of Claim 1 further comprising:
a display operatively connected to the processor
unit,
9. The system of Claim 1 further comprising: .. . — —

This Sheet Has Been Replaced
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t he—dr ai-Ar—valve—~16b are shown adiacent—t he -operator—touch— cont Pol ®

V\Dl?16{ 24996 Referring now to Figure ZCT{ ﬁggﬁ Pllzﬂmuuumtlu"jlll" l"'

panel 10. The fill valve 16a connects to the adm ni stration tubing
22 that connects to the solution 5 bag 18. The fill valve 16a

control s f VP30l uti on fromthe solution bag 1PCTFEM3IWatient 2.
Simlarly, the drain valve 16b is at a |location where the drain line
is inserted and is capable of controlling the flow of solution from
the patient 2 to the drain bag 20 on the 10 drain tray 30.

The operator touch control panel 10 includes the di splay 54. The

di splay 54 displays information with - 23 - respect to set-up of the
exchange system 1 prior to use.

an input means operatively connected to the
processor unit.
10. The system of Claim 1 further comprising:
means for effecting a structural relationship
5 between the holder and the processor unit.
11. The system of Claim 1 further comprising:
a cover comnected to the holder to substantially ~
enclose the first container in the holder.
12. The system of Claim 1 further comprising: .
10 a power switch operatively connected to the tray to
activate the system.
13. The system of Claim 1 further comprising:
means to alter position of the processor unit.
14. The system of Claim 1 further comprising:
15 means to release the holder, the processor unit and
the tray to orient in a non-operable position.
15. The system of Claim 1 further comprising:
an audible means operatively connected to the
processor unit capable of producing an audible signal.
20 16. The system of Claim 1 further comprising:
an auxiliary processor in the tray operatively
connected to the processor unit.
17. The system of Claim 1 further comprising:
a real time clock operatively connected to the
25 processor unit.
18. The system of Claim 1 further comprising:
’ programmable timing means operatively connected to
the processor unit to control activation of the system.
19. The system of Claim 1 further comprising:
30 _ operator-actuated keys to control programming of the
processor unit.
20. The system of Claim 19 wherein the operator-actuated
keys are modifiable by the processor unit. —

This Sheet Has Been Replaced
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progress of reatmont . The contro keys 54, i ﬁ5con, Jﬂmﬂﬁﬂl‘lmmﬂm il

di splay 54, of the operator Touch control panel 10 are*usedtifor s

set-up for treatnent. To use the exchange system 1, a well-lit
area with flat surface is preferred. The excpg&&&s em 20
lis particula?Fvﬁgﬁggtable for honme use, particularly or %gﬁ%ents

who require an exchange at night. Therefore, a night stand or a
tabl e near a bed of the patient is typically a good choice for

setting up the system1l. An outlet is further required for plugging

in 25 the power cord 52 to provide powejto run the exchange

system 1. To operate the excharige system 1, the bag 18
containing a solution, such as Dianeal[err], distributed by Baxt er
Heal t hcare Corporation of Deerfield, Illinois, may 30 be used wth a
separate or pre-attached set. A prep kit or di sconnect cap as well
as any ot her accessories typically required for perform ng a CAPD

exchange are 21 3 $Re"CEGEEAL Y ot e LR NS ORn8ELin S Ul T RELAL S €,
controlling flow is a pneumatic pump.
22. The system of Claim 1 further comprising:
sensing means for detecting temperature of the first
5 solution in the container.
23. The system of Claim 1 further comprising:

a plurality of strain gauges constructed and
arranged with the tray capable of measuring weight of the
second container on the tray.

10 24. A method for controlling fluid flow, the method
comprising the steps of:

providing a holder capable of holding a first
container having a first solution therein without hanging

the first container;

15 providing a tray capable .0of holding a second
container having a second solution therein without
hanging the second container, the first container
remotely situated from the second container; and |

controlling flow of the first solution from the

20 first container and flow of the second sclution to the
second container.

25. The method of Claim 24 further comprising the step

of:
_ weighing the second solution in the second container
25 without removing the second container.
26. The method of Claim 24 further comprising the step
of:

heating the first solution in the holder.
27. The method of Claim 24 further comprising the step
30 of:
selectively enclosing the first container in the
holder.
28, The method of Claim 24 further comprising the step
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-15 - such as the extension |i '
exchange system 1l is typically stored in the position i19ustrated in
Figure 4. To set up the exchange system 1, the lower arm42 is

rai sed to tgodpAsdel i ON 5 shown in Figure 2. The uppRfnRbdiign Nay then
be pulled to unfold the exchange system 1 into an upright position
as illustrated in Figures 1 and 3. The upper knuckle 46 and the

| ower knuckl e 50 are designed such that the exchange system 1
remains in position and will not 10 col l apse prior to full extension of
t he upper arm 38 and the | ower_ag4m 42. After the
exchange system 1l is converted to the position illustrated in
Figures 1 and 3, the power cord 52 is plugged into a grounded
outlet. The solution bag 15 18 and the drain bag 20 with the fill line
and the drain line as part of the admnistration tubing 22 may then
be | oaded into the system1 as illustrated in Figure 1. The
extensi on i negkubing 24 may be attached to the

sensing temperature of the first solution in the
first container.
29. The method of Claim 24 further comprising the step
5 of:

controlling draining of the first container and the
filling of the second container. -
30. The method of Claim 24 further comprising the step
- of: ,
.10 draining the first container only after weighing the
second container.
31. The method of Claim 24 further comprising the step

of:
folding the holder and the tray into a second
15 position not suitable for use.
32. The method of Claim 24 further comprising the step
of:
providing a display indicative of performed
functions.
20 33. The method of Claim 24 further comprising the step
of:

providing a cover to selectively enclose the first
container in the holder.
34. The method of Claim 24 wherein the control of flow
25 is performed by pneumatic pumping.
35. A bag holder comprising:
a container selectively operable to hold a bag

therein;
a cover enclosing the container in the bag holder,
30 the cover hinged to the container; and

a heating element incorporated in the container
capable of heating a sclution in the bag.

36. The bag holder of Claim 35 further comprising:

This Sheet Has Been Relilaced
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adm ni stration tubing 22 for connection to a patient.
the fill line of the adm nistration tubing 22 is presselm Iﬁ"] "Im”“l
fill valve gate at the | ocat+en of the automated

iS inserted into the slots, and the autormated fill valve 16a mnth
Its gate springs back into its original position. The drain line 25
Is simlarly | WeE%%24¥6i nt o t he drain val ve 16b. PCT/UB6{08375
initial set-up, the power switch 44 turns on the system and

i nstructions are provided for each step required to set up the
system 1. That is, the display, foll owm ng power-up provides the
nmessage "LOAD SET AND 30 ATTACH EXTENSI ONS". The di splay 54 includes a
real tinme cl ock and a programmuabl e-t28e-to activate the exchange.
The display 54, follow ng set-up, provides instructions, such as the
foll owi ng: "CONNECT SET, BREAK FRANG BLES WD 96/ 24396

PCT/ US96/ 01375

an opening in the container through which an
extension of the cover is inserted, the cover pivotable
at the opening.
37. The bag holder of Claim 35 wherein the heating
5 element is a film etched in the container.
38. The bag holder of Claim 35 further comprising:
a sensor incorporated with the heating element to
detect temperature variations of the solution in the bag.
39. The bag holder of Claim 35 wherein the container is
i0 insulated. ’
40. A portable peritoneal dialysis exchange system
comprising:
a drain tray capable of holding a drain bag without
hanging the drain bag;
15 a pouch capable of holding a solution bag without
hanging the solution bag:;
a collapsible linkage connectzng the drain tray to
the pouch; and
' a processor with a flow control means operatively
20 connected to the drain bag and the sclution bag to
control flow of fluid to the drain bag from a patient and
from the solution bag to the patient. '
41. The system of Claim 40 further comprising:
a scale incorporated in the drain tray to measure
25 weight of the drain bag.
42. The system of Claim 40 further comprising:
a heating means incorporated in the pouch to effect
heating of the sclution bag and its contents.
43. The system of Claim 40 wherein the pouch is
30 insulated. :
44. The system of Claim 40 further comprising:
valves associated with the processor to assist the
flow control means to control flow of fluids. .
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- 16 - AND VERI FY FLOW-  These instructions i ncllmmmllﬂ'mmﬂl" ||Il
user or adm nistrator that an auto-flush procedure wl :
ThistmrtTates fTurd—ftowfromthe—fitl| bag tothe drain® Atte? the”
flush fromthe fill bag has been 5 conpleted, the display 54 will read
" OPEN TRANSFER SET". The patient transfer set clanp is th opened.
At this pomR?263%i d fromthe patient flows fromthe g&mmfﬁgbag. The
drain val ve 16b then closes after an appropriate flush vol une has
been detected on the drain 10 tray. Then, the patient can go to bed.
During the night, an exchange takes place at the designated tine
programmed on the display 54. Therefore follow ng flushing, the

di splay 54 indicates that the TI43K i s conpl ete ("FLUSH COVPLETE")
and further 15 indicates that set-up is conplete by providing an
appropriate nessage such as "GOOD NI GHT. " At the programed tine,

for exanple, 2:00 a.m, the exchange system 1 opens the drain valve
16b and drains the fluid fromthe patient's peritoneal cavity into

t he drain bag 20 20. After the drain is conplete, the system 1 opens

t he fil45valThe mystemn el idaims AUtvRaremo s mepqanrsor is
peritoneal cavedrystAastiedgandisrtanged bbewees Hiwy drdinayray and the

pouch, the pouch gravitationally feeding fluid from the
solution bag toward the processcr.
5 46. The system of Claim 40 further comprising:
a display associated with the processor displaying
functions of the processor. -
47. The system of Claim 40 further comprising:
keys associated with the processor to control .
10 programmable functions of the processor.
48. The system of Claim 40 further comprising:
a cover constructed and arranged to selectively open
and close the pouch.
49, The system of Claim 40 further comprising:
15 means for adjusting orientation of the processor
without affecting the orientation of the pouch.
50. The system of Claim 40 further comprising:
a handle constructed amd arranged on the linkage to
selectively effect collapse of the linkage.
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provide an indication of the anount of fluid in the drain bag 20 by

that information sensed and transmtted by the 25 scal e 14 incorporated
Wi thin the égrai-n—t+ray—30- The following day, the patient 2 can
touch any of the keys 34 on the control panel 10, and the display 54
will activate. The patient 2 is then instructed by the di splay 54 of
t he oper at oVOPHM3¥ control panel 10 to 30 " CHECK FI LiecB#SisinrivaT TACH
CLAMPS", and "CLOSE TRANSFER SET AND CAP OFF." Therefore, the
patient 2 is required ' to be attached to clanps and to each line to
elimnate spilling during renoval and to open a new di sconnect cap
WD 96/ 24396 1/8 PCT/ US96/ 01375

- 17 -
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and to cap off the transfer set. The disposable is then removed and
di scarded _using noroml procedures required for CAPD. An " UNLOAD"
instruction is then provided, and an indication of the drain volune
may be displayed as 5 wel | . The exchange system 1 may then
be put awayobsrddse patient 2 by pressing the rel pgpostsmisise 40 and
pressi ng down sinultaneously on the upper arm 38. The | ower arm

42 simul taneously rel eases such that the exchange system 10 1 is forced
to the position as illustrated in Figyge 4. The operator touch
control panel 10 allows a user to program a nunber of therapy
paraneters. For exanple, the exchange tinme, the drain tine, the set
time, the set date and the previous fill volume may all be
programed. 15 The display 54 provides step-by-step instructions for
effecting progranmm ng of each paraneter using only the three keys 34

adj acent the display 54 on the opergtor touch control panel 10.

The operator touch control m py al so i nclude 20 an alarm 56 or
an audi o pronpt or ot Rér feAtweS ay required by the system 1.
Whenever the exchange s : 1 identifies a problemin the system1,
the system 1l may

2 Al arm and nay i medi ately stop novi ng

sol uti on. The typé 5 #f m may be di splayed. Two basic types of 25
al arms may occur during{t : an al arm capabl e of correction by
the patient or with mni assi st ance pronpt and aid or an alarm

HF—40

i ndicative of&stem err
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caused by a problemw thin the exchange system 1. Fol | ow ng an

alarm the display 54 pronpts the patient 30 or user to correct the
condi t +er—~A—nurber—eof al arm — ——ness i
di splay 54 and appropriate trouble shooting nmessages nmay foll ow
Exanpl es of such al arm nessages i nclude "CHECK DRAI N WO
06/ 24396 WO 96124396 PCT / US96/ 0 1BGHUSS6N137S
- 18 - LI NE', "CHECK DRAIN TRAY", "CHECK FILL LINE", "CHECK
HEATER BAG', "CHECK PATI ENT LI NE", "DRAIN NOT COVPLETE"
3/8
FIG.5

24 MY
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and " SYSTEM ERROR. " The heater 12 incorporated in the insulated

pouch 5 26 of the exchange system 1 is connected at a top end of

t he upper arm 38 and is provided by an al um num pl ate with a
resistive heating elenent and a thermally i nsul ated encl osure to
recei ve t heos6hdisbé on bag 18. A thermal circuit i ndeayusvgpaiag devi ce
I's nounted on the 10 heater plate and shuts down the heater in the
event of a thermal run away conditi on. Referring now to
Figure 6, a block diagram of the 4/8 el ectroni cs necessary for operating
t he exchange éystem 1is illustrated. A processor ‘58 is provided and
mounted 15 _ " within. the operator _touch cont®l _ panel__10. Thes
processor 58 |nonit{fls all cl' td td tlhe sytem 1and I's[ tlhe

di spl ay 54, tlhe valjffes 16§ 6b t He |hdlat e I 160, t Dt/her
subsystens, sjuch agjthe al.ri 5. n!a xiliarf 42 may
be provided and 20 Iotd n tthg lhlasef pl at'f or i of t 30.
The ayxi | i af} procgssdr h2 ils juged ps a slaye devi

i mpl enent cerft a§ n G¥-alliand ini-odiga—tnct ilops | of ‘ tis,
particularly a%t &’jﬁﬁ‘?’{ TtIay 30

purpose of thegd P, hoywever Ni§ to m riAMkzg the

uiit ar O'w o®@ssor 2 ,

amount of intlegto et B =~ cabling rqu ed|bet yee

control panel 108nd e hase portion af the d
 val ves 16a an@yl6b, respectilvgl

A h
_ 1et oper %(E% tliuc
)

The fill and idr rateh_

pneumati c syT e

equi mhng a pne ic 30 IrcuieN asq il ratedl|in
Figure 7. he pheumatdc lg}ircgt i's geietaflghqﬁj_‘gnat ed at 64 in
Figure 7 %’-QW ul
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iI'ncl udes a pneunmatic punp 66 driven by a notor 68. The punp 66 is

connected to three sol enoid-type pneunatic WO 96/ 24396
PCTTUS967 01375 — 19—
valves 70, 72 and 74. The three sol enoi d-type val ves 70, 72 and 74
are |l ocate .ﬂrzsag base portion under the drain t d provide
routing ofqgilr prgssure to the two val ves 1l6a ano‘r%g%g& ed in the
operator touch control 5 panel 10 via two pneumatic tubes between the
base portion and the panel 10.5/4
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To open the fill valve 16a, the pneumatic punp 66 Is first turned on
with the main solenoid valve 70 in the vented position to allow the
punp 66 to start-up. 10 FolTowng start-up of the punp 66, the fii

sol enoi d val ve 72 and the main sol enoid val ve 70 are opened.

Pressure buyvdélgasde a pi nch val ve di aphragm and t he val ve pen. \Wen
the valve positions indicate that the valve IS opgﬁnvgﬁgmﬂg

sol enoid valve 70 is placed back in the 15 vented position, and the
punp 66 is turned off. To close the filled sol enoid valve 72, the

filled solenoid val 72 is plgéﬁd in the vented position.
The drain solen0|d Ive 74 operates in a sim manner as the fil
sol enoid v vales 16a, 16b_20 reaﬁl ng-| oaded, and the
solenoid_v re nor y VEhteq n neg, ¢nergi zed so that the
spring will =1 hat the valv¥¥s il n the clssed position.
Pref erably, [le n 5@; sor 58 andURe—duxitial> prSEessor 62
control and nnnite*fedl oper ati ons of thb 2 exchan system 1. The
mai n processort 58 s [preferably a maSt er] skXt ¢en-bit
m crocontrol |l ¢r, @nd|the auxiliary f @oce gg@m 62 5 preferably
a sl ave eil ght i m crocontrgl ler. 7 rchitecture is
shown in : Figule 8 after the systam1l is xpbl i zed sy&enerally 30
desi gnated at 1100, f¢r concurrently runrding tag 2, 04, 106 and
108. These tadks incllude interrupt taskg > { nonitof Bhsks 104,
control tasksllL06-gng-treatnent _______ fYasks 1 -
| R
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- 20 - Al tasks in this systemcan be classified as

ei ther cont r ot—tasks,;—monirtortasksyor Tnterrupttasks:

Imterrupt tasks are operations to effect a change in a physi cal
conponent h.as, for exanple, the valves, the 5 heater, the pu
an(rzlr})or the‘%gﬁm%y panel . rrpI\/bnitor t asks are oper’gﬂnﬁ?fgmf’ﬁatprggd
t he status of physi cal conponents such as tenperature, fluid, the
position of val ves or user keys. Control and nonitor tasks are not
intertwined as is wusually done §p single-threaded 10 sof twar e.
On the contrary, a clear software. boundary is defi ned between
control and nonitor functions to provide

TREATMENT
Loor

|
CONTROL
Looe

10

100
104

=
[
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a conpletely nodul ar and easily verifiable software. The nodul es
comuni cate with each other with relatively few gl obal vari abl es.
Ther ef 6T€, changes T one nodureare 15 prevented—fromadversely——  —
pfopagating to other nodul es. The interrupt tasks are generated by
ei t her ext %5@/2495{5 internal conditions and nust be_serviced
I mredi atel y. The main processor 58 and the aﬁgppﬁﬁpynﬁrocessor
62 are |inked through a serial peripheral interface. The 20
mast er-sl ave protocol consists of a databhp, dat a- out, - dat a- cl ock

r

and a sl ave-select line. The ess 58 acts as the naster
and orchestrates the entife | Lcation. By selecting the
auxiliary processor 62 as |t h hhe two processors 58, 62

exchange ei ght 25 bits daf a. For mastEql-t o-slave, this is a command
byte; for slave-to-nmaster S {slan i nput dajjja byte. If a | onger
comand or data transfer cepsary), a sinple nmulti-byte protocol
may be used. sufe{ddqta i nted®jty, additional safeguards

are 30 built on top of bhsilc |seri al Egi pheral interface

pr ot ocol . PErTo al ly, processqgty 58, 62 exchange tine
stanps so =R L. flor so aspnt qither , processor 58 or 62 is not
performn q#fed, t
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WO 96/ 24396 . 1EA IR CRLTS o sG PCT/ US96/-01375. .. . ___
- 21 - o Tot'hér proce%’s}@gtctle{ ects the same and an orderl.y: faul !
recovery can’ be: attenptred 2. 10 paged ..31.... previ O‘;| y di scussed, the paped
operator touch eomt rol: paged ... pangdd .10...ijncl udes t'he operator keys 34 “aga 3: f

provided for .a ~Ew! :psexd.t.Q. 1I0rptzgfdaﬁt.... ht h the exchange system lr,pdupda
preferred enbodi nenty:(tfierkeys are "soft~ Keys .t hat have Pz oo gaged

desi gnati on om@mm wml 34 but ) ret her "afe ™"
defined by software on the p ” H ﬂl above;tspepacw,ﬁg-, key
34. The key definition will changetl0* s l:rasec'i"cm the -state~et tHe syst em

3L, T o B 1 70

.f'

_ varies a nt ensi ck light of
the display 54. Inagmitiercapablecofitodingt €iest\Contaltlerhisaa first solutioh werdinyi Si bl e
keys are available for entry_ into service 15 and nurse's. nmenus, for
exanpl e. a processor unit having an integral pump connected to the holder wherein

the pump is capable of pumping the first solution from the first container in the
holder; and

a tray capable of holding a second container wherein the pump is capable
of pumping a second solution to the second container; and

an arm connecting the holder to the processor unit wherein the arm includes
a hinge at a point of connection to the processor unit such that the arm is rotatable

with respect to the processor unit.

2. The system of Claim 1 further comprising:
a heater incorporated in the holder capable of heating the first solution in
the first container in the holder.

3. The system of Claim 1 further comprising:

a scale incorporated in the tray capable of weighing the second container
placed on the tray.

4. The system of Claim 1 wherein the means for controlling flow includes a

fill valve controlling flow of the first solution from the first container.

5. The system of Claim 1 wherein the means for controlling flow includes a
drain valve controlling flow of the second solution to the second container.

6. The system of Claim 1 further comprising:

an arm connecting the processor unit to the tray.

7. The system of Claim 1 further comprising:

a display operatively connected to the processor unit.

This Sheet Has Been Replaced
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The di splay 54 is further provided for comunication vrlnm

R KL

user. The display 54, in a preferred enbodi nent

pi xel s in a graphi cs node and 40 x 30 characters in a text® nmbde”

Text and graphics 20 may, however, be overlaid for greater flexibility.
The di splay 54 may be back |it bng_cold cat hode fl uorescent

tube (CCFT), the intensity of which is variable under o] M@“E

control. The contrast is also variable under sof twar e RF1U..M§MTSHEET
The al arm 56 and audi o systen1|s provij ded for audi bl e

iﬁkto

s in a
Iay 54 for 30

the patient. Hrery Pieesystenyof;Glaimg dyfgrther comprisingr esul ts in a s
t . A t-
aetinctive o iRt meagp ohbatfely biee@l fo A L ASortde,

i nstructions on correcting the set-up error. The service
the nurse's nmenu are accessed by holdlng down certain key
combi nati ons & t helhe; systery offolaim 1 fyrthor compyising: to these menus is not

possi bl e at any ot [ X
PCT/ US96/ 01375 r}ﬁéang fOF effecting a structural yéﬁtﬁ)ﬁélﬁﬁ $efiveen the holder and the

processor unit.

10.  The system of Claim 1 further comprising:
a cover connected to the holder to substantially enclose the first container
in the holder.

11.  The system of Claim 1 further comprising:
a power switch operatively connected to the tray to activate the system.

12.  The system of Claim 1 further comprising:

means to alter position of the processor unit.

13.  The system of Claim 1 further comprising:
means to release the holder, the processor unit and the tray to orient in a

non-operable position.

14.  The system of Claim 1 further comprising:
an audible means operatively connected to the processor unit capable of

producing an audible signal.

15.  The system of Claim 1 further comprising:
an auxiliary processor in the tray operatively connected to the processor

unit.

16.  The system of Claim 1 further comprising:

a real time clock operatively connected to the processor unit.
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- 22 - Figure 9 illustratfes an_averview of t NN
interface screens for the display 54. The o?ﬁf_grl_t_“a_f"'i_*én T mmllﬁmu“"tlllllll |“|
keys is also shown with their variable desi gnationk Heftneéd by the® *
sof tware of the system1l. 5 The {sqal 251gcphgghe] exchange system 1
in the drain tray 30 includes fo £ gensing resistprg (not shown).
Force applied to the resistors causes the jr eststance~to— change. The
nmore force applied, the |ower the resistarce beconesi If the force
sensing resistors are placed in 10 a sinple voltage divider circuit, a

certain force Igi vesthe system of Clajge 4t fupher ¢asMArSNg: f r om t he di vi der. The four

i ough an ent i 1o iapgangRRf R el BuishE ool WEBRICOROT KRR A,

vol tage. Usi ngnirbEactivhti® ofthkishsterhi on 15 vol tages, the force on the
force sensing resistors can be determned for all subsequent runs.
O course, other known scal es may be inplenented to neasure the rate

o er 12 Wl ORGER Skl b i The 1 ul ated

operator-actuated keys to control programming of the processor unit.

19.  The system of Claim 18 wherein the operator-actuated keys are modifiable

by the processor unit.

20. The system of Claim 1 wherein the means for controlling flow is a

pneumatic pump.

21.  The system of Claim 1 further comprising:
sensing meaps for detecting temperature of the first solution in the
container.

22.  The system of Claim 1 further comprising:
a plurality of strain gauges constructed and arranged with the tray capable
of measuring weight of the second container on the tray.

23. A method for confrolling fluid flow, the method comprising the steps of:

providing a holder capable of holding a first container having a first
solution therein without hanging the first container;

providing a tray capable of holding a second container having a second
solution therein without hanging the second container, the first container remotely
situated from the second container; and

controlling pumping of the solution from the first container and pumping
of the second solution to the second container; and

folding the holder and the tray into a second position not suitable for use

wherein a first arm is connected to a second arm by a hinge wherein the first arm

This Sheet Has Been Reilaoed
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20 I nclude internal sensors (not shown) to nonitor the

tenperature of the foil heater assenbly. The internal H"I“wlluulumu)“n
tested for accuracy in linearity by appl yi ng power to*thé heater $ *
el enent and nonitoring the response of the sensors. Due to intrinsic
properties of 25 the nickel iron myerial of the element and the
sensors, as the tenperature increases, so does their resistances.

If the sensor is placed in a bridge circuit, the change in

resi stance can he directly related to.a chan ein |t age. The
sensors are spadithe S‘ECP&@égnéfethdﬁ%thtrﬁ@etho each ghgt é‘rthﬁt %e sane tine
and of the sanme material as the heater trace itself. The sensor is a
t hi n equi val ent of the heater trace causing its resistance to be

hi gher. 24N e MTHeempod bf Caimrisr faatherscomprisingethe steprafe of the trace

WO 96/ 24396 US96/ 01375
-23 weighing the second solution in the second contallner w? out removing the

second container.

25.  The method of Claim 23 further comprising the step of:

heating the first solution in the holder. REPLACEMENT SHEET

25 0CT 197

26.  The method of Claim 23 further comprising the step of:

selectively enclosing the first container in the holder.

27.  The method of Claim 23 further comprising the step of:
sensing temperature of the first solution in the first container.

28.  The method of Claim 23 further comprising the step of:
controlling draining of the first container and the filling of the second
container.

29.  The method of Claim 23 further comprising the step of:
draining the first container only after weighing the second container.

30.  The method of Claim 23 further comprising the step of:
providing a display indicative of performed functions.

31.  The method of Claim 23 further comprising the step of:

providing a cover to selectively enclose the first container in the holder.

32.  The method of Claim 23 wherein the control of flow is performed by
pneumatic pumping.
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ampl (1165 the change. o “The’ exchange. system 1. andll }ﬂﬂlﬂllllllllllllllll
Ci

provi des a sinpl e, conveni ent and cost-effective device feort
providing an 5 addi tional exchange during the night tine. The system
1 satisfies a need for patients who re%_re a fifth CAPD exchange or
patients who desire a nore convenient hod of perform ng four
exchanges. The system 1 is portable and perforns an exchange using a
tw n bag using an 10 extension line. The system 1l has two automated
val ves, 3ens vk pertaile peritoasad dialysiy exchangesysiomcompaisingnpl e user
|nterface and an insuyl ated he rais ma,lnt

t enperature. ¥ draid 4y $R% Gﬁfbﬁlglﬁgr%‘gr@’rﬁn& hﬁn%mﬁedé g’égtrl bed

15 wi th ref er engrutRcibabRof helaR! a hiHorbas maﬁﬁﬁﬂgﬁg the solution bagshoul d
be understood that the present invention is adaptable to other fluid

control systens, sdciollgpsible linkage ¢pmpegiingdhe draimtiayiép the pouch; and |t shoul d
be under st ood t hat rious chan and_ 20 1Lficati 0.1 he
presently preferr ed %ﬂﬁ% gqr%ﬁ?g%%lpl& m@cwﬁgggﬁgpﬁ%ﬁ%ﬂﬁ tﬁebg}aé’bB?ﬁ ent to
those skill ed and thd'®lution bag tarahtonﬁﬂ&ﬁnﬁﬂ[sm PO fluid (AOdiain Ba fromsa ?ﬁlénbe made

W t hout departing fromthe spirit and scope of the presen
i nvention andndrao deg solefion bagstei thg patignt wheraie ﬁyacmllapmble lmkage includes

a first arm extending between the pouch and the processor and a second arm

extending between the processor and the drain tray wherein a hinge connects the

first arm to the second arm and further allows each arm to rotate at the hinge.

34.  The system of Claim 33 further comprising:
a scale incorporated in the drain tray to measure weight of the drain bag.

35.  The system of Claim 33 further comprising:
a heating means incorporated in the pouch to effect heating of the solution
bag and its contents.

36. The system of Claim 33 wherein the pouch is insulated.

37.  The system of Claim 33 further comprising:
valves associated with the processor to assist the flow control means to
control flow of fluids.

38.  The system of Claim 33 wherein the processor is constructed and arranged
between the drain tray and the pouch, the pouch gravitationally feeding fluid from

the solution bag toward the processor.

39.  The system of Claim 33 further comprising:

a display associated with the processor displaying functions of the

Processor.

REPLACEMENT SHEET

This Sheet Has Been Rei

25 001 7 AT




25 . advantages. It is, therefore, inte
rodi fi cations be covered by the appended c

- 24- VE CLAI M 1. A system for cont
conpri si ng: a hol der capable of hold
first solution therein; a process

connected to the hol der wherein the purp i
solution fromthe first container in the h

wdmmbmemusmm

a5
oI|n fluid fljo\
n
n
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h 2% 0Cdt 998ndai
Unj t _havi ng _an ijnt
5 capabl e of punpi

y, *t hé

egral

hl der ; and

tray

of holding a second container wherein the

ﬁecond sol ut i &9-t o TheessystemaClaign 83 ffiprdher cqi
ol der to the procq{% Olss Mt&dmﬁh%ﬁ%&?ﬁ’
uni

connection to the pr cessor
respect to therpeesspessor unit.
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41.  The system of Claim 33 further comprising:

e

systems

ner having a

punp

ng the first

capabl e

punp i s capabl e of punping a
RESIng: — an arm connecting the

ﬁ{so?t oi nt of
W t

a cover constructed and arranged to selectively open and close the pouch.

42,  The system of Claim 33 further comprising:

means for adjusting orientation of the processor without affecting the

orientation of the pouch.

43.  The system of Claim 33 further comprising:

a handle constructed and arranged on the linkage to selectively effect

collapse of the linkage.

44. A system for controlling fluid flow, the system comprising:

a holder capable of holding a first container baving a first solution therein;

a processor unit having an integral pump connected to the holder wherein

the pump is capable of pumping the first solution from the first container in the

holder;

a tray capable of holding a second container wherein the pump is capable

of pumping a second solution to the second container; and

a cover connected to the holder to substantially enclose the first container

in the holder.

45. A system for controlling fluid flow, the system comprising:

a holder capable of holding a first container having a first solution therein;

a processor unit having an integral pump connected to the holder wherein

the pump is capable of pumping the first solution from the first container in the

holder and further wherein the pump is pneumatic; and

a tray capable of holding a second container wherein the pump is capable

i

*
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in the hol der. 3. The systemof Claim1l further conprisi*ng®

scale incorporated in the tray capable of weighing the second contalner

pl aced on the tray. 4. The system . 6 Claim1 wherein the punp includes
a fill valve control ling flow of the fi rst solution fromthe first

cont ai ner. The system of Claim1 wherein the punp |dncl udes a drai 2
val ve controII ow of the second solution to the second contai ner. :
The system of Qﬁ&}m@@gﬁ@p{:qp@rsomrtpghqqgcond confaingfn ar m connecting the
processor unit to the tray. 7. The systemof Claim 1l further

conpri si ng:
46. A method for controlling fluid flow, the method comprising the steps of:

providing a bolder capable of holding a first container having a first
solution therein without hanging the first container;

providing a tray capable of holding a second container having a second
solution therein without hanging the second container, the first container remotely
situated from the second container;

controlling pumping of the solution from the first container and pumping
of the second solution to the second container;

selectively enclosing the first container in the holder.

47. A method for controlling fluid flow, the method comprising the steps of:

providing a holder capable of holding a first container having a first
solution therein without hanging the first container;

providing a tray capable of holding a second container having a second
solution therein without hanging the second container, the first container remotely
situated from the second container;

controlling pumping of the solution from the first container and pumping
of the second solution to the second container; and

providing a cover to selectively enclose the first container in the holder.

48. A method for controlling fluid flow, the method comprising the steps of:

providing a holder capable of holding a first container having a first
solution therein without banging the first container;

providing a tray capable of holding a second container having a second
solution therein without hanging the second container, the first container remotely
situated from the second container; and

controlling pumping of the solution from the first container and pumping
of the second solution to the second container wherein the pumping is performed

peumatically. REPLACEMENT SHEET —

This Sheet Has Been Rer

i




The system of Glaim 1 juriher comprising: . - an ot el mﬁ} LIIIHIﬂEIIMIII
ar

connected to the processor unit. 9. The system of O ai.m

conpri si ng: means for effecting a structural relationship between

t he hol der and the processor unit. The systemof Claim1 further
conpri si ng: a cover connected to ghe hol der to substantially encl ose
the first container in the holder. 11. The systemof Claim1 further

conpri si ng: swj tch operatlvely connected to the tray to
activate the st em%‘ gor\égeperwag lalysis,cxehapge, pysfem eQRPHERE:conpri si ng:

a drain tray capable of holding a drain bag without hanging the drain bag;

a pouch capable of holding a solution bag without hanging the solution bag;

a collapsible linkage connecting the drain tray to the pouch; and

a processor with a pumping means operatively connected to the drain bag
and the solution bag to automate pumping of fluid to the drain bag from a patient
and from the solution bag to the patient; and

a cover constructed and arranged to selectively open and close the pouch.

]
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4biz3ov-g 1ros
nmeans to alter position of The systemof Claim
1 further conprising: “mmrﬁﬂmﬂﬂﬂﬂ "Ease the hoI der, the processor
unit and the tray to orient =l nca tnom-operable position. - 14.- The—-sy-§ enr -
of C'aim 1 further conprising: an audi bl e means operat i vel9
connected to the processor unit capablegf producing an audi bl e- ér@n&ld """

15.  The systemof Caim1 further conprising: S an awd Ay 9’““‘1 #
processor in the tray operatively connected to the: processcir: \hm fio paged ...

- 26- WE CLAIM: s pasad L to paged ...

]
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1. A system for controlling fluid flow, the system comprising:

a holder capable of holding a first container having a first solution therein;

a processor unit having an integral pump connected to the holder wherein
the pump is capable of pumping the first solution from the first container in the
holder; and

a tray capable of holding a second container wherein the pump is capable
of pumping a second solution to the second container; and

an arm connecting the holder to the processor unit wherein the arm includes
a hinge at a point of connection to the processor unit such that the arm is rotatable

with respect to the processor unit.

2, The system of Claim 1 further comprising:
a heater incorporated in the holder capable of heating the first solution in
the first container in the holder.

3. The system of Claim 1 further comprising:
a scale incorporated in the tray capable of weighing the second container
placed on the tray.

4. The system of Claim 1 wherein the pump includes a fill valve controlling
flow of the first solution from the first container.

5. The system of Claim 1 wherein the pump includes a drain valve controlling
flow of the second solution to the second container.

6. The system of Claim 1 further comprising:

an arm conpecting the processor unit to the tray.

7. The system of Claim 1 further comprising:



16. The systemof Claim1 further conpri sing: a real

operatively connected to the processor unit. 17. The systﬂll’“ﬁlmgﬂmu IIII
further "conpri sing: programabl e ti m ng neans operatl

to the processor unit to control activation of the system The
systemof Caim1l further conprising: oper at or - act uat ed keys to

control progranm ng of the processor unit. 19. The system of Claim 18
wherein the operator-actuated keys are npgli fiable by the processor unit.

20. The system of Ci aim1l wherein the neans for controlling flowis a
pneumati c punp. The system of daim1l further conprising:

sensi ng neans for e t|n e f olution in the
cont ai ner. 22. Tﬁé{ n&%%?‘rfgq‘g)tp%g%cg%gﬁ%M| ng:
plurality of strain gauges constructed and arranged with the tray capabl e
of nmeasuring weight of the second container on the tray.
8. The system of Claim 1 further comprising:

an input means operatively connected to the processor unit.

9. The system of Claim 1 further comprising:
means for effecting a structural relationship between the holder and the

processor unit.

10.  The system of Claim 1 further comprising:
a cover connected to the holder to substantially enclose the first container
in the holder.

11.  The system of Claim 1 further comprising:
a power switch operatively connected to the tray to activate the system.

12.  The system of Claim 1 further comprising:

means to alter position of the processor unit.

13.  The system of Claim 1 further comprising:
means to release the holder, the processor unit and the tray to orient in a

non-operable position.

14.  The system of Claim 1 further comprising:
an audible means operatively connected to the processor unit capable of

producing an audible signal.

15.  The system of Claim 1 further comprising:
an auxiliary processor in the tray operatively connected to the processor

unit.
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23. A nmethod for controlling fluid flow, the met hod conpri

of : provi ding a hol der capable of holding a first con mmﬂlﬂmmlﬂﬂ H“I
first solution therein without hanging the first containe

providing a tray capable of holding a second contai ner haV|ng a second
solution therein w thout hanging the second container, the first container
renotely situated fromthe second container; and

ping of the solution fromthe first contd&a6er and punping

-27- of the second solution to the second container; and fol di ng
thf_holder and the tray into a second position not suitable for use wherein
a first arnlis I ng %Qﬂ the first arm supporting
t he hol der and he gg%%% ar %%eln ggg@gﬂm&%nected to the tray. 24.

The method of C ai ma2éalftinid tleck oparatlveb_,v cannedted & thp podcessor unit. wei ghi ng t he
second solution in the second contai ner wthout renoving the second
cont ai ner. CT

17.  The system of Claim 1 further comprising:
programmable timing means operatively connected to the processor unit to

control activation of the system.

18.  The system of Claim 1 further comprising:

operator-actuated keys to control programming of the processor unit.

19.  The system of Claim 18 wherein the operator-actuated keys are modifiable

by the processor unit.

20. The system of Claim 1 wherein the means for controlling flow is a

pneumatic pump.

21.  The system of Claim 1 further comprising:
_ sensing means for detecting temperature of the first solution in the
contaﬁmr.
22.  The system of Claim 1 further comprising:
a plurality of strain gauges constructed and arranged with the tray capable

of measuring weight of the second container on the tray.

23. A method for controlling fluid flow, the method comprising the steps of:
providing a holder capable of holding a first container having a first
solution therein without hanging the first container;
providing a tray capable of holding a second container having a second
solution therein without hanging the second container, the first container remotely

situated from the second container; and

_______mnnoﬂing-puﬂnping of the solution from the first container and pumping
REPLACEMENT SHEET
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25. The met hod of G aim 23 further conprising the step of: '
the first solution in the hol der. 26. The nethod of Caim #ﬂﬂmmnmmmﬂl”“l
conprising the step of: selectively enclosing the first e Iem TR+
t he hol der. 27. The met hod of C aim 23 further conprising the step of:
sensing tenperature of the first solution in the first container. 28.

The method of Claim23 further conprising the step of: controlling
draining of the first container and the-2}l1ing of the second container.

29. The met hod of C aim 23 further conprising the step of:

draining the first container only after weighing the second container.

30. The net ?ggfeogec&ﬂéﬁﬁ {0%{3 Q%%)}l?%ﬁﬁﬁfg@#;%dt he step of:

providing a d ay Indicative o or e uncti ons. 31. The net hod

of C aim 23 furt hefoldimgnthe dbldgr hixbtistteyy infa a second positiow uoisuitgble foousy to
selectively enclose the first, container in the hol der .
wherein a first arm is hingedly connected to a second arm, the first arm supporting

the holder and the second arm being hingedly connected to the tray.

24.  The method of Claim 23 further comprising the step of:
weighing the second solution in the second container without removing the

second container.

25.  The method of Claim 23 further comprising the step of:
heating the first solution in the holder.

26.  The method of Claim 23 further comprising the step of:
selectively enclosing the first container in the holder.

27.  The method of Claim 23 further comprising the step of:

sensing temperature of the first solution in the first container.

28.  The method of Claim 23 further comprising the step of:
controlling draining of the first container and the filling of the second
container.

29.  The method of Claim 23 further comprising the step of:
draining the first container only after weighing the second container.

30. The method of Claim 23 further comprising the step of:
providing a display indicative of performed functions.

31.  The method of Claim 23 further comprising the step of:

providing a cover to selectively enclose the first container in the holder.
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- 28- 32. The nethod of O aim23 wherein the control of fl

perfornmed by pneunatic punping. 33. A portabl e peritoneal ﬂg}”ﬂ”g"ﬂl" Ill!!”l"l
I ma *

exchange system conpri si ng: a drain tray capable of ho

bag w t hout hangi ng the drain bag; a pouch capabl e of holding a

sol ution bag w thout hanging the solution bag; a col | apsi bl e |Iinkage
connecting the drain tray to the pouch; and a processor with a
punpi ng nmeans operatively connected to thg8-drain bag and the sol ution bag
to automate punping of fluid to the drain bag froma patient and fromthe
solution bag to the patient wherein the coll apsible |inkage includes a

first arm extenging-hetween, toﬁlec]%{”i?hvg&geihhtﬁe Q:'E)R&&aﬁtgﬁoﬁnlg &?eﬁfﬁ)glégé‘ggar m

ext endi ng bet we€n t he processor and rFain tray rern nnect s
the first arm tpaedisticSpudapidg.ar m and further allows each armto rotate at
t he hi nge.

33. A portable peritoneal dialysis exchange system comprising:
a drain tray capable of holding a drain bag without hanging the drain bag;
a pouch capable of holding a solution bag without hanging the solution bag;
a collapsible linkage connecting the drain tray to the pouch; and
a processor with a pumping means operatively connected to the drain bag
and the solution bag to automate pumping of fluid to the drain bag from a patient
and from the solution bag to the patient wherein the collapsible linkage includes
a first arm extending between the pouch and the processor and a second arm
extending between the processor and the drain tray wherein a hinge connects the

first arm to the second arm and further allows each arm to rotate at the hinge.

34.  The system of Claim 33 further comprising:

a scale incorporated in the drain tray to measure weight of the drain bag.

35.  The system of Claim 33 further comprising:
a heating means incorporated in the pouch to effect heating of the solution
bag and its contents.

36.  The system of Claim 33 wherein the pouch is insulated.
37.  The system of Claim 33 further comprising:
valves associated with the processor to assist the flow control means to

control flow of fluids.

38.  The system of Claim 33 wherein the processor is constructed and arranged
between the drain tray and the pouch, the pouch gravitationally feeding fluid from

the solution bag toward the processor. REPLACEMENT SHEET
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34. The system of Caim33 further conprising: a sc

I ncorporated in the drain tray to neasure wei ght of the dral 1“]“;“"'"'“!“"'”“'"

The system of Cl aim 33 further conprising:

i ncor-porated in the pouch to effect heating of the soI utlon bag and its
contents. 36. The system of C aim 33 wherein the pouch is insul ated.

37. The system of Claim 33 further conprising: val ves associ at ed
with the processor to assist the flow c\%g_rol means to control flow of
fluids. 38. The system of C aim 33 wherein the processor is constructed
and arranged bet ween the drain tray and the pouch, the pouch

gravitationall g fee e j sé&lgf%%ogg %urﬁle%?xl)llﬁ{)ﬁgn bag toward the processor.
a display associated with the processor displaying functions of the
processor.
40.  The system of Claim 33 further comprising:
keys associated with the processor to control programmable functions of the

Processor.

41.  The system of Claim 33 further comprising:
a cover constructed and arranged to selectively open and close the pouch.

42.  The system of Claim 33 further comprising:
means for adjusting orientation of the processor without affecting the

orientation of the pouch.

43.  The system of Claim 33 further comprising:
a handle constructed and arranged on the linkage to selectively effect
collapse of the linkage. '

REPLACEMENT SHEET :

26 MAR 1998




-'29- 39. The system of C aim 33 further conprising: a di splay
associated with the processor displaying functions of the processor. 40.

TheTsystemof—C=a 33 f urther conprisi ng: keys-assoeciated—w-t-h-t-he
ptocessor to control programmabl e functions of the processor. 41. The
system of Cl aim 33 further conprising: a cover

arranged to selectively open and cl ose the pouch. 42. Rriias
d ai m 33 fur & conpr i si VgD INTELLECTUAL EROBERTY QGREANIANON t | NG Or Nl

r ocessSQb... | I on. of the pouch. 43. The
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(54) Title: FOLDABLE DIALYSIS UNIT
(57) Abstract

A system and a_method are provided to effiect solution exchange particularly for
a patient requinng peritoneal dialysis. The system includes a device (1) that is portable
and particularly adax?table for patients requiring 2 night time exchange or an additionsl
exchange. The device (1} includes an operator-touch control panc] (10) operatively
connected to a pouch (26) with an incorporated heater {12). The pouch (26) holds &
solution bag (18) and may be selectively opened and closed by a cover (28). A drain
tray (30) holds a drain bag {20) and has a scale (14) incorporated therein. The pouch
(zs)pmmwwdmﬁwcmtpmcl(lmbymuppum(38).amithedrainnay
(30} is connected to the control panel (10) by a lower arm (42). The device (1) may be
collapsed by releasing the upper arm (38) and the Iower anm (42) such that the system
(1) tays in a substantially fiat arrangement when not in use.




