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BACKGROUND OF THE INVENTION

This invention relates to an improved automated

peritoneal dialysis (APD) system for use in medical

15 -treatment involving administration of parenteral fluids as
in peritoneal dialysis.

It is known that patients experiencing partial

or complete renal failure are often'helped by peritoneal

'dialysis regimens. Two types of peritoneal dialysis are

20 - commonly available. Manual peritoneal dialysis allows a

dialysate fluid from a bag to be gravity fed through a

tube into an indwelling catheter extending iato a

‘patient’s peritoneal cavity. Automated peritoneal
dialysis may be carried out as set forth in United States
25 Patent No. 5,350,357 to Kamen et al. The Kamen et al.

automated peritoneal dialysis system is an attractive
.system for home use in that it provides a small footprint
system while allowing a patient to ‘dialyze hinmself or
herself several times in the course of a night with fresh
30 dialysate contained in multiple bags. That automated
system includes a heater for raisihg'the temperature of
the dialysate from ambient to  body temperature and
includes a disposable liquid delivery set for mating with
a cycler which causes pneumatic force to be supplied to
35 selected portions of the delivery set to pump dialysate
through the delivery set from the dialysate bégs to the
heater bag, from the heater bag to the patient and from
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an i rrpro¥§g9ﬁbg095mt ed peritoneal dialysis (APD) systemsbeiazsge i n
. medi cal treatnment involving adm nistration of parenteral fluids as
in peritoneal dialysis. It is known that patients
-experiencing partial or conplete renal failure are often hel ped by
peritoneal dialysis regi nens. Two types of peritoneal dialysis are
20 comonl y avail able. Manual peri%oneal dialysis allows a
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: cavity and are then removed from the peritoneal cavity.
The Kaﬁen et al. system proceeds through a succession of
fill, dwell, and drain phases that £follow one after
another and one of the advantages of the system is
10 provided by the fact that the system can emulate either
fixed height or different head height <conditions
regardless of the actual head height. The system is able
to switch rapidly during a given peritoneal dialysis
procedure between a relatively low pressure mode and a
15 high pressure mode, with the low pressure being used
during patient infusion and drain procedures and the high
pressure mode being used to move dialysate through

circuits not: directly connected’ to the
patient. Unfortunately, the system requires a number of
20 high pressure and low pressure reservoirs therein for

supply of pneumatic force to a pneumatic interface, which
in turn requires a large number of valves associated with
reservoirs. The multiple reservoirs and numerous valves
result in a relatively large system in which there is only
25 a limited choice of pneumatic pressure levels available
for actuating the dialysate pumps, and there is no
capability to obtain selectable pressure versus time
profiles, e.g., to ramp up or to ramp down the pneumatic
pressure as quickly or as slowly as may be desirable for’
30 a given dialysis regimen. |

The Kamen et al. system operates at unmodulated
pneumatic supply pressure levels which may prove to be
disadvantageous in certain patient regimens. “

Thus, it is desirable to be able to provide an

35 automated peritoneal dialysis system having a. cycler
capable of delivering a wide range of pneumatic pressures




herself several tines in the course of a night with fresh 30 di al ysate
cont ai negvo g/oaeza i pl e bags. That aut omat ed Syst eOT/USY6Nss a
heater: for raising the tenperature of - the dialysate from amnbi ent
to body tenperature and i ncludes a di sposable Iiquid delivery set
for mting with a cycler which causes pneumatic force to be
supplied to 35 sel ected portions of ithe delivery set to punp dial ysate
through the delivery set fromthe dialysate bags to the heat er
bag, fromth e a t : i d Ble@rae
239, ool 142§r81& b fésHaLe becffli’éé &Y andchs¥Brte 9f 2 V& 85603814 |

: dialysate through a 1liquid delivery set which the

dialysate solution may be moved to and from the patient.
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to t he dialysis apparatus or cycler, having an electrical
controller for supplying control signals to a.pneumatic
supply or distribution systemn. The pneumatic supply
system includes one or more flow proportional valves for

10 controlling air pressure supplied to a cassette interface.

This eliminates the need for many of the
reservoirs of the type used in the prior art systems
because the flow proportional valve modulates the -air
pressure received from the compressor or vacuum pump. The

.15 elimination of reservoirs, in turn, simplifies the
pneumatic distribution system and reduces the number of
valves needed in the system.  The use of one or more flow
proportional valves also allows ‘the drive pi‘essﬁre to the
diaphragm pumps of a dialysate cassette to be profiled

20 thereby providing for maximum flexibility in available
treatment regimens and for improved patient safety and
comfort. - The small number of reservoirs and reduced
number of valves used in the present system allows it to
be compact and quiet.

25 The cassette interface receives the disposable
dialysate routing and pumping cassette of a disposable
dialysate delivery set. The disposable dialysate delivery
set is connected to the cycler at the cassette interface
and is driven by the air pressure delivered at the

30 'cassette irterface to pump dialysate in accordance with a
dynamic pressure profile between a patient and dialysate
supply bags and a drain at a wide range ‘of dialysate
pressures to provide patient safety and comfort during
dialysate £ill and dialysate dwell procedures, as well as

35 dialysate drain procedures. '
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light of the accompanying drawings.
10 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an automated
peritoneal dialysis (APD) system embodying the present
invention and having an APD apparatus or cycler and a

15 liquid delivery set;

FIG. 2 is a perspective view of the APD system
shown in FIG. 1;

FIG. 3 is a rear perspective view of the APD
system shown in FIG. 1; '

20 - ' FIG. 4 is a partially exploded perspective view
of the APD system shown in FIG. 1 showing a compressor, a
vacuum pump, ‘a’ plurality of pneumatic valves and a
disposable dialysate cassette holder; _
_ ' FIG. 5 is a block diagram of the automated
25 peritoneal dialysis system shown in FIG. 1;

FIG. 6 is an elevational view of the automated
peritoneal dialysis apparatus of FIG. 1 in operative
connection with a patient being dialyzed;

FIG. 7 is a schematié mechanical iayout of the

30 _- components of the APD system shown in FIG. 1; S
o FIG. 8 is a partially exploded, fragmentary,
perspective view showing the cassette holder of the APD
system shown in FIG. 1 and a disposable dialysate cassette

in relation thereto;

35 . ~ FIG. 9 is a rear elevational view of a pneumatic
interface of the APD system shown in FIG. 1;
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FIG. 10 is a rear elevational view of the
pneumatic interface shown in FIG. 9;

FIG. 11 is a rear elevational view of the
pneumatic interface shown in FIG. 9 showing details of

5 volumetric pneumatic measuring chambers thereon;

' FIG. 12 is an exploded perspective view of the
pneumatic interface and the disposable cassette with other
portions of a door assembly of the cycler shown in FIG. 1;

FIG. 13 is an exploded perspective view of

10 portions of the door assembly shown in FIG. 12 with
details of a door bladder and an .occluder bladder shown
therein;

- FIG. 14 is a sectional view of the door assembly
in an engaged position with the door bladder deflated;
15 ' " FIG. 15 is a séctional view of the door assembly
shown in FIG. 14 with the door bladder inflated;

FIG. 16 is a secticnal view of a portion of the
door assembly showing details of. the action of the
occluder bladder when inflated allowing dialysate flow

20 through the disposable dialysate delivery set;

FIG. 17 is a sectional view of the portion of
the door assemblj,r shown in FIG. 17 with the occluder
bladdsr deflated and the occluder blocking dialysate flow
in the disposable dialysate delivery set; _

.25 : : FIG. 18 is an exploded perspective view of a
disposable dialysate cassette;

FIG. 19 is an elevational view of one side of a
body of the disposable dialysate cassette shown in FIG.
18; - .

30 FIG. 20 is an elevational view of the opposite
side of the body of the disposable dialysate cassette
shown in FIG. 19;

FIG. 21 is an enlarged sectional view of a

portion of the disposable dialysate cassette shown in FIG.
35 18 showing details of a dialysate valve; '
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system f ‘9699/6?]({79r m ng aut omat ed peritoneal di al yspgTRi$oéied2sy eri Ng
di al ysate to the patient and 5 . dr ai ni ng spent dial ysate includes an
aut omat ed peritoneal di al ysi s apparatus or cycler, having an

el ectrical controller for supplying control signals to a pneumatic
supply or distribution system The pneznatic supply system

i ncl udes one or nore flow proportional |ves for 10 controlling air

g{fifﬁgfegufﬁglﬁgegofo £ ﬁgﬁée |%t§ ﬁgﬁgtlcrg%gggg ?fthFhB£?9§QC&§Ed I n
the prior arSysyemeat the APD sEsaameshbunfhowFﬁGopdntlonal val ve nodul at es
the air FIG. 23 is a block diagram of a heater circuit
for heating a dialysate bag;
5 .~ FIGS. 24 through 28 are schematic diagrams of
| the electrical control and bower distribution system for
a plufality of valves, a compressor and a vacuum pump of
a second embodiment of the APD system;
FIG. 29 is a block diagram of a conﬁroller of
10 the APD system shown in FIG. 1; '
~ FIG. 30 is a schematic diagram of a portlon of
the control system of the first embodiment for the
pneumatic valves whiéh'qperate the liquid valves in the
disposable cassette for controlling the flow of dialysate
15 to the left diaphragm pﬁmp of the disposable cassette;

FIG. 31 is a schematic diagram of a portion of
the - control system of the first embodiment for ‘the
pneumatic valves which operate the liguid valves in the
disposable cassette for controlling the flow of dialysate

20 to the right diaphragm pump of the disposable cassette;

FIG. 32 is a schematic diagram of a control
system for four large digital pneumatic valves; '

FIG. 33 is a schematic diagram of solid-state
relay control electronics for providing power control

25 signals;

FIG. 34 is a schematic diagram of pressure
proportioning electronics which, in response to valve
error signals, provides proportional voltage valve control
signals for controlling the analog £flow proportional

30 " control valves;

FIG. 35 is a schematic diagram of the power
connections into the actuator board shown in FIG. 29;
FIG. 36 is a schematic  diagram of bus
interconnections between an actuator board and a data
35 acquisition board which interfaces with a computer;
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system The use of one or nore flow proportional valves also allows"
the drive pressure to the di aphragm punps of a dial ysate cassette
to be profiled 20 thereby providing for maximum flexibility in

avai l abl e treatnent reginens arfl for inproved patient safety and
confort. The small nunber of reservojirs and reduce
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which converts 14.55 volts DC to 5.100 volts DC;

FIG. 39 is a schematic diégram of a portion of
the sensor board having a precision voltage reference

10 which converts 14.55 volts to 10.000 volts;

FIG. 40 is a schematic diagram of a portion of
the sensor board showing a cable header and three
precision voltage references; | . :

FIG. 41 is a schematic diagram of a portion of

. 15 the sensor board showing a cable header for providing DC
power at 14.55 volts to the sensor board; _ .

FIGS. 42 through 47 are schematic diagrams of
temperature sensing .circuits having thermocouples and
being mounted on the sensor board; _

20 ' FIG. 48 is a schematic diagram of a DC power
input mounted on a power board shown in FIG. 29; |

FIG. 49 is a schematic diagram of a power supply
for heater and compressor power electronics, also mounted
on the power board; _

25 _ FIG. 50 illustrates a power supply output
header;

FIG. 51 is a schematic diagram of an AC entry

- module;
o FIG. 52 is a schematic diagram of a DC power
-~ 30 supply;

FIG. 53 is a schematic diagram of an analog
sensor input circuit having a plurality of pressure
sensors and an associated interface for communicating
signals corresponding to the pressures sensed by the

35 pressure transducers as well as heater bag temperatures
' and the like; ' '
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It. is a principal obj ect of +the present I nvention to provide .
an automat ed peritoneal dialysis system for providing dialysate at
a variety of pressures to a pati%nt to maintain patient safety and

comfort. S FIG. %Qerls bée% %e?t{atlrbe 833393&1 @/e%éoge\@drld
embodiment of a pneumatic system of the APD system shown
in FIG. 1; '

FIG. 55 is a schematic diagram of an exemplary

5 portion of the pneumatic circuit shown in FIG. 54;

FIG. 56 1is a schematic diagram of a ‘third
embodiment of an alternative simplified pneumatic
distribution assembly;

- FIG. 57 is a graph of a plurality of operating

10 pressures with i‘espect to time during an in-vitro
.dialysate £fill cycle using the pneumatic distribution
assembly shown in FIG. 56; and

FIG. 58 is a graph of a plurality of operating
pressures with respect to time during an in-vitro

15 dialysate drain cycle wusing pneumatic distribution
assembly shown in FIG. 56; and

I FIG. 59 is a schematic diagram of -a fourth

embodiment of a pneumatic system for use with the APD

system shown in FIG. 1. |

20
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring now to the drawings, and especially to
FIGS. 1 through 6, an automated peritoneal dialysis (APD)
25 system is generally shown therein and identified by

numeral 10. The APD system 10 includes an automated

peritoneal dialysis apparatus or cycler 12 comprising an

electrical controller 14 coupled to supply control and

~drive signals to a pneumatic supply or distribution system

30 16. The pneumatic distribution system 16 supplies air at

various pressures to a pneumatic cassette interface 18.

A feedback loop 19 provides feedback signals from the
pneumatic distribution system 16 to the controller 14.

A disposable ligquid or dialysate delivery system

35 . 20 includes a disposable liquid or dialysate delivery set

21 which may be coupied to the pneumatic -cassette




becone obvious to one of ordinary skill in the art on perusal of

the follQw ecifications and clains in | i ght
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DRAW NGS FIG 1 is a perspective view of an autonmated
peritoneal dialysis (APD) system enbodying the present I nvention
and having an APD apparatus or cycler and a 15 liquid delivery set;
FIG 2 is a-perspective view of the AP[?%ystem shown in FIG 1;
FIG 3 is a rear_perspective view of, the APD, system shown .in FI G
1; 20 interface E%G 4R PIyY ti>’a|‘?€ E&BH{&&&% cf*vaE‘aVié?/F

of the APD gyshestadows theFiGspbsabde ddadysane eddvery set 21 fomcuum
pumb, .a pé&éé &tgf géxgggggq %%eGY%E%E§sa%gdtﬁ%ough the disposable
. dialysate delivery set 21. The delivery set 21 includes
5 a disposable dialysate cassette 23 for connection to a
dialysate drain 24 and through a patient tube 26 to a
catheter 27 connected to a patient 28.
The cycler 12 has a housing 32 which holds the
electrical ccntroller 14, the pneumatic supply'system and
10 the pneumatic cassette interface 18.
The controller 14, as may best be seen in FIGS.
29 and 51, receives alternating current electric power
from a suitable source ﬁhrough_ .
The electrical'éontroller 14 includes a computer
15 34 which may either comprise an embedded microprocessor
' which could be included on a circuit board or the like
within a housing 32 or. a separate stand-alone type
personal computer. The computer 34 nmy_bomprise an IBM
compatible personal computer including a microprocessor
20 connected to a one or more system buses, a random access
memory for storing programming instructions and data to be
operated upon, a hard disk connected to the system bus for
storing program and -data information in a permanent
fashion; a floppy disk drive is provided for the input and

25 output of programs and data to the computer system. A
video display monitor is connected to the bus of the
computer through a video controller module. The video

display monitor displays control and prompting indicationms

.- related to the operation of the automated peritoneal
- 30 dialysis system 10. A keyboard is included for input of
commands and for interrogation of the system 10. The

keyboard may be employed for responding to prompts

appearing on the video display terminal. The keyboard

also sends commands to other portions of the computer 34

35 ‘causing it to- control the rest of the electrical
controller 14 in such a way as to cause a dialysate £ill




di sposabl e di al ysate cassette hol der; FIG 5 is a block

di agr am Qg bhigogay't oMt ed 25 peritoneal dialysis systepcghadgnidigFl G

1; : FIG 6 is an elevational view of the automated '
peritoneal dialysis apparatus of FIG 1 in operative connecti on
with a patient being dialyzed, FIG 7 is a schematic
mechani cal | ayout of the 30 conponents of the APD system shown in
FIG 1, FIG 8 is a bhrtially expl oded, fragnentary,

perspective view showing the cassette holder of the AM% syst em
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thereto; 35 including a heBkér Yag fildaroprmaaiomnib wemuof @rpneonmatic

interface OfcéQSeABP X f&f@%é@gmniégﬁﬁq(épégation to occur. As an

' alternative to a keyboard, a control panel-fbr inputting

5 commands and for interrogation of the system 10 may be

mounted directly on or proximate to the cycler housing and
connected to the computer, which alternative may be
advantageous if an embedded microprocessor is used in the
system.

10 ‘'The computer 34 receives digital information
from other portions of the controller through an RS-232
line 36 and outputs digital signals through an RS-232 line
38. The RS-232 input line 36 receives digital signals
from a sensor board 40 and the computer supplies command

15 information to an actuator board 42.

The electrical controller 14 has an AC entry
module 50 having a pair of alternating current line input
terminals 52 and 54 for receiving alternating current from
a suitable source, as may best be seen in FIG. 51. The

20 alternating current is supplied via terminals 52 and 54 to
a switch 56 which, when closed, supplies current through
a pair of fuses 58 and 60 to an AC bus 62. A pair of
power takeoff jacks 64 and 66 are connected to the AC bus
62. A DC power supply 68 receives the alternating current

25 | input at the jack 66 and outputs DC power at a DC bus 70
through a jack 72 as shown in FIGS. 29 and 52. The direct
current is fed through the jack 72 to a DC power input
module 74 as shown  in FIGS. 29 and 48. A tantalum
capacitor 76 and an electrolytic capacitor. 78 remove

30 ripple from the DC power and -a positive 14.55 volts

' potential is supplied through a lead 80 to other portions
of the controller 14. DC power also is output through a
DC power module 82, shown in FIGS. 25 and 50, and the
pbsitive 14.55 volts potential is supplied on a lead 84 to
35 other portions of the controller.
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6 WO097 Pgm? FIG 10 is a rear elevational view ofpédesoernazss -
pneumatic i n ace shown in FIG 9; FIG 11 is a rear

el evati onal view of the pneumatic interface shown in FIG 9 show ng
details of 5 vol unetric pneumati c neasuri ng chanbers thereon;

FIG 12 is an exploded perspective viewsf the pneumati c |nterface
and the di sposabl e cassette with other portions of a door assenbly
of the cycler shown | gnEhCendi user compands the diBuck Iy A% oxph olod

per spective view of ortions o nh oor ly shown in FILG 12
With diafkysis sP@OC@m bhadﬁemwrarﬁmlha%rdsvaaﬁercm -

therein;  gignals via the serial communication line 36 to a digital

to analog converter card, in this embodiment a Keithley-
5 -Metrabyte DDAO6 output card 90. The digital to analog
convertexr card 90 converts the command signals into analcg
compressor, heater and pneumatic valve control signals.
The analog control signals are carried by a control signal
bus 92 as may best be seen in FIG. 36. The control signal
10 bus 92 is connected to supply the analog control signals
to a left wvalve control signal bus 94, a right valve
control signal bus 96, a flow proportional valve control
signal bus 98, a routing valve control signal bus 100 and
a combination heater and compressor control signal bus
15 102. _ B _
When the automated peritoneal dialysis system 10
is switched on its commands_are_prdduced by the computer
34. A solid state relay control electronics module 110
coupled to receives signals from the compressor and heater
20 control bus 102 As shown in FIG. 33, it receives the
signals and passes them through a ULN 2003A driver 112 and
feeds them through a plurality of load resistors 114 to a
relay output bus 116 coupled to a heater powér electronics
moduls 118 and a compressor power electronics module 120.
25 The heater power module 118 and the compressor
power module 120 are energized by DC power through a DC
'powér supply bus 80, as shown in FIGS. 29 and 49. AC
power is provided through the AC bus 64 to energize both
the heater power module 118 and the compressor power
30 module 120. Three heater power field effect transistors
130, 132 and 134 are coupled to respective gate control
leads 136, 138 and 140 connected through bus 116. The
heater power transistors 130 through 134 control AC power
through heater power supply lines 150, 152 and 154 to
35 energize either or both of a pair of dialysate bag heaters
16C and 162 connected thereto. The heaters 160 and_162




FIG 14 is a sectional view of the door assenbly I n an engaged

posi tion wblghoddre door bl adder defl ated; 15 PENIS96/D4258 a
sectional view of the door assenbly . shown in FIG 14 with the door
bl adder i nfl at ed; FIG 16 is a sectional view of a
portion-of the ' door assenbly showing details of the action of
t he occl uder bl adder when i nfl a{gd all owi ng di al ysate fl ow 20

t hrough t he di sposabl e di al ysate delivery set; FIG 17 is

a sectional view of t o] _ - FI G
17 with the BEEI utfér J&%do ﬁ&g? &%a%lf ??at éc} angﬂ{she ocg?lt?e bl ocil ng
di al ysate fl| canductive ahumimuml Seatan e baidal paat cléfel upeny whichosis

FIG 18 |.s agu%gl,.g_g%d Bﬁgspsgtlg w&y\é Fe bags 8 SPaadd! endli @éysate

cassette; i's ah el evafional view of one si de of
a ~ bédplysatie h?lgsé’é’sa'ﬂ’lﬂeclﬂlh$y%9t€ec§§§§?@et9h6mu1tn H°GC or

18; g0 body temtpe@a@ur%o dss aarh@h@yaééwl view of .the opposite

side of the b osabl e sate cassefte

lte nating curant power is also supplied by
the aiternatlng current line 64 to a pair of pneumatic
drive pcwer field effect transistors 170 and 172 that
connect AC power through compressor leads 174 and 176 to

10 a pair of compressors 178. The pair cf compressors 178 is
part of the pneumatic control system 16 and supplies above
and belcw atmospheric pressure air to other portions of

" the pneumatic control system where eventual modulated
supply to the pneumatic interface 18.

15 Valve command signa‘ls'from the digital to analog
card 90 are carried by the valve signal bus 92 to a
pressure proportioning electronics' module 180, as may best
be seen in FIGS. 29, 36 and 34. More particularly,
proportional valve command signals from the digital to

20 analog card 90 are fed through the proportional valve
control bus 98 to a plurality of valve drive amplifiers
190 are connected to a proportional flow valve bus 210.
The plurality of valve drive amplifiers 190 comprise a

~ positive left amplifier 192, a negative left amplifier

25 194, a positive right amplifier 196 and a negé.tiire righﬁ

" amplifier 198. The positive left amplifier 192 drives a
power transistor 200. Likewise, the amplifiers 194, 196
and 198 drive respect:ive' power transistors 202, 204 and
206 which feed proportional flow valve drive signals via

30 respective proportional flow valve control signal lines

' 201, 203, 205 and 207 comprising a portion of a
proportional valve control bus 210 for supply to the
- plurality of analog valves 212 as may best be seen in FIG.
29. Bach of the amplifiers functions as a linear

35 -amplifier having a gain of about 1.25 which provides a

valve control signal to open each of the respective




shown in FIG 19; FIG 21 is an enl arged sectional view
of a wo 9700 tion of the disposable dialysate cassettepenasaéissstl G 35

18 showi ng details of a dialysate valve; . WO 97/ 09074
PCT/ US96/ 14258 7
FIG 22 is a schematic diagramof the pneumatic system of the APD
system shown in FIG 1; FIG 23 is a block dlagran1of a
heater circuit - for heating a dialysate bag; N
proportional flow valves <connected to it by a
- predetermined amount. The pressure proportioning

electronics 180 is energized with positive 14.55 volt
signals from the power supply bus 84 as shown in FIG. 35.
5 The digital to analog conversion module 90 in
response to signals from the computer 34 also controls a
plurality of three way valves through digital valve
control electronics as may best been seen in FIGS. 29
through 32. The left valve control bus, extending from

10 the digital to anaiog converter card 90, feeds valve
control signals through a ULN2003 driver to a plurality of
direct <valve control 1lines 220 coupled to ‘a first
plurality of the threé-way valves. Likewise, the right
valve control bus 96 feeds through a ULN2003 driver 104 to

.15 a right valve control bus 222 connected to the right
on/off wvalves for controlling air flow to a second
plurality of wvalve actuator openings in the pneumatic
interface 18. _ : _

As may best be seen in FIG. 32, the pneumatic

20 routing control valve signals supplied by the bus 100 are
fed to a ULN2003 driver 224 and to a routing valve control
bus 226 to control the routing of high and low pressure
air from the compressors ahd to other portions of the
pneumatic system 16.

25 ' The compressors 178 comprise a first compressor
240 operated as a positive pressure pump and a second
compressor 242 operated as a vacuum pump respectively

- connected to the AC control. lines 174 and 176 to receive
_ " power therefrom and to be started up at the command of the
30 computer 34. The compressor 178 supplies high pressure
air at a pressure of plus 7.5 pounds per square inch gauge

to a positive pressure line 244 for delivery to an eight

valve manifold 246. The negative or vacuum.system 242
draws a -7.5 psig vacuum on a vacuum line 248.
35 The pressure is delivered to a first pressure

‘manifold line 250 for distribution within the eight valve




5 ‘ FI GS. 24 through 28 are schematic diagrans of t he

el ectri calooppsor#! and power distribution systemfor PCTAIS9b/U425Bi t y of
val ves, a conpressor and a vacuum punp of .a second enbodi nent of

t he APD system FIG 29 is a block diagramof a
controller of 10 the APD system shown in FIG 1; '

FIG 30 is a schematic diagramof a porti®n of the control system
of the first enbodinment.for the pneumati c val ves which operate the
liquid val ves i d 1@ and via & SeRsak! Gateeselse d®racaateall igem idivé | ow
of dialysate 15 to the left diaphragm pu of the di sposabl e.cassette;
FIG 31 is PEeFRMEEi &1idCagSininr as‘ﬁBPfgor‘roof‘m:her valyes ag, a%ystem

?L It_he _;i reafo ea_b@éitv?m*s g trg@elike.l 'rnmamamnft ol Yenew2iath Dperate
e liquid valves in e . L. SPQS e._c t. t | 4 h
Flow of i ol JSLEEe369 5 & 5irht PRORECTCIREIIN Aty 008 AEmea o

cassptte; a second manifolBAl @acB@m dimes@®hati c -di agram of a control
system for four large gi itgksgggggatﬁfe¥§h¥35;is supplied from Rige 33
Is a schematic di agram of solrd-state

manifold line 250 through a check valve 262 to a three-way

valve 264 coupled to receive signals from one of the lines

in the bus 226 shown in FIGS. 22 and 32.

10 The system communicates positive pressure via a
high pressure line 270 to a door bladder 272 for holding
the cassette 23 of liquid delivery set 21 in good
interfacing contact with the pneumatic interface 18. A

_ pressure transducer PS5 is connected to the line 270 to

15 measure the pressure. thereon. A vent line is also

| provided coupled to the other portion of the door bladder
valve 264. ) _ o _ ‘

| Simiiariy;‘the positive pressure manifold 250

. communicates_ﬁﬁioﬁgh a check valve 280 to an occluder.

.20 bladder valve 282 also driven from the bus 226 and in
communication via an occluder pressure line 284 with an
occluder bladder 286. The occluder bladder when deflated
allows an occluder to crimp the flexible tubing of the
liguid delivery set to block dialysate flow portions of

25 the liquid delivery set to prevent flow of dialysate
therefrom in the event of a power failure.

. The ten valve manifold includes a left positive
pressure proportional flow valve 290 coupled to the signal
line 201 to be controlled by valve control signals

30 thereon; and a right positive proportional pressure valve
292 connected to the signal line 205 by valve control
signals thereon. Similarly, a left negative pressure
proportional flow valve 294 is connected to the negative

manifold 258 and controlled by signals on the line 203.

35 A right negative'pressure proportional flow valve 298 is

controlled by signals on the line 207. '




relay control electronics for providing power control 25 si gnal s;

FIG 34 iwod7pégygmetic di agram of pressure pr opor tplcqiidde/14258
electronlcs mhlch in response to val ve error signals, provides
proporti onal voltage val ve control - signals for controlling the
anal og fl ow proportional 30 control valves; FIG 35
Is a schematic diagram of the power connecti ons | nto the actuat or
board shown in FIG 29; 18 fG 36 is schenatlc

di agram of bus I nt erconnectJ.ons between_ an actu board and a
data 35 acquisiti &e bo;hr%f'iml EPFHEYF ac S TFIHR coﬁ‘b ter
WO 97/ 09074 proportional flow valves 290 and 29RCHAdSOfdrine@&Bed via a

' line 300 to a pump pressure delivery line 302 in order to

meter the air flow rate and the delivered pressure to the

5 . pneumatic interface 18 to control the pneumatic pressure
delivered to one of the left diaphragm pump of the
cassette 23. Likewise, since there are two diaphragm

pumps available in the cassette, a left diaphragm pump and
a right diaﬁhragm pump, the valves 292 and 298 provide
10 selected modulated pressure by a ‘line 310 to a line 312
which is coupled to provide that pressure to the pneumatic
interface 18 for delivery to the right diaphragm pump of
the disposable dialysate cassette 23. :
. The use of one or more flow proportional valves
15 290, 292, 294, 298, see FIG. 22, in the pneumatic
' distribution system permits the modulation of préssure
from compressor 240 or vacuum from vacuum pump 242 so that
the desired level of pressure or vacuum may be transmitted
to. the pump actuators PAl1 and PA2. -The modulation of
20 pressure or vacuum is desirable, e.g., for reasons of the
patient’s safety -and cdmfort, such as to avoid sudden
surges - of dialysate being pumped into the patient’s
peritoneal cavity as might occur if raw pneumatic pressure
were transmitted from é compressor to a pump actuator
25 "~ without modulation thereof. The flow proportional valves
may be controlled to provide any of a number of
predetermined pneumatic pressure versus time profiles, in
order to ramp up or ramp down the pneumatic pump actuating
pressure or vacuum, resulting in corresponding pressure
30 versus time profiles for the pressure of the 1liquid
N dialysate being pumped from pumps P1 and P2. One may wish
to use a ramp which is approximately linear or otherwise
as may be desired. The flow proportional valves provide -
maximum flexibility for operation of the system 10 and,
35 because they can modulate ‘the raw pressure or vacuum
communicated from the compressors, they eliminate the need




8 : FIG 37 is a schematic diagramof a portion of
a sensor own in FIG 29 and having a precision . v age
g}ﬁosgr?@g?fn PCT/US96/Y4354 e

ref erenc verting 14.55 volts DC to 5.000 - volts DC

FIG 38 is a schematic diagramof a portion of t he sensor board
havi ng a precision voltage reference whi ch converts 14.55 volts
DC to 5.100 volts DC; FIG 39 is a schematic diagram of
a portion of the sensor boardflavi ng a precision vol tage
reference 10 which converts 14 55 volts to

FIG 40 is BOEcWehRLPE SATSFPANPIF SaWhdC BAIBF OC%gfgggevg%;géﬁﬁggrtBoakd
showi ng a cphifacheadeferdadd ikfcrete pressprecisevebsyvol tage references;
LG AL 1 2 Fehermt 6 R0 4B AUy 8o moau e HE" abg?
. pressure supplied by the pneumatic interface 18 to liquid
5 . contrel valves within the cassette body, raw high pressure
or vacuum are supplied respectively via the high pressure
line 254 and the vacuum line 252 to a left three-way valve
assembly 320 and a right three-way valve assembly 322.
The left thrée-way valve assembly 320 controls the supply
10 of pressure and vacuum to valve actuators in the pneumatic
interface 18. It includes a heater pneumatic valve 324,
a drain pneumatic valve 326, a final dialysate pneumatic
bag valve 328, a dialysate supply pneumatic valve 330 and
a patient pnéumatic valve 332.  Likewise, in right
15 manifold 322 are a heater pneumatic. valve 340, a drain
pneumatic valve 342,  a final dialysate pneumatic valve
344, a supply pneumatic valve 346 and a patient dialysate .

pneumatic valve 348. The pneumatic valves of the
assemblies 320 and 322 are pneumatically connected to the
20 : pneumatic peripheral interface 18 wvia a plurality of

flexible supply tubes 3489. The plurality of flexible
supply tubes 349 includes a heater supply tube 350
connected to the valve 324, a drain supply tube 352
connected to the valve 326, a final supply tube 354
25 connected to the valve 328, a bag or dialysate supply tube
356 connected to the valve 330 and a patient supply tube
358 connected to the valve 332. '

The heater supply tube 350 is connected to a
valve actuator VAl. A line 352 is connected to a valve
30 actuator VA2. For the right hand portion of the casSetté.
' 23 a heater line 360 is connected to the valve 340, a
drain line 372 is connected to the valve 342, a final
dialysate bag line 374 is connected to the valve 344, a
supply or dialysate bag line 376 is connected to the valve

35 346 and a patient line 378 is connected to the valve 348.




power at 14.55 volts to the sensor board; ' FIGS.‘42

t hr ough hemati ¢ di agrans of t enper at ur e pcHATS
circuitsQ%QS?ﬁ%ﬁsthernDcouples and " bei ng nnunteé.on tﬁ@gggnsor
board; 20 FIG 48 is a schematic diagram of a DC power

| nput mounted on a power board shown in FIG 29; FI G
49 is a schematic diagram of a power sup éy for heater and
conpressor power electronics, also nnuntg on the power board,

25 . FIG. 5 | Lu t

header ; 21 &C%So‘lf o?ém?cﬁ%rr\gcn@es a%gtrr?o&%tlﬁefé entry
modul e; line 370, a valﬂé(hcﬁnatsraVA&hesannnacggdunQﬁthe[ﬁr¢MMBr 30
suppl y; 372, a valvd Gecifatd avgshﬁgﬂtcban@&%are&ft@@ #4134 09

sensor |npu%ln8|rCU|t having a plu ressure Sensors
and an assocsappaylhu@ﬁfé&é'f@rW@%ﬁﬂﬂﬁﬂﬁﬂaﬁﬁf VAS is conepeed to the

corrgspondi ng;ha BRg Preseaies §e8e8¢dY VA is connected to the line
378, a valve actuator VA8 is connected to the patient’s
supp1§ line 358, a valve actuator VA9 is connected to the
patient’s sﬁpply line 356 and valve actuator VAl0 is
connected to the patient’s supply line VAlOQ.

10 As stated previously herein, the use of flow
proportional valves 290, 292, 294, 298, as shown in FIG.
22, for modulation of pneumatic pressure and for obtaining
pressure versus time profiles makes it possible to avoid
- the use of multiple pneumatic reservoirs which might
- 15 otherwise be needed for supply of specific pneumatic
pressure levels. The elimination of reservoirs, in turn,
permits a reduced number of pneumatic valves which would
be needed for communication with such reservoirs if used
in the pressure distribution system. A reduced number of-
20 pneumatic valves, made possible by the invention, may be
observed in Fig. 22. While the pump actuators PAl and PA2
" receive modulated pneumatic pressure or vacuum from the.
flow proportional wvalves, in order to modulate the
pressure and the flow of liquid dialysate being pumped by
25 pumps Pl and P2, it is preferable for the valve actuators
VAl-10 to receive a predetermined magnitude of pressure or
vacuum, without modulation by pneumatic flow proportional
- valves, in order to ensure that the liquid valves V1-10
" are either fully open or fully closed, or moving

- 30 relatively quickly from one position to the other.

A left standardized volumetric reservoir 390 is
connected via a line -392 to a valve 3%4 which is in
communication with a line 302 and is controlled by the bus
226. A pressure transducer PT3 is connected to the line

- 35 392 and the pressure transducer PT1 is connected to the
line 302. The valve 394 in combination with the pressure




35 * pressure transducers as well as heater bag tenperatures
and the | jke WO 97/ 09074

PCT/ US96/ §)9074 ' .9 PCT/US96/14258
FIG 54 is a schematic diagram of the second enbodi ment of a
pneumati c system of the APD system shown in FIG 1;.

FIG 55 is a schematic diagram of an exegplary 5 portion of the
pneumatic circuit shown in FIG 54; 1 FIG 56 is.a

schemati c di agra f '
-tgans Sce%stgbadand PT3 and the volumetric reservoir 390

is used to measure absolute pressure  and pumping
characteristics and the like associated with the left
diaphragm pump of the cassette. '

5 Likewise, a fight standardized volumetric
reservoir 400 is connected via a pneumatic line 402 to
receive high pressure air from a wvalve 404 connected to
the bus 226.  Pressure transducers PT0 and PT2 are
réspectiVely connected to the pneumatic lines 312 and 402

10 so that the valve 404 from time to time can connect the
right pressure actuator to the standardized volumetric
reservoir and measure pressures before and after such
connection and supply the pressure transducer signals
thereto. The pressure transducer PTé is connected to the

i5 | line 284 to provide signaling to the microprocessor 34 as
to the condition of the occluder bladder. The pressure
transducer P4 is connected to the positive pressure line
and the pressure transducer PT5 is connected to the door
bladder line 270. L

20 . In operation a door assembly 450, including a
door 452, which is hingedly mounted on the housing 32, is
adapted to hold and engage a portion of the liquid
delivery set within the door assembly 450 in ‘good
pneumatic engagement with the pneumatic interface 18, as

25' may best be seen in FIGS. 1 and 12 through 15. The door

' assembly 450 includes a front plate 454 comprising a
portion of a cassette holder, the front plate 454 being
generally rectangular and having a substantially
‘rectangular cassette receiving aperture 456 formed

30 .- therein. The cassette receiving aperture 456 is a portion
of a cassette receiving interior recess 458 which extends
into a backplate 460. The backplate 460 also includes a
slot 462 through which a portion of an occluder assembly
may- extend. Extending from a front face 461 of the

35 backplate 458 is a latch pin 466 for locking engagement
with the door 452 in order to hold the door 452 securely




enbodiment of an alternative sinplified 'pneumat I C di stribution

assenbl YWwo 97/09074 FIG 57 is a graph of a pluralpdpusderrapss ati ng
10 pressures wth respect to tine during an in-vitro

dialysate fill <cycle using the pneumatic distribution assenbl y-
shown in FIG 56; and _ : FIG 58 is a graph of a plurality
of operating pressures with res$§ct to tinme during an in-vitro 15
dialysate drain cycle using pneunat di stribution assenbl y

shown in FI G ,56; and . o BLGL 59, henat i I agg,am of
a fourth . v%u?e & o&ﬁ?gﬁﬁt&f 25 B‘I?eﬂ'ﬁ'eﬁrﬁcn s"-ylg? e%?%%%%’%@?hg?ﬂe APD
syst em showneshlkeGt foaR0spring elemermDERANAEMDESCRIPHOSCEnTHELILY

CrEFCITED CYBERLIENTA: winou 472 detippolRHELR 104 dbendt s
di al ysi s (AP®Fkplate 470 and has a preformed gasket 480 mounted on a
5 side opposite the latch pin 466 for holding the cassette
23 in good pneumatic engagement with the pneumatic
interface 18. The preformed gasket 480 includes an
integral elastomeric splash guard membrane 482 for
preventing any leaking dialysate £from entering the
10 pneumatic interface 18 and a plurality of small air
transmitting through holes 484 are formed therein for
pneumatic communication with the flexible tubes coupling
the valve actuators VA1-10 and pumps Pl and P2 with other
3 portions of the pnéumatic system and other ports of the
-.15 . pneumatic interface 18. A pair of foam inserts are
positioned behind the gasket 480 .in association with the
pump actuators PAl-and PA2 of the pneumatic interface 18
- to smooth pressure transfer from the pneumatic interface
18 to the cassette 23.- _ i
20 _ The cassette holder module also includes a
substantially rectangular pressure plate 500, having the
door bladder 272 positioned behind it. A frame for
holding the door bladder 272 is positioned on the opposite
side of the door bladder and the occluder bladder 286 is
25 positioned on the other side of the frame 502. A movable
occluder body 504 is positioned on a side of the occluder
bladder 286 opposite the frame 142 so that the occluder
- bladder 286 is positioned therebetween. When the occluder
- ~ bladder 286 is inflated an elongated occluder blade 506
--30 will be lifted away from other portions of the frame 502.
An elongated side hook element 508 is provided on- the.
opposite side of the movable occluder body 504 to provide
a pivot about which the entire body 504 moves under the
influence of the occluder bladder 286 and a. pair of
35 occluder springs 510 coupled to a pair of'sleeveé 512
mounted in association with the movable occluder body 504.




25 * system is generally shown therein and identified by

nurmrer al APD system.10 i ncl udes an aut omat ed ' ea
dialysis*gggg?%ﬁﬁs or cycler 12 conprising an eIecFFFgg?&g%§€roller
14 coupled to supply control and drive signals to a pneumatic
supply or distribution system 30 16. The pneumatic distribution
system 16 supplies air at variogf pressures to a pneunatic cassette
interface 18.. A feedback |l oop 1 brovides feedback signals fromthe

pneumatic distribution,sysLem,16 h nt,r ol 1 . A
di sposable liquid or dﬁ%l ?/n% té’je e# i()}\alér%egglstlélm : ill 38 ianlcﬁeurd'é%t%tve
di sposabl e | ppeunabicdi dnreatfaatel i V&ryiset shown thegeimi cwhiwh beis

;8¥?L2865245 gbBESHEEEhinQE%%E&%al to the p¥EuREEPRO{Arerface shown

in FIG. 10 with the exception that pressure measuring
5 volumes VSR and VSL are attached to the back of the
' pneumatic interface 18 and are each filled with a heat
conductive foam insert 117.° The heat conductor foam
insert provides heat transfer which smoothes pressure
variations as the profile pressure is supplied along lines
10 312 and 392 via the flow proportioning valves. The helps
to reduce pressure spikes at the patient which may prove
to be uncomfortable.

_ As shown in FIG. 21, the cassette body. 23
includes a front side 582 and a back side 584. A
15 plurality of upstanding ribs 586 support the diaphragm 614
which may be brought into sealing engagement with a hollow

column 590 which defines a port 591 at a raised valve seat -

592. When the diaphragm is in communication with the
upper portion of the column the fluid in the column will
20 . not be in communication with a second port 594. .

In use, the cassette 23 of the dialysate
delivery set 21 is placed in the cassette holder in such
a way that the plurality of flexible tubes past the
occluder. The cassette 21, as may best be seen in FIGS.
25 19, 20 and 21, includes the cassetﬁe bbdy 23 ﬁerminating
at five dialysate ports on a side thereof. They include
a heater bag port 600, a drain port 602, a last dialysate
bag port 604, a supply bag or dialysate supply port 606
and a patient port 608. Formed within the cassette body
30 are a plurality of channels, some of which are connected
to the ports. Also included therein are a pair of pump
chambers P1 and P2. The pump chambers and the channels
are enclosed by the pair of flexible plastic diaphragms

612 and 614. | : '
35 The heater bag port 600 has connected to it a
heater bag channel Fl1. The drain port 602 has connected




10 interface 18. A plurality of dialysate bags 22 may be
connected to the disposable dialysate delivery set 21 for-

I
of dextr B¥QIMMIA di al ysate through the disposable . PCEF@PVEQEgPp Y
delivery set.21. .The delivery set 21 includes 5 a di sposabl e
di al ysate cassette 23 for connection to a di al ysate drain 24 and
t hrough a patient tube 26 to a cat heter 27 connected to a patient
28. : The cycler 12 has22 housing 32 which holds the
el ectrical controller 14, the pneumatic supply systemand 10 t he

pneunatic cassetite d ndeaincehthnel F2. The last Thagceeantl 664 has as
Y ors o Eiteltel! 5, 15 o, 1ant 2@ Undinglogalcorabl sl gt o
The el ect ri cé06 curs ragrnnacted i te i@ ddadysaree supply chagpehixdt mad
ei ther corrpréﬁg PhEHRIdeh P Cle OR88SOkonnected to it a patient
5 dialysate channel F5. The pump chamber V1 includes an
upper pump chamber port 620 and a lower pump chamber port
622. The pump chamber P2 includes an upper pump chamber
port 624 and a lower pump chamber port 626. The upper
pump chamber port 620 of pump chamber Pl may be coupled to
10 the heater bag channel Fl1 or the drain channel F2 via a Pl
upper distribution channel F6. The upper port 624 of the
pump chamber P2 may be coupied to the heater bag channel
F1 or the drain channel F2 via a upper pump chamber P2
distribution channel F7. _
=15 ~ In a similar fashion, the pump chamber Pl lower
port 622 may be coupled to the last bag channel F3, the
supply channel F4 or the patient channel F5 via a lower P1
pump channel F8. The lower port 626 of the pump chamber
P2 may be coupled to the last bag channel F3, the supply
20 channel F4 or the patient channel F5 via a lower P2
distribution channel .F9. '

Ten valve stations are provided for effecting
the coupling between the main dialysate channels F1l
through FS and the pump chamber distribution channels F6

25 through F9. Specifically, a valve station V1 couples the
heater bag line F1 to the pump channel F6. A valve V2
couples the drain channel F2 to the upper Pl distribution

e channel F6. The valve station V3 couples the heater bag

: channel F1 to the upper P2 distribution channel F7. A

30 valve station V4'coup1es the drain channel F2 to the upper
pump'Pz distribution channel F7. .

A valve V5 couples the last bag channel F3 to
the lower pump chamber P2 channel F9. A valve V6 couples
the supply channel F4 to the lower pump chamber P2

35 _ distribution channel F9. A valve V7 couples the patient




whi ch tould be included on a circuit board or the like within a

housi ng separate stand-al one type perso dﬁgﬂg r.

The conpxﬁé?ﬁéwénay conprise an | BM conpati bl e pe?ggha cgﬁguter

i ncluding a m croprocessor 20 connected to a one or nore system buses,
a random access menory for storing programm ng instructions and
data to be . operated upon, a hard disk connected to the system bus
for storing program and data i #%rmation in a pernanent
fashion; a floppy_disk drive is provided for the ut out put
of programs%n&&ta Po tPe hpaL¥eLsyREEM clﬁ.mbeg P2 8?5&51&“'561 P
nmoni tor I s eoamaeheds.o the bus of the conputer through a video

brompti ng. i ndi cati ons & VEIVE v goymied S DarRrat (Rt BE S o e
peritoneal 3®wer putipalgrsEnbeyskkncidnnel EéyboAr&aﬂye|NelwmmpHas theut of
comgands a”% %&’W ;os " 0gatioof ﬁhetéySEﬁg‘ 1Powe £ Num %;]d
may - be respondi ng é%pear|ng on
vi deo di spl avqte?mmon qn@nm@lyb%& d A valve V] punlrss thamidils Rag ot her
portions of dy16PMPEh&And4 F3 to the lower pump chamber P1
distribution channel F8.

| When the valves V1 through V10 are opened due to

10 " low pressure being applied through the pneumatic interface
to regions of the valves where the diaphragm is seated,
the valves are opened and the aforementioned selected flow
connections are made. When high pressure is supplied wvia
the . local wvalve actuvators VAl through VAl0 to the

15 respective valve stations V1 through V10 of the cassette,
the wvalves are held closed. Thus, manipulation of the
pressures at the valve actuators VAl through VAl0 by the
valves in the manifolds 320 and 322 contrcls the manner in
which dialysate is’ distributed between the ports 600

20 through 608 and the pump chambers Pl and P2.

At the same time pressure is supplied via the
flow proportional valves to the pump actuators PAl and PA2
of the pump chambers to move the diaphragm portions -
adjacent those chambers to cause pumping to occur.

25 The cassette, when delivering dialysate to and
from the patient and to various bags, sometimes access
dialysate from the heater bag 22=which is heated by the
heaters 159. A thermocouple assembly 700, as may best be
seen in FIGS. 29 and 42 through 47, supplies temperatufe

- 30 signals indicative of the heating bag temperature. The

' signals temp0 through temp5 are supplied from thermocouple
conditioning electronics 702 over an analog temperature
signal bus 704 to an analog to digital conversion card
706, specifically a Keithley-Metralyc DAS1402 analog input

35 card. The analog input card 706 in turn transfers digital
temperature signals over the bus 36 to the computer 34




35 causing it to control the rest of the electrical

controll such a way as to cause a dialysate fil
697 060740 sty Pt USo! 14258CTUSPen4b
operation to ocecur, to cause the dialysate dwel| operation
including a heater bag fill operation to occur, or to cause a

. dialysate drain operation to-occur. As an alternative to a
keyboard, a control panel for |nputt|ng23 connands and for
interrogation of the system 10 may b unted directly on or

proxi mate t ¥heke &R Wﬁﬂﬁﬁquﬁnﬁpn adjust the “Control inputs to be
received by the heater power electronics 118.

More specifically, each of the circuits in FIGS.

42 through 47 is identical and includes a thermocouple 710

5 coupled to an amplifier 712 feeding an amplified -output
signal across a jumper 714 to a second amplifier 716 and
finally to a third stage amplifier 718, which provides an

output signal. Likewise, as shown in FIG. 43 a
thermocouple 720 has its signal amplified by a first
10 ' amplifier 722, a second amplifier 724 and a third

amplifier 726. A thermocouple 730 has its output signal
amplified by amplifiers 732, 734 -and 736 and supplied to
the bus 704. As shown in FIG. 45 a thermocouple 740 has
o its signal amplified by amplifiers 742, 744 and 746 and
--15 supplied to the bus 704. As shown in FIG. 46, a fifth
. thermocouple 750 has its output signal amplified by
' amplifiers 752, 754 and 756 and supplied to the bus 704.
A sixth thermocouple 760, as shown in FIG. 47, has its
output amplifisd -by' amplifiers 762, 764 and 766 and
20 - supplied to the analog bus 704.

' In a similar fashion, hs output of the pressure
transducers is supplied over the feedback bus 19 to the

- analog to digital card 706 as shown in FIGS. 29 and 53,
The pressure signals are digitized and fed to the computer
25 - 34 where the computer 34 can then monitor the pressures of
the bladders, monitor the flow rates and also control the
analog valves or flow proportional valves 212 in order to
e . select the delivered pressures to be provided to the pump
ame actuators PAl and PA2 and hence the pressure at the dialy-

--30 " sate in the pump chambers Pl and P2 of the cassette 23..
In the £ill phase of the typical three phase APD
cycle the cycler 14 transfers dialysate from the heater
bag 22 to the patient. The heater bag 22 is attached to
the uppermost cassette port. The patient line is attached
35 to the bottommost cassette port. The fill phase involves
drawing dialysate into the cassette pump chamber P1




connected to the conputer, which alternative may be advant ageous i f

an. enbeddgb §gehfapr ocessor i-s used in the system I€tTrusoe/idass
The conputer 34 receives digital information from other portions
of the controller through an RS-232 line 36 and outputs digital
signals through an RS-232 |line 38. The RS-232 input line 36
receives digital signals froma sensor board 40 and the conputer
suppl i es command 15 information to ?a51 actuat or board 42.

The electrical controller 14 has_an Al nodul e .50 having a

'y
pair of altecFREPRSY ERP BRIMArKeliapd path F1 vip Prgnshsdighddsp

receiving al FernatTMCpun@ntcr&mr P1 exgpebsi taly ehe@té@edlas.gméoest
be seen in FI G 5113. al twft—ir nagén%ﬁcurre gppl | %s Vi
termnal s 52CBRaUS FBe “pfimary Al h{ita FEEI% PR es
current t hr oBgh a palr of fuses 58 and 60 to an AC bus 62. A pair

62 %\ DC pome?(rjvflrjp:)?l;e@éf réxg)el ves tﬁmgﬁq%rn F?‘%%qf?g“ﬁ ?gnt%l'?% Qﬁce‘grb:if?put at
t he JaCk 66 prefenablys wrlpowaumpt ghBebeys F? in tandem with pump
chamber P1. The controller 14 draws heated dialysate into
pump chamber P2 through primary liquid path F1 via branch
liquid path F7. Then, the pump chamber_' ‘P2 expels the
10 heated dialysate through the primary liquid path FS
through branch liquid path F9. The controller 14 works
pump chamber Pl in a draw stroke, while working pump
chamber P2 in a pump stroke, and vice versa.
In this sequence heated dialysate -is always
15 introduced into the top portions of the pump chambers P1
and ' P2. The heated dialysate is always discharged through
the bottom portions ‘of:the pump chambers Pl and P2 to the
patient free of air.
Furthermore, during liquid transfer directly
20 with the patient the controller 14 can supply only low-
relative positive and negative pressures to the pump
actuators PAl and PA2.
' Once the programmed £ill volume has been
transferred to the patient the cycler 12 enters the sscond
25 or dwell phase. During the dwell phase the cycler 12
replenishes the heater bag by transferring fresh dialysate
from one of the source dialysate bags 22 to it.
The replenish heater bag phase involves drawing
fresh dialysate into the cassette pump chamber P1 through
30 : the primary liquid path F4 via the branch liquid pat'h F8.
Then the pump chamber P1 expels the dialysate through the
primary liquid path F1 via the branch liquid path F6.
| ’ To expedite pumping operations the controller 14
preferably works the pump chamber P2 in tandem with the
35 pump chamber P1. The cycler 12 draws fresh dialysate into
the cassette pump chamber P2 through the primary liquid




through a jack 72 as shown in FIGS. 29 and 52. The direct current

is fed twcgg%o.; he jack 72 to a DC power i nput NOREt Aisosifizee Shown
in FIGS. and 48. A tantal um capacitor 76-and an el ectrol ytic_
capacitor 78 renove 30 ripple fromthe DC power and a positive

14.55 volts potential is supplied through a |ead 80 to other
portions . of the controller 14. . _DC power also is output through a
DC power nodule 82, shown in FIGS. 29 ané 50, and the positive

20 ol U RO 21k® HEPL SR 1 LORT BAckO R e e PR O
PCT/ US96/ 142h3mber P2 expels the dialysate through the primary liquid
path F1 via the branch liquid path F7.
The cycler 12 works the pump chamber Pl in a
5 drawstroke while working the pump chamber P2 in a pump
stroke and vice Qersa.
_ _' During this sequence fresh dialysate is always
introduced into the bottom portions of the pump chambers
Pl and P2. The fresh dialysate is always discharged
10 through the top portions of the pump chambers Pl and P2 to
the heater bag. This allows entrapped air to be removed
from the pump chambers Pl and P2. '
Since 1liquid transfer does not occur directly
with the patient, the controller 14 is able to supply high

15 relative positive and negative pressures to the pump
actuators PAl and PA2 without directly affecting the
patient. :

When the dwell phase ends the cycler 12 enters
a third or drain phasé; During the drain phase the cycler
20 12 transfers spent dialysate from the patient 28 to a
drain. The drain phase involves drawing spent dialysate
into the cassette pump chamber Pl through the primary'
liquid path . F5 via liquid branch F8. Then the pump
chamber P1 expels the dialysate through the primary liquid
25 path F2 via the branch liquid path F6. _
In order to expedite pumping operations the
controller works the pump chamber P2 in tandem with the
pump chamber P1. The cycler 12 draws spent dialysate into
_ the cassette pump chamber P2' through the primafy liquid
 30 path F5 via the branch liquid path F9. Then the pump
chamber P2 expels the dialysate through the primary liquid
path F2 via the branch liquid path F7.
The cycler 12 senses'pressure using transducers
PT1 and PT2 to determine when the patient’s peritoneal
35 cavity is empty. Drain phase is followed by another f£ill
phase and dwell phase as previously described.




12 . When the user commands the conmputer 34 to run a

di alysis procedure the conputer supplies device conmand ' s via
the seria O93MMTi cation line 36 to a di gital to ar?gl'r(%sg%%grter
card, in this enbodiment a Keithley- 5 Met r abyt e DDAO6 out put card 90.
The digital to anal og converter card 90 converts the commuand
signals into anal og conpressor,  heater and pneumatic val ve control
signal s. The anal og control sigrls are carried by a control signal
bus 92 as may best be seen in FIG 36. The control signal 10 bus 92 is

connected to supply thEnapemePRmreteduresliafter the lagtaprescridedt

control si 9nﬁh?}dawgfl{ara&ahtcy@éf,e, the cgcleentirrs:ﬂus%'sgr&ﬂ £048196i 1 f1 ow
proportional valve control _, .si.gnal _bus 98, a roytin val ve control
signal bus 1¥0lumMg- The Hinahyifdadd oWChERe e AW £ oRBr dlsi®r BEFHGTH
signal bus lphroughl€Be day. It is drainedhag the auteer! ot pid tmnasl
dialusts sYSLeRhsession 1d Schl 'G0EH1RY. 1S PAUEPNEE1 B L BIQALCLAY the
contain a different concentration of dextrose than the

£ill volume of the sﬁccessive cCcpD £ill/dwell/drain £ill

cycles the cycler provides. The chosen dextrose
concentration sustains ultrafiltration of water during the
10 day long dwell cycle.

In this phase the cycler infuses fresh dialysate
to the patient from a last f£ill bag. The last f£ill bag is
attached to the third cassette port.

During the last dwell phase the heater bag is

15 emptied in solution from the last bag’s volume transferred
to the heater bag. From there, the last £ill solution is
transferred to the patient to complete the last £ill
phase. ' '

' The last dwell phase involves drawing liquid
20 from the heater bag into pump chamber P1 through the
' ' primary liquid path F1 wvia the branch path Fé. Pump
chamber Pl expels the liquid to the drain through the

primary liquid path F2 via the branch liquid path F6.

To- expedite drainage of the heater bag the

25 -cycier 12 works the pump chamber P2 in tandem with the
pump chamber Pl. The cycler 12 draws liguid from the
heater bag into the pump chamber P2 through the primary
liquid path F1 via the branch liquid path F7. Then, the
pump chamber P2 expels liquid to the drain through the

30 primary liquid path F2 via the branch liquid path F7.

Once the last £ill solution has been heated it

is transferred to the patient in a fill cycle as set forth
above. - '

According to one aspect of the invention, every
35 important aspect of the APD procedure is controlled by air
pressure. Air pressure moves liquid through the delivery




34. A solid state relay control electronics nodule 110 ' coupled to-

recei ves_si | s, fromthe conpressor and heater 20 co 02.
Wi et 537" ¢ B sset Rt

As shown recei ves the si gnal s and passes )
t hrough a ULN 2003A driver 112 and feeds themthrough a plurality
of load resistors 114 to a rel ay output bus 116 coupled to a
heat er power el ectronics nodul e 118 and a conpressor power

el ectronics nodul e 120. 25 _ 28 The heater power nodule 118 and

t he conpressor .power mpdul e 120 are_energi zed by DC power through
a DC sethoRIPUIPING BHIVAEFY L o osPRdH FPRS. bagednypen eigher

ﬁow?r s proyi:@%ﬂll bbrl Gl)!a&’fla?l;éhﬁfemsh@&gh(& ed&f@ﬂtéiabrmrh Aia; lprelszéotﬂ?e Thr ee
eater power_ nodul e and the conpressor power modul'e 120.
heat er BmMHCQQEE%P%fFEGtQH%515¥R%r9 the Vé%aﬁﬁxtﬁéﬁ gAgerss L@ dupl ed

to respecti vemend eclmultiple destih®edonsd dnd Iffrees 14Qi0 pieEAire
Loraoh b ddlves o semy, preehRaRRUET hRRES! oh, LALAEBIOARY
154 to 35 proeidegazeail hsafer datiusion pdi rthd dsabgiatedbambizager s
160 and 162 poonechrdit DBhE! Farriit N EE SplE0s3Pd 182 the basis from
which dialysate volume measurements are made from which
air entrapped in the liquid is detected and eliminated,
10 and from which occluded 1liquid flow conditions are
detected and diagnosed.
In a first alternative embodiment of the
pressure distribution system as may best be seen in FIGS.
- 54 and 55, a compressor 800 delivers high pressure air to
15 a line 802 which is then fed via a check valve 804 to a
- door bladder valve 806 and a volumetric measurement valve
808. The door bladder 812 is connected to the valve 806
to be pressurized therefrom and -a door bladder pressure
transducer 820 measures the pressure'Of the door bladder.
20 The high pressure air is also supplied to a selector valve
822 which feeds a flow proportional valve 824 adapted to
receive above atmospheric pressure air which is supplied
by a pump line 826 to the pump actuator PAl. Unregulated
. or raw high pressure air is supplied to a high pressure
25 manifold 830 and supplied to a pair of wvalve actuator
manifolds 832 and 834 for delivery of high pressure air to
the valve actuators VAl through VA10 in the manner of the
b previous embodiment. A vacuum pump 850 supplies below
v atmospheric pressure to selector valve 822 and a selector
230 valve 852..
’ A second flow proportional valve 853 is
connected thereto for delivery of selected pressure vacuum
over a line 854 to the pressure actuator PA2. Raw vacuum
is supplied to a line 860 which is distributed to the
35 valve assemblies 832 and 834 for delivery to the valve
: actuators when selected by one or more of the plurality of
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13 n good heat conduction relatlonshlp wth

conductlv%voa lﬂﬁokum heat er bag pan 166 upon which is - aPEF/%E%“ & one
of the dialysate bags 22, the heater di al ysate bag 22 mhlch is to
be heated to about 37[err] Cor 5 body tenperature of a human bei ng.
Alternating current power is also supplied by the alternating
current line 64 to a pair of pneumatic 29 drive power field effect

transistors 170 and 172 that
valves 832 and 834. An occluder bladder is also connected

to receive high pressure air and the system acts in a
fashion similar to that of the previous pressure regulator
system except that it relies on only two flow proportional
5 valves 824 and 852 rather than four flow proportional
~valves and hence is less expensive to manufacture.
. An exemplary portion of that type of system is
'shown in FIG. 55, using only a single flow proportional
valve with high pressure connected through a check valve
10 . 800 to a selector valve 902 and to an occluder bladder 904
and having a flow and pressure measurement system 910
connected thereto. A door bladder 920 receives high
pressure air from the compressor 800 and a pressure
actuation chamber 922 can receive either high or low
15 pressure air from the flow proportional valve 824, A
valve actuator 924 is connected to receive unregulated
high or low presSure air. The system is relatively simple
and requires only a relatively small number of parts to
achieve the pressure profiling provided by the previous
20 embodiments.
A third embodiment of a pressure distribution
system, as. may best be seen in FIG. 6, includes a
compressor Or pressure source 1000 and a vacuum source
1002 connected to respective bleed valves 1004 and 100§,
25 which are vented. A bleed valve 1008 couples pressure to
an occluder bladder 1010 and another bleed valve 1012
couples pressure to a door bladder 1014. A negative
pressure reservoir 1016 is provided, which is in
communication through the valve 106 with the wvacuum pump
30 1002 and the door bladder and the negative pressure
reservoir are in communication via a selector valve 1020
with a valve actuator 1022. ‘A selector valve 1024 couples
either vacuum or positive pressure to a flow proportional'
valve 1026 which supplies flow at a measured pressure to
35 a pump actuator 1030.




connect AC power through conpressor |eads 174 and 176 to 10 a pair of

conpr essqy, 9.}76&7 The pair of conpressors 178 is PpERURbet 4388
pneumati c’ €on rof system 16 and supplies above and bel ow

at nospheric pressure air to other portions of the pneumatic control -
system where eventual nodul ated supply to the pneumatic interface
18. 15 Val ve conmand si gn}&le fromthe digital to anal og-

card 90 are carried by the val ve signal s 92 to a '~ pressure

proportioning el ectronjcs_modul e 180& as, nay. begt 0 be ie n_in_FIGS.
29, 36 and 34.  Nor & pRFEPCHES (Rpasuring "s¥ehay %Py 12FHRILBANENd
signal s fronréderdbprt ab4lq 20s coupaedl ap czhiel PAmpr elamdbsirthr DOZO ttiee

proportional_v t Lol - | of I rive
anplifiers megéﬁ@e 1“91?)e aarnéo%gﬁ né%tfelg“lﬁlsdo%g'%érioagcoeﬁ il%ﬁéé'llet I'owTé%I égs%uegn 210.
The pluralitysofrelativedyi \sirpds i inetbatoe cuinglieefhow proporgdsinalve

| efte anplifi 242 1508t ke f I T4 2b, Lt right
anpl?f i er 19‘?35%1%% asnegat | vled')r i%ﬁt E}oéﬂEE d‘%rr%l ??ferbofélg.dprrﬁseggggi ta;f%e | ef t
anplifier 19vaguymestyokes for gogdeppsahdies PP eRambe%wi se, the

amplifiers 194, 196 Operation of the system set forth in FIG. 56 is
evidenced by the pressure graph shown in FIG. S7 wherein

the lowest most curve is an indicator of the vacuum source

10 pressure; the second lowest curve is an indicator of
chamber pressure at a right pump chamber; the uppermost

curve is an indicator of pressure from the positive supply

or compressor and the curve which is the second from the

top in the chamber is indicative of the left pump chamber.

15 A similar curve is shown for only a single pump chamber
with the upper and lower curves being for the positive and

negative pressure sources -and the middle curve being taken.

at the pump chamber as may best be seen in FIG. 58.

A still further -embodiment c¢£. the sjfstem

20 includes a pressure regulator system 1100 as may best be
seen in FIG. 59. The pressure regulator sys'tem 1100
includes a combination compressor and vacuum pump 1102

coupled to an occluder bladder 1104 and a negative
pressure reservoir 1106. A high pressure door bladder

25 1108 is coupled and parallel with the occluder bladder and
has a pressure transducer 1110 connected thereto. A
plurality of three-way selector valves 1120 are connected

to a plurality of valve actuators 1122 comprising a

portion of a pneumatic interface. A selector valve 1130

30 is coupled to a flow propbrtional valve 1132, which is in
turn coupled to a"pump actuator 1134. A flow measurement

system 1136 is connected thereto. The negative pressure
reservoir is connected via a line 1150 both to the first

set of selector valves 1120 and a second set of selector

35 valves 1152. The second set of selector valves 1152
’ - operates and delivers air or vacuum to a plurality of




and 198 drive respective power transistors 202, 204 and 206 whi ch

feed prop i fl ow valve drive signals via 30 resp |

proporti oﬁ‘gf)g @?&‘vm ve control signal lines 201, %(fél{/ﬁ%gguasgd 207
conprising a portion of a proportional valve control bus 210 for
supply to the plurality of anal og valves 212 as may best be seen
in FIG 29. Each of the anplifiers functions as a |inear
35 anplifier having a gain of about 3125 which provides a

val ve control sjgnal to open each of the respective WO 97/ 09074

PCT/ US96/ 1425¢@1ve actuators 1154. A pump actuatorq4160 is driven
through a flow proportional valve 1162 which receives
either positive or negative pressure via a selector valve
1164 from the negative pressure reservoir or from the high

5 positive pressure door bladder. This system too is able
to achieve pressure profiling with a minimum number of
components and reservoirs. A flow measuring system 1170
is connected to the pump actuator 1160 to provide a flow
measurement indication back to the computer.

10 | - Various features of the invention are set forth
in the following claims.




proporti onal f|OM/ val ves connected to it | pr edet er

n1ned

anount o 59”90 7gressureu'lul [Iul eI ect roni GeThids/ 258

ener gi zed tn posi tive FH ||ﬂ“|||ﬂ|||’ signals fromthe power supply

bus 84 as shown in FIG 35. . The digital to anal og

conversion nodule 90 in response to signals fromthe conputer 34
_ np

al so controls a plurality of tluree way valves through digital"

val ve control electronics as best been seen in FIGS. 29

t hrough 32. f ntroI bus, extending from 10 t he

digital to a gkg éver#ﬁ rd 90, feeds valve control signals

t hrough a ULN2003 driver to a plurality of “direct valve control

Li kew se,

lines 220 coupled to aqfirgt Weahbii P o d 28 d yes
the right 1A sy3§e3éf85n r ol Eb égﬁ%ee rou 3%%{N2003

driver 104 ten aspatieng CrgRE i@dngs control bus 222 connected to the
on/off valves for cogyrofl !LE Q.'dr ptﬁdp)WpTeQ'a%e‘@WCEluld pressuMelttd

of val ve actuat or

eni,ngs i neu rface 18.
cause 99 1ggto w é% aﬂgifrom a perltoneal cav1ty of a

patient,

b) a fluid conduit to and from the pump for
providing fluid to operate the liquid pump;

c) a vacuum source for communicating negative
pressure to the liquid pump;

d) a positive pressure source for communicating
positive pressure to the conduit and to the liquid pump;
and .

e) a fluid distribution system including a flow
proportional valve to control flow rate and pressure of

the fluid through the f£luid conduit from the respective

pressure and vacuum sources to operate the liquid pump to
cause liquid to be pumped into and from the peritoneal

. cavity.

2. A system for performing peritoneal dialysis
on a patient according to claim 1 wherein the fluid
distribution system comprises a selector valve for
selectively connecting the vacuum source or the positive
pressure source to the liquid pump.

3. A system for performing peritoneal dialysis
on a patient according to claim 2 wherein the liquid pump
comprises a diaphragm pump having a diaphragm and a fluid
chamber, and the £fluid distribution system further
comprises a second flow proportional control valve and a
second selector valve, each fluid chamber communicating
with one of the flow proportional valves and one of the
selector valves.

right
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As nay'best be seen in FIG 3: 32, the pneumatic 20 routing control

valve sig lie ﬂ re fed to gctly river
224 and t(%gz@g?fng ﬂm utm]ﬂlmmmm"fi bus 226 to control t ei?sguti ng
of high and | ow pressure ¢ sai*r fromthe gonpressors_and toTﬁther
portions of the pneumati c system 16. 5 e
conpressors 178 conprise a first. conpresgor . 240 operated as a

positive pressure punp and a second conpressor 242 operated as a

vacuum pu respectively c n J 1 nd 176 to
recei veIo ™ ower4yt h%r om an E)Peo I?ﬁr}iigieurbléaér?%%é% ﬁi of
the 30 c@ﬂouﬁerp%'éllenqh@mm032017'813L|1ppl1 ewhienginpr ebeur £luid

air at a prespled ighdilde %ﬁd@#“%ﬁq{eﬁq%@fﬁ& 9%!9%econg flok® 2

positive pressure line 2 or delivery to_an
mani f ol d 246 PTORAF tiQRad; \%’Iﬁ:rr cWN%y%Q@rﬁ-MP chamber. draws a -7.5
psig vacuum on a vacuum | ine 248. 35 The pressure is

delivered to a first pressyre dline 250 fo jsfribution
within the eight valvega b system for pefgormlng perltonea{ é&a{y51s

on a patient according to claim 1 further comprising a
liquid occluder for stopping liquid flow toc or from a
peritoneal cavity of the patient, said liquid occluder
being connected to said fluid distribution system and
operated thereby; and a valve in said fluid distribution
system for allowing air flow from the occluder to render
the occluder operative when the system is disabled. to
prevent liquid flow.

6. A liquid pumping system, comprisingé
a) a first liguid pump having a diaphragm;
b) a second liquid pump having a diaphragm;
c) a fluid distribution system for driving each
ligquid pump, having
(i) selector valve means,
(ii) flow propdrtional means,
(iii) conduit means between the selector
valve means and the flow
proportional means and
the first and second liquid pumps;
d) a source of positive pressure; and
e) a source of vacuum.

7. A liquid pumping system according to claim
6 further comprising a plurality of liquid wvalves in
communication with the first and second liquid pumps and
a plurality of actuator valves for  receiving positive
pPressure and vacuums from the sources of positive pressure
and vacuum for liquid valves connected to and operated by
the fluid distribution system.
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presswewzﬁ%ﬂ o mlﬂlllllﬂ J§ Meve 252,10 2, second einpn

reservoirs and the Iike. The vacuumon line 248 is - delivered to a
first manifold vacuumline 258 and also to 5 a second mani fold vacuum
line 260. The positive pressure is supplied fromthe

mani fold |ine 250 through a check valve 262 to a three-way ' val ve
264 coupled to receive S|gnals fromone of the |ines In the bus 226
shown in FIGS. 22 and ‘82, A liguid pumping system, comprising:

a pump having a diaphragm defining a liquid

chamber;' :
| a liquid input conduit for trénsporting liquid
to the liquid chamber of the pump;

a liquid output conduit for transporting ligquid
from the liquid chamber of the pump;

‘a positive pressure fluid source for supplying
fluid at a pressure greater than atmospheric pressure to
the diaphragm of the pump to drive the diaphragm;

a negative pressure fluid source for - supplying
fluid at a pressure less than atmospheric pressure to the
diaphragm of the pump to drive the diaphragm; and
' pressure regulating means operatively connected
to the positive and negative pressure fluid sources for
regulating the flows of positive pressure £luid and
negative pressure fluid to the diaphragm of the pump to
provide a pressure regulated drive of the diaphragm.

9. A liquid pumping system according to claim

8 wherein the pressure regulating means comprisés-

a first control valve between the positive
pressurt= fluid source and the diaphragm; and

a ‘second control wvalve between the negatlve
pressure fluid source and the diaphragm;

wherein each of said first and second control
valves can be opened to varying amounts to regulate'fluid
flow between the fluid sources and the diaphragm.

- : 10. A liquid pumping system accordlng to claim
9, wherein the positive pressure fluid source comprises a
first compressor connected directly to the dlaphragm
without a reservoir therebetween; and

wherein the negative pressure fluid source
comprises a second compressor connected directly to the
flﬁid_chamber without a reservoir therebetween.

This Sheet Has Been Reﬁaced




10 : The s ' positive pressure via a
hi gh pres ' 270 imwgﬁmngﬁﬁﬂrzn for hol ding
cassette %g’{ﬂo?ﬁw d dels L +l good [ nter?%gpﬁ%st/@gsn act

with the pneumatic interface 18. A pressure transducer P5 is

connected to the line 270 to 15 measure the pressure. thereon. A
vent line is also ' provi ded coggled to the other portion of the
door bl adder val ve 264. Simlarly, the positive

ressure mani fold 250 i J <val L0 an
8ch uder 20 bl addelrlVal%/el%aglé%ﬁﬁ?%gf#%nﬁﬁgggééxgzégaﬁgth
communi cat i orf vi shenedncltheéePqs dsive eprieseuzes aontrah valve amtctheer

bl adder 286. P‘E‘f:é d when | zgcl.uder
to crinp the l}qaaeaxl elﬁﬁﬁ?%f%f e?ﬁe, 'Qﬂlﬁ ﬁfﬁdegéﬁ \_/%%/ﬁés\%t 9?59%%%
di al ysate f| PPHET oAt Shexsame time tpogreswats efuidt Rlowreweandsf| ow
of dialysate from the tdEdpHF In the event of a power failure
The ten valve manifold includes a | eft positive pressure
proportional flow valve 290 coupled to the signal

' 12. A liquid pumping system according to claim

9, further comprising a pressure sensor for sensing the
pressure being supplied at the diaphragm.

13. A liquid pumping system according to claim
9, wherein a pressure regulating circuit closes the
négative pressure flow control valve when the positive
pressure flow control wvalve is opened and closes the
positive pressure flow control valve when the negative
pressure control valve is opened.

~ 14. A liquid pumping system according to claim
8, further comprising: L
a first liquid valve in the liquid input conduit
leading into the liquid chamber, and
a second liquid valve in the 1liquid output
conduit leading away from the ligquid chamber.

15. A 1iquid pumping system according to ciaim
9, wherein _ '

the first and second liquid valves each have a
valve diaphragm and a ligquid chamber, the wvalve chambers
being separated by the valve diaphragm, the aforementioned
elements operating in cooperation to control liquid flow
through each valve; and

further comprising'a.plurality.of fluid conduits
extending from the positiVe pressure fluid source and the
negative pressure fluid source to the fluid chambers of
the respective valves.
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line 201 to be controll IE”‘ I signals 30 t hereon; and a
ri ght po oporti ' E ﬂfwml 292 con he
onal "1 R s4fes WP

si gnal y valve n * S|gnals t her eon.

| ef t negatlve pressure proportlonal flow val ve 294 is connected to
t he negative mani fol d 258 and controlled by signals on the line
203. 35 A right negative pressure proportional flow valve 298 is
controlled by signals on the line 207. 36 WO 97/ 09074

PCT/ US96/ 14258 - 16

16. A liquid pumping system according to claim
15, further comprising a check valve positioned in the
conduit between the positive pressure source and the
liquid control valves to prevent positive pressure fluid
from moving back into the positive pressure fluid source.

17. A liquid pumping system according to claim

15, wherein each of the 1liquid flow control valves

comprises a raised valve seat which cooperates when

engaged by the wvalve diaphragm stops 1liquid flow

- therethrough and which when displaced from the valve seat

allows 1liquid to flow between the valve seat and the
diaphragm.

18. A liquid pumping system according to claim
15 wherein each liquid flow control valve is actuated by
.- air controlled by a three-way valve, the three-way valve -
communicating either positive pressure air or negative
‘pressure air to the fluid valve chamber in order to seat
or unseat the valve diaphragm, respectively.

19. A peritoneal dialysis system, comprising:
a pair ofndiaphragm pumps, each diaphragm pump
of the pair of diaphragm pumps having a diaphragm defining
a liquid chamber, each liquid chamber having an inlet and
an outlet;
a plurality of 1liquid conduits, each liquid
o conduit of the plurality being operatively connected to at
least one of the diaphragm pumps for providing a liquid
= input to or a liquid output from the liquid chamber of the
réspective diaphragm pump; L
.a positive pressure fluid source for supplying
fluid at a first pressure greater than ‘atmospheric
pressure to the fluid chamber of the pump;
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The | &ft posi t proportional flow

i .
valves 290, Bkl o lﬂﬂlhwlﬂll IIIIHI IHLH L pline 30010 g gy pesgsure

delivered pressure to the pneurratlc interface 18 to control the
pneumati c pressure delivered to one of the left diaphragm punp of
t he cassette 23. Li kewi se, since there are two di aphragm
punps available in the cassette, a |left kT aphragm punp anfj d. dal ri ggt
di aphragm punp, the valves 292 and _298 el ected nodul ate
pressure by a |ine 310*tB%E2FHE ?ffss‘Pre éf%%cﬁoPECSoéﬂrecF‘{RPldfm de

t hat pressurfluind tdie preecohdcpressure leker that @ riowphdatic/gnedsutde

ri ght diaphr pos bl e dial ysate cassette 23.
The use of o%gr%?g%lgi a‘“?%po??u g?}‘ Ries 15 200, 292, 294,

298, see FIG 22, pnessuee fmeumamg means fost :rielgutliamirg/sﬁ.‘mud
permts the mlﬁét’:ﬂgeﬁf tﬁée%iﬁ i so%rcedsesé.l‘r?g‘dﬁﬁgprfﬁﬁig cHsdu g AG4IUM

from vacuum punp 242 so eve pr €ssute or
vacuum nay D& rE%H%Fnt?-%‘a to the punp actuators PAl " and PA2. The

modul ation of °© °  gelector/actuator means for each liquid valve
for selecting either positive pressure-fluid or negative
pressure fluid for actuation of each liquid wvalve.

a plurality of liquid valves, each liguid valve
being associated with one or more of the liquid conduits,
whereby actuation of a selected llquld valve w:Lll permit

| liquid to flow through the llqu:.d valve;

20. An actuator system for actuating of a
plurality of liquid valves and at ‘least two liquid pumps,
~ each liquid pump having ‘a diaphragm defining a liquid
chamber, comprising:

a positive pressure fluid source;

a negative pressure fluid source;

a .pair' of wvariable pressure fluidic actuators
for each 1liquid pump,' ‘each actuator including a first
control valve between the positive pressure fluid source
and the diaphragm, and a second control valve between the
negative pressure fluid source and the diaphragm, wherein
each of said first and second control valves can be opened
to varying amounts to regulate fluid flow between the
fluid sources and the diaphragm; and

selector/actuator means for each liquid valve
for selecting either positive pressure fluid or negative
pressure fluid for actuation of the liquid valve.

21. BAn actuator system for fluidic actuation of
a plurality of liquid valves and at least two liquid
pumps, each liquid pump having a diaphragm defining a

This Sheet Has Been Replaced




20 pressure or vacuum i s desi rable e.g., for reasons of the

el yoa o parmeree e ce N UNEHL] Hﬂl'ﬂ O e one SCTEMAA

m ght occur if raw pneurratlc pressure were transmtted froma
conpressor to a punp actuator 25 wi t hout nodul ation thereof. The flow
proportional valves may be contrﬂal ed to provide any of a nunber of
predet ermi ned pneunati c pressure versus me profiles, in order to

ramp up or r qwn ne u ct uat r
vacuum resu ng |nlé%r%r @spgn m%rgr Sur & érlg’lng\/elgﬁ? %ﬁmﬁ?%’ﬁ | es

for the pressgmprmsmlge l'i quid - dial ysate bei ng purrped from punps

d P2. On approxinmately i near
P1 an e my wish r?gs%ivc?te prinird AR S ce

or ot herw se ' W pr opo’rt i onal val ves
provi de maxi rruﬁﬁ Fl!e@)?ltlé-l"lﬁ Pressurp flatidbsairesr system 10 and, 35

because they can nodul af ef1bRd r aWsPreBHLADO AN for distFOFFU Gt ed

fromthe ConPiesaoﬁetheg%ytg |g1na eso&%cggeaqnd the fluidic actuators;

' a variable pressure fluidic actuator for each
l:.quld pump, including a selector valve for selecting from
either the positive pressure fluid source or the negative
pressure fluid source and a control valve between the
selected fluid source and the fluid chamber, wherein said
control valve can be opened to varying amounts to regulate
fluid flow between the fluid source and the fluid chamber;
and

_ selector/actuator means for each liquid valve

for selecting either positive pressure fluid or negative
pressure fluid for actuation.of the liquid valve.

22. An automated peritoneal dialysis system for
supplying dialysate to a peritoneal cavity of a patient,
comprising:

a controller for generéting a valve control
signal in response to a command signal and to a pressure
feedback signal;

a pneumatic pressure distribution system for
control by the controller and having a flow adjustable
valve for supplying air to an air delivery channel in
response to the valve control signal, said pneumatic
pressure distribution sYstem. having a pressure sensor for
producin_g the pressure signal in response to the bressure
of the air supplied by the flow adjustable valve;

a pressure signal feedback channel coupling the
pressure signal to the controller; and '
| a cassette interface for recelv:Lng a dialysate
handl:mg d:.sposable cassette of a disposable 1liquid
delivery set, said cassette interface having a diaphragm
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unnecessary to nodul ate. the air pressure supplied by the pneumatic
interface 18 to liquid 5 control valves within the cassette body, raw
hi gh pressure or .vacuum are supplied respectively via the high
pressure line 254 and the vacuurdfine 252 to a left three-way val ve
assenbly 320 and a right three-way val ve _assenbly The | eft

t hree-way vERMNRP SE2FHEY §9§n&ﬁﬁﬁ4ﬂ%9tﬁbes§&ﬁ%/QﬂﬂuStab¥# yréveuforand
Vacuum t 0 Ve MRS therdErdifS W I ¥eceived air being for supply

to a diaphragm of a diaphragm pump of the disposabie
cassette for driving the diaphragm pump to pump dialysate
through other portions of the disposable liquid delivery .
set for delivery to a peritoneal cavity of a patient.

23. A dialysate delivery system, comprising:

a dialysate cassette interface for pneumatic
coupling to. a disposable dialysate-'cassette having a
plurality of pneumatically controlled dialysate valves and
a dialysate diaphragm pump, the dialysate cassette
interface having a plufality of - pneumatically driveﬁ_
cassette valve actuators for coupling with respective ones
of the pneumatically controlled cassette dialysate valves
and a diaphragm pump drive station for coupling to the
diaiYSate diaphragm of the dialysate cassette;

a controller for generating a plurality of
pneumatic valve control signals and for generating a
diaphragm pump pressure control signal responsive to a
received pressure signal;

a plurality of on-off valves responsive to the
pneumatic valve control signals to provide selected
pneumatic control forces to the pneumatically driven
cassette valve actuators of the cassette interface;

an adjustable pneumatic valve responsive to the
pressure control signal to throttle the pressure and a
pressure feeding the diaphragm pump drive station of the
cassette interface; and

a pressure transducer for producing -a pressure
signal in response .
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interface 18. It includes a heater pneumatic valve 324, a drain

pneumati c valve 326, a final dialysate pneumatic beer¥ddena25s828, a
di al ysat &v@ @094 pneunati ¢ val ve 330 and a patient pneumatic val ve
332. .+ Likewse, inright 15 mani fol d 322 are a heater pneumatic
val ve 340, a drain pneumati c val ve 342, a final dialysate pneumatic
val ve 344, a supply pneumatic Xatgf 346 and a patient dialysate
pneumati c val ve 348. The pneunati ves of the assenbl i es
320 and 322 are pneumatically connected to the 20 pneumati.c peripheral -
interface 18 via a plurality of: flexible supply tubes 349.  The
plurality of flexible : { y tubes 349 includes a heater -
supply tube 350 . épﬂgg?p o the valve 324, a drain supply tube
352 connect ed t val » a final supply tube 354 25
connected to the val 328 bag or upply tube 356
connected to the va'vé 3 panilent sup ube 358 connect ed
to the val 33 N ter Qupply tube 350 is
connected t /// % Ive-ae\ . | i\ge 352 is connected to a
val ve /// L~ o

N
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30 * actuator VA2. For the right hand portion of the cassette

'23.a heater line 360 is connected to the valve 340, a $sAlasgl | ne
. . . PCT 8
372 |S_Cdﬁ9é€@@y4to the val ve 342, a final dlalysaten%ag I?%e 374
is connected to the valve 344, a supply or dialysate bag line 376
Is connected to the valve 35 346 and_a patient |line 378 is connected
to the val ve 348. WO 97/ 09024/ 37
PCT/ US96/ 14258 18
A val ve actuator VA3 is connected to the heater line 370, a val ve
actuator VA4 is connected to the drain
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‘line 372, a valve actuator VA5 is connected to the final supply

| ine 374, a valve actuator VA6 is connected to the 5 ' a -
val ve acW@®#P0%A7 is connected to the line 378, Pg*{}%??,’g&g%t uat or
VA8 is connected to the patient's supply line 358, a valve
actuator VA9 is connected to the patient's supply line 356 and
val ve actuator VALO is conne@t/eg7to the patient's supply line
VA 0. 10 As stated previously herein, the use of flow
proportional valves 290, 292, 294, 298, as shown in FIG ' 22, for
nodul ati on of pneumatic pressure and for obtaining pressure
versus tinme profiles makes it possible to avoid the use of nultiple
pneumatic reservoirs which mght 15 ot herwi se be needed for supply of
specific pneumatic pressure levels. The elimnation of
reservoirs, in turn, permts a reduced nunber of pneumatic val ves
whi ch woul d be needed for conmunication wth such reservoirs if

used in the pressure distg{bution system A seduced nunber 20
pneumati ¢ val ves, nade posgsible bnyEﬁ I nvention, nmay/ by o] ved

in Fig. 22. \Wile the puﬁt act uat PAl - and PA2. o
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recei ve nodul ated pneumatic pressure or vacuumfromthe flow
proporti gnal es, in order to nodul ate the pr t he
fl ow of SY‘S&T’%ﬁgiyal ysat e bei ng punped by 25 punps Pgégﬁfggﬁlégd,igsit S
preferable for the valve actuators VA1-10 to receive a
pr edet er mi ned magni tude of pressure or . vacuum w t hout nodul ation
by pneunmatic flow proportional " 4/ 3 ves, in order to ensure that
the liquid valves V1-10 are either fully open or fully
cl osed, or noving 30 relatively quickly fromone position to the
ot'her. _ - Alef ndargi zed volunetric reservoir 390 is
connected via a line 392 to a va 4 ich is in B '
comuni cation with a line 30 is'controlled by the bus 226.
A pressure transducer PT3A45S connected to the line 35 392 and the
pressure transducer PJt“1s connect eg-te~ths line 302. The val ve
394 in conbi nation [

32

32
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19 bpepgducers PT1 and PT3 and the vol unetric resecvaisps/Bes
T WO 97/ _ ) _ X .
is used to neasure absol ute pressure and punpi ng characteristics
and the |ike associated with the |eft di aphragm punp of the
cassette. 5 Likemﬁse,ré§ rifht standardi zed volunetric
reservoir 400 is connected via a pneu {S37Tine 402 to recei ve high
pressure air froma valve 404 connected to t he bus 226. Pressure
transducers PTO and PT2 are respectively connected to the
pneumatic lines 312 and 402 10 ~ so that t&e val ve- 404 fromtine to tine
can connect the ‘ ri ght pressure actuatox {to the standardi zed
vol unetric reservoir and §basure pressirles before anaﬁafter such
Ly
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-

connecti on and supply the pressure transducer signals thereto. The

pressure whanasyyger PT6 is connected to the 15 i ne 28CT/USY6r142880¢e
signaling to the m croprocessor 34 as to the condition of the

- occludér bladder. . The pressure transducer P4 is connected to the
positive pressure |ine and the_p ure transducer PT5 is .connected
to the door bl adder |ine 270. gb/ I n operation a door
assenbly 450, including a door 452, which is hingedly nmounted on
t he housi.ng 32, is adapted to hold and engage a portion of the
liquid - delivery set within the door assenbly 450 in, good
pneumati ¢ engagenent with the pneumatic in may best
be seen in FIGS. 1 and 12 through 15. The door &» assenbly 450
includes a front plate 454 conprising a OYti on of |a cassette
hol der, the front plate 454 being ] ectapgul ar and
having a substantially rect anguleg It ejreceifving aperture
456 formed 30 * therein. The cassette e¢ceivingyapé¢rturg 456 is a _
portion of a cassette receiving interiorfygcess 458 which extends

FIG. 6
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into a backplate 460. The backpl ate 460 al so includes a sl ot 462

t hr ough bd¥@eRCr tion of ‘an occluder assenbly PCTRIS98/14258 _
Extending Troma front face 461 of the 35 backpl ate 458 is a latch pin
466 for | ocki ng engagenent with the door 452 in order to hold the
door 452 securely WO 97/ 09074 '
PCT/ US96/ 14258 20 . whi | e
the cassette 23 is within the door asse7rt§|3/7450. A resilient foam
spring el enent 470, having a substantially rect angul ar wi ndow 472
defined therein, sitR against the ® ¥ © '
' —— — \ '
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backpl ate 470 and has a prefornmed gasket 480 nmounted on a 5 si de
OpRosite wbewlm%ﬁh pin 466 for holding the cassette PCEOSI6N 486300
pneumati c engagenent with the pneumatic interface 18. The
preformed gasket 480 includes an . i ntegral elastomeric splash
guard nenbrane 482 for preventiggBany | eaki ng di al ysate from
entering the 10 pneumatic i nter f&de37 18 and a plurality of small

air transmtting through holes 484 are forned therein for

pneumati c communi cation with the flexible tubes coupling . the valve
actuators VA1-10 and punps Pl and P2 with other portions of the
pneumati c system and ot her ports of the 15 neumatic interface 18.

A pair of foaminserts are pasitioned behind thewgasket 480.in association
with the punp actfiat ors¥f he pneumatic interface 18
to snooth pressufb trae Ynterface 18 to the
“cassette 23. 20 ohder nodule also includes
a substyant | al \
door bl adder 272 pagition®

FIG. 8




hol di ng the door bl adder 272 is positioned on the opposite si de
of the dsg igwgﬁglger and the occluder bl adder 286 is 25 pCPESIi408£d on

t he ot he the frane 502. A novable . occl uder body 504 is
positioned on a side of the occluder bl adder 286 opposite the
frame 142 so that - the occl uder bl adder 286 is positioned

t her ebet ween. When the occl uder 9/ Bi7adder 286 is inflated an

el ongat ed occl uder bl ade 506 30 will be lifted away from ot her portions
of the franme 502. An el ongat ed Eg ho el enent 508 is provided
on the opposite side of the nov ecC der body 504 to provide

a pivot about which the entire body, 504 es under the 78 i nfl uence
of the ocel uder bl adder 286 and a p f*lé@£¥35 ,oVAGQdépquf}ngs.Slo

.coupled to a pair of sleeys 2 : nmounted in socl aj Wi th the
/f’/l/l/ f 1 n posoci 3y o

nmovabl e occl uder body 504 Vi
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21, WO 97/09074 As may best be seen in FIG 11 an alt gscAgbdoéA42ss
pneumatic Interface 18 is shown therein which is substantial ly
identictal to the pneumatic interface shown in FIG 10 with the
exception that pressure neasuring 5 vol umes VSR and VSL are attached
to the back of the pneunati c i nt@fBdce 18 and are each filled with
a heat conductive foaminsert 117. The heat conductor foam
insert provides heat transfer which snoothes pressure vari ations as
the profile pressure is.supplied along |ines 10 312 and 392 via the
fl ow proportioning valves. The hel ps to reduce pressure spikes at.
t he patient which may prove to be unconfortable.
As shown in FIG 21, the cassette body. 23 o
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includes a front side 582 and a 'back side 584. A 15 plurality

of_upstanq‘w%‘bb“s 586 support the di aphragm 614 WHEHUSTRY1456

_br-ought into”sealing engagenment with a hol |l ow col um 590 whi ch
defines a port. 591 at a raised val ve seat 592. \When the di aphragm
IS in comunication with the : Uﬁ)er ortion of the colum the fluid
in the colum wll 20 not be in comuhi £a&% on with a second port 594.

In use, the cassette 23 of the dialysate delivery set 21 is placed
in the cassette holder in such a way that the plurality of
fl exi bl e tubes past the. ' occluder. The cassette 21, as may best be
seen in FIGS. 25 19, 20 and 21, ,includes the cassette body 23 .

- term nating at five dialysatevports on a side thereof. They include
a heater bag port 600, augrcai por t 60‘2_\, a last dialysate bag port
604, a supply bag or di-;alqs§t > Supply part 606 and a patient port
608. Fornmed w thin thﬁ§et e/body30 "\ are a plurality of channels,
sonme of which are cor§e ' o th& ports. Also included therein are
a pair of punp & ' OQPZ.‘-\ The punp chambers and the

channel s - /:—~———‘\ > .




are encl osed by the pair of flexible plastic diaphragns 612 and

614. 35 97/69074 The heater bag port 600 has connect pariR9é/i4288
heat er bgg)channel FI. The drain port 602 has connected

97/ 09074 PCT/ US96/ 14258

22 to it a drain channel F2. The | ast bag port 604 has
connected to it a last bag channel F3.12 Th%7supp| y port _ 606 has

-connected to it a dialysate supply channel 504 and




the patient port 608 has connected to it a patient 5 di al ysate

channel FE5, punp chanber V1 includes an - UPPEebcRRIBs/f. er
port 62065987’@3??)V\er punp chanber port 622. The punp c arfgg?bPZ
i ncl udes an upper punp chanber port 624 and a | ower punp chanber
port 626. The upper punp chamnber gort 620 of punp chanber P1 may
be coupled to 10 t he heater bag chidhdV F1 or the drain channel F2 via
a Pl upper distribution channel F6. The upper port 624 of the
punp chanber P2 may be coupled to the heater bag channel F1 or the
drain channel F2 via %r chanmber P2 di stribution channel
F7. 15 I iml"ar fazgdion, the punp chapher Plggpower
port 622 may be5@8upl ed to t hggdpast g channel F3, theaji@ S |y
channel F4 or the patignt chanhgl F5/via a |ower Pl __ nnel
F8. The | ower port P O CHREr - P2 be)cpapl2R t o
the | ast bag channel Fg& 1 870
channel F5 via a PA1 lPANDAT | prg channel
Ten val ve statifﬁé ar e Nprdyis STTSS 470
2 . - .5.’ ;;;.- :}.. 512 .
: '.': VA 506
454-‘( : 462

452

458 486 23 488 100 VA8 VA9\;\55_

508— I _ 502
—( ~ o— — ~ 272
| N— ' N 510
460 PAT (] PA2 ~ | —_ B 470
T 512
454~ =462
4 Z
452 S 236 r~r C \,\
| 488 480 20 488 VA VA9

FIG. 16
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.the.coupling bet ween the main dial ysate channel s Fl t hrough F5

and the punp_chanber distribution channels F6 25 t hr

Speci fi ca‘fVPgP,7/°§°7\ia| ve station V1 couples the ‘heat er %gnﬁsr?e F1
to the. punp channel F6. A valve V2 coupl es the drain channel F2
to the upper Pl distribution channel F6. The valve station V3 couples the
heat er bag . channel FI to the ¥pph8/ P2 distribution channel F7. A
30 val ve station V4 couples the drain channel F2 to the upper

punp P2 distribution channel F7. A val ve V5 coupl es the
| ast bag channel F3 to the | ower punp chanber P2 channel F9. A
val ve V6 coupl es the supply channel F4 to the |ower punp chanber
P2 35 di stribution o5 V7 coupl es the patient

WD 97/ 09074 PCT/ US96/ 14258
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23 ) . channel F5 to the | ower punp chanber P2 distribution

channel E9. A val ve V8 couples the patie Tﬁyﬁg F5 to
t he WO 97PN, punp chanber Pl channel F8. A valve VQQE::oup g@g\i{sﬁe 5
supply bag channel F4 to the |ower punp chanber P1

di stribution channel F8. A valve V10 couples the | ast bag . supply
channel ~ F3 to the lower punp chanb®/ 351 di stribution
channel F8. When the val ves V1 through V10 are opened due
to 10 | ow pressure being applied through the pneumatic interface

to regions of the valves where the diaphragmis seated, t he val ves
are opened and the aforenentioned selected fl ow connections are

made. When high pressure is §\l]1ppl iqed via g © the |ocal valve

actuators VAl through 10 teotheo o o
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15 ° . 'respective val ve stations V1 through V10 of the cassette,

the val ves are held cl osed. Thus, manipul ation of the sures
at the vi¥9&"%%dators VAl through VA O by the vaIP\(/:eTéuslg?ﬁ{zﬁg
mani f ol ds 320 and 322 controls the manner in whi ch dialysate is

di stributed between the ports 600 20 t hrough 608 and the punp chanbers
P1 and P2. At the sdfpe/ BVme pressure is supplied via the
fl ow proportional valves to the punp actuators PAl and PA2 of -t he
punp chanbers to nove the di aphragm portions adj acent those
chanbers to cause punping to occur. 25 The cassette, when
delivering dialysate to and fromthe patient and to varloqg bags,
someti nes access ~dial whi ch i 9 heated

by the heaters 159 est be
seen in FIGS. 29 and 42 t I es tenpera si-gnal s
I ndi cative of the heatin ag te Nar=) ) \temp0 &

t hrough tenp5 are suppl if¢d from yire ceyple

el ectronics 702 over a nal g ratgge an
anal og to digital'@gnve [
)
g
-—-‘L__@

Fiove ws
S Ad

PATIENT B22

] Ny o
Q
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706, specifically a Keithley-Mtralyc DAS1402 anal og input 35 card.

The anal og input card 706 in turn transfers digital . t enperat ure
si-gnal s W@PTANE4 bus 36 to the conmputer 34 : O 99?%5%“258

PCT/ US96/ 14258 ' : 24 wher e

t he conputer 34 can adjust the control inputs to be recei ved by
the heater power electronics 118. 17/ 37 More specifically,
each of the circuits in FIGS. 42 through 47 is identical and

i ncludes a thernocouple 710 5 coupled to an anplifier 712 feeding an

anplified output
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sigﬁaL across a junper 714 to a second anplifier 716 and finally

to a third stage anplifier 718, which provides an jl.gnal .
Likew se,woa?gmggﬁom in FIG 43 a t her nocoupl eﬁ%@%é{é;%st S
signal. anplified by a first 10 anplifier 722, a second anplifier
724 and a third ~amplifier 726. A thernocouple 730 has its

out put si gnal anplified by amd@ifB®rs 732, 734 and 736 and
supplied to the bus 704. As shown in FIG 45 a thernocouple 7[9
has its signal anplickied by anplifiers 742, 744 and 746 and 15QMd
supplied to the =7 mhown in FIG 46, a fifth .
t her nocoupl e 0 ' [

ut s&nal anplified by anplifiers
752, 754 and 7 3 to e bus 704. A sixth therm)coge
760, as shown i u. .

i t!s,‘ oupput anplified by anplifielg,
762, 764 and 7 dito th 2

dndl, 2D, bl plie e al og bus 704. w
In a sinilar QFHET Lgu i 3
suppl i ed over t 3 Jug
706 as shown . d §

of fih ressur transducers«
I9to\\@J L\it‘_;)analogto di gi tal
the pLessure signals are
digitized and>fg p P o @
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25 34 where the conputer 34 can then nonitor the pressures of

the bl'adders, nonitor the flow rates and also control the al og
val ves orWPI9BM%Aoportional val ves 212 in order to -~ PQHPE 6(14?#
delivered pressures to be provided to the punp actuators PAl and
PA2 and hence the pressure at the dialy- 30 sate in the punp chanbers
P1 and P2 of the cassette 23. - 19737 In the fill phase of the
typi cal three phase APD cycle the cycler 14 transfers dial ysate
fromthe heater bag 22 to the patient. The heater bag 22 is
attached to t he uppernmost cassette port. The patient line is
attached 35 to the bottomobst cassette port. The fill phase involves

drawi ng di al yeate—tmt g thescasSette chanber-—Pl—-———-—-W)—Q#O-QQ-M
PCT/ US96/ 142%5@.; @i@ -
i 2 é@é@@@ ;
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15 - introduced into the top portions of the punp chanbers P1

and P2.- The heat d dialysate is always discharged through 6/ e
botton1pd¥?? 85t the punp chanbers P1 and P2 to the PCTKB%ayuéﬂt free
of air: Furthermore, during liquid transfer directly 20
wi th the patient the controller 14 can supply only | ow relative
positive and negative pressures to th ﬁp§§ actuators PAl and PA2.
Once the programmed fill volune has b transferred to the
patient the cycler 12 enters the second 25 or dwel |l phase. Duri ng
the dwel| phase the cycler 12 repl eni shes the heater bag by
transferring fresh dial ysate fromone of the source dial ysate bags
22 to it. The repl eni sh heater bag phase invol ves
drawi ng fresh dialysate into the cassette punp chanber Pl through
30 the primary liquid path F4 via the branch liquid path F8. )
Then the punp chanber Pl expels the dialysate through the primary
liquid path FI via the_pbranch liquid path F6. — To
expedlte punpi ng oper ons the controller 14 <
3| o
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preferably works the punp chanber P2 in tandemw th the 35 punp

chanber, e cycler 12 draws fresh dialysate into cassette

ptnp chy 7’09%2 t hrough the primary |iquid WO 9“%8%*??%8

PCT/ US96/ 14258 26 path F4

via the branch liquid path F9. Then the punp chanber P2 expels the

di al ysate through the primary liquid path F1 via the branch liquid
22153K0rk

path F7. The cycle s the punp chanber P1 in a 5
drawst roke whil e working the punp chanber P2 in a punp
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strbke and vi ce .versa. During this sequence fresh
di al ys%{f&ghﬁg(ﬁl vvays i ntroduced into the bottom pecihR9s14kst he punp

chanbe and P2. The fresh dialysate is always di scharged 10
through the top po_rtlons of the punp chanbers Pl and P2 to t he
heater bag. This allows entrapped air to be renoved - fromthe punp
chanbers P1 and P2. - 3/83pce liquid transfer does not occur
directly with the patient, the controller 14 is able to supply high
15 rel ative positive and negative pressures to the punp
actuators PA1 and PA2 w t hout ctly pFeetPng the patient.
When the dwel |l phase ends the cixl e er s a third or drain
phase. During the drain phagp Er 0 12 transfers spent
di al ysate f%gof‘alt e patient | drain. The drain phase invol ves
drawi ng sp t Idi gdl ysate e cassette punp chanber P1 through
the primaryw=*t | o Ii l'i quid branch F8. Then the punp
chanmber P1 fXpel s e dAal ysat the primary liquid
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25 ° . path F2 via the branch liquid p
to expedite I ng operations the
chanber %bgﬁﬁden1mnth t he
spent_dlalysate into
“primary liquid 30
punp chanber P2 expels the dja
path F2 via the branch liquid path F7db
senses pressure using transducers
the patient's peritoneal

by another fill
WD 97/ 09074

cavity

(VConfrol(O..S)k—\

94

ath F6.

| n order

ComEol g1 o KerkRPHEE .,

punp chanber
t he cassette punp chanber
path F5 via the branch liquid path F9.

I/yf,?t e through the

P2 through the

Then t he
primary liquid
The cycler 12

PT1 and PT2 to determ ne when

is enpty.

\VControlO

DACCHO J
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p/hagg and dwel | phaf'fe!_/

sly descri bed.
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27 . In some APD procedures after the |ast prescribed
fill/d yjn cycle, the cycler infuses a final fill une.

The fi \ﬁg&)bé’ﬁol% volune dwells in the patient throupﬁ/lf’%gnggﬁ. It is
drained at the outset of the next 5 .CCPD session in the evening.

Final fill volume can contain a different concentration of
dextrose than the fill vol un959f 7he successi ve CCPD
fill/dwell/drain fill cycl es tH3e cycler provides. The .chosen
dextrose concentration sustains ultrafiltration of water during the
10 day long dwell  cycle. I n thig phase the cycler

I nfuses fresh dial ysate Lo the patient fromaMast fill bag. .The
last fill bag is attached-to the third cassest e port. '
During the last dwell phase the Beater bag is 15 gﬁérrptied in solution

SUBSTITUTE SHEET (RULE 26)
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to Ehe heater bag. Fromthere, the last fill solution is

transferred to the patient to.conplete the last fill hase,

The | ast WihBI1M90hase i nvol ves drawing |iquid 20 from Pﬁg}gﬁgﬂfﬁﬁs bag

i nto punp chanber P1 through the - primary liquid path FI via the
branch path F6. Punp chanber Pl expels the liquid to the drain

t hr ough t he primary liquid pa;gjgbvia the branch liquid path F6.
To expedite drai nage of the heater ba 25 cycler 12 works the punp
chanber P2 in tandemw th the punp chanmber P1. The cycler 12 draws
liquid fromthe heater bag into the punp chanber P2 through the
primary liquid path F1 via the branch liquid path F7. Then, the
punmp chanmber P2 expels |iqui® to the drain through the 30 primary
liquid path F2 via the brang¢gj!liquid path F7. Once the
last fill solution has begn|Bpated it Is transfeffied to the
patient in a fill cycle q forth above

According to one aspect o e i nvention, every
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35 . inportant aspéct of the APD procedure is controlled by air

pressure. Air pressure noves liquid through the delivery WO
971 0907%W0 97/09074 PCT/ US96/ 14 2%BrUs96/14258

28 - set, emulating gravity flow conditions based upon either
fixed or variable head height conditions. Air pressure control s
t-he operation of the valves that direct liquid anong the nultiple
destinations and sources. Air pressgife 3% serves to seal the cassette
wi thin the actuator and provide a fail safe occlusion of the

associ ated tubing
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when conditions warrant. Air pressure is the basis from : whi ch

di al ysate_vol nmeasurenents are nmade from which ' rapped in
the |i quiwqgg%%f‘ect ed and elimnated, 10 and from %’gﬁgﬁ%%l uded
liquid flow conditions are det ected and di agnosed.

In a first alternative enbodi nent of the pressure distribution
system as may best be seen in FIGS. 54 and 55, a ‘conpressor 800
delivers high pressure air to 15 ZE%(B?ne 802 which is then fed via a
check valve 804 to a door bl adder val ve 806 and a volunetric
measur enent val ve . 808. The door bl adder 812 is connected to the
val ve 806 to be pressurized therefromand a door bl adder pressure
transducer 820 nmeasures the pressure of the door bladder. 20 The hi gh
pressure air is also suppliedNto a sel ector valve 822 which feeds
a flow proportional valve 824 |adapted to recei velugilbove at nospheric
pressure air which is supplild by a punp line2Eto the punp
actuator PAl. Unregul ateds or raw high pressureajt] is supplied to

a high pressure 25 ol d 830 and supplied to &p
act uat or

7
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mani f ol ds 832 and 834 for delivery of high pressure air to t he

val ve act 1 through VA10 in the manner of the revi ous
enbodi rrenthWA&g\?Z@uum punp 850 supplies bel ow at m?ﬁﬁé‘?ﬁgﬁ’lﬁsﬁssure
to selector valve 822 and a sel ector 30 val ve 852.

A .second flow proportional valve 853 is connected thereto

for delivery of selected pressure vac%ﬂg1 over a line 854 to the
pressure actuator PA2. Raw vacuum /375 supplied to a | ine 860 which
is distributed to the 35 val ve assenblies 832 and 834 for delivery to
the valve actua rs;gg en selected by one or nore of the plurality of

WD 97/ 09074 PCT/ US96/ 14258
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29 ’ val ves 832 and 834. An occl uder bl adder is also connected
to recei vgydbfdeoy €ssure air and the systemacts in a PCT/US564943
simlar to that of the previous pressure regul ator syst em except
that it relies on only two flow proportional 5 val ves 824 and 852
rather than four flow proportional val ves and hence is |ess
expensi ve to manufacture. - 3%/37An exenpl ary portion of that
type of systemis - shown in FIG 55, using only a single flow
proporti onal valve with high pressure connected through a check
val ve 10 900 to a selector valve 902 and to an occl uder bl adder 904
and having a flow and pressure meaSLttgerrent syst ema910 connect ed
thereto. A door bl adder 920 receive h S pressure air fromthe
conpressor 800 and a pressure uat i op L¥anber "O2A cap ,r ecei ve
either high or low 15 pressure air fro@tgq')tsl ow pr t i\al val ve
e

824. A val ve actuator 924 is c nec{ :ﬁ@ receiv nrl,ﬂbul at ed
a>a -

t 3k

26
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high ar | ow pressure air. The systemis relatively sinple and

requires el atively small nunber of parts to PGS he
pressure wo%émg?i?g provi ded by the previous 20 enbodi nment S-ﬁ)ﬁzsts
A third enbodi ment of a pressure distribution system as nmay best
be seen in FIG 6, includes a conpressor or pressure source 1000
and a vacuum source 1002 conngfgfg to respective bl eed val ves 1004
and 1006, 25 whi ch are vent ed. I Zd val ve 1008 coupl es pressure to
an occl uder bl adder 1010 and anot her bl eed val ve 1012 coupl es
pressure to a door bladder 1014. A negative pressure reservoir
1016 is provided, which is in communi cation through the valve 106
wi th the vacuum punp 30 1002 and the door bladder and the
negative pressure reservoir are in conmmunication via a sel ector
val ve 1020 with a valve actuator 1022. A selector valve 1024
coupl es ei t hgpysggguUM Or positivq,agg§SUre to a flow proportiona
val ve 1026 which supplies flow af_a neasure essure to 35 a punp
actuator 108 R B Py X R Py
™ ™ N ™ +5, 000V N N +5.100v
. . . LI . T
T~
N\ v O N v \
/ -
1 9 © KN Pressurel ADC _Cho 4
\_Pressuret ADC _€hi 4
. \ Pressure? ADC Ch2 4
\Pressurel ADC Ch3 4
\ Pressured AOC _Ch4 4
h Pressure! ADC Ch§ 4

E Pressure ADC Ché
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FiG. 53

104
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WD 97/ 09074 | PCT/ US96/ 14258
30 A pressure neasuring system 1040, incl udi§n?3 a
reser voi r'WegH8%074 ¢ coupled to the punp chanber 1030 to PCT/USIRA4E8e t he

anount of fluid displaced thereby. The system is relatively sinple
in that a single flow proportional 5 valve is able to do doubl e duty
for both pressure and vacuum étﬁg,zs for a disposabl e punp chanber.
Qperation of the systemset forth in 6is evi denced by the
pressure graph shown in FIG 57 wherein
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the | owest nost curve is an indicator of the vacuum source 10

pressure; the second |owest curve is an indicator of er
pr essOV@ 92908341 i ght punp chanber; the upper nost PEHF&%@§§§EE

i ndi cator of pressure fromthe positive supply or conpressor and
the curve which is the second fromthe top in the chanber is
I ndicative of the |eft punp chanbeg&, A simlar curve is shown for
only a single punp chamnber “td/ t he upper and | ower curves being
for the positive and negative pressure sources and the mddle curve
bei ng taken at the punp chanber as nmay best be seen in FIG 58.
A still further enbodi nent of the system 20 I ncl udes a pressure
regul at or sysyem 1100 as may best be seen in FIG 59. The
pressure regula S des—a—-Conbi-Ratian—conpr essor
and vacuum pufrpssLOp Yy occl uder bl adder 1104 and a
negative > 8 D A hi gh pressure dooy bl adder 25
1108 i s coupl ¢d\ g ) , ] has a
pressure trangduse 3 et0. uraljty of
t hree-way sel st or valgfs 1120 are connected
]
o«
g2
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D) o
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toa plurality of valve actuators 1122 conprising a portion of a

preumatic interface. A selector valve 1130 30 I s couplpegnisdsAaisgowW
propoiti NI Me 1132, which is in turn coupled to a punp
actuator 1134. A flow nmeasurenent system 1136 i s connected
thereto. The negative pressure - reservoir is connected via a line
1150 both to the first set o§ ipgsctor val ves 1120 and a second
set of selector 35 val ves 1152. 34¥hé/second set of 'sel ector val ves
1152 operates and delivers air or vacuumto a plurality of
WD 97/ 09074 PCT/ US96/ 14258
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L]

val ve ;actuators 1154. A punp actuator 1160 is driven t hrough a

fl ow prop ' val ve 1162 which receives either positive or
negati ve gf%ggg@?vi a a selector valve 1164 fromt hgcﬁ@{fgf’i"f?és
pressure reservoir or fromthe high 5 positive pressure door bl adder.
Thi.s systemtoo is able to achieve pressure profiling with a
m ni mum nunber of conponent s agg reservoirs. A flow neasuring
system 1170 is connected to th 6@% actuator 1160 to provide a
fl ow measur enent indication back to the conputer. 10
Various features of the invention are set forth in the foll ow ng
cl ai ns. '

18
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What I,s Cainmed Is: 1. A system for perform ng peritoneal
dialysis on_a tient conprising: a) aliquid pu oper at ed by

f I'ui dapr_eé’ggrs’ge%“cause liquid flowto and froma peri toneg'ﬁ'cgéﬁ%@/‘”ﬁ a
pat ent; 'b) a fluid conduit to and fromthe liquid punp for
providing fluid to operate the |iquid punp; c) a vacuum source
for comruni cati ng negative pressure t03é p%,?ondui t and to the liquid punp
to draw liquid into the liquid punp; d) a positive pressure
source for comunicating positive pressure to the conduit and to the liquid
punp to expel liquid fromthe liquid punp; and e) a fluid
distribution systemincluding a flow proportional valve to control flow
rate and pressure of the fluid through the fluid conduit fromthe
respective pressure and vacuum sources to operate the liquid punp to cause
liquid to be punped into and fromthe peritoneal cavity.
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2. - A systemfor performng peritoneal dialysis on a patient according to
claimd wherein the fluid distribution systemconprises a selector valve
fof- sel ect WONP¥Ennecting the vacuum source or the positivECHUSIEL$2S8
source-to the liquid punp. 3. A system for performng
peritoneal dialysis on a patient according to claim2 wherein the liquid-
punp conprises a di aphragm punp havi ng a_di aphragm and a fluid chanber, and
the fluid distribution systemfurther C3Wr3£es a second fl ow proportional
control valve and a second sel ector valve, the fluid chanber comunicating

with one of the flow proporﬁ;i @al valves and one of the r val ves.

4. A system for perfr{n';ﬁg er-i-t-ereal dj | a accordi ng

to claim1 wherein the i d _di StrAbrTo y4tem fu ﬁler coprSe} a second
. 1 - b )

flow proportional cont hanber .
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33 em f or perflblﬁ dialysis on a patient
accord| ng to- c’ , mmﬂ m,m npr i s ch uder for stoppi ngL -
liquid flowto neal patfioeRi 4 ow T QHY

occl uder being connected té siid f|UId d| strlbutlon NS BBt

t hereby, and a valve in said fluid distridution systs for all owi ng §
flow fromthe occluder to render the occluder operatijvd WaenAUB1998/ stleth i s
di sabled to prevent liquid flow

What Is Claimed Is:
1. A system for performing peritoneal dialysis on a patient comprising:

a) a liquid pump operated by fluid pressure to cause liquid to flow and
from a peritoneal cavity of a patent; _

b) a fluid conduit to and from the liquid pump for providing fluid to
operate the liquid pump; |

c) a vacuum source for communicating negative pressure to the conduit
and to the liquid pump to draw liquid into the liquid pump;

d) a positive pressure source for communicating positive pressure to
the conduit and to the liquid pump to expel liquid from the liquid pump; and

€ a fluid distribution system mcludmg a flow proportional valve to
control flow rate and pressure of the fluid through the fluid conduit from the
respective pressure and vacuum sources to operate the liquid pump to cause liquid

to be pumped into and from the peritoneal cavity.

2. A system for performing peritoneal dialysis on a patient according
to claim 1 wherein the fluid distribution system comprises a selector valve for
selectively connecting the vacuum source or the positive pressure source to the

liquid pump.

3. A system for performing peritoneal dialysis on a patient according
to claim 2 wherein the liquid pump comprises a diaphragm pump having a
diaphragm and a fluid chamber, and the fluid distribution system further comprises
a second flow proportional .control valve and a second selector valve, the fluid
chamber communicating with one of the flow proportional valves and one of the

selector valves.

4, A system for performing peritoneal dialysis on a patient according
to claim 1 wherein the fluid distribution system further compnses a second flow

proportional control valve and a pump chamber. REPLACEMENT SHEETS _SG
REPLACED SHEETS SG 1 D'csicr1puoli : paged ..... 10 paged.....
o Claim(s)  : paged 33 to paged 33
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6. A |liquid punping system conpri sing: a) PLM ég{‘@wu
349)

Naym|
haVI ngaaf Fﬁmmlgl""i"lut"mmﬂl/st emaf iscgp?v: Ingwegcﬁulnpq[l d punp, havisrflga};]

'(| ) * sél ettol val Ve neans, (ii) 2 2 AliG 9998
proportional neans, (rii) 33 condui t jmgans between t he
sel ector val ve neans and tthe ™ TTOW proportt opal
means and the first and second | iquid punps

d)  a source of pgsltlxesypd’eﬁ,sﬁ,&l Qﬁg)hhﬁhggkﬂ{on‘éﬂlclﬁh §i8'9nlal FHtiefl J&gﬁl}gggch

liquid source of neg at ve pre
fluid for drawonaim hﬁlrther ntnnpnsmg alliquid atcluder for stopping hqu;djﬂqxw ta.or from

f ressure requl ati ng neaps operatj.vel cied to the positive, and
hhgati v pr oschPETBREN gRd RS pelfen Shia s SOMRER bribe couecied B b guia
pressure flui ddﬁ&ﬂmﬁ@ﬂ%&éﬁ!xﬁ dhidCsperated ftﬁdﬂéﬂ} tadd 1 Qaldé fiﬂ'%&ﬁgﬂﬁlﬁfdlﬁﬁﬁﬁnon

punp to provide a pressure regulated drive of the di aphragm
wherei n the prsystem éon allpwing anqlomérm@mmqhmsto render the ecchides operative ol

valve between Lhe, s dedisUiGBRd S drbvthf g iy, 2N the

6. A liquid pumping system comprising :

a) a first liquid pump having a diaphragm;

b) a second liquid pump having a diaphragm;

©) a fluid distribution system for driving each liquid pump, having

@) selector valve means,

(ii)  flow proportional means,

(i) conduit means between the selector valve means and the
flow proportional means and the first and second liquid
pumps;

d) a source of positive pressure fluid for expelling liquid from each
liquid pump; and

€) a source of vacuum fluid for drawing liquid into each liquid pump.

7. A liquid pumping system according to claim 6 further comprising
a plurality of liquid valves in communication with the first and second liquid.
pumps and a plurality of actuator valves for receiving positive pressure fluid and
vacuum fluid from the sources of positive pressure fluid and vacuum fluid for

liquid valves connected to and operated by the fluid distribution system.

8. A liquid pumping system, comprising :

a pump having a diaphragm defining a liquid chamber;

a liquid input conduit for transporting liquid to the liquid chamber of the
pump; _

a liquid output conduit for transporting liquid from the liquid chamber of

This Sheet Has Been Re

mmn 1 tin



hra second control val ve between t ERCEN NTpSHBETI’
fI UI dds tmm menﬁlﬂiu pbhr agm wherei n each of gEPL ME
secon n be opened to varying anmountsioff requl u
fl ow between the Tluid sources and the di aphragm 2.% Aﬁéi"% q
punpi ng systemaccording to claim6 furtisgr conprising g4 |plurality—ef
liquid valves in comunication with the first and second Iiquid punps and
a plurality of actuator valves for receiving positive prlessue—tuord—and

et O

vacuum fluid the pump: _ 34

a positive pressure fluid source for supplying fluid at a pressure greater
than atmospheric pressure to the diaphragm of the pump to drive the diaphragm
to expel liquid from the liquid chamber;

a negative pressure fluid source for supplying fluid at a pressure less than
atmospheric pressure to the diaphragm of the pump to drive the diaphragm to draw
liquid into the liquid chamber; and

pressure regulating means operatively connected to the positive and negative
pressure fluid source for regulating the flows of positive pressure fluid and
negative pressure fluid to the diaphragm of the pump to provide a pressure

regulated drive of the diaphragm.

9. A 1i(iuid pumping system according to claim 8 wherein the pressure
regulating means comprises:

a first control valve between the positive pressure fluid source and the
diaphragm; and

a second control valve between the negative pressure fluid source and the
diaphragm;

wherein each of said first and second control valves can be opened to
varying amounts to regulate fluid flow between the fluid sources and the
diaphragm.

10. A liquid pumping system according to claim 9, wherein the positive
pressure fluid source comprises an first compressor connected directly to the
diaphragm without a reservoir therebetween; and

wherein the negative pressure fluid source comprises a second compressor

connected directly to the fluid chamber without a reservoir therebetween.

11. A liguid pumping system according to claim 9, wherein the positive
pressure control valve and the negative pressure control valve are each opened

varying amounts at the same time to regulate fluid flow to and from the

_—
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. . . ‘
fromthe sources of posrtr\re pressure fluid and vacuum fluid for 1iqguid

vaI ves co rated by the fluid di S”'*RE?’ERHE%%'SH T
. A ”mﬂ :ln" em conpri si ng: a o aphragm
| ers

defrnrng atiaqul a liquid input condLrt for transp¢rging
liquid to the liquid chanber of the punp;35 a I|CU|a?oﬁU§lJ998:o d it
for transporting liquid fromthe liquid chanber of tihd_punp;
positive pressure fluid source for supplying fluid gt a pressure grea er
t han at nospher jj& @&gﬁlure to the diaphragm of the pu '
di aphragm to expg 'quid fromthe liquid chanber; a negative
pressure fluid source for supplyrng fluid at a pressure | ess t han

at nospheri c pressur to thlg,q hr agm of ther% Y he di aphragmto
draw liquid into th Ilqﬁr “d‘hB SYsfgm acco mrég%i %’ & APPSR ans
operatively COE??&&&@ sefkok #6r 'tI?r(ee ﬁEﬁiﬁr@B&ﬁ# isiispliell & M Giaplirdid. Sour ce

for regul ating | ows of positTve ressure d-and negati ve

13. A liquid pumping system according to claim 9, wherein a pressure
regulating circuit closes the negative pressure flow control valve when the positive
pressure flow control valve is opened and closes the positive pressure flow control

valve when the negative pressure control valve is opened.

14. A liquid pumping system according to claim 8, further comprising:
a first liquid valve in the liquid input 'conduit leading into the liquid
chamber, and
. a second liquid valve in the liquid output conduit leading away from the
liquid chamber.

15. A liquid pumping system according to claim 14, wherein the first
and second liquid valves each have a valve diaphragm and a liquid chamber, the
valve chambers being separated by the valve diaphragm, the aforementioned
elements operating in cooperation to control liquid flow through each valve; and

further comprising a plurality of fluid conduits extending from the positive
pressure fluid source and the negative pressure fluid source to the fluid chambers

of the respective valves.

16. A liquid pumping system according to claim 15, further comprising
a check valve positioned in the conduit between the positive pressure source and
the liquid control valves to prevent positive pressure fluid from moving back into

the positive pressure fluid source.

17.  Aliquid pumping system according to claim 15, wherein each of the

liquid flow control valves comprises a raised valve seat which cooperates when
-
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pressure f|UId to the di aphragm of the punp to provide a

fluid source and fhe" di aphr agm and a second cont
t he negative pressure fluid source and thg6di aphragm

: f o : FPLALEMENT SHEET|
C(r)lm\;(ral ;)est ﬂlmlﬁﬂnlmmu ,"Lont r ol e\r/:: Cet b:t \?\;:fls'l[”h: [)ggl v ngr&@@@

en
wherei n each

of said first and second control valves can be opened t o Yets

(o] _y“; JFIH anourits U

regul ate fluid flow between the fluid sources and the di aphragm

9. A liquidg BY tﬁé/%ﬁ@d%ﬁﬂgﬁ ?‘E{’g ﬁgﬁhaﬂdﬁ ﬁ‘e‘émg%t e‘%%r ect Fy to

pressure f|UId source” conpri ses an npressor conn

t he di aphr agm displacesd frany the salveiseat alowe liquiddae flowabetween the valvetseatsind thére
negative pressa e, fluid source conprises a second conpressor connected

directly to th

chanber Wi thout a reservoir therebetween.

10. A liquid punping systemaccording to claim@8, wherein the positive

18. A liquid pumping system according to claim 15 wherein each liquid

flow control valve is actuated by air controlled by a three-way valve, the three-way

valve communicating either positive pressure air or negative pressure air to the

fluid valve chamber in order to seat or unseat the valve diaphragm, respectively.

19. A peritoneal dialysis system, comprising;

a pair of diaphragm pumps, each diaphragm pump of the pair of diaphragm

pumps having a diaphragm defining a liquid chamber, each liquid chamber having

an inlet and an outlet;

a plurality of liquid conduits, each liquid conduit of the plurality being

operatively connected to at least one of the diaphragm pumps for providing a

liquid input to or a liquid output from the liquid chamber of the respective

diaphragm pump;

a positive pressure fluid source for supplying fluid at a first pressure

greater than atmospheric pressure to the fluid chamber of the pump to drive the

diaphragm to expel liquid from the liquid chamber of the pump;

a negative pressure fluid source for supplying fluid at a second pressure

less than atmospheric pressure to the fluid chamber of the pump to drive the

diaphragm to draw liquid into the liquid chamber of the pump;

pressure regulating means for regulating fluid flow between the fluid

sources and the fluid chambers of the pumps;

a plurality of liquid valves, each liquid valve being associated with one or

more of the liquid conduits, whereby actuation of a selected liquid valve will

permit liquid to flow through the liquid valve; and

selector/actuator means for each liquid valve for selecting either positive

pressure fluid or negative pressure fluid for actuation of each liquid valve.
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pressure control valve and the negative pressure cont WE[@ e \,W

?ﬁgngﬁaphimnmlm“ﬂ‘mll"mm gghfgg% time to ri%ﬂ 'ati an d punpl ng VS

according to ¢latm®B, Turther conprising a pressure sg OQQQUGSQaéi Hg
pressure being supplied at the di aphragm 37

rom
t em
t he

20.  An actuator system for actuating of a plurality of liquid valves and
at least two liquid pumps, each liquid pump having a diaphragm defining a liquid
chamber, comprising :

a positive pfessure fluid source;

a negative pressure fluid source;

a pair of variable pressure fluidic actuators for each liquid pump, each
actuator including a first control valve between the negative pressure fluid source
and the diaphragm, wherein each of said first and second control valves can be
opened to varying amounts of regulate fluid ﬂow between the fluid sources and the
diaphragm; and

selector/actuator means for each liquid valve for selecting either positive

pressure or negative pressure fluid for actuation of the liquid valve.

21.  An actuator system for fluidic actuation of a plurality of liquid
valves and at least two liquid pumps, each liquid pump having a diaphragm
defining a driven liquid chamber and a dnvmg fluid chamber, comprising:

a positive pressure fluid source;

a negative pressure fluid source;

a fluid distribution network for distributing between the fluid sources and
the fluidic actuators;

a variable pressure fluidic actuator for each liquid pump, including a
selector valve for selecting from either the positive pressure fluid source or the
negative pressure fluid source and a control valve between the selected fluid source
and the fluid chamber, wherein said control valve can be opened to varying
amounts to regulate fluid flow between the fluid source and the fluid chamber; and

selector/actuator means for each liquid valve for selecting either positive

pressure fluid or négative pressure fluid for actuation of the liquid valve.

22.  An automated peritoneal dialysis system for supplying dialysate to
a peritoneal cavity of a patient, comprising:

a controller for generating a valve control signal in response to a command
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12. A liquid punping systemaccording to claims8,

regul at ;ﬂﬂlnuma“"fm"mﬂg the negative pressure fl omLAGﬁms E t he

positiv ntrol valve is opened and clioges the positi
pressure fl dw dontrof val ve when the negative pressurielco E!R?GWONVG [
opened. 13. A liquid punping g8tem accordirg ?o claim 8§,
further conprising: a first liquid valve in tHhe Yrogord—Trmpur——Cofhdui t

| eading into the liquid chanber, and a second |liquid valve in_the

| i qui d out put- condui ' _ he liquid chanber. 14.

A liquid pumi%\%’lﬂg%‘iéﬁﬁé@gﬁgﬁﬁ%&ﬁ%} arm 13, wherein the first and second
liquid val ves each dipixmeticgressurdi disthibetion sysennforicgutrol bhthetmntrolléreandal ve
chanbers bei ng separated by the val ve di aphragm the af orqffmentione )

el enents oper a rfloyp adivs@bleoyalye, forosupplyling Al togan als,delivery,

val ve; and onsd i R vab ¥ Ritrdl SfEndl, Rhil"Flethndti® preséutt distPiftiohlsystem

ext endi ng from the posIitive
having a pressure sensor for producing the pressure signal in response to the

pressure of the air supplied by the flow adjustable valve;

a pressure signal feedback channel coupling the pressure signal to the
controller; and

a cassette interface for receiving a dialysate handling disposable cassette of
a disposable liquid delivery set, said cassette interface having a diaphragm pump
station connected to the flow adjustable valve for receiving air therefrom, the
received air being for supply to a diaphragm of a diaphragm pump of the
disposable cassette for driving the diaphragm pump to pump dialysate through
other portions of the disposable liquid delivery set for delivery to a peritoneal

cavity of a patient.

23. A dialysate delivery system, comprising :

a dialysate cassette interface for pnéumatic coupling to a disposable
dialysate cassette having a plurality of pneumatically controlled dialysate valves
and a dialysate diaphragm pump, the dialysate cassette interface having a plurality
of pneumatically driven cassette valve actuators for coupling with respective ones
of the pneumatically controlled cassette dialysate valves and a diaphragm pump

" drive station for coupling to the dialysate diaphragm of the dialysate cassette;

a controller for generating a plurality of pneumatic valve control signals
and for generating a diaphragm pump pressure control signal responsive to a
received pressure signal;

a plurality of on-off valves responsive to the pneumatic valve control
signals to provide selected pneumatic control forces to the pneumatically driven
cassette valve actuators of the cassette interface;

an adjustable pneumatic valve responsive to the pressure control signal to

throttle a pressure feeding the diaphragm pump drive station of the cassette
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pressure-Huid source and the negative pressure fluid

chanbérs of the re val ves. 15. A lji
aceordi ng Hﬂ“ﬂ |Hﬂ'her conprising a check val
condui t be e pressure source and the

to prevent p05|t|ve pressure fluid from mgving back i

REPEA@EMEN’& SEEETY d
oo oy gt

P!
qud

pressure fluid source. 16. A liquid punping
claim 14, wherein each of the liquid flow control valb
val ve seat whi cgﬂ{:oo per.at es when

[ i
system accordl ng fo

nt
V-ES—COoNMPt rses—a Tai sed

a pressure transducer for providing a pressure signal in response to the

pressure from the diaphragm pump.
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36 v engagea_b—t“he—vaTTe_d_a—phragm stops liquid fl
val ve seat al | ows I|C|&EBLA€EMEN}TS EQ‘ n the
! ;ﬂ" I A liquiq gumprmmg=system

whitch when d|
'val ve seat a
according to

air controlled by a three-way val ve, the three-way {v{
either positive pressure air or negative pressure g r—t-o—the—ftui-dd Vvl ve

chanber in ord to t or .unseat the valve diaphr
18 . Aperitoﬁ@%ﬂtﬁéﬁ‘yg‘i I&ystem conpri si ng; |

Ox4d40-0

wmhes ei«n- each i qU| d 342 ow contjr gl I i ctugted by
Ivé%%ﬁn}

cafi

agm respectively

punps, each di aphragm punp of the pair of diaphragm punps having a

di aphragm defining a l'iquid chanber, each |iquid chanber having an inlet
and an outl et; 1. a @ systm fqrporfonnqugumrmmmxalwseaerpaumfmompmmut

f the pl | i
of the plurality bEIaj‘lg

a liquid pump operated by fluid pressure to cause liquid £low to
and from a peritoneal cavity of a patent:

b) a fluid conduit to and from the liquid pump for providing fluid to
operate the llqutd pump;

c) a vacuum source for communicating negative pressure to the conduit
and to the liquid pump to draw liquid into the liquid pump;

d) a positive pressure source for communicating positive pressure to
the conduit and to the liquid pump to expel liquid from the liquid pump; and

e) a fluid distribution system including a flow proportional valve to
control flow rate and pressure of the fluid through the fluid conduit from the
respective pressure and vacuum sources to operate the liquid pump to cause liquid

to be pumped into and from the peritoneal cavity.

2. A system for performing peritoneal dialysis on a patient according
to claim 1 wherein the fluid distribution system comprises a selector valve for

selectively connecting the vacuum source or the positive pressure source to the

liquid pump.

3. A system for performing peritoneal dialysis on a patient according
to claim 2 wherein the liquid pump comprises a diaphragm pump having a
diaphragm and a fluid chamber, and the fluid distribution system further comprises
a second flow proportional control valve and a second selector valve, the fluid

chamber communicating with one of the flow proportional valves and one of the

selector valves.

4. A .system for performing peritoneal dialysis on a patient according

to claim 1 wherein the fluid distribution system further comprises a second flow

ragm

proportional control valve and a pump chamber. REPLACEMENT SHEETS SG
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ope’f atively connected to at‘reast one of the diaphragm BEMCEMEMr%{' 41‘"19

.aliquiQinpu utput fromthe liquid chanber of the

‘respective di gm Iﬂ" uﬂ a positive pressurelfljuiglgFRE 9899 o
supplying fluia at attiss ssure greater than atnosghgric pressure {o
the fluid chanber of the purrp to drive 3he di aphragmt Xpetr—tTqurd Trom
the liquid chanber of the punp; a negative presqure fluid squrce for
supplying fluid at a second pressure |ess than atnospheric pressure to the

}‘: gLiddCEﬁgbng{a rm; t g purmsysnerdlfdmperfbl['rmngipapﬂoneajldidysismmvpaﬁem'adcdrdngtQ hte
fluid flow bet%@n* e Bimgriog, 2, B BG4 GdRs FPElo B ﬂ%’@?@é’oﬁ"hﬁ&%ﬂé p:
P g A Y o
val ve will perdistibytiogsystemand opgratst hershy.&nd 32 ! ai&‘wﬁ&’;ﬁ go s/t -
sel ect or/ act uappaligwiag air flow feem lthe ioqclz{débr\talrmdelr %Jel een\:l?de:r/%pgr%gw whengbei tive

5;|e\s/2ure flui dsy%{em R abled 1B preve erﬁ“qufiJ fidw! for actuation of each Iiquid

6. A liquid pumping system comprising :
a) a first liquid pump having a diaphragm;
b) a second liquid pump having a diaphragm;

c) a fluid distribution system for driving each liquid pump, having
® selector valve means,
(i) flow proportional means,
(iii) conduit means between the selector valve means and

the flow proportional means and the first aﬁ_d second

_ liquid pumps;
d) a source of positive pressure fluid for expelling liquid from each liquid
pump;
e) a source of negative pressure fluid for drawing liquid into each liquid
pump; and
f) pressure regulating means operatively connected to the positive and

negative pressure fluid source for regulating the flows of positive
pressure fluid and negative pressure fluid to the diaphragm of each
pump to provide a pressure regulated drive of the diaphragm;
wherein the pressure regulating means comprises:
a first control valve between the positive pressure fluid source and the
diaphragm; and
a second control valve between the negative pressure fluid source and the
diaphragm; |
wherein each of said first and second control valves can be opened to varying
amounts of regulate fluid flow between the fluid sources and the diaphragm.

7. A liquid pumping system according to claim 6 further comprising a
plurality of liquid valves in communication with the first and second liquid pumps and
a plurality of actuator valves for receiving positive pressure fluid and vacuum fluid



37|, An actuator system for actuati A@EMENrYaShEE{T f liquid
val ves and at punps, each |i qui ng a i pphragm
‘defining a |i clmmmmuﬂu'"mmmp“ si ng: a | ui d
sour ce; *a fleghtiVe pressure fluid source; ari abl e
pressure fluidic actuators for each |id¥# d punp, ledch actuater—rncliudi ng a

first control valve between the positive pressur f|UId source and]t he
di aphragm and a second control val ve between the essure fluid
source from the sources of positive pressure fluid and vacuum fluid for liquid valves

connected to and operated by the fluid distribution system.

8. A liquid pumping system, comprising :

a pump having a diaphragm defining a liquid chamber;

a liquid input conduit for transporting liquid to the liquid chamber of the pump;

a liquid output conduit for transpoﬁing liquid from the liquid chamber of the
pump; _

a positive pressure fluid source for supplying fluid at a pressure greater than
atmospheric pressure to the diaphragm of the pump to drive the diaphragm to expel
liquid from the liquid chamber;

a negative pressure fluid source for supplying fluid at a pressure less than
atmospheric pressure to the diaphragm of the pump to drive the diaphragm to draw
liquid into the liquid chamber; and

pressure regulating means operatively connected to the positive and negative
pressure fluid source for regulating the flows of positive pressure fluid and negative
pressure fluid to the diaphragm of the pump to provide a pressure regulated drive of
the diaphragm;

wherein the pressure regulating means comprises:

a first control valve between the positive pressure fluid source and the
diaphragm; and

a second control valve between the negative pressure fluid source and the
diaphragm;

wherein each of said first and second control valves can be opened to varying
amounts of regulate fluid flow between the fluid sources and the diaphragm.

9. A liquid pumping system according to claim 8, wherein the positive
pressure fluid source comprises an first compressor connected directly to the
diaphragm without a reservoir therebetween; and

wherein the negative pressure fluid source comprises a second compressor
connected directly to the fluid chamber without a reservoir therebetween.

10. A liquid pumping system according to claim 8, wherein the positive
pressure control valve and the negative pressure control valve are each opened
varying amounts at the same time to regulate fluid flow to and from the diaphragm.
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regulating circuit closes the negative pressure flow control valve when the positive
pressure flow control valve is opened and closes the positive pressure flow control

valve when the negative pressure control valve is opened.

i3. A liquid pumping system according to claim 8, further comprising:

a first liquid valve in the liquid input conduit leading into the liquid
chamber, and

a second liquid valve in the liquid output conduit leading away from the

liquid chamber.

14. A liquid pumping system according to claim 13, wherein the first
and second liquid valves each have a valve diaphraigm and a liquid chamber, the
valve chambers being separated by the valve diaphragm, the aforementioned
elements operating in cooperation to control liquid flow through each valve; and

further comprising a plurality of fluid conduits extending from the positive
pressure fluid source and the negative pressure fluid source to the fluid chambers

of the respective valves.

15. A liquid pumping system according to claim 14, further comprising
a check valve positioned in the conduit between the positive pressure source and
the liquid control valves to prevent positive pressure fluid from moving back into

the positive pressure fluid source.

16. A liquid pumping system according to claim 14, wherein each of the

liquid flow control valves comprises a raised valve seat which cooperates when
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engaged by the valve diaphragm stops liquid flow therethrough and which when
displaced from the valve seat allows liquid to fiow between the valve seat and the

diaphragm.

17.  Aliquid pumping system according to claim 14 wherein each liquid
flow control valve is actuated by air controlled by a three-way valve, the three-way
~ valve communicating either positive pressure air or negative pressure air to the

fluid valve chamber in order to seat or unseat the valve diaphragm, respectively.

18 . A peritoneal dialysis system, comprising;

a pair of diaphragm pumps, each diaphragm pump of the pair of diaphragm
pumps having a diaphragm defining a liquid chamber, each liquid chamber having
an inlet and an outlet;

a plurality of liquid conduits, each liquid conduit of the plurality being
operatively connected to at least one of the diaphragm pumps for providing a
liquid input to or a liquid output from the liquid chamber of the respective
diaphragm pump; |

a positive pressure fluid source for supplying fluid at a first pressure
greater fhan atmospheric pressure to the fluid chamber of the pump to drive the
diaphragm to expel liquid from the liquid chamber of the pump;

a negative pressure fluid source for supplying fluid at a second pressure
less than atmospheric pressure to the fluid chamber of the pump to drive the
diaphragm to draw 'liquid into the liquid chamber of the pump;

pressure regulating means for regulating fluid flow between the fluid
sources and the fluid chambers of the pumps;

a plurality of liquid valves, each liquid valve being associated with one or
more of the liquid conduits, whereby actuation of a selected liquid valve will
permit liquid to flow through the liquid valve; and

selector/actuator means for each liquid valve for selecting either positive

pressure fluid or negative pressure fluid for actuation of each liquid valve.
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pressure signal feedback channel coupling the pressure sigmat—to—the
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adj ulst abl e vgloherrber compﬁismg ng air therefrom the received air being for
supply to a diaphragm of a of the di sposable cassette for
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" actuator including a first control valve between the negatuve pressure ﬂmd source and
the diaphragm and a second control valve between the negative pressure fluid source
and the diaphragm, wherein each of said first and second control valves can be
opened to varying amount of regulate fluid flow between the fluid sources and the
diaphragm; and
selector/actuator means for each liquid valve for selecting either positive
pressure or negative pressure fiuid for actuation of the liquid valve.

20. An actuator system for fluidic actuation of a plurality of liquid valves
and at least two liquid pumps, each liquid pump having a diaphragm defining a driven
liquid chamber and a driving fluid chamber, comprising :

a positive pressure fluid source;

a negative pressure fluid source;

a fluid distribution network for distributing between the fluid sources and the
fluidic actuators; ' '

a variable pressure fluidic actuator for each liquid pump, including a selector
valve for selecting from either the positive pressure fluid source or thé negative
pressure fluid source and a control valve between the selected fluid source and the
fluid chamber, wherein said control valve can be opened to varying amounts to
regulate fluid flow between the fluid source and the fluid chamber; and

selector/actuator means for each liquid valve for selecting either positive
pressure fluid or negative pressure fluid for actuation of the liquid valve.

21. - An automated peritoneal dialysis system for supplying dialysate to a
peritoneal cavity of a patient, comprising:
a controller for generating a valve control signal in response to a command

This Sheet Has Been Replaced

RN




B e, maa e gian

di al ysat e -casset havipa a plurality of pneumatically ﬁhPLALLWu\qi SHEET} €
valves and a di z”ljlwiiﬂ EE punp, the dialysate ca$sé '

having a plural i*t |1y driven cassette val ye am?ﬂs f or
coupling with respective ones of the pneugmtically contfo]l . 8%
di al ysate val ves and a di aphragm punp drive station {or{ cesp-Rg-ta_ihd
di al ysate di aphragm of the dial ysate cassette; controller for-
generating a plurality of pneunatic valve control signal's and—for -
generating a dsignaad e purrpssprectesdbacksignakiol signal responsive to a
received pressure sjanal.. .. | Lt < lye to
t he pneunatic val ve? g&%&%fc %rfasr%f‘gﬁ::gglﬁjp g\#%fg&‘sfépgc{l%(g n@g}l?th F@H‘g{g%@r/ol
forces to the pigwmatfier! ddjustibly ealveafes supplyingl aie tacinusit aelivaly climnehgsette
i nterface; an adjustabl e pneumati ¢ _val ve responsive {o the pressure
control si gnal responsptothd valve gprizel signal ot RRCUMALICRIEIHIG GiFThionfysiem

station of t hehfv%%f & f)t%ssure sensor for producing the pressure signal in response to the

pressure of the air supplied by the flow adjustable valve;

a pressure signal feedback channel coupling the pressure signal to the

- controller; and . _

a cassette interface for receiving a dialysate handling disposable cassette of
a disposable liquid delivery set, said cassette interface having a diaphragm pump
station connected to the flow adjustable valve for receiving air therefrom, the
received air being for supply to a diaphragm of a diaphragm pump of the
disposable cassette for driving the diaphragm pump to pump dialysate through
other portions of the disposable liquid delivery set for delivery to a peritoneal

cavity of a patient.

22. A dialysate delivery system, comprising :

a dialysate éassette interface for pneumatic coupling to a disposable
dialysate cassette having a plurality of pneumatically controlled dialysate valves
and a dialysate diaphragm pump, the dialysate cassette interface having a plurality
of pneumatically driven cassette valve actuators for coupling with respective ones
of the pneumatically controlled cassette dialysate valves and a diaphragm pump

" drive station for coupling to the dialysate diaphragm of the dialysate cassette;

a controller for generating a plurality of pneumatic valve control signals
and for generating a diaphragm pump pressure control signal responsive t0 a
received pressure signal; '

a plurality of on-off valves responsive to the pneumatic valve control
signals to provide selected pneumatic control forces to the pneumatically driven
cassette valve actuators of the cassette interface;

an adjustable pneumatic valve responsive to the pressure control signal to

throttle a pressure feeding the diaphragm pump drive station of the cassette
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19.  An actuator system for actuating of a plurality of liquid valves and at
least two liquid pumps, each liquid pump having a diaphragm defining a liquid
chamber, comprising :

a positive pressure fluid source;

a negative pressure fluid source;

a pair of variable pressure fluidic actuators for each liquid pump, each

" actuator including a first control valve between the pesitive pressure fluid source and

the diaphragm and a second control valve between the negative pressure fluid source
and the diaphragm, wherein each of said first and second control valves can be

opened to varying amount of regulate fluid flow between the fluid sources and the

diaphragm; and
selector/actuator means for each liquid valve for selecting either positive
pressure or negative pressure fluid for actuation of the liquid valve.

20. /.\ﬁ\‘ actuator system for fluidic actuation of a plurality of liquid valves
and at least two liquid pumps, each liquid pump having a diaphragm defining a driven
liquid chamber and a driving fluid chamber, comprising :

a positive pressure fluid source;

a negative pressure fluid source;

a fluid distribution network for distributing between the fluid sources and the
fluidic actuators; _

a variable pressure fluidic actuator for each liquid pump, including a selector
valve for selecting from either the positive pressure fluid source or the negative
pressure fluid source and a control valve between the selected fluid source and the
fluid chamber, wherein said control valve can be opened to varying amounts to
regulate fiuid flow between the fluid source and the fluid chamber; and

selectorfactuator rheans for each liquid valve for selecting either positive
pressure fluid or negative pressure fluid for actuation of the liquid valve.

21. An automated peritoneal dialysis system for supplying dialysate to a
peritoneal cavity of a patient, comprising:

a controller for generating a valve control signal.in response to a command
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(57) Abstract

. A variable pressure drive peritoneal dialysis system (10) has a pneumatic pressure system (16) for purging and controlling a flow of
dialysate through a disposable dialysate cassette (23) of a disposable dialysate delivery set (21). The pneumatic pressure system (16) has
a_vanable-opening flow proportional valve for supplying air at selected profiled pressure or vacuum to a pneumatic interface (18). The
disposable dialysate cassette (23) has a diaphragm pump (P1, P2) actuable by the profiled air pressure or vacuum to move dialysate to and
from a patient (28) via the disposable dialysate delivery set (21) at a desired profiled dialysate pressure. ,




