(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(10) International Publication Number

WO 2005/042065 A2

(43) International Publication Date

12 May 2005 (12.05.2005)

(51) International Patent Classification’: AG6IM 1/28 (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
(21) International Application Number: AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
PCT/US2004/035644 CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
(22) International Filing Date: 27 October 2004 (27.10.2004) KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
(25) Filing Language: English PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,

(26) Publication Language: English ZW.
(30) Priority Data: (84) Designated States (unless otherwise indicated, for every

60/515,815 28 October 2003 (28.10.2003)  US kind of regional protection available): ARIPO (BW, GH,

. ) GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
(71) Applicants (for all designated States except US): BAX- ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
TER INTERNATIONAL INC. [US/US]; One Baxter European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

Parkway, DF2-2W, Deerfield, Illinois 60015 (US). BAX- FR. GB. GR. HU. IE. IT. LU. MC. NL.. PL.. PT. RO. SE. SI

TER HEALTHCARE S.A. [CH/CH]; Hertistrasse 2, SK. TR), OAPI (BE, BI, CF, CG, CL. CM, GA, GN, GQ
Wallisellen, Kanton, CH-8304 Zurich (CH). GW, ML, MR, NE, SN, TD, TG),

(72) Inventor; and )

(75) Inventor/Applicant (for US only): CHILDERS, Robert FPublished:
W. [US/US]; 8816 Bell Meadow Way, Trinity, Florida without international search report and to be republished
34655 (US). upon receipt of that report

(74) Agents: REAGEN, Joseph P. et al.; Baxter Healthcare  For two-letter codes and other abbreviations, refer to the "Guid-
Corporation, One Baxter Parkway, DF3-2E, Deerfield, Illi-  ance Notes on Codes and Abbreviations" appearing at the begin-
nois 60015 (US). ning of each regular issue of the PCT Gagzette.

(54) Title: IMPROVED PRIMING, INTEGRITY AND HEAD HEIGHT METHODS AND APPARATUSES FOR MEDICAL
FLUID SYSTEMS

. (Positive
(Positive Pressure Tested) 108

V10 Pressure
\\R ( (A

Heater (54)
Drain (56)
Dextrose (58)
Day/First (60)
Lactate (62)
Last (64)
Patient (66)

Vo~

goog

<
X onnnonn
>

(Positive 108
F8 Pressure V1 108
Tested) V3 " (Positive Pressure Tested)

Step 6. Double hatched areas and ports 108 so marked and darkened are pressurized and checked for leaks.

5/042065 A2 | IV Y0 O O 00O

& (57) Abstract: Improved integrity test, priming sequence and bag height detection tests, apparatuses and methods for a medical fluid

& delivery system are provided. The integrity test includes a plurality of air pressure decay tests, using positive and negative pressure.
The priming sequence includes pumping fluid through a portion of a patient line to be primed to overcome air in the line and other

O potential obstacles. The head height test measures a pressure build-up or drop-off within a pump chamber of a membrane pump.
The measured pressure corresponds to a head height between a fluid supply and the pump or between the pump and a fluid drain. A
determination is made whether the corresponding head height is acceptable.



WO 2005/042065 PCT/US2004/035644

10

15

20

25

30

SPECIFICATION

TITLE OF THE INVENTION

“IMPROVED PRIMING, INTEGRITY AND HEAD HEIGHT METHODS AND
APPARATUSES FOR MEDICAL FLUID SYSTEMS?”

PRIORITY CLATM

This application claims the benefit of U.S. Provisional Patent Application No.
60/515,815, filed October 28, 2003, entitled “Improved Priming, Integrity and Head
Height Methods and Apparatuses for Medical Fluid Systems”, the entire contents of

which are hereby incorporated by reference and relied upon.

BACKGROUND OF THE INVENTION

The present invention relates generally to medical fluid systems and more
particularly to the testing and priming of such systems.

It is known in peritoneal dialysis systems to perform integrity tests that attempt
to verify that the numerous fluid valves in a disposable cassette do not leak, that leaks
do not occur between multiple pump chambers in the cassette, that leaks do not occur
across fluid pathways, and that an isolation occluder, which is intended to stop liquid
flow in fluid lines connected to the cassette in the event of a system malfunction, is
performing that procedure properly. In one known wet leak test described in U.S.
5,350,357, a disposable cassette is loaded into a peritoneal dialysis cycler and the
solution bags are connected. The test consists of the following steps:

6)) a negative pressure decay test of the fluid valve diaphragms is
performed;

(i)  a positive pressure decay test of the fluid valve diaphragms is
performed;

(i)  a positive pressure decay test is performed on the first pump chamber,

while a negative pressure decay test is performed on the second pump chamber;
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(iv)  anegative pressure decay test is performed on the first pump chamber,
while a positive pressure decay test is performed on the second pump chamber; after
which

(v)  both pump chambers are filled with a measured volume of fluid, all
fluid valves are opéned and the occluder is closed, positive pressure is applied to both
pump chambers for a period of time, after which the volume of fluid in each pump
chamber is measured again to determine if any fluid has leaked across the occluder.

| As indicated, the above testing procedure is performed after solution bags are
connected to the peritoneal dialysis system. If integrity of the cassette or tubing is
faulty, the sterility of the solution bags becomes compromised. In such a case, both
the disposable cassette and solution bags have to be discarded. Additionally, it is
possible that liquid from the solution bags can be sucked into the machine’s pneumatic
system, causing the pneumatic system of the machine to malfunction.

Wet tests are also susceptible to false triggers. In particular, cold solution used
in the test causes many false disposable integrity test alarms each year because the
tests fail when an occluder, which is supposed to clamp off all fluid lines, does not
properly crimp or seal the tubing lines. When the solution is cold, it cools the set
tubing to a lower temperature than the tubing would be if placed only in room air.
Colder tubing is harder to occlude, allowing fluid in some cases to leak past the
occluder and cause the test to fail. Once a dialysis therapy starts, the fluid passing
through the tubing is warmed to about 37°C, enabling the occluder to perform
satisfactorily.

It is therefore desirable to have an integrity test that is performed before the
solution bags are attached to the therapy machine and to eliminate the use of cold
solution to prevent false triggers.

A “dry” test is described briefly in U.S. Patent No. 6,302,653. The description
is based in part upon the “dry test” implemented in the Baxter HomeChoice® cycler in
December of 1998. The actual test implemented in the HomeChoice® cycler consists
of four steps, the first of which occurs before the solution bags are connected. The
next three steps require the solution bags to be connected but do not require fluid to be
pulled from the bags into the machine. Figs. 1 to 4 illustrate the areas of a fluid
cassette tested by the individual steps of the known “dry” test. While the above “dry”

2
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test eliminates the problem of fluid potentially leaking into the pneumatics of the
machine, the test does not prevent the sterility of the bags from being compromised
potentially upon a leak and thus from being discarded if the integrity of the disposable
cassette is compromised.

Moreover, dry testing with air is believed to be more sensitive than the wet test,
which uses dialysis fluid. It is therefore also desirable to have an integrity test that
uses air for sensitivity reasons as well as for the reasons stated above.

While integrity testing poses one problem to manufacturers of medical fluid
machines, another common problem is the priming of the fluid system within those
machines. In many instances, air must be purged from one or more tubes for safety
purposes. For example, in the realm of dialysis, it is imperative to purge air from the
system, so that the patient’s peritoneum or veins and arteries receive dialysis fluid that
is free of air. Consequently, automated dialysis machines have been provided
heretofore with priming systems. In peritoneal dialysis, the object of priming is to
push fluid to the very end of the line, where the patient connector that connects to the
patient’s transfer set is located, while not priming fluid past the connector, allowing
fluid to spill out of the system.

Typically, dialysis machines have used gravity to prime. Known gravity
primed systems have a number of drawbacks. First, some priming systems are
designed for specifically sized bags. If other sized bags are used, the priming system
does not work properly. Second, it happens in many systems that at the beginning of
priming, a mixture of air and fluid can be present in the patient line near its proximal
end close to a disposable cartridge or cassette. Fluid sometimes collects in the cassette
due to the installation and/or integrity testing of same. Such fluid collection can cause
air gaps between that fluid and the incoming priming solution. The air gaps can
impede and sometimes prevent gravity priming. Indeed, many procedural guides
include a step of tapping a portion of the patient line when the line does not appear to
be priming properly. That tapping is meant to dislodge any air bubbles that are
trapped in the fluid line.

A third problem that occurs relatively often in priming is that the patient
forgets to remove the clamp on the patient line prior to priming that line. That

clamped line will not allow the line to prime properly. An alarm is needed to inform
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the patient specifically that the patient needs to remove the clamp from the patient line
before proceeding with the remainder of therapy. Fourth, if vented tip protectors are
provided at the end of the patient line, the vented tip protectors may not vent properly
and impede priming. An alarm is again needed to inform the patient that the line has
not primed properly. Fifth, cost is always a factor. Besides providing a priming
apparatus and method that overcomes the above problems, it is also desirable to use
existing components to perform the priming, if possible, to avoid having to add
additional components and additional costs.

Another concern for medical fluid systems and in particular automated
peritoneal dialysis (“APD”) systems is ensuring that solution bags are placed at a
height relative to the machine that is suitable for the machine to operate within
designated parameters. The height of solution bags, such as dialysate bags, lactate
bags and/or dextrose bags, needs to be monitored to ensure that the proper amount of
fluid will be pumped to the patient during therapy and that the correct amount and
proportion of additives are infused. Two patents discussing bag position determination
are U.S. Pat. Nos. 6,497,676 and 6,503,062.

SUMMARY OF THE INVENTION

The present invention in one primary embodiment performs an integrity test on
both the cassette sheeting and the molded cassette features of a disposable cassette.
The methodology of the invention is applicable to many cassette based pumping and
liquid distribution systems and is particularly suited for dialysis treatment, such as
automated peritoneal dialysis. The steps of the integrity test are performed almost
exclusively before solution bags, such as peritoneal dialysis solution bags, are
connected to a dialysis therapy machine, such as a peritoneal dialysis machine. Such a
test is advantageous because if an integrity problem arises, the patient only has to
discard the disposable cassette and associated tubing, not the solution. Also, because
fluid is not connected to the machine to perform the test, there is no opportunity for
fluid, due to a leak, to be sucked into the machine’s pneumatics, potentially causing
malfunction.

The dry testing of the present invention is performed with all fluid lines capped
except for the drain line, which is covered with a tip protector and/or membrane that

allows air but not liquid to escape. Because the lines remain capped, they are not
4
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connected to the solution bags. Consequently, no solution bags become contaminated
if the cassette has a leak.

The testing steps are able to be performed with capped lines for a number of
reasons. In some steps, the tip protectors, or caps, connected to all lines except the
drain line are left in place because the cassette sheeting and fluid pathways are tested
with valves in the open position rather than the closed position. When the valves are
open, all of the fluid channels in the cassette are in direct communication with both
pump chambers and the drain line, which has a bacteria retentive tip protector that
allows air to pass through it. Air from a failed test can therefore pass through the drain
line from cassette, changing the pressure in the system so that a leak can be detected.

In other test steps, the tip protectors can be left in place because one part of the
system is pressurized, while the other is evacuated. Air leaking from the positively
pressurized part of the cassette leaks to the evacuated part and is readily detectable as
is air escaping from or leaking into the cassette. Further, because air flows more
readily than does water or solution through a leak, the air test is more expedient and
sensitive than a fluid based test, increasing accuracy and repeatability and decreasing
test time.

The present invention in another primary embodiment provides an apparatus
and method for priming a medical fluid delivery system. The priming method and
apparatus is described herein for an automated peritoneal dialysis machine, however,
the test is applicable to any fluid delivery system, which requires the purging of air for
safety or operational reasons. The method and apparatus operates with a system
having a fluid container or fluid bag, at least one fluid pump and at least one tubing
line, such as a patient line extending from that fluid pump. In a first step of the
priming method, valves surrounding the fluid pump are configured so that fluid flows
via gravity or via the pump into the pump chamber and fills such pump chamber but
does not exit the chamber. In a second step, the valves are switched so that the fluid in
the supply bag is no longer able to fill the pump chambers, and so that the pump
chambers can be pressurized and thereby pump the fluid from the pump chambers
downstream and partially into the patient line. The ﬁachne processor is configured to
expect a pressure drop in the pump chamber when the pump chamber expels fluid

therefrom. If such pressure drop is not seen, the patient has likely forgotten to remove
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the clamp in the patient line and an error message is generated. In a final step, the
valves surrounding the pump are opened so that fluid from the container or bag can
continue to flow through and prime the patient line until fluid reaches the end of the
patient line, which is positioned at the same elevational height as the top of the fluid in
the fluid container.

As indicated above, if the patient line is inadvertently clamped during priming,
the pressure in the pump chamber during the pushing step would not fall to an
expected level, prompting a suitable alarm. Further, the initial pushing of fluid
through the proximal part of the patient line, nearer to the cassette, in many instances
will overcome the resistance to fluid flow caused by air trapped in that portion of the
line, and allow priming to thereafter take place in a proper manner.

Another primary aspect of the present invention is an apparatus and method for
determining the vertical position or head height of one or more solution bags as well as
a drain bag. The method and apparatus use atmospheric pressure to establish a zero
position relative to the therapy machine, such as an APD machine. The bag height
determination can determine whether a solution bag is in the proper position to achieve
a desired pumped flowrate, whether the solution bag is properly located on a heater
plate, whether the relative position between two or more bags is proper, whether the
drain bag is located in a proper position or whether one or more of the bags is empty,
etc.

It is therefore an advantage of the present invention to provide an integrity test
that consumes less time than previous practices.

It is another advantage of the present invention to provide an integrity test that
is more effective at detecting leaks than previous practices.

It is a further advantage of the present invention to provide an integrity test that
is more convenient for the patient if a leak is detected.

It is another advantage of the present invention to provide an integrity test that
minimizes the supplies that must be discarded if a leak is detected.

It is yet another advantage of the present invention to provide an integrity test
that is immune to failure of other machine components, such as a flow line occluder.

It is still another advantage of the present invention to provide an integrity test

that does not require warm solution.
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It is still a further advantage of the present invention to provide an integrity test
from which it is possible for a user to distinguish between a failure of the disposable
set and a leak in the pneumatic system of the machine or cycler.

Moreovef, it is an advantage of the present invention to eliminate false
triggering due to cold solution used in integrity testing.

Still further, it is an advantage of the present invention to provide a priming
method and apparatus that operates to automatically dislodge air pockets located
initially in the priming line, which Woulc{ otherwise tend to slow or completely stop
priming.

Yet another advantage of the present invention is to provide a priming method
and apparatus that detects when the patient or operator has inadvertently left a clamp
on the priming line, so that the therapy machine can generate a suitable alarm.

Further still, an advantage of the present invention is to be able to determine
the elevational location and head height of one or more solution and drain bags.

Additional features and advantages of the present invention are described in,

and will be apparent from, the following Detailed Description of the Invention and the

figures.

BRIEF DESCRIPTION OF THE FIGURES

Figs. 1 to 4 are opposite views of a cassette showing different areas of the
cassette that are integrity tested during a known integrity test.

Fig. 5 is a plan view of one embodiment of a disposable set operable with the
integrity test of the present invention.

Fig. 6 is a perspective view of one embodiment of a machine that can accept
the cassette of the disposable set shown in Fig. 5.

Fig. 7 is a perspective view of the cassette of the disposable set shown in Fig.
5, wherein flexible membranes of the cassette are exploded to show various inner
components of the cassette.

Fig. 8 is a portion of a cross section taken along line VIII-VIII in Fig. 7.

Fig. 9 is a schematic view of one embodiment of a pneumatic operating system
for the machine and cassette shown in Fig. 6.

Figs. 10 to 15 are elevation views of opposite sides of the cassette shown in

Fig. 5 illustrating the different components or areas of the cassette that are integrity
7
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tested in the various steps of one embodiment of the integrity test of the present
invention.

Fig. 16 is a schematic illustration of an alternative medical fluid machine that
employs mechanical positive pressure actuation versus pneumatic pressure.

Figs. 17 to 22 are schematic views illustrating one apparatus and method of the
present invention for priming a medical fluid system.

Figs. 23 and 24 are schematic views illustrating a method and apparatus of the

present invention that evaluates solution and drain bag head heights.

DETAILED DESCRIPTION OF THE INVENTION

One primary aspect of the present invention is an improved leak detection
system for any type of cassette-based medical fluid therapy that exerts mechanical or
pneumatic positive or negative pressure on a disposable fluid cassette. Another
primary aspect of the present invention is an improved priming technique for a medical
fluid therapy machine, such as an automated peritoneal dialysis (“APD”) system.
While APD is one preferred use for the present invention, any cassette-based medical
fluid system or system using a sterile, disposable fluid cartridge can employ the
apparatuses and methods of the present invention. A further primary aspect of the
present invention is to provide an apparatus and method for determining the head

weight of the solution.

Improved Cassette-Based Leak Test

The following method is a “dry” method, which is more sensitive to leaks and
other defects when compared to fluid based integrity testing. The method also
eliminates some problems associated with older tests, such as having to discard
solution bags or potentially harming the mechanical components of the machine upon
a leak.

Referring now to the figures and in particular to Figs. 5 to 9, Fig. 5 illustrates a
disposable set 50 that includes a disposable cassette 100 as well as a set of tubes. As
shown in the exploded segment 52, the tubing set includes a heater line 54, drain line
56, first proportioning line 58, day/first bag line 60, second proportioning line 62, last
fill line 64 and patient line 66. Each of those lines is used with the HomeChoice®

machine in one embodiment. It should be appreciated however that other lines
8
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associated with other dialysis or medical fluid systems can be used alternatively with
the present invention. Automated peritoneal dialysis (“APD”) machines, dialysis
machines generally or medical fluid machines besides dialysis machines are
collectively referred to herein as medical fluid machine 150, which is shown in Fig. 6.
More or less lines may also be used without departing from the scope of the invention.

Each of the lines 54 to 66 terminates at a first end at cassette 100 and at a
second end at an organizer 42. In operation, machine 150 holds organizer 42 initially
at a height that enables a gravity prime to fill fluid at least substantially to the end of at
least some of the lines 54 to 66 without filling fluid past connectors located at the end
of these lines. Priming is discussed in more detail below.

Fig. 6 illustrates that the cassette 100 and tubes 54 to 66 of set 50 are loaded
vertically in one embodiment into machine 150 and held firmly in place between door
gasket 152 and diaphragm 154. Door gasket 152 is attached to door 156, which
swings open and closed to removably lock cassette 100 in place. Diaphragm 154
provides an interface between the valve and pump actuators, located inside machine
150 behind diaphragm 154, and the valve and pump fluid receiving chambers located
In cassette 100. ‘

Fig. 7 is a perspective view of cassette 100 showing that the cassette 100
includes a housing 102, which is sealed on both sides by flexible membranes 104 and
106. The housing defines a plurality of pump chambers P1 and P2, valves V1 to V10
(which are located on the opposite side of housing 102 from the side shown in Fig. 7),
a plurality of flow paths F1 to F9 and a plurality of ports 108 that extend through an
interior divider 110 that divides housing 102 and cassette 100 into two separate fluid
flow manifolds.

Fig. 8 illustrates a cross-section taken through line VIII-VIII shown in Fig. 7.
The cross-section shows membrane 106, divider 110 and a port 108 described above.
Additionally, external valve chamber walls 112 and internal valve chamber wall 114
are illustrated, which cooperate to produce one of the valves V1 to V10 on one side of
divider 110 of cassette 100. Further, internal chamber wall 114 cooperates with a back
116 (which can also be a flexible membrane) to create various ones of the flow paths
F1 to F11 on the other side of divider 110 of cassette 100. Flexible membrane 106

seals to external chamber walls 112 and upon application of a force f to internal
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chamber walls 114 (to close a fluid connection between a first one of the paths F1 to
F11 and a second one of those paths). Upon the release of force f or the application of
a vacuum or negative force to membrane 106, membrane 106 is pulled away from
internal wall 114, reestablishing the communication between the fluid paths.

Fig. 9 illustrates a schematic view of a pneumatic control system 10 for a
dialysis machine, such as an automated peritoneal dialysis machine is illustrated. Fig.
9 is a schematic of the pneumatic control system employed in the HomeChoice®
Automated Peritoneal Dialysis system and is useful for describing the operation of the
present invention. It should be appreciated however that the teachings of the present
invention are not limited to the HomeChoice® machine nor to only those machines
having the same or analogous components. Instead, the present invention describes a
test and methodology that is applicable to many different medical fluid systems.

In a set-up portion of the integrity test of the present invention, disposable
cassette 100 is loaded into dialysis machine 150. To do so, an air pump (not
illustrated) is turned on. That air pump communicates with various pneumatic
components illustrated in Fig. 9, including emergency vent valve AS, occluder valve
C6, and actuators CO, C1, C2, C3, C4, D1, D2, D3, D4 and D5 for the fluid valves,
which causes an occluder 158 (see also Fig. 6) to retract to enable the disposable set 50
and cassette 100 to be loaded into machine 150. Once the set 50 has been loaded,
emergency vent valve A5 is closed, so that high positive bladder 128 can be inflated,
which seals cassette 100 between the door 156 and diaphragm 154, while maintaining
the occluder 158 in an open position (Fig. 6). The remainder of the test is illustrated
by Figs. 10 to 14. ‘

Referring now to Fig. 10, a first step of the test tests the pump chambers P1 and
P2 using positive pressure and tests valves V1 to V10 using negative pressure. In
particular, the cassette sheeting of cassette 100 over pump chambers P1 and P2 is
pressurized to +5 psig using the low positive pressure tank 220 and valves A3 and B1
shown in Fig 9. A -5 psig vacuum is pulled on the cassette sheeting of cassette 100
over the fluid valves V1 to V10 using negative tank 214 and valves A0 and B4 shown
in Fig. 1.

Simultaneous pressure decay tests are then conducted on the: (i) air volume in

the low positive tank 220 and pump chambers P1 and P2; and (ii) the air volume in the

10



WO 2005/042065 PCT/US2004/035644

10

15

20

25

30

negative tank 214 and fluid valves V1 to V10. If the pressure decay in the positive
pressure system exceeds, e.g., one psig, an alarm is sent displaying a pump chamber
sheeting damaged error or code therefore. If the difference in pressure in the negative
pressure system exceeds, e.g., one psig, an alarm is sent displaying a fluid valve
sheeting damaged error or code therefore. Positive pressure tested areas for this first
step are shown in double hatch and negative pressure tested areas are shown in single
hatch in Fig. 10.

Importantly, test step one tests cassette 100 from the outside. That is, the
pressure is applied to the outside of the sheeting over pump chambers P1 and P2 and
negative pressure is applied to the outside of the sheeting over valves V1 to V10. As
described below, the remaining test steps apply positive pressure and negative pressure
to the sheeting from inside the cassette. The designation of the Figures however is the
same, namely, positive pressure tested areas (internal and external) are shown using a
double hatch. Negative pressure tested areas (internal and external) are shown using a
single hatch. The ports 108 tested in each step are darkened and labeled either
“positive pressure tested” or “negative pressure tested”.

Referring now to Fig. 11, a second step of the test of the present invention tests
the pump chambers P1 and P2, certain fluid pathways and certain valves using positive
pressure and negative pressure. The second step begins by evacuating negative tank
214 to -5 psig and opening valve B4 to fill pump chamber P2 in the cassette with air
through open fluid valve V7. Next, low positive pressure tank 220 is pressurized to +5
psig and valve A3 is opened to empty pump chamber P1 through open fluid valve
V10. Fluid valves V7 and V10 are then closed. Occluder valve C6 is de-energized so
that occluder 15 8' closes, pinching/sealing all fluid lines 54 to 66 exiting cassette 100.
Valves A3 and B4 are then closed. Actuator valve B1 is opened with fluid valves V4,
V6 and V7 open to pressurize the air in cassette pump chamber P2 and to test the fluid
pathways downstream of V4, V6 and V7 for leakage across the occluder 158 and/or
across the fluid channels within the cassette. Actuator valve A0 is then opened with
fluid valves V1, V2 and V9 open to create a vacuum in cassette pump chamber P1 and
to test the fluid pathways downstream of V1, V2 and V9 for leakage across occluder

158 and/or across the fluid channels within the cassette.

11
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Next, a first set of simultaneous pressure decay/rise tests is conducted on low
positfve pressure tank 222 and negative pressure tank 214. The difference in pressure
in both positive pressure tank 220 and negative pressure tank 214 is recorded as well
as the final pressure in positive pressure tank 220 and negative pressure tank 214.
Valve V3 is opened and a second set of simultaneous pressure decay/rise tests is
conducted on low positive pressure tank 220 and negative pressure tank 214 as the
contents of pump chamber P2 flow freely into pump chamber P1 through open valves
V1 and V3. If the sum of difference in pressures from the first set of pressure decay
tests exceeds, for example, two psig, and the sum of the difference in pressure from the
second set of tests is less than one psig, an alarm is issued for a cross-talk leakage
error. Positive pressure tested areas for the second step are shown in double hatch and
with ports 108 so marked and negative pressure tested areas are shown in single hatch
and with ports 108 so labeled in Fig. 11.

Referring now to Fig. 12, a third step of the test tests the pump chambers P1
and P2, certain fluid pathways and certain valves using positive pressure and negative
pressure. The third step begins by evacuating negative pressure tank 214 to -5 psig
and opening valve B4 to fill pump chamber P2 in the cassette with air through open
fluid valve V7. Low positive pressure tank 220 is then pressurized to +5 psig and
valve A3 is opened to empty pump chamber P1 through open fluid valve V10. Valves
V7 and V10 are then closed. Occluder valve C6 is de-energized so that the occluder
158 closes, pinching/sealing all fluid lines exiting cassette 100. Valves A3 and B4 are
closed. Pump actuator valve Bl is opened with fluid valves V3, V4 and V6 open to
pressurize the air in pump chamber P2 and to test fluid pathways downstream of V3,
V4 and V6 for leakage across occluder 158 and/or across the fluid channels within
cassette 100. Pump actuator valve A0 is then opened with fluid valves V2, V9 and
V10 open to create a vacuum in pump chamber P1 and to test the fluid pathways
downstream of V2, V9 and V10 for leakage across the occluder 158 and/or across the
fluid channels within cassette 100.

Next, a first set of simultaneous pressure decay/rise tests is conducted on low
positive pressure tank 222 and negative pressure tank 214. The difference in pressure
in both positive tank 220 and negative tank 214 is recorded as well as the final

pressure in positive pressure tank 220 and negative pressure tank 214. Valve V1 is
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opened and a second set of simultaneous pressure decay/rise tests is conducted on low
positive pressure tank 220 and negative pressure tank 214 as the contents of pump
chamber P2 flow freely into pump chamber P1 through open valves V1 and V3. If the
sum of the difference in pressure from the first set of pressure decay tests exceeds, for
example, 2 psig, and the sum of the difference in pressure from the second set of tests
is less than one psig, a cross-talk leakage error alarm or code therefore is sent.
Positive pressure tested areas for the third step are shown in double hatch and with
ports 108 so marked and negative pressure tested areas are shown in single hatch and
with ports 108 so marked in Fig. 12.

Referring now to Fig. 13, a fourth step of the test tests the pump chambers P1
and P2, certain fluid pathways and certain valves using positive pressure and negative
pressure. The fourth step begins by evacuating negative pressure tank 214 to —5 psig
and opening valve B4 to fill pump chamber P2 in cassette 100 with air through open
fluid valve V7. Low positive pressure tank 220 is pressurized to +5 psig and valve A3
is opened to empty pump chamber P1 through open fluid valve V10. Fluid valves V7
and V10 are closed. Occluder valve C6 is de-energized so that the occluder 158
closes, pinching/sealing fluid lines 54 to 66 exiting cassette 100. Valves A3 and B4
are closed. Pump actuator valve Bl is opened with fluid valve V5 open to pressurize
the air in pump chamber P2 and to test the fluid pathways downstream of V35 for
leakage across the occluder 158 and/or across the fluid channels within cassette 100.
Pump actuator valve A0 is opened with fluid valves V1, V2, V9 and V10 open to
create a vacuum in pump chamber P1 and to test the fluid pathways downstream of
V1, V2, V9 and V10 for leakage across the occluder 158 and/or across the fluid
channels within the cassette.

Next, a first set of simultaneous pressure decay/rise tests is conducted on low
positive pressure tank 222 and negative pressure tank 214. A difference in pressure in
both positive tank 220 and negative tank 214 is recorded as well as the final pressure
in positive pressure tank 220 and negative pressure tank 214. Valve V3 is opened and
a second set of simultaneous pressure decay/rise tests is conducted on low positive
pressure tank 220 and negative pressure tank 214 as the contents of pump chamber P2
flow freely into pump chamber P1 through open valves V1 and V3. If the sum of the

difference in pressure from the first set of pressure decay tests exceeds, for example,
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1.5 psig, and the sum of the difference in pressure from the second set of tests is less
than 0.75 psig, a cross talk leakage error alarm or code is sent and displayed. Positive
pressure tested areas for the forth step are shown in double hatch and with ports 108 so
marked and negative pressure tested areas are shown in single hatch and with ports so
marked 108 in Fig. 13.

Referring now to Fig. 14, a fifth step of the test tests the pump chambers P1
and P2, certain fluid pathways and certain valves using positive pressure and negative
pressure. The fifth step begins by evacuating negative pressure tank 214 to —5 psig
and opening valve B4 to fill pump chamber P2 in cassette 100 with air through open
fluid valve V7. Low positive pressure tank 220 is pressurized to +5 psig and valve A3
is opened to empty pump chamber P1 through open fluid valve V8. Fluid valves V7
and V10 are closed. Occluder valve C6 is de-energized so that the occluder 158
closes, pinching/sealing fluid lines 54 to 66 exiting cassette 100. Valves A3 and B4
are closed. Pump actuator valve B1 is opened with fluid valves V3, V4, V6 and V7
open to pressurize the air in pump chamber P2 and to test the fluid pathways
downstream of V3, V4, V6 and V7 for leakage across the occluder 158 and/or across
the fluid channels within cassette 100. Pump actuator valve AQ is opened with fluid
valve V8 open to create a vacuum in pump chamber P1 and to test the fluid pathways
downstream of V8§ for leakage across the occluder 158 and/or across the fluid channels
within the cassette.

Next, a first set of simultaneous pressure decay/rise tests is conducted on low
positive pressure tank 222 and negative pressure tank 214. A difference in pressure in
both positive tank 220 and negative tank 214 is recorded as well as the final pressure
in positive pressure tank 220 and negative pressure tank 214. Valve V1 is opened and
a second set of simultaneous pressure decay/rise tests is conducted on low positive
pressure tank 220 and negative pressure tank 214 as the contents of pump chamber P2
flow freely into pump chamber P1 through open valves V1 and V3. If the sum of the
difference in pressure from the first set of pressure decay tests exceeds, for example,
1.5 psig, and the sum of the difference in pressure from the second set of tests is less
than 0.75 psig, for example, a cross talk leakage error alarm or code is sent and

displayed. Positive pressure tested areas for the fifth step are shown in double hatch
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and with ports 108 so marked and negative pressure tested areas are shown in single
hatch and with ports 108 so marked in Fig. 14.

In each of test steps two through five of Figs. 11 to 14 described above, pump
chamber P2 is filled with air and pump chamber P1 is evacuated before the pressure
decay/vacuum rise tests are performed. Those tests are improved when chamber P2 is
pressurized above atmospheric pressure as opposed to merely maintaining the chamber
at atmospheric pressure. For one reason, maintaining chamber P2 at a positive
compensates for the slight compressibility of air in the chamber when the test steps are
commenced. To pressurize chamber P2, air can be pushed from chamber P1 to P2
with the occluder 158 closed. When P2 is pressurized, occluder 158 is opened,
enabling chamber P1 to be evacuated. Pressurized chamber P2 should show very little
pressure drop unless a leak in one of the tested pathways is detected.

Referring now to Fig. 15, a sixth step of the test of the present invention tests
the pump chambers P1 and P2, certain fluid pathways and certain valve ports 108
using positive pressure. To begin the sixth step, a — 5 psig vacuum is pulled on the
cassette sheeting over the two pump chambers P1 and P2 with all fluid valves except
for drain valves V7 and V10 de-energized (closed), so that pump chambers P1 and P2
fill with air. Valves V7 and V10 are closed and the sheeting over pump chambers P1
and P2 of cassette 100 is pressurized to + 5 psig using low positive tank 220 and
valves A3 and B1. A first pressure decay test is then conducted on the pump chambers
P1 and P2, fluid flow paths F6, F7, F8 and F9 and the darkened fluid ports 108 so
marked within cassette 100 by monitoring the pressure in the low positive tank 220. If
the difference in pressure in the low positive tank 220 exceeds, e.g., one psig, an alarm
is sent displaying a fluid valve leaking error or code therefore.

Occluder valve C6 is de-energized so that occluder 158 closes,
pinching/sealing all fluid lines 54 to 66 exiting cassette 100. All of valves V1 through
V10 except for V5 and V8 are opened and a second pressure decay test is conducted
by monitoring the pressure in low positive tank 220. If the difference in pressure in
the low positive tank 220 exceeds, e.g., one psig, the sixth series of tests must be
repeated. If the difference in pressure in the low positive tank 220 exceeds, e.g., one
psig a second time, a an alarm is sent displaying occluder failed. Finally, the occluder

is opened and a third pressure decay test is conducted by monitoring the pressure in
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low positive tank 220. Test step six verifies that tests one and two have not failed if
the difference in pressure exceeds, e.g., one psig. Positive pressure tested areas for the
sixth step are shown in double hatch and with ports 108 so marked in Fig. 15.

The previous six test steps complete one embodiment of the dry integrity test of
the present invention. Viewing the outcome of steps 1 to 4 of the prior art test in Figs.
1 to 4, it should be appreciated that step 1, shown in Fig. 10 of the dry disposable
integrity test of the present invention, tests the equivalent components of all four steps
of the original dry integrity test.

Importantly, test steps two to six tesi the cassette from the inside. That is,
positive pressure is applied inside the cassette to the inside of the cassette sheeting and
negative pressure is applied inside the cassette to the inside of the cassette sheeting.
The positive and negative pressure applied inside the cassette to the inside of the
cassette sheeting is created by initially applying pressure (positive or negative) to the
outside of the cassette and switching the valves to create the desired pressure
distribution inside the cassette as described above.

The first five of the test steps (Figs. 10 to 14) can be performed with the tip
protectors placed on lines 54 through 66 and with the clamps closed on all of the lines
except for drain line 56. The tip protectors, shown figuratively as caps 118 on the
respective ports of cassette 100, are actually at the ends of tubes 54, 58, 60, 62, 64 and
66. The drain line 56 has a bacteria retentive tip protector that passes to atmosphere
air that leaks through the membranes 104 and 106 (Figs. 7 and 8) or from housing 102,
lowering the pressure in the system so that a leak can be detected. The tip protectors
are removed when solution bags are connected to the tubes prior to test step six in the
series of six test steps. As seen in the prior steps 2 to 4 of Figs. 2 to 4, all tip protectors
have to be removed for those test steps. In the prior art therefore, when a cassette fails
during any of the tests illustrated Figs. 2 to 4, non-sterile air is introduced into the
solution bags, causing the solution bags and the cassette to be discarded.

Test steps two through five of the present invention (Figs. 11 to 14,
respectively) test, using air within cassette 100, the same areas of the cassette as does
the prior art wet leak test described above. Because steps (i) through (v) of the prior
art wet leak test require fluid, solution bags must be attached to obtain such fluid. The

present invention eliminates that necessity.
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Test step one of the present invention is able to leave the tip protectors
connected to all lines except the drain line because the valves are tested in the open
position rather than the closed position. When valves V1 to V10 are open, all of the
fluid channels F1 to F11 in cassette 100 are in direct communication with both pump
chambers P1 and P2 and the drain line. The drain line has a bacteria retentive tip
protector that allows air to pass through it, e.g., is fitted with a hydrophobic membrane.
Air from a failed test can therefore pass through the drain line from cassette 100,
changing the pressure in the system so that a leak can be detected.

Test steps two through five of the disposable integrity test of the present
invention are able to leave the tip protectors in place because one part of the system is
pressurized while the other is evacuated. Air leaking from the positively pressurized
part of cassette 100 to the evacuated part is readily detectable as is air escaping from or
leaking into cassette 100. Because air flows more readily than does water or solution
through a leak, the air test is more expedient and sensitive than a fluid based test,
increasing accuracy and repeatability and decreasing test time.

Test steps two through five of the present invention include a redundant
pressure decay test that verifies the results of the first pressure decay test. All four test
steps two through five look for leaking flow from a pressurized section of cassette 100
to an evacuated section of the cassette 100. If a leak arises between the two sections of
the cassette, the pressure in the two sections should tend towards equilibrium when air
flows from the high pressure section to the evacuated section. The redundant test
opens valves between the positive and negative sections at the completion of the first
pressure decay test to verify that there is a larger pressure change if no leaks exist or a
minimal pressure change if a leaks exists.

A failure of occluder 158 to properly crimp tubing lines 54 to 66 does not
materially affect the results for test steps two to five because the tip protectors are in
place and would otherwise seal all of the lines that are being tested. Additionally, the
users/patients are instructed to close the line clamps on all but the drain line when
loading set 50 into machine 150. Test step six, which tests the cassette valves V1
through V10 and the occluder 158, can be conducted dry or wet since the solution bags
have been connected. The dry test would have to be pressure based, whereas the fluid

test could be either pressure or volume based.
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The user can clamp the drain line on the disposable set when instructed to do so
after an integrity test failure when using the method of the present invention and run
the disposable integrity tests again. If the tests do not show a failure a second time (for
many of the failure modes), the disposable set can be held responsible for the leak and
not the machine 150, e.g., the machine’s pneumatic system and/or cassette/machine
interface. That feature is useful when a patient seeks troubleshooting assistance.
Determining that the machine 150 is working properly and that the cassette 100 is
causing the failure precludes swapping a patient’s machine needlessly after an integrity
failure because of uncertainty about whether the cassette 100 or machine 150 is
responsible for the test failure. Conversely, if the tests shéw a failure a second time,
the machine 150 and/or the cassette/machine interface can be held responsible for the
leak.

While cassette 100 is illustrated with pump chambers P1 and P2, valve
chambers V1 to V10, associated ports 108, and fluid paths F1 to F11, it should be
appreciated that the method of the invention is equally applicable to cassettes and
actuating systems that have different pump and valve geometries than the ones shown
as well as additional features, such as heaters, pressure sensors, temperature sensors,
concentration sensors, blood detectors, filters, air separators, bubble detectors, etc.
The cassettes can be rigid with a single side of sheeting, be rigid with dual sided
sheeting, have dual sheets forming fluid pathways, have a ngld portion connected to a
flexible portion, etc. The cassettes are useable in any medical fluid delivery
application, such as peritoneal dialysis, hemodialysis, hemofiltration,
hemodiafiltration, continuous renal replacement therapy, medication delivery, plasma
pherisis, etc., and any combination thereof.

Figure 16 shows one alternative embodiment of the present invention via
system 200, wherein the pneumatic source of positive pressure used above is replaced
by a mechanical actuator 202 that pushes a flexible membrane film 203. Film 203 is
attached to a cassette 210 with sheeting 204 on one side of thereof. System 200 uses a
vacuum to force the membrane 203 to follow a piston head 206 when head 206 retracts
from or moves toward cassette 210. While no external source of positive pressure is
provided, air can be drawn into pumping chamber 208, while fluid valve 212 is closed

and actuator 202 and head 206 are moved forward to generate an internal pressure that
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is used to perform the disposable integrity tests described herein. A pressure sensor
214 is provided in one embodiment to perform the pressure decay tests. The position
of actuator 202 and head 206 can also be used to perform a leak test by applying a
constant force. The actuator and head should remain stationary when a constant force
is applied if no leak is present. Forward motion would indicate that there is a leak in
the system being tested.

Appendix A shows data from the step one of the integrity test of the present
invention. Appendix B also shows data from step one of the integrity test of the
present invention. In Appendix B, the bolded, larger font size data shows when
defects were detected. It is noteworthy that for fifty different cassettes tested and
known to be defective, all fifty defects were detected. When the drain line was
clamped after the software instructed the operator to do so, forty-seven of the fifty tests
no longer failed indicating that the leak was in the cassette and not the therapy
machine. The other three of the fifty clamped tests were inconclusive. Those three are
marked in bolded italics. It is also noteworthy that one cassette appears to have two
defects and is highlighted in bold italics as well.

For the test, ten defects were created in the pump chamber sheeting and forty
defects were created in the valve sheeting. All pump chamber tests were run with
positive pressure and all valve sheeting tests were run with negative pressure. The
defects were punctures and slits made by a 0.035 inch (.89 mm) outside diameter hot
needle or an Exacto knife with a stop positioned to create consistent slits of 0.125 inch
(3.2 mm).

Appendix C is submitted shows data from the integrity test step two of the
present invention. The positive pressures represent pressures inside pump chamber P2,
as measured by pressure sensors monitoring positive tank 220 (Fig. 9). The negative
pressures are for pressures inside pump chamber P1, as measured by the pressure
sensors monitoring negative tank 214 (Fig. 9). Cassettes predisposed with a number
of defects were tested as well as some cassettes without known defects. Some of the
defects were not detected by test step two. Test steps three, four and five did however
reveal the defects that test step two did not.
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Improved Priming Method and Apparatus

'Tuming to the priming method and apparatus of the present invention, the
method and apparatus are advantageous in a number of respects. First, the method
employs the pumps of the medical fluid machine 150 shown above in Fig. 6 to pump.
priming fluid for an initial portion of the prime to dislodge air bubbles that typically
become trapped, for example, in the patient line 66, near cassette 100. Second, the
method uses software contained within the controller of machine 150 that expects to
see a particular pressure drop when the medical fluid pump (or pumps) pushes the
initial priming fluid. If the expected pressure drop is not seen, machine 150 assumes
there is a clamp on the priming or patient line, responds accordingly and sends a
suitable error message or code.

Referring now to Fig. 17, an initial schematic of an apparatus 250 for
performing the priming method of the present invention is shown. The apparatus
includes a supply bag 252 filled with a volume of fluid 254. A line from solution bag
252 to pumps P1 and P2 is provided. In most instances, that line is the heater bag line
54 shown in Figs. 5 and 17, which enters cassette 100 that houses pump chambers P1
and P2. Valves 256 and 258 selectably allow fluid 254 to pass via line 54 to pump
chambers P1 and P2, respectively. A priming line is provided from pump chambers
P1 to P2 to a distal end of the line, which is provided with a vented distal end
connector 260. Normally, the primed line is the patient line shown as line 66 in Figs. 5
and 17. It should be appreciated, however, that the priming line may be a different line
than the patient line. Moreover, the priming apparatus 250 and associated method is
applicable to systems that prime multiple lines sequentially or simultaneously.

Connector 260 as illustrated is positioned in organizer 42 discussed above in
connection with Fig. 5. The positioning of connector 260 is set so that the prime stops
at a desired point at the beginning of or in the interior of connector 260. That level as
shown by line 262 is the same level as the height of fluid 254 in container 252. Valves
266 to 268 are provided between pumps P1 and P2 and connector 260 to selectively
allow fluid to enter patient line or priming line 66.

The first étep of the priming method shown in Fig. 17 is to close valves 266
and 268 (black) and open valves 256 and 258 (white). Such valve arrangement
enables fluid 254 to gravity feed or be drawn in by pumps P1 and P2 (the -1.5 psig
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shown in Figure 17 symbolizes the suction being applied to the flexible pump film as
fluid is drawn into the pump chamber) from container 252 and fill pump chambers P1
and P2. Because valves 266 and 268 are closed, no fluid enters priming line 66.

Fig. 18 illustrates a second step of the priming method of the present invention.
In Fig. 18, valves 256 and 258 are closed (black), so that no additional fluid can flow
via heater bag line 54 from container 252 to pump chambers P1 and P2. Next, a 1.0
psig pressure is applied to the flexible pump film, pressing the film against the fluid in
pump chambers P1 and P2. Valves 266 and 268 are then opened (white) so that fluid
communication exists between pump chambers P1 and P2, priming or patient line 66
and connector 260.

Fig. 19 illustrates that after pressurizing the pump chambers P1 and P2, fluid
flows from those chambers through an initial portion of patient or priming line 66.
The pressure inside pump chambers P1 and P2 falls accordingly, e.g., to about .1 psig,
as this fluid is displaced from the pump chambers and the volume of air pushing
against the pump film expands. The fluid pumped from chambers P1 and P2 is not
meant to extend all the way to connector 260, rather, the pumped fluid is intended to
flow through any trapped air at the proximal end of patient line 66, so that such air is
not an impediment to priming. Therefore, the fluid volume drawn into pump chambers
P1 and P2 should be less than the volume inside patient line 66 extending from
cassette 100 to connector 260.

The volume of liquid that does fill patient line 66 via the pump stroke of
chambers P1 and P2 does, however, push some air through vented connector 260,
leaving the line partially filled with solution and partially filled with air, wherein the
air is collected at the distal end and the solution resides at the proximal end of line 66.
This method of disfodgement works regardless of how many extensions are added to
patient line 66. Older priming sequences had varied results depending upon whether a
standard or non-standard length of patient line was used. The present method is
independent of patient line length and can be used with a heater bag containing as little

as 1000 ml of solution as seen in Table 1.
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Average Primed Height Above Table
1000 ml heater 6000 ml heater 1000 ml heater

bag volume bag volume bag volume
Set with no patient extension line 7.17 7.8 6.28
Set with 1 patient extension line 6.8 7.95 6.34
Set with 2 patient extension lines 6.5 7.88 6.23

Standard Deviation in Primed Height Above Table
1000 ml heater 6000 ml heater 1000 ml heater

bag volume bag volume bag volume
Set with no patient extension line 0.52 0.16 0.27
Set with 1 patient extension line 1.35 0.16 0.11
Set with 2 patient extension lines 0.5 0.13 0.23

Table 1: Patient Line Priming Height

Figs. 20 and 21 illustrate the final step in the priming method associated with
apparatus 250. Here, inlet valves 256 and 258 are opened, while outlet valves 266 and
268 are left open.

In Fig. 20, any fluid in pump chambers P1 and P2 not pumped in Fig. 19 is
allowed to flow via gravity from such pump chambers into patient line 66.
Additionally, fluid 254 is enabled to gravity flow from container 252 to complete the
patient line prime. In Fig. 20, the pressure in chambers P1 and P2 can drop to near
zero psig as any remaining pressure from the pump stroke in Fig. 19 is dissipated. Fig.
21 shows that the patient or priming line 66 is fully primed, with the level of fluid 254
reaching the elevational height 262 of the fluid 254 remaining in bag 252. The level of
fluid inside pump chambers P1 and P2 will also reach some equilibrium which may be
at a slight positive pressure within those chambers. That is, the pressure in the pump
chamber will equalize with the head pressure of patient line 66 and fill bag 252.

If the patient line 66 is inadvertently clamped during priming, the pressure in
pump chambers P1 and P2 in the step illustrated by Fig. 19 does not fall below an
expected level, e.g., from the one psig shown in Fig. 18 to 0.1 psig shown in Fig. 19.

The pressure instead remains at a higher level, such as .5 psig. The controller inside

22



WO 2005/042065 PCT/US2004/035644

10

15

20

25

30

machine 150 senses that discrepancy and prompts the patient via a visual, audio or
audiovisual message to unclamp the patient or priming line 66.

Fig. 22 illustrates another advantage of the priming method of the present
invention. A mixture of air and fluid can sometimes appear in the proximal part of the
patient line 66, near cassette 100, at the beginning of prime. The mixture is usually
near the cassette 100 because fluid may have entered into the line due to procedural
errors during the setup procedure. For example, the patient may improperly connect
the solution bags and open the clamps when the set is loaded. The mixture of air and
fluid 254 can sometimes slow and sometimes prevent proper priming. The pressurized
assist beginning in Fig. 18 and ending in Fig. 19 of patient line 66 will typically
dislodge or overcome the problems caused by the air/fluid mixture, enabling proper
priming.

Figure 16 discussed above shows one alternative embodiment of the priming
method of present invention, wherein system 200 replaces pneumatic pumps P1 and P2
in Figures 17 through 21. The pneumatic source of positive pressure used in Figure 19
is replaced by a mechanical actuator 202, which pushes on a flexible membrane film
203, which in turn is attached to a cassette 210 having sheeting 204 on one side of
thereof. System 200 uses a vacuum to force membrane 203 to follow a piston head
206 when head 206 retracts and moves toward cassette 210, drawing fluid into
pumping chamber 208 when fluid valve 212 is open. Actuator 202 and head 206 are
moved forward when another fluid valve (not shown) is opened, pushing fluid down
the patient line, A pressure sensor 214 detects a pressure rise if the patient line is
clamped. The position of actuator 202 and head 206 can be used to determine when to
open valve 212 so that gravity can complete the priming of the patient line.

Appendix D shows data from the priming method of the present invention.
Additionally, the data in Appendix E was obtained from a software program that
opened valves 256 and 258 when the pressure in pump chambers P1 and P2 fell below
0.2 psig. If the pressure did not fall to below 0.2 psig, the pressure was recorded and a
message was logged that stated, “Timeout before PosP reached 0.20 psig”. A number
of normal primes were performed as well as a number of primes wherein the patient

line was clamped near the patient connector at the distal end of the line.
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Solution Bag Head Height Determination

Dialysis, such as peritoneal dialysis or hemodialysis or other renal therapies
such as hemofiltration or hemodiafiltration can performed using multiple solution
bags, such as dialysate bags, lactate bags and/or dextrose bags. In such a case, it is
advantageous to determine that the required solution bags are: (i) present and (ii)
located at a vertical height suitable to enable the particular therapy to be performed, for
example, an automated peritoneal dialysis performed by a machine. Such
determinations should be made at the beginning of therapy, e.g., during the priming
and cassette integrity tests, so that the machine can alert the patient of any problems
before treatment begins and/or before the patient falls asleep.

Referring now to Figs. 23 and 24, a system 300 illustrating one embodiment for
determining solution bag head height is illustrated. System 300 of Fig 23 includes
solution bags 302 and 304, which are connected fluidly to pump chambers 306 and
308 via fluid lines 310 and 312, respectively. Pump chambers 306 and 308 house
flexible diaphragms 314 and 316, respectively. Dialysate or therapy fluid can flow
from pump chambers 306 and 308 when fluid valves 318 and 320 are opened, through
fluid pathway 322, to'drain bag 324.

System 300 includes valves 326 and 328 connected fluidly to chamber 306 and
valves 330 and 332 connected fluidly to chamber 308. Air/vacuum chambers 338 and
340 are placed between valves 326 and 328 and 330 and 332, respectively.
Differential pressure sensors 334 and 336 sense differential pressure within chambers
338 and 340, respectively. It should be appreciated that if valves 326, 328, 330 and
332 are open, while pump chambers 306 and 308 are empty, differential pressure
sensor 334 (placed between valves 326 and 328) and differential pressure sensor 336
(placed between valves 330 and 332) and are zeroed because the pressures in
air/vacuum chambers 338 and 340 are equal to atmospheric pressure.

As seen in Fig. 24, when valves 318, 320, 328 and 332 are closed and fluid
valves 326, 330, 342 and 344 are opened, fluid from solution bags 302 and 304 flows
vertically down fluid pathways 310 and 312, respectively, into pump chambers 306
and 308. Respective flexible diaphragms 314 and 316 move when fluid flows into
pump chambers 306 and 308, causing a pressure rise in the air trapped in air/vacuum

chambers 338 and 340. Fluid flows into chambers 306 and 308, through open valves
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342 and 344, until the pressure in respective air/vacuum chambers 338 and 340, as
measured by pressure sensors 334 and 336, is equal to the pressure exerted by the
solution (approximately water for purposes of density) in columns that are equal in
height to vertical distances Y1 and Y?2.

If the pressure equivalent to that exerted by columns of solution of heights Y1
and Y2 is within a predetermined operating parameter for the medical fluid therapy
system 300 (e.g., an APD system), the therapy is allowed to continue. If not, a suitable
alarm is posted informing the patient or operator that one or both solution bags 302 or
304 is positioned outside the operating parameters of system 300.

A pressure difference caused by differences in the vertical positions (pressure
head heights) of solution bags 302 and 304 also has to be within set limits for system
300 to operate within specification in one embodiment. An inlet side of a pump
subjected to a negative head height results in less fluid being pumped for each stroke
of chambers 306 and 308, as compared to strokes made when positive head height
pressure is seen on the inlet side of a pump. Therefore when equal volumes of
different solutions are being pumped by chambers 306 and 308 and mixed at a desired
ratio, e.g., 1:1, it is advantageous for the vertical positions and corresponding pressure
head heights of the two solutions to be the same or substantially the same.

The previous description of system 300 in Figs. 23 and 24 illustrates how
sensors 334 and 336 can be zeroed and then used to test solution bag height in the
context of a filling sequence, i.e., pump chambers 306 and 308 moving from empty
towards full. It should be appreciated that conversely, sensors 334 and 336 can be
zeroed and then used to test drain bag height in the context of a drain sequence, i.e.,
pump chambers 306 and 308 moving full or partially full towards empty.

In the drain test, pump chambers 306 and 308 are first filled with fluid from
solution bags 302 and 304, respectively, by opening valves 342 and 344, so that
therapy fluid flows through fluid pathways 310 and 312, respectively, and into pump
chambers 306 and 308 as shown in Figure 24. Valves 326, 328, 330 and 332 are then
opened, allowing the pressure in air/vacuum chambers 334 and 336 to be zeroed with
respect to atmospheric pressure and enabling the differential pressure sensor readings

of sensors 334 and 336 to be set or reset to zero.
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Valves 342, 344, 328 and 332 are then closed and valves 318, 320, 326 and 330
are opened. Fluid flows then from pump chambers 306 and 308, through fluid
pathway 322, to drain bag 324. Diaphragms 314 and 316 within pump chambers 306
and 308 move accordingly, creating vacuums respectively inside air/vacuum chambers
338 and 340. Fluid flow stops when the vacuum in air/vacuum chambers 338 and 340,
measured by pressure sensors 334 and 336, respectively, is equal to a column of
solution (negative pressure head height) of height Y3 shown in Fig. 23.

The drain test ensures that the drain bag/drain line discharge is located below
pump chambers 306 and 308, so that no backflow occurs due to gravity. The drain test
also ensures that the drain is not located too far below the pumps and valves, wherein
the location causes an adverse effect on the operation of the valves. If the pressure
equivalent to a column of solution of height Y3 is within a predetermined operating
parameter for the medical fluid therapy system 300, the therapy is allowed to continue.
If not, a suitable alarm is posted informing the patient or operator that the drain bag
324 is positioned outside the operating parameters of system 300.

It should be understood that various changes and modifications to the presently
preferred embodiments described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without departing from the spirit and
scope of the present invention and without diminishing its intended advantages. It is

intended that such changes and modifications be covered by the appended claims.
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Anpendix A
Set| Pressure at Elapsed Time __ |Decay at elapsed iine_[Test Procedure
No 1] 10 20 30 10 20 30 Open Valve 0-9
1 504 107 0.15 005| 397 4.83 499] OpenValve O &P to Retract the Occluder
1 519 017 0.08 003] 502 641 516 TumonPumpA
2 558 0.28 [+] 0 53 558 558/ OpenVaiveC
2 5 0.56 0 0] 4.44 5 5| Control the Pressure in +T to 7.1 pisg
3 5 381 321 198 118 179 302] Load the Set Occurs
3 566 212 136 098] 354 4.3 4.68] Close valve P to seal the disposable
4 R i ¥4| Close Occluder
4 531 Open Valve D to pressureize + P to about 5 psig
5 |V Close Valve D
5 Open Valve B to evacuate - P to about - 5 psig
6 Close Valve B /
6 Record Pressures in + P and - P
7 Open valve O to open the occluder
7 Walt 30 seconds
8 Record Pressures in + P and - P
8 Alam if + P fell more than X
9 Alarm if - P rose more thanY
9 X
10 P R g R F{Test Procedure

10| 562 253 1. ) Y 95| Open Valve VA1 to VA10

Open Valve A5& C6 to Retract the Cecluder

Tumm on Pump 84

Open Valve C5

Control High Pos Bladder 128 to 7.1 pisg

Load the Set Occurs

Close valve A5 to seal the disposable

Close C6 to close the Occluder

Opén Valve A6 to pressureize + P to about 5 psig
Close Valve A6

Open Valve DO fo evacuate Neg Tank 214 to about- § ps
Close Valve DO

Record Pressures in Low Pos 220 and Neg 214
Open valve C6 to open the occluder

Wait 30 seconds

Record Pressures in Low Pos 220 and Neg 214
Alarm if Los Pos 220 fell more than X

Alarm if Neg 214 rose more thanY

Note:

1. Set number defines a specific defect in the
disposable system which is commonly refered to
as a set. Defect 0 is no defect

2. The Low Pos 220 and Neg 214 pressures are
both recorded for each test. Tests highlighted in
green should not indicated a defect. Non-hightigthed
tests should indicate a leak.

3. All times are In seconds and all pressures are in
psig.

4, Test procedure is listed twice. One contains
CRT commands used to run the test. The second
refates to the pneumatic schematic.
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Appendix B 1of4
Set# ' 1 2 3 4 5 6 7 8 9 10 11 12
Elapsed PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP Pos P
time -

0 53 555 549 535 557 552 5145 466 5.79 535 593 587
seconds
0 53 555 549 5.36 359 553 516 466 576 528 593 587
1 283 461 459 298 2.28 31 304 368 383 33 6592 584
5 0.48 28 291 07 084 266 058 249 152 0.74 596 587
10 0.18 22 231 019 032 225 022 181 146 029 598 5489
20 009 169 176 0.08 0.05 1.7 008 144 124 01 6 5.9
30 004 135 139 0.04 0 131 0.06 109 1.05 0.03 6 591

Peressure 526 42 41 531 557 421 509 3.57 474 532 007 -0.04
ecay

Elapsed NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP Neg P
time

0 - -3.94 -378 -387 -3.81 -3.77 -3.91 -39 -183 -378 -385 -294 .257
secondsd
0 -3.94 -384 -3.9 -39 -3.88 -3.91 -3.91 -1.87 -3.8 -3.89 -299 -2.62
1 -394 -386 -391 -392 -388 -3.92 -391 -19 -383 -3.91 -1.62 -1.18
5 -394 -387 -3.92 -392 -3.88 -3.92 -3.91 -1.91 -383 -3.92 -002 0
10 -3.84 -387 -392 -392 -388 -3.92 -3.91 19 -383 -392 0 0
20 -3.94 -386 -392 -392 -388 -3.92 -391 19 -383 392 0 0
30 -394 -386 -3.92 -392 -388 -392 -391 -19 -383 -391 (4] ¢}

Pressure 0 008 005 011 011 001 001 007 005 006 -2.94 -2.57
Decay . '

Sheeting test is re-run with the draln line clamped to verify that the set and not the cydler is responsible for the leak
Elapsed PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP Pos P Pos P
time

0 519 551 535 529 53 552 5651 4.9 5.48 6§53 594 597
seconds

0 547 552 534 516 5.35 55 546 49 546 5561 594 598
1 445 8511 495 449 468 505 458 452 4.81 463 591 597

5 446 496 477 444 4.61 4.87 457 441 485 4567 594 598

10 448 488 468 446 4.6 48 458 432 481 458 596 599

20 448 478 458 447 46 471 4569 421 4,75 4,68 597 6

30 448 471 451 446 461 467 459 416 4.71 457 5§97 6

i

Pressure  0.71 0.8 084 083 069 085 092 074 077 096 -0.03 -0.03
Decay .

Elapsed NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP
time

0 -3.88 -3.86 -3.79 -3.85 -39 -3.83 -408 -223 -382 -389 -283 -269
seconds . '
0 -3.92 -3.87 -3.89 -3.88 -39 -3.86 -391 23 386 391 -287 -2.72
1 -394 -3.88 -391 -3.89 -39 -3.88 -3.92 234 388 392 -225 -185
5 -395 -3.488 -3.91 -39 -39 -3.89 -3.93 -235 -388 -393 -220 -1.85
10 -394 -388 -3.91 -39 -3.9 -3.80 -393 -235 -388 393 228 -185
20 -394 -3.87 -3.91 -39 -3.89 -389 -3.93 -235 .388 3093 -227 -1.84
30 -3.94 -387 -3.91 -3.9 -3.89 -3.88 -3.93 -235 -3.88 -3.93 .227 -184

Pressure  0.06 001 012 005 -0.01 005 -015 012 006 004 -056 -0.85
Decay
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13 14 15 16 17 8 19 20 21 22 23 24 26 26
PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP
595 6 584 595 541 601 603 6.1 595 609 594 615 6.02 591

596 6.01 5.86 5.96 542 6.01 6.04 6.08 596 6.09 5.96 616 6.03 593
5.95 6.02 5.83 5.93 539 698 6.01 6.08 593 6.06 598 6.14 6 591
5.99 6.06 5.85 5.96 541 6,01 603 6.1 596 6.08 6 6.15 6.03 595
6.01 6.07 5.87 5.97 542 6.03 6.04 6.11 5.98 6.1 6.01 615 6.04 597
6.01 6.08 588 5.98 543 6.05 6.04 6.12 5.09 6.1 6.01 6.5 6.05 598
6.02 6.09 588 5.98 543 6.05 6.04 6.12 5.99 6.1 6.01 616 6.05 598

-0.07 -0.09 -0.04 -003 -002 -004 -00t -002 -004 -001 -007 -001 -0.03 -0.07

NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP
-3.2 -3.27 -27 3141 -325 -296 -345 -3.15 -2.98 -3.3 -2.89 -2.87 -3.54 -3.29

-319 3145 271 -3.12 -3.26 -3 -345 -126 -3.03 -331 -009 -0.41 -3.39 -3.28

-2.18 -193 -1.14 256 -196 -178 -1.36 -026 -207 296 O 0 -222 -3.16
-0.27 -0.58 0 144 023 -014 Y 0 03 201 0 0 055 -27
-0.01 0 0 -0.13 0 0 Q 0 . 0 -046 0 0 -0.16 -2.03
0 0 0.0 0 0 0 0 0 c 0 0 0 -0.83
0 0 o o0 0 0 0 0 0 0 o 0 0 -0.23

-3.2 -3.27 -2.7 -3.141 -3.25 -2.96 -3.45 -3.15 -2.98 -3.3 -2.89 -2.87 -3.54 -3.06

Sheeting test is re-run with the drain line clamped 1o verify that the set and not the cydler is responsible for the leak
PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP
6.06 6.02 5.77 5.99 6.03 .6.16 598 6.08 598 6.04 5.96 6.15- 6.1 6.17

6.07 6.02 577 5.98 6.03 6.16 6.02 6.08 598 6.04 596 615 6.11 617’
605 6 574 5.96 6 6.43 6.03 6.05 599 6.01 593 612 6.08 6.14
6.08 6.02 576 5.98 603 6.16 605 6.07 6 6.05 595 6.14 6.1 6.16

6.1 6.04 578 6 605 6.7 606 608 6.01 6.07 596 6.16 6.11 6.17
6.11 6.05 5.78 6.01 6.07 6.18 606 6.08 6.02 6.08 597 6.16 6.12 6.17
6.12 6.05 578 6.01 6.07 6.18 6.07 6.09 6.02 6.08 597 615 6.12 6.18

-0.06 -0.03 -0.01 -0.02 -004 -0.02 -0.09 -0.01 -0.04 -0.04 -0.01 0 -0.02 -0.01
NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP
347 32 -3.24 308 -34 291 -35 -3.21 598 -3.39 -283 -2.85 -3 -3.26

-32 -321 -322 311 -344 -298 -275 -3.22 598 -343 -283 -2.83 -3 -3.31
269 -278 -1.94 -263 -273 2.1 -275 -2.37 599 -3.19 -2,62 24 -269 -295
-2.66 -182 -202 -1.81 -267 -2.05 275 -242 6 -2.55 -263 -244 -264 -257
266 -1.84 -2.02 -1.83 266 -2.05 -275 -242 6.01 -2.54 263 -243 -264 -253
-2.65 -1.83 201 -1.81 28656 204 275 -2.4 6.02 -2.54 -263 -242 -263 -252
265 -182 -2.01 -181 -265 -203 -274 -241 6.02 -253 -262 241 -262 -252

-052 -1.38 -123 127 -0.75 -0.88 -076 -0.8 -0.04 -086 -021 -044 -0.38 -0.74

29



WO 2005/042065 PCT/US2004/035644

Appendix B 3 of4

o7 28 20 3 34 32 33 34 35 36 37 38 39 40
PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP
5.87 595 583 6.04 6.1 6.1 61 6144 604 583 504 596 6.06 5.96

5.57 597 584 6.04 61 609 61 614 604 58 505 594 6.07 5.97
5.56 6.0t 582 6.01 6.07 607 607 641 602 581t 505 595 6.08 594
5.67 6.02 586 6.05 611 609 61 613 605 682 651 598 6.1 5.97

5.58 6.03 588 6.07 6,13 6.09 6.12 645 607 583 641 599 6.1 599
5.58 6.03 6589 6.08 6144 609 613 6146 607 583 612 6 61 6
5.58 6.03 6589 6.08 614 64 643 646 607 583 5.12 6 61 8

-0.01 -0.08 -0.06 --0.04 -004 O -0.03 -0.02 -0.03 0 -008 -004 -0.04 -0.04

NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP
-1.87 -2.97 -3.36 -3.36 -2.81 -3.31 -299 -333 -274 -227 -283 -309 -293 -2.77

-1.87 0 -337 -342 285 -337 299 -335 -274 -1.17 279 -2.07 0 -2.77
-0.54 0 244 246 437 45 479 307 -1.95 044 AT1 421 0 -1.97
0 0 -032 -043 0 0 -01 -243 042 0 -0.03 -0.16 0 -0.08
0 0 0 0 0 0 0 174 0 0 0 ] ¢ 0
0 0 0 0 0 0 0 04 0 0 0 0 0 o
0 0 0 0 0 0 0 0, 0 0 0 0 0 o
-4.87 -2.97 -3.36 -3.36 -2.81 -3.31 -2.99 -3.33 -2.74 -2.27 -2.83 -3.09 -293 -2.77

Sheeting test is re-run with the drain line clamped to verify that the set and not the cycler is responsible for the Jeak
PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP PosP
5.35 6.08 599 6.06 6.04 612 609 609 6.04 6.05 5.4 6.07 6.02 5.97

5.34 6.09 6.01 6.1 6.05 6.12 6.1 6.1 6.04 605 544 6.08 6.03 5.97
5.35 6.06 599 6.07 6.02 6.09 606 609 602 602 543 607 6 5.94
5,38 609 6.04 6.1 6.04 612 609 614 6.05 605 549 6.09 6.03 597
5.4 611 6.06 6.11 6.05 614 611 616 607 607 5851 6.1 605 ©
54 611 6.07 6.12 606 6.14. 6.12 6.17 607 607 552 61 ° 606 6
5.41 6.12 6.07 6.12 6.06 6.14 612 617 607 608 553 6.1 6.06 6

006 004 -008 -006 -002 002 -003 -0.08 -0.03 -003 -013 003 -004 -0.03
NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP NegP
-1.87 -3.08 -345 -343 -341 -322 -343 -343 -298 -255 -281 -327 -296 -3.34

-147 -308 -347 -344 -341 324 -344 -343 -3 259 -283 327 -296 -3.39
-1.51  -267 -267 -2.78 26 264 -268 -324 -271 -188 -23 -248 -2.64 -272
-1.51 -2869 -261 -261 -2.65 -268 -269 -2.83 -2.67 -1.89 -23 -248 -265 -2.62
451 268 -261 26 264 -268 -268 -269 -267 -1.88 -23 -247 -264 -2.51
-1.5 -268 -26 26 264 267 -268 -268 -266 -1.87 -23 247 -2.62 -2.51
-1.5 267 -2.59 -2.59 -2.63 267 -267 -2.68 -2.66 -187 -229 -2.46 -2.6 -2.61%

-0.37 -041 -0.86 -0.84 -0.78 -055 -0.76 -075 -032 -068 -0.52 -0.81 -0.36 -0.83
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41
Pos P
5.49

5.5
5.47
5.49

6.5

5.5

5.5

-0.01

Neg P
-2.03

-1.96
-0.84
-0.01

0

0

0

-2.03

Pos P
5.83

5.83
5.8
5.82
5.83
5.83
5.83

Neg P
-1.58

-1.64
-1.73
-1.73
-1.72
M
-1.71

0.13
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42 43 44 45a 46 47 48 49 50
PosP PosP PosP PosP PosP PosP PosP PosP PosP

6.08 6.13 5.84 771 5.93 6 597 606 695

6.09 6.06 584 747 593 567 597 595 695

607 604 575 557 58 566 598 586 592

6.1 6,07 56.78 578 593 569 599 592 594

642 6.08 5.81 581 595 571 599 593 696

613 609 582 582 596 571 589 595 596

6,13 6.09 582 582 597 671 599 595 697
005 004 002 1.89 -004 029 -002 011 -0.02 4,74 067 003 03

Average Standard Average Standard

Neg P NegP NegP NegP NegP NegP NegP NegP NegP Deviation Deviation
.34 -295 -381 -362 -3.38 -3.19 -364 -144 .35
343 2904 -3.88 -322 347 -254 244 -1 -3.5
186 -129 -3.82 -27% 244 -136 -245 -1.01 -3.07
-0.07 0 352 205 -0.82 -002 -144 -0.89 -2.18

0 0 3141 -154 0 0 0 -0.76 -0.16

0 0 213 102 0 0 0 -0.61 0

0 0 -0.07 -076 O 0 0 -0.51 0

3.1 -2.95 -3.74 -2.86 -3.38 -3.19 -3.64 -0.93 -3.5 008 004 .298 0.51

Average Standard Average Standard
Deviation Deviation

Sheeting test is re-run with the Brain line clamped to verify that the set and not the cycler is responsible for the leak
PosP PosP PosP PosP PosP PosP PosP PosP PosP

6.1

6.1
6.08
6.1
6.11
6.11
6.12

-0.02
NegP
-3

-3
-2.61
-2.62
-2.62
-2.61
-2.61

-0.39

6.05 ©5.83 6.03 5.94
583 583 585 5.94
6585 5.81 575 591
586 5.83 5.78 5.94
587 585 58 596
587 5.86 5.81 5.98
587 5.86 5.82 5.98
0.18 -0.03 021 -0.04
NegP NegP NegP NegP
-3.08 -3.79 -3.31 -3.29
-2.09 -3.83 -2.93 -3.04
2.4 -3.74 -248 -257
241 34 203 233
2.4 -2.61 -1.9 233
2.4 -2.64 -1.84 -232
-2.1 263 -1.82 -231
-098 -1.16 .1.49 -0.98

6.05

5.76
577
5.83
5.84
5.84
5.85

0.2
Neg P
-2.71

-2.33
-1.76
-1.81
-1.8
-1.79
-1.79

-0.92

5.92

5.92
5.89
5.92
5.94
5.95
5.95

-0.03
Neg P
-3.77

-3.68
-3.46
2,15
277
-2.75
2,75

~1.02

31

6.61

572
5.76
5.84
5.86
5.87
5.87

0.74
Neg P
-2.27

-1.59
-1.04
111
~1.11
A1
-1.1

5.98

-0.02 0.81 0.09 0.00 0.14
Neg P Average Slandard Average Standard
-3.48 Deviation Deviation

-3.5
-3.17
-2.72
272
272
-2.71

-1.17 077 004 008 -0.73 0.35

Average Standard Average Standard
Devlatlon Deviation
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Appendix C  10f3

Reject Cassete if + P1-2 - -P1-2 > 15 and+P2:3--P23< 1 Else Accept Cassetle

8 TR . B

§ - o ™~ S‘.- ':\,3 - ~ ) “\,_‘ 2 ﬂ.' g “g §

A S S L ST S SR S

@ i & « 8

+ ¥ =
9A 403 4 327 003 073 201 -1.66 -0.76 035 -09 038 163 O 2
13A 335 344 344 -009 0 -339 -254 -226 -085 -0.28 0.76 0.28 0 2
5D 396 3.96 3.86 0 0.1 -3.95 -308 -249 -0.87 -0.59 0.87 0.69 0 2
7B 419 413 345 0.06 068 -38 -298 -233 -082 -065 088 1.33 Q 2
2A 3.71 4 4 -0.29 0 -379 26 -234 -119 -026 09 0.26 0 2
AD9E 419 4.12 3.38 007 074 -391 -306 -226 085 -08 0982 1 54 O 2
GOQD 409 401 314 008 087 408 -318 -233 -0.88 -0.85 086 1.72 Q 2
GOOD 409 401 3.14 0.08 087 4.06 -3.18 -233 -0.88 -0.85 096 172 0 2
AD18F 422 4.4 334 012 076 -407 -3.19 -246 -088 -073 1 1.49 Q 2
3C 416 4.06 3.36 0.1 0.7 -4.08 -3.15 -238 -0.83 -0.77 1.03 147 0 2
AD22F 397 382 3144 015 068 -3.94 -3.05 -222 -089 -083 1.04 1.51 Q 2
9D 407 4 0064 007 3936 -3.91 -294 -219 -097 -0.75 1.04 A4.686 Q 2
148 442 401 0411 0.1 3.899 -3.86 -2.89 -21 -097 -079 108 4689 0 2
22A 443 4 389 0413 041 -4.03 -3.05 -249 -098 -056 111 067 0 2
14A 434 426 351 008 075 -3.91 -288 -208 -1.03 -08 111 155 Q 2
15¢ 382 377 375 005 002 -4 292 -25 -1.08 -042 1143 044 0 2
18C 402 39 313 012 077 -396 -294 -208 -1.02 -0.86 114 163 0 2
22C 424 441 336 043 075 -4.12 -31 -227 -1.02 -083 115 158 Q 2
7C 4925 4143 346 042 067 -411 -3.07 -243 -1.04 -064 1.16 1.31 Q 2
1c 406 303 324 043 069 -4.08 -3.04 -223 -1.04 081 117 15 0 2
AD{6A 448 4.07 ' 333 041 074 -396 -29 -243 -1.06 077 1147 151 0 2
21D 39 38 367 0.4 0.13 -4.18 -3.11 -258 -1.07 -053 117 0.66 0 2
238 412 4 347 012 053 -4.07 -3.02 -222 -1.05 -08 117 1.33 0 2
4D 403 385 322 048 063 -403 -304 224 -099 -08 117 143 0 2
6C 39 381 369 009 012 41 -301 244 -1.09 -057 118 069 0 2
3D 427 409 336 0.8 073 -4.03 -301 -216 -1.02 -085 1.2 1.58 0 2
6D- 397 386 314 041 072 44 3 231 11 -069 121 141 0 2
23C 397 387 342 04 075 421 306 -223 -1.15 083 125 158 0 2
1A 442 396 331 016 065 -4.16 -3.06 -225 -1.1 -0.81 126 1.46 0 2
8c 42 407 334 043 073 44 -296 -223 -1.14 -073 127 146 0 2
5D 404 393 3290 011 064 4147 -3 223 -117 077 128 141 0 2
AD21F 3.85 373 373 0.12 0 -3.88 271 246 -1.147 -025 129 025 0 2
19A 447 401 326 0.6 075 423 -31 -227,-1.13 -083 129 158 0 2
GOOD 424 441 335 013 076 -4.16 -298 -213 -1.18 -0.85 131 1.61 0 2
16C 423 397 335 020 062 412 -307 226 -1.05 -081 131 143 0 2
ADI7E 392 374 364 0148 01 421 -307 -248 -114 -059 132 089 0 2
1D 3.88 3.66 3.4 022 052 403 29 -21 113 -08 136 132 Q 2
6C 4928 383 321 045 062 -387 297 -218 -09 -079 135 141 0 2
13B 39 38 38 0.1 0 415 29 -264 -125 -026 135 0.26 0 2
AD15E 419 4,07 331 012 076 -409 -284 -2142 -1256 -0.72 137 148 0 2
AD16E 3.901 365 323 026 042 412 301 -224 A1 077 137 1419 Q 2
13E 444 401 401 013 0 401 275 25 -126 -025 139 028 Q 2
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GOOD 442 415 329 027 086 441 -329 -245 -1.12 -084 139 1.7
GOOD 442 415 329 027 086 -441 -320 245 -1.142 -084 139 1.7

10A 429 4.1 447 019 -007 -3.21 201 177 -1.2 -024 139 017
17C 411 375 325 036 05 -393 -29 -225 -1.03 -065 139 1.15
AD18F 408 39 32 012 076 -4.18 -29 -241 -1.28 -079 14 155
14c 3.99 387 318 012 069 -413 -283 2143 -13 07 142 1.39
8D 408 379 32 029 059 413 -298 -228 -1.15 -0.7 144 129
AD19D 423 4 335 023 065 -4.15 -294 -219 -1.21 -075 144 14
AD3E 421 388 332 023 066 423 -299 239 -1.24 -06 147 126
5A 402 394 334 008 06 431 -2.89 -206 -142 -083 15 143
23B 449 415 34 034 075 -4.38 -3.22 -246 -1.16 -0.76 1.5 1.5
15d 447 391 327 026 064 428 -3 247 -1.28 -0.83 154 147
1B 386 3.58 313 028 045 417 -289 208 -128 -0.81 156 126
7A 421 4.06 342 0.5 064 425 -283 -229 -142 -0.54 157 1.18
ADAE 414 3.81 339 033 042 -411 -286 226 -125 -06 158 1.02
9C 406 3.73 322 033 051 -406 274 22 -132 -054 165 1.05
ADSE 45 412 338 038 074 -438 -308 228 -1.3 -08 1.68 154
8A 404 394 323 01 071 -359, -201 -1.146 -1.58 -0.85 168 156
7D 449 412 343 037 069 432 -3.01 232 -1.31 -0.69 168 1.38
18A 431 3.92 321 039 071 438 -308 229 -1.3 -0.79 169 15
17 427 3.81 317 046 064 -436 -312 -23 -1.24 -0.82 17 146
4C 431 392 32 039 072 -432 -209 -215 -1.33 -0.84 172 158
14D 421 414 34 007 074 404 -23 -073 -1.74 -1.57 181 231
AD16D 447 409 332 038 077 441 -296 223 -145 -0.73 183 15
6A 415 4 335 015 065 -3.35 -128 0.41 -2.07 -1.39 222 204
21A 421 411 334 01 077 436 -202 -1.13 -2.34 -0.89 244 166
20C 405 3.19 3.18 086 001 403 -242 213 -1.61 -4.55 247 456
15a 405 4.02 387 003 015 -396 -228 -16 -1.68 -0.68 1.71 083
2C 394 358 358 036 0 -3956 -288 -231 -137 -027 173 027
4A 404 359 338 045 021 -392 -257 245 -1.35 -042 18 063

50 395 391 391 0.04 0 411 234 14 -1.77 -094 181 094
AD22E 404 325 325 079 0 -3.86 -268 -243 -1.18 -025 197 025
AD24 409 35 351 059 -0.01 -396 -253 -23 -143 023 2,02 022

5A 394 34 34 0.54 0 -409 -257 -244 -152 -013 206 0.13
AD20D 404 322 322 082 - 0 -404 -272 247 132 -025 244 025
2B 383 327 326 056 0.01 415 -257 -2.26 -1.68 -0.31 214 032
18D 422 358 358 064 0 -3.88 -235 -2.07 -1.53 -0.28 217 0.28
AD20D 407 322 322 085 0 404 272 -247 -1.32 -025 247 0.5
2D 387 33 33 0.57 0 -375 -215 -1.86 -1.6 -029 217 029
7D 426 346 3.46 0.8 0 -387 -249 236 -1.38 -0.13 2.18 0.13

AD23E 403 3.48 3.7 085 0.01 4.04 -265 -241 -1.39 -024 224 025
AD18G 425 337 337 088 ¢ 407 -27 245 137 025 225 025
AD23E 395 341 34 084 0.01 -4.04 -261 -2.33 -143 028 227 029

22D 402 314 314 0.8 0 -398 -258 -235 -14 023 228 0.3
23A 401 347 347 o084 0 4 255 -231 -145 024 229 0.24
AD21F 404 319 319 085 0 -396 -2.51 -227 -145 -0.24 23 024
10B 406 3.19 318 087 001 4 -254 -224 146 -03 233 0.31

_;.-n—a._»—k—l-—k—i-—lo-t—k—t—l—l—\—hadk—‘—‘AOODOOOOOOOOOOOOOOOOOOOOOOOO

I\JMMMMMMMMNMNMNNNNNNNNNMNNNNNNNNNMNNMNNNNNNMNMNNN

AD20D. 448 3.34 333 084 001 402 -252 -224 -15 -028 234 029
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20C 44 322 322 088 0 -408 -259 -234 -149 025 237 025 1 2
AD24 404 316 345 088 001 -4.16 -259 -235 -157 -024 245 025 1 2
23A 414 333 332 081 001 -403 -238 -208 -165 -03 246 0.31 1 2
19¢c 426 339 339 087 0 411 248 -219 -163 -020 25 029 1 2
20A 425 339 339 086 0 407 -241 -209 -1.66 -0.32 252 032 1 2
10D 436 344 344 092 0 4 233 202 167 -031 258 0.31 1 2
AD18G 416 326 326 09 0 -4.09 24 -213 -1.69 -027 259 027 1 2
22D 439 346 345 093 001 -4.09 -241 -212 -168 -029 261 03 1 2
AD22E 41 313 3143 097 0 -412 -248 -22 -164 -028 261 0.28 1 2
AD23F 421 334 332 087 002 421 246 -216 -1.75 -03 262 032 1 2
18D 425 319 3149 1.06 0 437 275 -251 -1.62 -024 .2.68 0.4 1 2
AD21E 424 336 336 0.88 0 -413 -231 -202 -1.82 -029 27 029 1 2
10C 43 335 335 095 0 447 -267 -239 -18 -028 275 0.28 1 2
AD24 416 32 32 096 0 419 -2.12 -1.84 -2.07 -028 3.03 0.28 1 2
AD25 404 323 323 0.81 0 424 176 -1.48 -248 -028 3.29 0.28 1 2
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Appendix D

Table 1 contains the data from 10 primes in which the patient tine was to be unclamped and 10 primes during which the
patient line was to be clamped, During run 9 the techniclan made an error and clamped the line when it was supposed fo be
unclamped. The data clearly shows the error is detectable.

Etaspsed
Time
(sec) 1 2 3 4 & 6 7 ] 9 10 11 12 13 14 15 16 17 19 19 20

Pressure o 0.61 .06 003 092 077 101 079 062 084 09% 075 081 079 085 08 085 077 073 075 056

assisled 1

prime 2

Slart 3 021 021 021 02 021 04 -021 021 051 -021 049 049 083 084 047 066 061 046 047 07

Gravity

Prime

Phase 4 021 021 048 021 -021 016 021 -0.21 052 -021 033 048 053 064 046 065 051 046 008 0.16
5 02 -046 042 0.16 019 047 02 019 053 047 033 024 041 059 041 045 008 006 003 007
6 0.46 0,08 008 042 035 0.1 045 -0.14 049 09 034 026 003 059 0 001 002 001 004 0.04
7 0.42 002 006 007 -004 002 041 003 039 006 034 026 002 059 002 ¢ 001 00t 004 003
8 04 001 -0.05 005 004 002 -009 007 04 -0.05 033 026 0 089 003 0 ¢ 001 004 0.03
9 0,09 001 -0.06 -0.05 -0.04 -0.02 -0.09 -0.07 043 005 033 025 0 059 003 0 ¢ 001 004 0.2
10 0.09 0.0 006 -0.05 -004 002 -0.0§ 0.07 055 005 033 025 -H02 059 004 O 001 0 004 002
11 0.09 001 005 004 004 001 -008 006 055 -005 033 025 002 059 004 0 002 0 004 001
12 009 0.01 -005 -0.05 -003 -0.02 -0.09 005 055 -005 033 025 002 059 004 @ 002 0 004 0N
13 0,03 001 005 004 003 0,02 009 006 055 -004 033 025 -002 053 -004 0 -002 0 004 0.1
14 009 001 -0.05 -0.04 -003 -0.02 009 -0.06 056 -0.04 033 024 -003 059 004 © 003 0 0H4 004
15 £.09 004 005 004 -003 004 008 006 056 -0.04 033 025 003 059 004 0 003 0 004 ©
16 -0.09 001 -0.05 0.04 -0.03 -0.0% -009 006 055 -005 033 024 -0.03 059 004 0 003 0 003 0.01
17 -0.08 001 -D.05 -0.04 003 001 009 -006 055 -0.04 033 025 -003 058 004 0 -003 ©0 003 0
18 0,00 001 -005 -0.04 003 004 009 005 056 004 033 025 003 059 V04 0 003 0 003 O
19 009 0 -005 -0.04 -003 -001 -009 -006 055 -0.04 033 025 -0.03 059 004 0 -004 0 0.03 o
20 -0.09 001 005 -0.04 -0.03 -00f -009 006 055 -0.04 033 025 003 059 -0.04 0 004 0 0.03 0

Prime Leved 95 0& 05 05 05 05 €5 14 ¢5 05 30 -3 .30 .30 30 -30 -30 -0 -3 -

Alr Bubble(s) below 0 0 0 015 015 015 0 0 0 [} NA NA NA HNA NA NA NA NA NA NA

Une Clamped N N N N N N N N N N Y Y A4 Y Y Y Y Y Y Y

ConnectorBolom 55 55 55 55 55 55 55 55 55 55 655 55 55 56 65 655 55 655 55 58§

Table 1: Pump Chamber Pressures during pressure assisted gravity prime of HomeChoice cycler.

Table 2 contains data for 10 runs with a E';Sfeed < with one extension line ——————— >
different patient line connector and an (sec) 61 62 63 64 65 66 67 68 69 70
organizer that needs to be shortened 2 Pressure O 0.72 083 077 077 076 076 102 075 093 085
inches. If the organizer were shortened ;ﬁ?"" ;

the 2 inches all of the primes would be at Start 3 021 02t 021 021 021 021 04 -0.21 -0.21 -0.21
the bottom of the patient connector or up Gravity

X E Prime |
%tlothe connector #5 mu%as/‘mch. 4 02 02 021 02 021 021 -009 -0.21 021 -0.18
ese rups were made with a 12 foot 5 046 018 02 019 02 02 001 02 049 018
patient line extension. The pump 6 -0.13 047 -0.18 -0.18 019 -0.2 0 -0.19 -0.17 -0.16
7
8

chamber pressuzes are the same for these 042 016 047 048 048 -0.19 003 -0.49 -046 013
041 D46 -0.47 047 D47 -D.4B 006 -0.18 -046 D19

Phase

runs as for the runs with no patient line .9 -0.41 008 037 -0.46 047 -047 007 -0.45 045 -0.4
extension. The clamped line test results 10 044 008 -0AT 043 046 041 042 043 044 04
would be the same with or without i1 041 008 -0.16 -0.41 -044 -0.11 0.16 -0.12 -0.06 -0.08

O : 12 011 007 014 D4 -041 -0 018 -DA1 0.05 -0:09
extension lines since the clamp is on the 13 04 008 042 01 -01 011 048 -041 -0.05 -0,00
patient line and not the extension line. 14 041 008 011 04 008 -0 048 -0.41 -005 -0,09
15 01 007 04 0.1 009 -01 019 -011 -0.06 -0.09
16 04 007 04 009 008 01 049 011 -005 -0.09
17 0.t 007 -0t -0.09 -0.08 -0.1 019 -0.11 -0.05 -0.09
18 01 007 -04 009 008 01 019 D1 005 0.0
19 0.4 007 04 009 008 -04 019 0.1 -0.05 -0D.09
0 04 007 04 009 008 04 019 01 005 .09

Prime Level 475 -2 476 A5 475 475 188 475 488 -2
ArBubblefs)below ¢ O ¢ 0 O G 0 ¢ o6 O
Line Clamped N N N N N N N N N N

8 8 8 8 | 8 8 8 8

Conneclor Battom 8

Table 2; Pump chamber pressures during pressure assisted gravity
prime of HomeChoice with one patient line extension.
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Appendix E

connector
helght  fluld height
Cassette # above table above table

88 8 6.5
35 8 6.5
47 8 6.5
46 7.75 6.125
37 7.875 6.5
33 8 6.25
39 8 6.376
26 7875 6.125
14 8 6.26

6.34722222 Average Priming Height i
0.16271353 Standard Deviation in Priming Height

Table ?: Normal Patient Line Priming

Pressure
Cassefte# at 10 seconds
13 0.39
14 0.5
26 0.36
33 0.63
35 0.6
37 0.41
39 0.53
46 0.52
47 0.36
88 035

0.465 Average Pressure after 10 seconds of priming
0.104269949 Standard deviation in pressure after 10 seconds of priming

Table ?: Patient Line Clamped during Priming
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CLAIMS

The invention is claimed as follows:

1. A dialysis machine under control of a processor, the machine comprising:
an actuation unit configured to accept a disposable medical fluid cassette that
includes a flexible membrane, the cassette arranged to receive a medical fluid;
the actuation unit and the processor operable to:
in a first integrity test, provide a positive pressure to an outer surface of the
membrane of the cassette and measure a decay of the positive pressure on the outer
surface; and
in a second integrity test, provide positive pressure to an inner surface of
the membrane of the cassette and measure a decay of the positive pressure on the inner

surface.

2. The dialysis machine of Claim 1, wherein positive pressure is provided in at

least one of the first and second tests via a pneumatic source or a mechanical device.

3. The dialysis machine of Claim 2, which includes a sensor positioned at the

pneumatic source to sense the decay of the positive pressure.

4. The dialysis machine of Claim 1, wherein positive pressure in the second
integrity test is applied to at least one portion of the cassette selected from the group
consisting of: a pumping portion, a valve portion, a port portion and a flow path

portion.
5. The dialysis machine of Claim 1, wherein positive pressure in the first integrity

test is applied to a first portion of the outer surface of the membrane and negative

pressure is applied to a second portion of the outer surface of the membrane.
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6. The dialysis machine of Claim 1, wherein positive pressure in the first integrity
test is applied to a first portion of the outer surface of the membrane and negative

pressure is applied to a second portion of the outer surface of the membrane.

7. The dialysis machine of Claim 1, wherein positive pressure in the second
integrity test is applied to a first portion of the inner surface of the membrane and

negative pressure is applied to a second portion of the inner surface of the membrane.

8. The dialysis machine of Claim 1, wherein the second integrity test is a first test
in which pressure is applied to an inner surface of the membrane of the cassette and
pressure decay is measured, and which includes at least one additional integrity test in
which at least one of positive and negative pressure is applied to an inner surface of

the membrane of the cassette and at least one of positive and negative pressure decay

is measured.
9. The dialysis machine of Claim 1, wherein the second test occurs after the first
test.

10.  The dialysis machine of Claim 1, wherein at least one of the first and second
tests triggers an alarm if the associated pressure decay is not compliant with a preset

range.

11.  The dialysis machine of Claim 1, wherein a same pressure source is used to

create positive pressure on the inner and outer surfaces of the membrane.

12. A dialysis machine under control of a processor, the machine comprising:

an actuation unit configured to accept a disposable medical fluid cassette, the
cassette having a plurality of fluid lines, each of the fluid lines enclosed so that the
sterility of air within the lines is maintained prior to use in treatment, the cassette
arranged to receive a medical fluid; and

wherein the éctuation unit and the processor are operable: (i) to provide air

pressure to an inner surface of the membrane of the cassette and (ii) to measure a
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decay of the pressure, (iii) while the fluid lines are enclosed and before any of the fluid

lines is connected to a fluid supply.

13.  The dialysis machine of Claim 12, wherein at least one of the fluid lines is
enclosed via at least one device selected from the group consisting of: a tip protector,

a line clamp, and a hydrophobic membrane.

14.  The dialysis machine of Claim 12, wherein the actuation unit and the processor
are further operable: (i) to provide pressure to the inner surface and (ii) to measure

pressure decay, (iii) while at least one of the fluid lines is connected to the fluid

supply.

15.  The dialysis machine of Claim 14, wherein the pressure applied while the at

least one fluid line is connected to the fluid supply is air pressure or liquid pressure.

16.  The dialysis machine of Claim 12,‘ wherein the pressure applied to the inner

surface is at least one of positive air pressure and negative air pressure.

17.  The dialysis machine of Claim 16, wherein the positive and negative pressures

are provided at the same time.
18.  The dialysis machine of Claim 12, wherein the pressure applied to the inner
surface of the membrane is caused by applying a pressure to an outer surface of the

membrane and manipulating at least one valve.

19.  The dialysis machine of Claim 12, wherein the pressure applied to the outer

surface of the membrane is at least one of a positive pressure and a negative pressure.

20.  The dialysis machine of Claim 12, wherein the pressure is applied to a select

portion of the cassette.
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21.  The dialysis machine of Claim 12, wherein the processor is further operable to
process an alarm signal if the measured pressure decay does not comply with a preset

range.

22.  An improved integrity test method for a dialysis machine having an actuation
unit operable with a disposable cassette, the method comprising:

testing a pressure holding capacity of the cassette first; and

testing an operation of the actuation unit second so that a user can determine,
after a test failure, whether the failure is due to a failure in the cassette or a failure in -

the actuation unit.

23.  The method of Claim 22, wherein testing the pressure holding capacity of the

cassette includes performing a plurality of pressure decay tests.

24.  The method of Claim 22, wherein testing the pressure holding capacity of the

cassette includes testing the pressure holding capacity of select portions of the cassette.

25.  The method of Claim 22, wherein testing the pressure holding capacity of the
cassette includes performing a pressure decay test using at least one of positive and

negative pressure.

26.  The method of Claim 22, wherein testing the holding capacity of the cassette
includes performing a pressure decay test on pressure applied to at least one of an

outside and an inside of the cassette.

27.  The method of Claim 22, wherein testing the operation of the actuation unit
includes testing at least one of a cassette valve operation and a tubing occlusion

operation.

28. A method of priming a fluid line in communication with a fluid pump and a
fluid bag located upstream from the pump, the method comprising:

(@) pumping fluid through a portion of the fluid line; and
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(b)  enabling a remainder of the fluid line to be primed via gravity.

29.  The method of Claim 28, which includes setting a fluid level in the bag and a

distal end of the fluid line at substantially the same elevational height.

30.  The method of Claim 28, which includes closing an outlet valve downstream of
the pump while opening an inlet valve upstream of the pump and using the pump to

draw fluid from the bag into a pump chamber of the pump.

31.  The method of Claim 30, which includes closing the inlet valve, opening the

outlet valve, and pumping the fluid through the portion of the fluid line.

32.  The method of Claim 30, which includes opening the inlet and outlet valves
and enabling fluid from the bag to be gravity fed to prime the reminder of the fluid

line.

33. A method of priming a fluid line in communication with a fluid pump and a
fluid bag located upstream from the pump, the method comprising:

()  pumping fluid through a portion of the fluid line; and

(b)  detecting that a patient clamp has not been removed properly from the
fluid line by sensing a lack of an expected pressure drop upon pumping the fluid

through the portion of the fluid line.

34.  The method of Claim 33, which includes overcoming air in the fluid line via

the pumping of fluid through the portion of the fluid line.

35. A method of verifying head height for a medical fluid system that includes a
fluid supply and a fluid pump, the fluid pump including a flexible membrane located
inside a pump chamber, the method comprising:

(a) gravity filling at least a portion of the fluid pump with fluid from the

supply, the fluid moving the flexible membrane within the chamber;
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(b)  measuring an air pressure in the chamber on an opposite side of the
moved membrane from the fluid, the air pressure indicative of a head height of the
supply; and

(©) determining if the head height is acceptable.

36.  The method of Claim 35, wherein the pump is a first pump and the fluid supply
is a first fluid supply and which includes a second pump and a second fluid supply and

performing procedures (a) to (c) for the second pump and second fluid supply.

37.  The method of Claim 35, which includes providing an alarm if the head height

is not acceptable.

38.  The method of Claim 35, wherein measuring the air pressure in the chamber
includes calibrating a pressure sensor when the air pressure on the opposite side of the

membrane is expected to be zero.

39. A method of verifying head height for a medical fluid system that includes a
fluid -drain and a fluid pump, the fluid pump including a flexible membrane located
inside a pump chamber, the method comprising:

(@  removing fluid from the fluid pump to the fluid drain via gravity, the
fluid removal moving the flexible membrane within the chamber;

(b)  measuring an air pressure in the chamber on an opposite side of the
moved membrane from the fluid, the air pressure indicative of a head height between
the fluid pump and the fluid drain; and

(©) determining if the head height is acceptable.

40.  The methdd of Claim 39, which includes providing an alarm if the head height

is not acceptable.

41.  The method of Claim 39, wherein measuring the air pressure in the chamber
includes calibrating a pressure sensor, prior to removing fluid from the fluid pump,

when the air pressure on the opposite side of the membrane is expected to be zero.
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42.  The method of Claim 39, wherein measuring the air pressure in the chamber

includes measuring a negative air pressure.
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