FOLDABLE DI ALYSIS UNI' T BACKGROUND OF THE | NVENTI ON quﬁ%gmsé;

s present i nvention generally relates to a punping system More speC|f|cHﬁE§
the presént invention relates to a systemand a nethod for punping fluid,
particularly for peritoneal dialysis. As is well known, peritoneal
dialysis is a procedure for renoving toxic substances and met abol i t es
normal |y excreted by the kidneys and fQ[:nging in the regulation of fluid
and el ectrol yte bal ance. Peritoneal dialysis is acconplished by instilling
peritoneal dialysis fluid through a conduit into a peritoneal cavity of an -
i ndi vidual . The instilled peritoneal dialysis fluid contains ionic
concentrations of electrolytes that are simlar to those in the
physi ol ogi-cal extracellular fluid with the exception of |actate which is
present as a bi carbonate precursor. . Fluid and solute transport occur
across the peritoneal nenbrane between the plasma of the patient and the
instilled dialysis fluid. These processes result in normalization of plasm

el ectrolyte profiles. Toxi ¢ s AHLECST qgllgrgappol ites present in high
concentrations in the bl ood crossﬁ?he pe#?ioneal menbrane into the

dialyzing fluid. Dextrose, in varying concentratlons Is used in the
dialyzing fluid to produce BAZKGR JWVE I'Jsthe pl asma t hus
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patient's plasma into the perltonea
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peri t oneal to a system and a method for pumping fluid, particularly
for peritoneal dialysis. :

As is well known, peritoneal dialysis is a procedure
for removing toxic .substances and wmetabolites 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
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
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
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 asmotic
gradient .that facilitates fluid removal from the
patient's plasma into the peritoneal cavity.

_ After a period of time (dwell time), the spent or
: used dialysis fluid is removed from the peritoneal




-2- . cavity. Peritoneal dialysis is required for patients with acute
*or chronic renal failure when non-dialytic nedical therapy is judged to be
i nadequate.- ~ :One form of peritoneal dialysis, continuous anbul at ory
peritoneal di al'ysi s ( CAPD) i nvol ves mai ntaining dialysis solution in
constant contact with the peritoneal nmenbrane -throughout the entire day. To
conduct CAPD, the patient nmanually drainsy spent dialysate and manual |y
instills new dialysate perform ng a nunber of necessary manipul ations
during the procedure. CAPD relies on gravity to nove 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 |nclude dwel | tines of four to six
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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 inglﬁde a dwell time of
eight to ten hours.

During the long, 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 dialysis
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 flfth peritoneal dialysis
exchange) during the overnight perlod may be helpful to

- patients requiring additional fluld or toxin removal.

The present invention, therefore, prov1des a system
and a method to satisfy a need of’ patlents 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 ene daytime exchange.



_3- The present invention, therefore, provides a systemand a net hod
-f.or a night exchange that aids in renoving peritoneal dialysis solution
into and ‘'out .of the patient and allows the patient additional freedom of

novenent during the procedure. SUMVARY OF THE | NVENTI ON
The present invention provides a systemand a nethod for automati c
control  of exchanged solutions, pardicularly for treatnment of renal

failure patients undergoing peritoneal dialysis. The system provides a
device, particularly suitable for patients requiring a f ifth dialysate

solution exchange. The device automatically drains spent fluid from
the peritoneumand fills wth a prescribed volune of peritoneal dialysis
“fluid warnmed to body tenperature. Tothis end, in an enbodi ment, the

present invent ' ?;r@g. syst em
has a hol der cg‘ggbpiﬂ%%gﬁ ISvng a&?] cont a| n havi ng a &grsfn ution
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flow of the fi Lg h tray
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controlling fl dumygcﬁpabpno@dmt rolli ng flow of a second solution to the
second cont ai ner. In an e 5 EXIE pgi ncorporated in the
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particularly for treatment of renal failure patients
undergoing peritoneal dialysis. The system provides a
device, particularly suitable for patients requiring a
fifth dialy;ate solution exchange. :- The device
automatically drains spent.fluid from the peritoneum and
£ills with a prescribed volume of peritoneal dialysis
fluid warmed to body temperature.

To 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.
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. A tray is provided capable of holding a second
container wherein the means for controlling flow is
~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. ' ”

In an embodiment, a scale is'incorpbrated in the
tray capable of weighing the second container placed on
the tray.

- . In an embodiment, the system includes a fill valve



In an enbodi ment, the systemincludes a fill valve

-4- controlling flow of the first solution fromthe first cantainer.
In an enbodi ment, the systemincludes a drain valve controlling flow of the
second solution to the second contai ner. I n an enbodi nent, an arm
connects the holder to the processor unit. In an enbodi ment, an arm
connects the processor unit to the tray- ¢4 - I n an enbodi nent, a display
is operatively connected to the processor unit. " In an enbodi nent, an

I nput means is operatively connected to the processor unit. In an
enbodi ment, neans are provided for effecting structural relationships

bet ween the hol der and the processor unit. I n. an”enbodi nent, a cover

is connected to the holder to substantially enclose the first container in

the holder.  conkBodNifGPeILRERE the F4BistS Udiiitioh WRRiENS! ¥iggpnect ed
to the tray to actiyate The system In an enbodi ment, neans are

provi ded to al COPEBEBPEron of "the processor unit. I n an enbodi nent, .
means are provi ded To aelexxelimeathotbersystan piodedesr audrainndalve tray
to orient In a88§928&§&38|%}895bk'%ﬂe &ecodd1é31dﬂﬁ%wmﬂg”gheEﬁb' bl e
means is provided operattvely connected to the processor .unit capable of
produci ng an aG@RbREN€Ygnal . I n an enbodi nent, an auxiliary processor
i's provided in the Ihayn mbcaiimeaty annaemteshriertshehpr hoE4epr tointlie

processor unit.

In an embodiment, an arm connects the procegsor unit
to the tray.

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

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

In an embodiment, means are provided for effecting
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.

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

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

In an embodiment, means are provided to release the
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. ' ”

In an'embodiment, an auxiliary processdf 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.



In an enbodiment, a real tinme clock is operatively connected to the

processor unit. I n an enbodi nent, a progranmabl e
~timng neans is operatively connected to the processor unit to control
activation of the system In an enbodi ment, operator-actuated keys are
provided to control progranm ng of the processor unit. The _
operator-actuated keys are nodifiable_ by the processor unit. I'n
an enbodi ment, the neans for controlling fTow of the systemis a pnéumatic
punp. I'n an enbodi ment, sensing neans are provided for det ecting
tenperature of the first solutlon in the contal ner. In an enbodi nent,

a plurality of strain gauges are constructed and arranged with the tray
capabl e of measuring wei ght of the second container on the tray. In

anot her enbodi nent of the present i entlon a et rovi ded faor
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hangi ng the fir YctGRkdbREHE QﬁQVé ema tray capable of hol ding a second
contai ner having a s cond sol uti Qqn w t hout han% g the second cont ai ner,
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the nethod further ¢ rlses t e step o e secon utron in
the second cont BFREPEFPENBRALr enpvi ng t he second cont ai ner. In an
enbodi ment, the neth@id anrédissdiceeme,i ¢he hd&ns 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
measuring weight of the second contalner on the tray.

In another embodiment of the present invention, a
method is provided for controlllng fluid flow. The
method comprises the steps of: providing a holder capable
of holding a first container haﬁing a first solution
without hanging the first container; providing a tray
capable of holding 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“éblution from the first
container and the flow of the sécond solution to the
second container. B

In an embodiment, the method{further comprises the
step of weighing the second solution in the second
container without removing the second contalner. f

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

In an embodiment, the method,further comprises the

- step of selectively enclosing the first container in the



step of heating the first solution in the hol der. In an enbodi nent,
-the nmethod further conprises the step of selectively enclosing the first
container in the hol der . In an enbodi nent, the nethod
further conprises the step of sensing tenperature of the first solution in
the.first container. In an enbodi ment, the nethod further conprises
the step of controlling draining of the §i+st container and the filling of
the second contai ner. In an enbodi nent, the nethod further conprises
the step of draining the first container only after wei ghing the second
cont ai ner. In an enbodi ment, the nethod further conprises the step of
folding the holder and the tray into a second position not suitable for
use. I n an enbodi nent, the nethod further conprises the step of
providing a digglgy i ndicative of perforned functions. I'n an

enbodi nent, the nethod fur conprises t t rovi di,n over to
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In an embodlment, the method further comprises the

step of draining the first container only after weighing
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
step of providing a dlsplay indicative of performed_
functions.

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

In another embodiment of the present 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
the container capable of heating a solution in the bag.

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

' -

the opening.
In an embodiment, the heating element is a film
etched in ﬁhe container. , :
In an embodiment, a sensor is incorporated with the
heating. element to detect temperature variations of the



I n an enbodi nent, the heating elenent is a filmetched in the container.

. I'n an enbodi nent, a sensor is incorporated with the heating elenent to
detect tenperature variations of the solution in the bag.

I n an enbodi nent, the container of the bag holder is insulated. In
anot her enbodi ment of the present invention, a portable peritoneal dialysis
exchange systemis provided. The system®fas a drain tray capable of hol ding
a drain bag w thout hanging the drain bag. A pouch is capable of holding a
sol ution bag w thout hanging the solution bag. A coll apsible |inkage
connects the drain tray to the pouch, and a processor having a flow control
means 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 sol ution

bag to the patsdamtion in the bag.enbodinent, the system has a scale
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~an enbodi nent, the 4ti'ng means 1 ncorporate e pouch to
ef fect "heati nd-fofinsida&efuti on bag and its contents. In an enbodi nent,
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bag. A collapsible linkage connects the drain tray to

the pouch, and a processor having a flow control 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
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.

In an embodiment, valves 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
pouch wherein the pouch gravitationally feeds fluid from
the solution bag toward the processor.

In an embodiment, a display is associated with the

(@]

processor displaying functions of the processor.

In an embodiment, keys are associated witH the
processor to control programmable functions of the
processor.'

In an embodiment, a cover 1is constructed and
arranged to selectively open and close the pouch.



In an enbodi nent, keys are associated with the processor to control

- programmabl e functlons of the processor. In an enmbodi nent, a cover
is constructed and arranged to selectively open and cl ose the pouch.

In an enbodi nent, means for adjusting orientation of the processor wthout
affecting the. orientation of the pouch is provided. In an enbodi nent,
a handl e is constructed and arranged on ghe linkage to selectively effect
col | apse of the |inkage. It is, therefore, an advantage of the present
invention to provide a systemand a nmethod for solution exchange that is
sinple to use. Yet anot her advantage of the present invention is to
provi de a systen1and a nethod for solution exchange that is convenient to
use. A further advantage of the present invention is to provide a

system and a nethod.for._s XC gt ffect {0 use.

A still further d%nt%%eg%%é%ngtﬂeg%% | né\%\télkd;"n&&%{i Jxeleﬂ%agtlao% stem
and a nethod fef tshﬁ pProcesesx itdhouthaffeeking é@mgglsntatp@mtgﬁl@ejew ce.
Moreover, an aswedn age govilaedpr esent |nvent|on is to provide a systen1and

a nmet hod for solut| 0 exch rtlcula Ie for atle ts quiring
peritoneal dlaly5|s 7é§bd¥ﬁ% Her @ a f e % $ ntion
is to provi de arxgngednathdhe drkage &0 ﬁﬁlﬁqt@weéy(rcmﬁfg@tt mllrmsebe
performed durid® ¢khe Minkagel.i "8 and/or while a patient is sleeping. A
further advantage O{t t gg, pr See:r:@folrré\iengrllonaévantage of the present

invention to provide a system and a method for solution
exchange that is simple to use.

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 system and a method for solution exchange that
is cost-effective to use.

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

Moreover, an advantage of the present invention is
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
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. ' -

A still further advantage of the presént invéntion
is to provide a system and a method for solution exchange
that is compact so as to be easily stowed.

- And, another advantage of the pfesent invention is




prbvi de a systemand a nethod for solution exchange that is programmable.

. Astill further advantage of the present invention is to provide a system
and a nethod for solution exchange that is conpact so as to be easily
stowed. And, another advantage of the present invention is
- 9- to provide a systemand a nmethod for sol ution exchange capabl e of

heating a solution using mnimal power ang & nimzing heat | oss.

Moreover, an advantage of the present invention is to provide a system and
a nethod for solution exchange that prevents filling of one solution prior
-to draining of a second solution. Anot her advant age of the present
invention is to provide a‘systemand a nmethod for solution exchange that is
safe to use. Yet anot her advantage of the present invention is to

provide a syst )18 Fybwi el dteim Hid!ld Aethoa Feae 1M im0\ farigd t abl e
al arm condi ti ons t?)ﬂOtl Y. a patient o% conditions ot faliure in the
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are described minigviging hebt dpparent from the detailed description of
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view of an enb&® r?é?ﬂDB'Alge ﬁjﬁ?yﬁpﬁ“e:‘f\%?f’%t m?'%’P@zérﬁ?f %%}gﬁﬁ‘lig’gz?’&wﬂggh\rlg 2
illustrates a hespeceventsi filling oficoms sdloitdest prior &0 dnadaiimgnt of
the system of tJie spesehal BYEOELIOR: Figure 3 illustrates a rear
perspective view of o RanC Gavantage oi° the Siisunt EnddSofE 10VEQ' OM
provide a system and a method for solution exchange that

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.

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

Figure 1 :_i.llusﬁrates 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.

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

Figure 4 illustrates a perspective view of the
system of the present invention in its collapsed or
folded posi‘tion. ! -

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

. Figure 6 illustrates a black box diagram of the



"Figure 4 illustrates a perspective view of the systemof the present
. invention in its collapsed or folded position. Figure 5 illustrates an
environnmental view of the general flow requirenents of solutions to and
froma patient requiring peritoneal dialysis. Figure 6 illustrates a
bl ack box di agram of the - 10 -
“hardwar e conmponents in an enbodi ment of 1fe- present I nventi on. Fi gure
7 illustrates a circuit diagram of the pneurmatics required for the system
in an enbodi nent of the present invention. Figure 8 illustrates a
general flow chart of a structure of -the main programto operate the system
and net hod of an enbodi nent of the present invention. Figure 9
illustrates perspective views of various user interface screens displayed
by an enbodi nehardwarée coppbaents tie pnesmbiodimeatt iof. the present
DETAI LED DESCRk BFLADY &, THE PRESENTLY PREFERRED ENBODINENTS
The present .invention provi stem for, autgmati€ co of -

s a tr
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exchange, or thosg feéﬁ%n{b%ﬂih{ehﬂgoﬁ gﬂéegi:%gélggl erhl_ and nmethod for

perform ng four exchanges KI'ppl hg One I e exchange The system
i s designed for uséFyngﬁéﬁrﬁ% ushkafles perspective views of various
user interface screens displayed by an embodiment of the

system of the present invention.
DETALILED DESCRIPTION OF THE
PRESENILY PREFERRED EMBODIMENTS

The present invention provides a system for
automatic control of dialysate solution exchange in
treatment of chronic renal failure patients undergoing
peritoneal dialysis. The system includes a wachine that
automatically drains spent fluid from the peritoneum then
fills the same with a prescribed volume of peritoneal
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 wethod for performing four exchanges by skipping
one day time exchange.

The system is designed for use with a peritoneal
dialysis solution container, such as, for example, a
Dianeal™ peritoneal dialysis solution in an Ultrabag™
container manufactured and sold by Baxter Healthcare
Corporation of Deerfield, Illinois. Such’'a conéainer
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.




di al ysis solution container, such as, for exanple, a D aneal[err]
.peritoneal dialysis solution in an Utrabag[err] container manufactured and
sol d by Baxter ‘Healthcare Corporation of Deerfield, Illinois. Such a
cont ai ner consists of a solution bag, adnministration tubing and a drain
bag. O her simlar twn bag systens may be inplenmented wth the system of
the present invention. - 11 ~A sterile fluid path of the
twin bag transfers the peritoneal dialysis solution to and froma patient
during the dialysis treatnent. An extension line nmay further be provided to
“lengthen the fluid path allow ng the patient nore freedom of novenent once
connected to the system Such an extension line is typically a single use

- product . Referring now to the drawi ngs wherein like nunerals refer to
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general |y desi gnated at ]al&i Stf‘-};@,f-l I ncl udgsffour princi aI congonents
an operator toHERTEIMIL h’ﬁf‘slff’ 9 EQ 8PE TR & PatFenk. §P5EPE ed i n
a pouch 26, a stbael dlalysmsotpeaanmh n Bndeztensicy Bihamja}at fueahertwo

automat ed val v ugheat £0iid BhEH' & | ghson bag
18 is provi deds\%l #ﬁ%rylt% to eégthaél ugi:éa P‘?‘%\e |§sul at é&ogﬁruﬁz and a

drain bag 20 i B2F4fRt ﬂoFﬁe H?%??Wt? VIGYERERE RRTR) TPRAeTLS

Admi ni strati onsystemg Bichorneexisengiondddne bagtyiticaidyt hesdnbliei esebag 18
with the syst g}. ged_ the automated val ves 16a, 16b. An extension |ine
tubi ng 24 connecfs to. the administration tubing 22 and extends to a patient
2 (as shown in Fl gu?‘éf%’)‘r%Jn@&’t 13} Paetqla@avﬁém shexein; ke auperrtgure.
Referri ng now tefét ot like palrbsi dath | esbslliagirmof an exchange system

of the present invention is generally designated at 1.
The system 1 includes four principal components: an
operator tou_cl"{ 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,
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
connects the drain bag 20 and the solution bag 18 with
the system 1 and the automated wvalves 1l6a, 16b. An
extension line tubing 24 connects to the administration
tubing 22 and.extends to a patient 2 (as shown in FIgure
5) subjected to the peritoneal dia'l-jrs'is procedure.

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 pai:"if:__ent 2 is shown. To
this end, the system 1 consists of the two automated
valves 1; one valve 1l6a is a fii___l valve betweef the
solution bag 18 and the extension line 24 and the other
valve 16b 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



denonstrating how the system 1l of the present invention cycles fluid into
-and out of a patient 2 is shown. To this end, the system 1l consists of the
| two automated valves 1; one valve 16a is a fill valve between the sol ution
bag 18 and the extension line 24 and the other valve 16b is a drain valve
bet ween the extension line tubing 24 and the drain bag 20. The
adm ni stration tubing 22 connects the valia®s 16a and 16b to the solution
- 12 - bag 18 and the drain bag 20, respectively. Ref erri ng 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
and a mddle 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 holding the
sol ution bag 1&aghes ml@h%dralhns @;i ﬁé@béé&ixk&ﬁﬁ the heat er 12
designed to slowy the SOl ut i d th g t, on ther n to a
t enper at ure appr oxi §¥§lgau3$afﬁfﬁ? a?ﬂrgh §§RQﬁ 18 is
| oaded into thé @angraldywronsishs azﬁnamcsﬂilapsohlnﬁrwm @qlta rtgtén bott om

gnd 2;‘3 thﬁ pOUQ{hx?%B LIRS a%%a?”f' ASeD Ft@er{zﬁuﬁh 46 PRIt otﬂleqotszol ;Jt :jon
ag e cover ma e 10l de (0} cl.ose ouc as | ustrate
in Figures 2 arftf ahﬁ%l gﬁF quF 8% %g §?§%@ﬁg ncl udes
the drain tray ssasﬂmt H tineladeise tl:¢ |1m§@1r1|@@|edt deatear d2n mmerps:@aﬂ:edm | S
capabl e of neasyf ihGHe19ebghtnef 6&&%@@6&1@1@% e fsPﬂu@&ehnba

‘that is fed fron1the adni ni i,on ,tubi.n in b The
drain bag 20 n&yf be 'B?%c%"%’n ?t%né'sdr"éﬁsﬁlta% &n&ﬁydﬁ FP‘Foﬁ%f"
deternine the gl glesighiedh¢adsdiowlyagaztn uhengoﬂHE1oncbagonataddsthbe 14.
As illustrated dfjution 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 a
bottom end of the pouch 26. A cover 28 encloses the
pouch 26 holding the solution bag 18. The cover 28 may
be folded to enclose the pouch 26 as illustrated in
Figures 2 and 4. '

The bottom portion 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
fluid 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
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
i6a,16b. The operator touch control panel 10, " in a
preferred embodiment, is an LCD display 54 ﬁrovidea 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



Figure 1, the drain bag 20 is centrally located on the drain tray 30.
.Finally, the mddle portion includes the operator touch control panel 10
and the automated cl anps or val ves 16a, 16b. The operator touch control
panel 10, in a preferred enbodiment, is an LCD display 54 provided with
various sized fonts and icons nmaeki ng the exchange system 1 easy-to-use and
flexi ble for various |anguage formats. “-Tdx h s end, three keys 34 are
provi ded al |l owi ng i nput - 13 - of

i nformati on. Two notched areas 36 are also provided to accept t he
admi ni stration tubing 22. The notched area 36 includes the val ve 16a that
controls fluid flow fromthe solution bag 18 through the extension |ine
tubing 24 and to the patient 2 while the other notched area 36 includes the
val ve 16b and refeinfeamseliohi.on fromthe patient 2 and drains the sane to

the drain bag 20 onhe, g{: éht 1@53336 Q{,gfﬁ%;?%?vlﬁ% £894% ?‘%ﬁé ﬁ%r ea 36

tubing 22 from the so goes

while the botﬁ%mrﬁ‘}tré‘ﬁéen 5?113611193%2- re'?:}é?v'&tc axeH rﬁ%tlrfé?tlr‘ts’@sc ubi ng
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m e portion,is afy . ar vi.ded.al ong a
l ength of the dﬁ%@ %ﬁﬁ%ng&h@ Iﬁgﬁﬁﬁﬁgﬁdﬁ& %PﬁéP%dég %n%éfﬁ? }%qU|r|ng
mani pul ati on t eFtHent % wWikidieatde gtémmptﬁbedsmagé%nmlmdgsomhe A

| ower arm 42 CQleQfét 3 é@nd Q:@dé:.%%t 's@'lu%bh ERem ener Q&bh@nz RAnover

switch 44 is p erab prow n the, orti t drai n
tray 30 to actlﬁ'z?ll a f‘g ﬁﬁ é"@ gﬁ% r{: ?‘é’rrlngto
Figure 3, the @mﬁﬁmls'yst Bhel adminde@rmmppmuhmkm 4&ra=|m t ledeni ddl e
portion 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
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
portion adjacent the drain tray 30 to activate and
deactivate the exchange system 1.

Referring to Figure 3, the exchange system 1
includes an upper knuckle 46 at the wmiddle portion
opposite a face of the operator toﬁch control panel 10.
The upper knuckle 46 includes a tilt adjuster 48 that
adjusts the view angle of the opexator touch control
panel 10. The lower knuckle 50 is:prévided at the lower
portion of the exchange system 1 and connects the lower
arm 42 to the drain tray 30. The upper knucKle 46
connects the upper arm 38 to the lower arm 42 ané also
connects the operator touch control panel 10
therebetween. A detachable power cord 52 is connected
to the lower portion at the drain tray 30.



opposite a face of the operator touch control panel 10. The upper knuckl e
46 includes a tilt adjuster 48 that adjusts the view angle of the operator
touch control panel 10. The | ower knuckle 50 is provided at the | ower

portion of the exchange system 1 and connects the lower arm42 to the drain.

tray 30. The upper knuckle 46 connects the upper arm38 to the | ower arm
42 and al so connects the operator to@3é¢h- control panel 10

t her ebet ween. A detachabl e power cord 52 is connected to the |ower portion
at the drain tray 30. - 14 -

Referring now to Figure 4, the fill valve 16a and the drain valve 16b are
shown adj acent the operator touch control panel 10. The fill valve 16a

connects to the admnistration tubing 22 that connects to the -solution bag
18. The fill val vReféaringtnowstd| Bigate so| uthenfilbnvaleesbbéat and bag 18
to the patient,, L a1 als }Q‘*p t ere the
drain |line |sE|%ser {ﬂ in lékgaﬁg%ﬁ% Eﬁﬁ? ro éhéi?ﬁgﬁﬁ OM/ogangutlon
fromthe pat|€ﬁpt£°@opﬁﬁé di&i-n I9n % Qﬂ%ﬂ%l??%ﬂﬁ%Rﬁ to thepe '

operator touchds@nikerapior! tdbing cﬂzm delat h@oxﬁhécptk@ytdi%h& hedﬂuspbny 54

di splays info ti,an W r qg E 1 prior
to use. Dur|n§ Il% .E%sélﬁ&e R'coialsg"’lé |n]¥orma|on vmt ¥§é§§%t to
progress of t §9Wn§h? s?ﬂﬁté@ﬁtbég kéyso3khe pacbentini i ofimilarivie displ ay
54, of the opehét@Fraiwuellveontbois panel 1d8atien Uaaskd Q:Ihesah:ahlﬁ ionhe -

freatment. e MeHIECHNGRXGIANGRRNS! 8F borfl Bhinl) all GPrgl e o can.

flat surface prere hé“exchange system ticul'art’y adaptable
for hone use, sg&ut:mnl §roy the prtient szvmb tisl@mzraeuarbangfhr@é the nj ght .
Therefore, a gigih €tapdB@Er a table near a bed of the

The operator touch control panel 10.inc1udes 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
respect to progress of treatment. The control keys 34,
in conjunction with the display $4, 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
1 is particularly adaptable for home use, particﬁlarly
for patients who require an exchange at night.
.Therefore, a night stand or a table near a bed of the
patient is typically a good choice for setting up the
system 1. BAn outlet is further required for plugging in
the power cord $2 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, Illinoisy may
be used with a separate or pre-attached set.’ A prep kit
or disconnect cap as well as any other accessories
typically requiréd for performing a CAPD exchange are
also necessary. An extension set is further required,




pafient Is typically a good choice for setting up the system1l. An outl et
-is further required for plugging in 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[err], distributed by Baxter
Heal t hcare Corporation of Deerfield, Illinois, may be used with a separate

or pre-attached set. A prep kit or dlscoﬂ#bct cap as well as any ot her
accessories typically required for performng a CAPD exchange are al so

necessary. An extension set is further required, ~ such as
-the extension line tubing 24. The exchange system 1l is typically
stored in the position illustrated in Figure 4. To set up the exchange

system1l, the lower arm42 is raised to the position shown in Figure 2.
The upper arm 38ighmys lthe bettpmsb'.ed ionenfubing 24 exchange system 1 into an

Up(rj' ?Et IpOSI ti En aiITHéSLéEé é%éhwfﬁl% &y léallggﬁgagear 1&1{‘;{’%@16 46
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upper arm 38 araysattem | byethar kowr arm 4 tiy rabsed changbesysisdinibn s

converted to theggsis 89 éuuauwai:ﬁé b G 3l Y cherd 1o BAMIeo0r d 52
de

is plugged intQq outlet. The 'soluti the"drain bag 20
with the fill tloné’g;F?g e FXFHANgS FYRE P Lt :"BFot%% %‘?ﬁi’ftsﬁ%t&ﬁnt ubi ng

22 may t hen be dsoddddstrated hin Fighweras] laandl Bust The atbper Firuckd el 46The

extension |ingnd Upha9]oadr ’i@é&cﬂ% ?&rtéfﬁeﬁesﬁgnethh:s@ﬂ“ E‘ﬁ‘lﬁ%e (i#ot he

tubing 22 for connection to a patient i s en
admi ni strati on SXARANGS225YELH o ds HEWAANE t AB PIFLLANN oGt S0k

| ocation.. 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 Figures 1 and 3, the power cord
52 is plugged into a grounded outlet. The solution bag
18 and the drain bag 20 with the £ill line and the drain
line as part of the administratioﬁ-tubing 22 may then be
loaded into the system 1 as illustrated in Figure 1. The
extension 1line tubing 24 wmay 'be attached to the
administration tubing 22 for connection to a. patient.
To this end, the £fill line of the administration tubing
22 is pressed onto the fill valve gate at the location
of the automated valve 16a. Tubing is inserted into the
slots, and the automated £ill valve 1l6a with its gate
springs back into its original position. The drain line
is similarly inserted into the drain valve 16b.

Prior to initial set-up, the power switch 44 turns
on the system and instructions are érovided for each step
required to set up the system 1. That is, the display,
following power-up provides the @gssage “"LOAD SET AND
ATTACH EXTENSIONS". The display Sgiincludés a real time
clock and a programmable time to aétivate the exchange.
The display 54, following set-up, prov1des instructions,
such as the following: "CONNECT SET BREAK FRANGIBLES



of the automated val ve 16a. Tubing is inserted into the slots, and the
-automated fill valve 16a with its gate springs back into its origina
position. The drain line is simlarly 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, follow ng power-upyrovides the message "LOAD SET AND
ATTACH EXTENSI ONS". The display 54 includes a real tinme clock.and a
programmabl e tinme to activate the exchange. The display 54, follow ng
set-up, provides instructions, such as the follow ng: "CONNECT SET, BREAK
FRANG BLES AND VERI FY FLOW . These instructions indicate
to the user -adm ni strator that an auto-flush procedure will take place.
Thi s |n|t|atesHNQuYERIEWthQWﬂ¢heTh¢$¢ fngtructiensr indicapet bo the fl ush

fT rRmStF fEu; fS :E IT'I' Qx&rh%‘i-t aaatmnieeﬂgéﬁ%ha@%ﬂIaiﬁio&m%hvvplﬂoc@aa%@ WREN At Ch

i ent gransfer is
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t hen cl oses af tter the dpaiwpr Mterfthskfhmlu@onathbeéﬂ]dmm beenhe
drain tray. Th%ﬁm lEEe&attKE“d£§§1 SlOwReY- read *dRHN ARaANIEERI Giw an

exchange takes, pl ace at the des nat ed tine pro anmed on _t he d| spl ay 54.
i

Therefore, fol 8% RFCAPAENEFERS ?ﬁ%ﬂﬂ%ﬁ?ﬂS PaPB?nFﬁat the flush is
conpl ete ("FLUSH COR@LEE‘E pcimdt , f il ehérExrondithet patidat feiwsufriom thapl ete

by providing agra8pr ¢yd.at eThéTE&:?é‘ﬂﬁ vé!t'GQ 1%5 thmldﬁegﬂaﬁté% ahhe

programed time, for 0Q exchange system 1 opens the
drai n val ve 166‘98HHPHP%F?IS%JCW f‘f%'ﬂ‘ef Ib&’ﬂ h?@anFFéﬁFeg BB thendapinayity
into the draintirayg.20Théh} ethd heatdireritn dan gomgbebed.t he system 1 opens the

During the night, an exchange takes place at the
designated time programmed on the display S4. Therefore,
following flushing, the display 54 indicates that the
flush is complete (“FLUSH COMPLETE®*) and further
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 valve 16b and drains the fluid
from the patient's peritoneal cavity into the drain bag
20. After the drain is complete, the system 1 opens the
£ill valve l6a, and fresh solution flows into the
peritoneal cavfty.. During this time, the display 54 may
provide an indication of the amount of fluid in the drain
bag 20 by that information sensed and transmitted by the
scale 14 incorporated within the drain tray 30.

The folldwing 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 )
"CHECK FILL BAG"‘_ . "ATTACH CLAMPS", and “CLOSE TR-ANSFER
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



fill valve 16a, and fresh solution flows into the peritoneal cavity.
During this tinme, the display 54 may provide an indication of the anount of
fluid in the drain bag 20 by that infornmation sensed and transmtted by the
scale 14 incorporated within the drain tray 30. The follow ng day, the
patient 2 can touch any of the keys 34 on the control panel 10, and the

di splay 54 will activate. The patient 2-i%7then instructed by the display
54 of the operator touch control panel 10 to "CHECK FILL BAG', "ATTACH
CLAMPS", and "CLOSE TRANSFER SET AND CAP COFF." Therefore, the patient 2 is:

required to be attached to clanps and to each line.to elinminate spilling
during renoval and to open a new di sconnect cap.
-17- and to cap off the transfer set. The disposable is then renoved

and di scarded uandgtoaramlofifr thedtirassfex|seted fihe GABPosaBhe" iBILEOAEN
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rel eases such t the exchange system1 is forced to the position as
illustrated in Figure 4. The operator touch control panel 10 allows a
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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 fill volume may all be programmed.
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
an alarm S6 or an audio 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 displayéd. Two basic types of
alarms may occur during therapy:- an alarm capable of
correction by the patient or with minimal assistance
prompt and aid or an alarm 1ndlcat1ve of system error
caused by a problem within the exchange system 1.
Following an alarm, the display 54 prompts the patient
or user to correct the condltlan A nuiber 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



an alarm 56 or an audio pronpt or other features as required by the system
-1. \Whenever the exchange system 1l identifies a problemin the system11, the
system 1 may sound an alarm and nmay i medi ately stop noving solution. The
type of alarm may be displayed. Two basic types of alarnms nmay occur during
t herapy: an al arm capabl e of correction by the patient or with mninal

assi stance pronpt and aid or an al arm i-ndifcati ve of systemerror caused by
a problemw thin the exchange system 1. Followi ng an alarm the display 54
pronpts 'the patient or user to correct the condition. A nunber of alarm
nmessages may be displayed on the display 54 and appropriate trouble
shooting .nessages may follow Exanples of such al arm nessages include

" "CHECK DRAI N - LI NE', "CHECK DRAI N TRAY", "CHECK FILL LI NE"

" CHECK HEATER BA®E®,” O-EfCICABRAINT bt Wd!t mm&TE" “QIECKSYSTEM

ERROR. ' T 12 i, op 0, f the
exchange syste hll&% cgﬁnéctégﬁé{a R‘#g%ﬁeﬁépé A he upper arw
provi ded by an and.MSYSFEM ERBOR: Fh a resistive heati ng el ement and a

thermal |y insul at Ed‘l‘ﬂ&ﬂlﬁz&%b% 42 HeeRryperhBedshuthen 1aema&edAptohehrral
circuit |nterr n.the heater Iate and s down

g eV|c mount ed
the heater ?%t gvgﬁf q]ee%tem éﬁfaﬁo%?ﬁ%’fetq a top ﬁé‘% ng now
to Figure 6, aﬁheommlagﬁmnﬁ and 4 cprovided hxecessalymiwmopéa&m ng the

exchange systemgiltn sailhcegt-.rseieé héa@iﬁgfe%r&me‘iﬁlanwow deglezpd1mpunt ed
within the operat_or tgmcé cg(onhro 8 c 0 1§rfgessgr ig nmo |tors
all inputs to PARFUESNEPOFE ??ﬂé dT‘Ef)Iﬁ? BHRagffes
16b, the heaterth@&maﬂ.heupmtanmmptsnysybwene isuckowdedheomnl ahen 56.
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
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 56.

An auxiliary processor 62 may be provided and
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
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 fill and drain valves 16a and 16b, respectively,
operate by a pneumatic system requiring a pneumatic
circuit as illustrated in Figure 7. The pnehmatic
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



An auxiliary processor 62 nmay be provided and | ocated in the base platform
.of the drain tray 30. The auxiliary processor 62 is used as a sl ave device
to inplenent certain control and nonitoring functions of conponents,
particularly at the |ocation of the drain tray 30. The primry purpose of
the auxiliary processor 62, however, is to mnimze the amunt of

I nt erconnect cabling requi red betvveen the pperator ‘touch control panel 10

and the base portion at the drain tray 30. The fill and drain val ves
16a and 16b, respectively, operate by a pneunatic systemrequiring a
pneumatic circuit as illustrated in Figure 7. The pneumatic circuit is

general |y designated at 64 in Figure 7 and includes a pneumatic punp 66
driven by a notor 68. The punp 66 is connected to three sol enoid-type

pneumati c _ 72 and
74. The three so&fle‘ﬁecﬁ pe va‘?v?é"s‘ 73he 5 A E1/0}(*103‘611 tgg¥a4’dg %he base
portion under tTR aaxda‘m Fray]-%'-?ﬁﬁd ipy ‘éb?d}éaﬁ%mmﬁg@&f u&fiﬁrpﬁi’é%s@?%’-q o the
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sol enoi d valve 70 are. opene Pr ure .buil | nch al ve di aphyragm
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filled sol enoi L SR 3ced £ erﬁﬁgt%ﬁ;po '2011 solenoid

Fofaow1ng sta t-up o
valve 72 and the main solenoid valve 70 are opened.
Pressure builds in a pinch valve diaphragm and the valves
open. When the valve positions indicate that the wvalve
is open, the main solenoid valve 70 is placed back in the
vented position, and the pump 66 is turned off. To close
the filled solenoid valve 72, the filled solenoid valve
' 72 is placed in. the vented position.

The drain solenoid valve 74 operates in a similar
manner as the fill solenoid valve 72. The valves 16a,16b
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
exchange system 1. The main processor 58 is preferably
a master sixteen-bit microcontroller, 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 gemnerally
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.
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control tasks, nDnltor ta I nterrupt tasks. In errup tas S are
operations to SPEEEFURE haflke §ﬁ339$ﬁ9%¢%995 RpRfkeRt ucFhange fiR axanpl e,
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are generated g@flﬁéé“%eﬁaéggrgghtrol and monitor functions to provide
a completely modular and easily verifiable software. The
modules communicate with each other with relatively few
global variables. Therefore, changes in one module are
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
master-slave protocol consists of a data-in, data-out,
data-clock and a slave-select line. The main processor
58 acts as the master and orchestrates the entire
communication. By selecting the auxiliary pfocéssor 62
as the slave, the two processors 58,62 exchange eight
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 used.
To ensure data integrity, additional‘!safeguards are
built on top of the basic serial peripheral interface
protocol. Periodically,' the t@p processors 58,62
exchange time stamps so that if, for some reason, either
processor 58 or 62 is not performing as required, the
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addi tion to theHdveeehei acthsl Keass 34.w0 Thevkey hlef kemsicar eridvaichaiige f or
entry into ser \Qa%%dagg A Ss%a%e”%@uéhef&;s%quﬁ' 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 54. In addition to the three visible keys,
two invisible keys are available for entry into sexrvice
and nurse's menus, for example.

The display 54 is further provided for communication
with the user. The display 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
may, however, be overlaid for greater flexibility. The
display 54 may be back lit by a cold cathode fluorescent
tube (CCFT), the intensity of which is wvariable under
software control. The contrast is also variable under
software control.

The alarm 56 and audio system is provided for
audible feedback to the patient. Every press of the keys
34 results in a short audible tone. 2Any user set-up
errors that are detected will result in a distinctive
tone to prompt the user to look at the'display 54 for
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.



The display 54 is further provided for conmmunication with the wuser. The
.display 54, in a preferred enbodinent, has 302 x 240 pixels in a
graphi cs node and 40 x 30 characters in a text node. Text and graphics may,
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sensing resistors )
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
cori:-esponding voitage. Using the set of calibration
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
include internal sensors (not shown) to monitor the
temperature of the foil heater assembly. The internal
sensors can be tested for accuracy in linearity by
applying power to the heater element and monitoring the
response of the sensors. Due to intrinsic properties of’
the nickel iron material of the elément and the sensors,
as the temperature increases, so does their resistances.
If the sensor is placed 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
heater at the same time and of the same material és the
heater trace itself. The sensor is a thin equivalent of
the heater trace causing its resistance to be higher.
When temperature increases, the resistance of the trace
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ensures drain before fill and provides a simple user
interface and an insulated heater to raise and maintain
fluid temperature.

Although the present invention has been described
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 wvarious changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the
art. Such changes and modifications may be made without
departiné from the spirit and scope of the present
invention and without diwminishing its attendant
advantages. It is, therefore, intended that such changes
and modifications be covered by the appended claims.




with reference to a peritoneal dialysis procedure, it should be understood
-that the present invention is adaptable to other fluid control systens,
such as intravenous feeding. It should be understood that various
changes and nodifications to the presently preferred enbodi nents descri bed
herein will be apparent to those skill @4 in the art. Such changes and

nmodi fi cati onswaag1aemnede wit hout departing fromthe spirit and scope of

t he present invention wi thout diminishing its attendant advantages. |t
o Fhor of or .4 nt Arpebia phrivael i et ineg sYEBIOBERRE be covered by
the appended cl ai ng drain tray capable of holding a drain bag without hanging the drainfkhg; Ve
claim - 1. A portabl e peritoneal dralysis exchange system conprising:

a drain tray capaba poush dapibi¢ ofholding aisnlubion bag withbaut Hangigg tiee saletiahragn bag;
a pouch capabl e of hal di sol ution .ba i, t hout hapgi ng the sol ution bag;
a col lapsible Ii nk%&@#@ﬁﬁ?ﬁeﬁ?lfaﬁﬁ ?W%#%ﬁ%%&%ﬁ?gﬁ%hm‘ind a
processor with a p&ﬁﬁb&ﬁboﬁ%&%ﬁﬂﬁﬁﬁk'ﬂ&n!oﬁ&@ﬂ@&?%ﬂnﬁ&téd%tﬂéﬁtﬁnm and

the solution bag to automate punpihg of fluid to the drain bag froma

patient and fansntheiselution bag tnawamatepunping ef fleid:to therdrain bag from z patient
constructed a’z[‘r%farcr)ﬁlatrﬂ %glu '8n%§é?§£ﬂevﬁti¥nt?%ﬂ and cl ose the pouch.

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