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MEDICAL FLUID CASSETTES AND RELATED
SYSTEMS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application No.
61/425,050, filed on December 20, 2010, which is incorporated by reference herein.

TECHNICAL FIELD

This disclosure relates to medical fluid cassettes and related systems and methods.

BACKGROUND

Dialysis is a treatment used to support a patient with insufficient renal function.
The two principal dialysis methods are hemodialysis and peritoneal dialysis.

During hemodialysis (“HD”), the patient’s blood is passed through a dialyzer of a
dialysis machine while also passing a dialysis solution or dialysate through the dialyzer.
A semi-permeable membrane in the dialyzer separates the blood from the dialysate within
the dialyzer and allows diffusion and osmosis exchanges to take place between the
dialysate and the blood stream. These exchanges across the membrane result in the
removal of waste products, including solutes like urea and creatinine, from the blood.
These exchanges also regulate the levels of other substances, such as sodium and water,
in the blood. In this way, the dialysis machine acts as an artificial kidney for cleansing
the blood.

During peritoneal dialysis (“PD”), a patient’s peritoneal cavity is periodically
infused with dialysis solution or dialysate. The membranous lining of the patient’s
peritoneum acts as a natural semi-permeable membrane that allows diffusion and osmosis
exchanges to take place between the solution and the blood stream. These exchanges
across the patient’s peritoneum, like the continuous exchange across the dialyzer in HD,
result in the removal of waste products, including solutes like urea and creatinine, from
the blood, and regulate the levels of other substances, such as sodium and water, in the

blood.
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Many PD machines are designed to automatically infuse, dwell, and drain
dialysate to and from the patient’s peritoneal cavity. The treatment typically lasts for
several hours, often beginning with an initial drain cycle to empty the peritoneal cavity of
used or spent dialysate. The sequence then proceeds through the succession of fill, dwell,

and drain phases that follow one after the other. Each phase is called a cycle.

SUMMARY

In one aspect of the invention, a medical fluid pumping system includes a medical
fluid pumping machine defining a cassette enclosure and including an actuator. The
system also includes a medical fluid cassette configured to be disposed within the
cassette enclosure of the medical fluid pumping machine. The medical fluid cassette
includes a base and a membrane attached to the base. The membrane and a region of the
base cooperate to define a fluid pump chamber, and the cassette is positionable within the
cassette enclosure of the medical fluid pumping machine so that the actuator is
substantially aligned with the fluid pump chamber. A member is disposed within the
fluid pump chamber and is magnetically attracted to the actuator such that the member
and the actuator can be coupled together with a portion of the membrane positioned
between the actuator and the member when the cassette is disposed within the cassette
enclosure.

In another aspect of the invention, a medical fluid cassette includes a base and a
membrane attached to the base. The membrane and a region of the base cooperate to
define a fluid pump chamber. The medical fluid cassette also includes a member
disposed within the fluid pump chamber. The member is shaped to substantially conform
to the region of the base that defines the fluid pump chamber, and the member is
magnetically attracted to an actuator of a medical fluid pumping machine when the
medical fluid cassette is disposed within a cassette enclosure of the medical fluid
pumping machine.

In an additional aspect of the invention, a medical fluid pumping machine,
includes a base and a door secured to the base. The base and the door together define a
cassette enclosure when the door is closed. At least one actuator is at least partially

disposed in a port defined by the base. The actuator is magnetically attracted to a
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member disposed within a fluid pump chamber of a medical fluid cassette when the
medical fluid cassette is disposed within the cassette enclosure of the medical fluid
pumping machine.

In a further aspect of the invention, a medical fluid delivery method includes
magnetically coupling an actuator of a medical fluid pumping machine to a member
disposed in a fluid pump chamber of a medical fluid cassette and, while the actuator and
the member are coupled to one another, retracting the actuator and the member to
increase the volume of the fluid pump chamber and draw fluid into the fluid pump
chamber of the medical fluid cassette.

In another aspect of the invention, a medical fluid delivery method includes
drawing medical fluid into a fluid pump chamber defined between a membrane and a
rigid base of a medical fluid cassette by magnetically attracting a member disposed in the
fluid pump chamber to an actuator and retracting the actuator such that a portion of the
membrane disposed between the member and the actuator is moved outwardly, thereby
increasing the volume of the pump chamber.

In an additional aspect of the invention, a medical fluid pumping system includes
a medical fluid pumping machine defining a cassette enclosure and including a piston
with a magnetic piston head. The system also includes a medical fluid cassette
configured to be disposed within the cassette enclosure of the medical fluid pumping
machine. The medical fluid cassette includes a base and a membrane attached to the
base. The membrane and a region of the base cooperate to define a fluid pump chamber,
and the cassette is positionable within the cassette enclosure of the medical fluid pumping
machine so that the piston head is substantially aligned with the fluid pump chamber.
The membrane is magnetically attracted to the piston head such that the membrane and
the piston can be coupled together when the cassette is disposed within the cassette
enclosure.

In a further aspect of the invention, a medical fluid cassette includes a base and a
membrane attached to the base. The membrane and a region of the base cooperate to
define a fluid pump chamber, and the membrane is magnetically attracted to a piston head
of a medical fluid pumping machine when the medical fluid cassette is disposed within a
cassette enclosure of the medical fluid pumping machine.

3
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In another aspect of the invention, a medical fluid pumping machine includes a
base and a door secured to the base. The base and the door together define a cassette
enclosure when the door is closed. A piston is at least partially disposed in a port defined
by the base, and the piston includes a piston head that is magnetically attracted to a
portion of a membrane overlying a fluid pump chamber of a medical fluid cassette when
the medical fluid cassette is disposed within the cassette enclosure of the medical fluid
pumping machine.

In an additional aspect of the invention, a medical fluid delivery method includes
magnetically coupling a piston head of a medical fluid pumping machine to a portion of a
membrane overlying and at least partially defining a fluid pump chamber of a medical
fluid cassette, and, while the piston head and the membrane are coupled to one another,
retracting the piston head and the membrane to increase the volume of the fluid pump
chamber and draw fluid into the fluid pump chamber of the medical fluid cassette.

Implementations can include one or more of the following features.

In some implementations, the member is shaped to substantially conform to a
recess in the region of the base that cooperates with the membrane to form the fluid pump
chamber.

In some implementations, the member and the recess in the region of the base that
cooperates with the membrane to form the fluid pump chamber are substantially dome-
shaped.

In some implementations, the actuator includes one or more magnets, and the
member includes a magnetic material that is attracted to the magnets.

In some implementations, the member includes a magnetic plate that is secured to
a non-magnetic material.

In some implementations, the magnetic plate is surrounded by the non-magnetic
material.

In some implementations, the non-magnetic material is a polymeric material (e.g.,
polyoxymethylene).

In some implementations, the magnetic plate includes a ferromagnetic material

(e.g., steel).
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In some implementations, the actuator includes a magnet plate that defines
multiple recesses and multiple magnets disposed in the recesses.

In some implementations, a magnetic force of the actuator can be altered by
altering the number of magnets disposed within the recesses of the magnet plate.

In some implementations, a magnetic field surrounding the actuator is no greater
than about 10 Gauss (e.g., no greater than about 5 Gauss) at a distance of about 1.5 inches
from the magnet plate.

In some implementations, the magnets are arranged in the recesses such that at
least some adjacent magnets have opposite polarities.

In some implementations, at least some of the magnets are arranged in a circular
pattern, and all circumferentially adjacent magnets within the circular pattern have
opposite polarities.

In some implementations, the actuator further includes a cover plate that can be
secured to the magnet plate that defines the recesses to retain the magnets within the
recesses.

In some implementations, the region of the base that together with the membrane
defines the fluid pump chamber is a recessed region of the base.

In some implementations, the member has a substantially flat surface that abuts a
substantially flat surface of the actuator.

In some implementations, the member is attached to the membrane of the cassette.

In some implementations, the member includes a first portion and multiple
resilient legs extending from the first portion.

In some implementations, the base defines channels configured to receive the legs
to hold the member in a desired position within the chamber.

In some implementations, the resilient legs collapse when a force of at least about
2.0 Ibf is applied to the member in the direction of the rigid base.

In some implementations, the first portion is substantially dome-shaped.

In some implementations, the actuator and the member can be magnetically
coupled together with a force of at least about 10 Ibf (e.g., at least about 15 1bf, about 10
Ibf to about 22 1bf).
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In some implementations, the magnetic attraction between the member and the
actuator is sufficient to create a vacuum pressure of about 150 mbar to about 200 mbar
within the fluid pump chamber when the actuator is retracted.

In some implementations, the actuator can be retracted a sufficient distance away
from the base of the cassette to decouple the actuator from the member.

In some implementations, the medical fluid pumping machine includes a feature
that is arranged to be received in a bore at least partially formed by the actuator as the
actuator is retracted, and the feature can prevent movement of the member in a direction
of the retracting piston to facilitate decoupling of the actuator from the member.

In some implementations, the medical fluid pumping machine includes a post that
is arranged to be received in a bore formed by the actuator as the actuator is retracted, and
the post can prevent movement of the member in a direction of the retracting piston to
facilitate decoupling of the actuator from the member.

In some implementations, the membrane together with the base further defines a
flow pathway that leads from the fluid pump chamber to an inlet of the cassette and a
flow pathway that leads from the fluid pump chamber to an outlet of the cassette.

In some implementations, the medical fluid pumping machine includes first and
second actuators, and the membrane and regions of the base cooperate to define first and
second fluid pump chambers. The cassette is positionable within the cassette enclosure
of the medical fluid pumping machine so that the first and second actuators substantially
align with the first and second fluid pump chambers, and first and second members are
disposed within the first and second fluid pump chambers, respectively. The members
are magnetically attracted to the actuators when the cassette is disposed within the
cassette enclosure.

In some implementations, the base of the cassette is a molded tray-like base.

In some implementations, the membrane is attached only to a perimeter region of
the base.

In some implementations, the base includes a planar surface and multiple raised
features extending from the planar surface, and the plurality of raised features contact the

inner surface of the membrane when the membrane is pressed against the base.
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In some implementations, at least one of the raised features cooperates with the
membrane to form the fluid pump chamber when the membrane is pressed against the
base.

In some implementations, at least some of the raised features cooperate with the
membrane to form fluid pathways in fluid communication with the fluid pump chamber
when the membrane is pressed against the base.

In some implementations, the medical fluid pumping system further includes a
cover that releasably attaches to the cassette. The cover includes a projection that holds
the member in contact with or in near contact with the base of the cassette when the cover
1s attached to the cassette.

In some implementations, the medical fluid pumping system is a dialysis system
(c.g., a peritoneal dialysis system).

In some implementations, the medical fluid cassette is disposable.

In some implementations, magnetically coupling the actuator to the member
includes advancing the actuator toward the medical fluid cassette.

In some implementations, the actuator includes one or more magnets and the
member includes a material that is attracted to the one or more magnets.

In some implementations, the medical fluid delivery method further includes
advancing the actuator toward the medical fluid cassette to expel fluid from the fluid
pump chamber.

In some implementations, the medical fluid delivery method further includes
retracting the actuator a sufficient distance to decouple the actuator from the member.

In some implementations, the medical fluid delivery method further includes
inhibiting movement of the member in the direction in which the actuator is retracting to
facilitate decoupling of the actuator from the member.

In some implementations, inhibiting movement of the member includes drawing
the member against a fixed feature that extends into a bore at least partially formed by the
actuator.

In some implementations, the fluid pump chamber is formed between a membrane
and a base of the cassette, and retracting the actuator and the member causes a portion of
the membrane disposed between the actuator and the member to retract.

7
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In some implementations, the medical fluid delivery method further includes
expelling the medical fluid from the fluid pump chamber by applying an inward force to
an outer surface of the portion of the membrane overlying the fluid pump chamber.

In some implementations, by applying the outward force to the inner surface of
the portion of the membrane overlying the fluid pump chamber, a vacuum pressure of
about 150 mbar to about 200 mbar is created within the fluid pump chamber.

In some implementations, an outward force of about 20N to about 100N is applied
to the membrane by the member.

In some implementations, the medical fluid includes dialysis solution.

In some implementations, the piston head includes an electromagnet.

In some implementations, the system is configured to apply electric current to the
electromagnet in a first direction to cause a magnetic attraction between the piston head
and the membrane.

In some implementations, the system is configured to apply electric current to the
electromagnet in a second direction to cause a repellant force between the piston head
and the membrane.

In some implementations, the piston head is substantially dome-shaped.

In some implementations, the membrane includes a body and a layer of
magnetically attractive material secured to the body.

In some implementations, the magnetically attractive material is restricted to a
portion of the membrane overlying the fluid pump chamber.

In some implementations, the medical fluid pumping machine includes first and
second piston heads, and the membrane and regions of the base cooperate to define first
and second fluid pump chambers. The cassette is positionable within the cassette
enclosure of the medical fluid pumping machine so that the first and second piston heads
substantially align with the first and second fluid pump chambers, and the membrane is
magnetically attracted to the first and second piston heads when the cassette is disposed
within the cassette enclosure.

In some implementations, the medical fluid delivery method further includes
applying a first electric current to an electromagnet of the piston head to cause a magnetic
attraction between the piston head and the membrane.

8
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In some implementations, the medical fluid delivery method further includes
applying a second electric current, opposite to the first electric current, to the
electromagnet of the piston head to cause the piston head to repel the membrane.

In some implementations, magnetically coupling the piston head to the membrane
includes advancing the piston head toward the medical fluid cassette.

Implementations can include one or more of the following advantages.

In certain implementations, the member disposed in the chamber is attracted to
(e.g., magnetically attracted to) the actuator such that the member moves in unison with
the actuator, which is positioned on the opposite side of the cassette membrane from the
member. As a result, when the actuator is retracted, the member applies an outward force
to the inner surface of the membrane causing the volume of the fluid pump chamber to
increase and drawing medical fluid into the fluid pump chamber. This arrangement
allows the fluid to be drawn into the fluid pump chamber without requiring vacuum
pressure to be applied to the outside of the membrane. As a result, the complexity and
cost of the medical fluid pumping machine can be reduced, and the noise levels resulting
from operation of the machine can be reduced relative to vacuum-based systems.

In some implementations, the medical fluid pumping machine and the medical
fluid cassette are configured such that the actuator can be automatically decoupled from
the member in the fluid pump chamber of the cassette. Automatic decoupling of the
actuator from the member can, for example, be achieved by holding the cassette
membrane and the member in place while retracting the actuator. As a result of this
automatic decoupling, the user can simply remove the cassette from the cassette
compartment of the medical fluid pumping machine upon completion of treatment
without having to take additional time and make additional effort to manually decouple
the member from the actuator.

In certain implementations, the member disposed within the fluid pump chamber
is shaped to conform to the inner surface of the fluid pump chamber. The conforming
shapes of the member and the fluid pump chamber can help to increase pumping
accuracy of the medical fluid pumping system.

In some implementations, the member is retained in a substantially centered
position within the pump chamber. This arrangement can help to increase the volumetric

9
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accuracy with which the medical fluid pumping system is able to deliver fluid during a
treatment cycle.

In certain implementations, the actuator includes an array of magnets that are
arranged in an alternating polarity pattern. For example, the magnets can be arranged in
one or more substantially circular patterns such that all circumferentially adjacent
magnets within the circumferential pattern(s) have opposite polarity. As a result of this
arrangement, the magnetic field external to the medical fluid pumping machine can be
reduced or minimized while maintaining a desired magnetic force at the surface of the
actuator.

In some implementations, the actuator includes an array of recesses in which
magnets can be retained and the actuator can be easily disassembled to insert magnets
into or remove magnets from the actuator. By placing a desired number of magnets
within the recesses of the actuator, a desired magnetic attraction between the actuator and
the associated member disposed within the pump chamber can be achieved. Thus, in
implementations where the actuator can be easily disassembled and reassembled to add or
remove magnets, the magnetic force of the actuator can easily be tailored to a particular
application.

In certain implementations, the actuator and the member disposed in the fluid
pump chamber are configured so that the actuator and the member become decoupled
from one another when the pulling force of the actuator relative to the member exceeds a
certain value. This can help to prevent the vacuum pressure applied to the patient from
exceeding a desired limit. For example, this arrangement can help to maintain the
vacuum or suction pressure within a desired range in the event that an obstruction or
blockage occurs in a delivery line that is fluidly connected to the fluid pump chamber. As
an example, if an obstruction or blockage occurs in the patient line leading to the cassette
and causes the fluid flow rate into the fluid pump chamber to decrease, the retracting
actuator head will separate from the member disposed in the chamber.

In some implementations, the cassette membrane includes a magnetically
attractive material such that the membrane itself can be coupled to the actuator during

use. In such implementations, the fluid pump chamber of the cassette typically does not
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include a separate magnetically attractive member disposed therein. Such cassettes can
be relatively easy to use and relatively inexpensive to manufacture.

In certain implementations, the actuator is equipped with an electromagnet such
that the magnetic attraction between the actuator and the magnetically attractive member
or magnetically attractive membrane of the cassette can be controlled as desired. In such
implementations, for example, the electromagnet can be activated after the cassette has
been properly aligned. This can help to ensure that the actuator is properly aligned with
the fluid pump chamber of the cassette during use and can thus increase pumping
accuracy. In some implementations, the electromagnet is deactivated prior to removing
the cassette from the medical fluid pumping machine. This can make removal of the
cassette from the machine easier while decreasing the risk of tearing the membrane
during the decoupling process. Similarly, the strength of the electromagnet can be
modulated to adjust the strength of the magnetic attraction between the actuator and the
magnetically attractive member or magnetically attractive membrane of the cassette for a
given situation.

In implementations in which the magnetically attractive member or magnetically
attractive membrane of the cassette produces its own magnetic field, the current delivered
to the electromagnet can be reversed prior to removing the cassette from the machine.
Reversing the current in this manner can cause the actuator to repel the magnetically
attractive member or magnetically attractive membrane of the cassette, which can
facilitate the decoupling and removal process and reduce the risk of damage to the
membrane.

Other aspects, features, and advantages will be apparent from the description and

drawings, and from the claims.

DESCRIPTION OF DRAWINGS
FIG. 1 is a perspective view of a peritoneal dialysis (“PD”) system that includes a
PD cycler positioned atop a portable cart.
FIG. 2 is a perspective view of the PD cycler and PD cassette of the PD system of
FIG. 1. A door of the PD cycler is in the open position to show the inner surfaces of the

PD cycler that interface with the PD cassette during use.
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FIG. 3 is a perspective view of an open cassette compartment of the PD cycler of
FIGS. 1 and 2.

FIG. 4 is an exploded, perspective view of a magnetic actuator assembly of the PD
system of FIG. 1.

FIGS. 5 and 6 are perspective views of the PD cassette of the PD system of FIG.
1, from a flexible membrane side of the PD cassette and from a rigid base side of the PD
cassette, respectively. The PD cassette includes magnetically attractive dome-shaped
members disposed in pump chambers formed between the membrane and the rigid base
of the cassette.

FIG. 7 is an exploded, perspective view of the PD cassette of the PD system of
FIG. 1.

FIG. 8 is a perspective, cross-sectional view of one of the magnetically attractive
dome-shaped members of the PD cassette of the PD system of FIG. 1.

FIG. 9 is a perspective, cross-sectional view of the PD cassette of the PD system
of FIG. 1 with a retention cover positioned over the pump chambers to hold the
magnetically attractive dome-shaped members in place during shipping.

FIG. 10 is a partial perspective view of the PD cassette in the cassette
compartment of the PD cycler of the PD system of FIG. 1.

FIGS. 11A-11C are diagrammatic cross-sectional views of the PD cassette in the
cassette compartment of the PD cycler of the PD system of FIG. 1, during different
phases of operation.

FIGS. 12-16 illustrate various magnet arrangements for the actuators of the PD
cycler of the PD system of FIG. 1.

FIG. 17 is an exploded perspective view of an alternative magnetically attractive
dome-shaped member that includes an exposed magnetic plate and can be used in the PD
cassette of the PD system of FIG. 1.

FIG. 18 is a perspective, cross-sectional view of an alternative PD cassette that
includes a magnetically attractive dome-shaped member disposed in a fluid pump
chamber of the PD cassette where the member includes feet that engage slots formed in a
base of the PD cassette to hold the member in a central portion of the fluid pump
chamber.

12



10

15

20

25

30

WO 2012/087798 PCT/US2011/065415

FIG. 19 is a cross-sectional view of the fluid pump chamber of the PD cassette of
FIG. 18.

FIGS. 20A and 20B are diagrammatic cross-sectional views of a PD cycler that
includes decoupling posts, during and after treatment, respectively.

FIG. 21 is a perspective view of a PD cycler and PD cassette of another PD
system. A door of the PD cycler is shown in the open position to expose magnetic, dome-
shaped piston heads of the PD cycler that can be coupled to a magnetically attractive
membrane of the PD cassette during use.

FIGS. 22A-22C are diagrammatic cross-sectional views of the PD cassette in the
cassette compartment of the PD cycler of the PD system of FIG. 21, during different
phases of operation.

FIG. 23 is a perspective, cross-sectional view of another type of magnetically
attractive dome-shaped member that can be used in the PD cassette of the PD system of
FIG. 1.

FIG. 24 is a perspective, cross-sectional view of a further type of magnetically
attractive dome-shaped member that can be used in the PD cassette of the PD system of

FIG. 1.

DETAILED DESCRIPTION

In certain aspects of the invention, a medical fluid cassette (e.g., a dialysis fluid
cassette) includes a member disposed in a fluid pump chamber formed between a
membrane and a base of the cassette. The medical fluid cassette is configured to be
disposed in a cassette compartment of a medical fluid pumping machine (e.g., a dialysis
machine) in a manner such that an actuator of the medical fluid pumping machine is
substantially aligned with the fluid pump chamber. The member is attractive (e.g.,
magnetically attractive) to the actuator such that the actuator and the member can be
coupled together with a flexible membrane of the cassette compressed therebetween.
During use, the actuator is advanced to apply an inward force to the membrane and the
member, forcing fluid out of the fluid pump chamber. Due to the attraction between the
member and the actuator, the member and the actuator become coupled together as the

actuator is advanced and the cassette membrane becomes compressed between the
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member and the actuator. The actuator is subsequently retracted causing the member
disposed in the fluid pump chamber to retract and apply an outward force to the
membrane. This increases the volume of the fluid pump chamber, causing fluid to be
drawn into the chamber. By coupling the member to the actuator in this manner, the
volume of the fluid pump chamber can be increased by simply retracting the actuator.
There is typically no need for an external vacuum to be applied to the cassette membrane
to increase the volume of the fluid pump chamber. Exemplary medical fluid cassettes,
medical fluid pumping machines, medical fluid pumping systems, and medical fluid
delivery methods are described below.

Referring to FIG. 1, a peritoneal dialysis (“PD”) system 100 includes a PD cycler
(also referred to as a PD machine) 102 secated on a cart 104. Referring also to FIG. 2, the
PD cycler 102 includes a housing 106, a door 108, and a cassette interface 110 that mates
with a disposable PD cassette 112 when the cassette 112 is disposed within a cassette
compartment 114 formed between the cassette interface 110 and the closed door 108.
The cassette 112, as will be described in greater detail below, includes fluid pump
chambers 138A, 138B formed between a rigid base 156 and a flexible membrane 140
(shown in FIGS. 5 and 7). Magnetically attractive dome-shaped members 161A, 161B
are disposed in the fluid pump chambers 138A, 138B.

A heater tray 116 is positioned on top of the housing 106. The heater tray 116 is
sized and shaped to accommodate a bag of dialysis solution (e.g., a five liter bag of
dialysis solution). The PD cycler 102 also includes a touch screen 118 and additional
control buttons 120 that can be operated by a user (e.g., a patient) to allow, for example,
set-up, initiation, and/or termination of a PD treatment.

Still referring to FIG. 1, dialysis solution bags 122 are suspended from fingers on
the sides of the cart 104, and a heater bag 124 is positioned on the heater tray 116. The
dialysis solution bags 122 and the heater bag 124 are connected to the cassette 112
(shown in FIG. 2) via dialysis solution bag lines 126 and a heater bag line 128,
respectively. The dialysis solution bag lines 126 can be used to pass dialysis solution
from the dialysis solution bags 122 to the cassette 112 during use, and the heater bag line
128 can be used to pass dialysis solution back and forth between the cassette 112 and the
heater bag 124 during use. In addition, a patient line 130 and a drain line 132 are
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connected to the cassette 112. The patient line 130 can be connected to a patient’s
abdomen via a catheter and can be used to pass dialysis solution back and forth between
the cassette 112 and the patient during use. The drain line 132 can be connected to a
drain or drain receptacle and can be used to pass dialysis solution from the cassette 112 to
the drain or drain receptacle during use.

Fig. 3 shows a more detailed view of the cassette interface 110 and the door 108
of the PD cycler 102. As shown, the PD cycler 102 includes actuators (also referred to as
pistons) 133A, 133B that contain multiple magnets 135. The actuators 133A, 133B are
connected to a motor (e.g., a stepper motor) positioned in the housing 106 of the PD
cycler102 so that the actuators 133A, 133B can be axially moved within actuator access
ports 136A, 136B formed in the cassette interface 110. As described in greater detail
below, the magnetic actuators 133A, 133B can be coupled to the magnetically attractive
dome-shaped members 161A, 161B of the cassette 112 when the cassette 112 is disposed
within the cassette enclosure 114 during use such that the dome-shaped members 161A,
161B can be reciprocated along with the actuators 133A, 133B.

FIG. 4 illustrates an exploded view of the actuator 133A. Only the actuator 133A
will be described here since the other actuator 133B has the same construction and
operates in the same way as the actuator 133A. As shown in FIG. 4, the actuator 133A
includes a magnet plate 137A that has a concentric circular array of recesses 139A in
which the magnets 135 are disposed. A cap plate 141A is disposed over the back side of
the magnet plate 137A in order to hold the magnets 135 within the recesses 139A of the
magnet plate 137A. An adaptor 143A includes a threaded stem 145A that is inserted
through a central bore 147A in the cap plate 141 A and matingly engages a threaded bore
149A in the magnet plate 137A to secure the cap plate 141A to the magnet plate 137A.
A plunger shaft 151A of the actuator 133A is secured at one end to the adapter 143A and
at its opposite end to the motor in the housing 106 of the PD cycler 102. Any of various
mechanical coupling techniques can be used to secure the plunger shaft 151A to the
adapter 143A. Similarly, any of various suitable connection mechanisms, such as lead
screw mechanisms, ball screw mechanisms, or other gear-type mechanisms, can be used

to connect the plunger shaft 151A to the motor. Operation of the motor causes the
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actuator 133 A to reciprocate within the actuator access port 136A formed in the cassette
interface 110 (shown in FIG. 3).

Referring briefly to both FIGS. 4 and 12, one magnet 135 is disposed within each
of the recesses 139A to form one circular grouping of magnets located near the center of
the magnet plate 137A and another circular grouping of magnets positioned around a
circumferential edge region of the magnet plate 137A. Every other magnet around each
of the substantially circular magnet groupings has opposite polarity such that
circumferentially adjacent magnets within the groupings have opposite polarities. It has
been found that this arrangement of alternating polarity advantageously decreases the
magnetic field present external to the PD cycler 102. The magnetic field typically has a
strength of less than 10 Gauss (e.g., less than 5 Gauss) at a distance of about 1.5 inches in
front of the actuator 133A.

The magnet plate 137A, the cap plate 141A, the adapter 143A, and the plunger
shaft 151A are typically formed of one or more non-magnetic materials. In some
implementations, these actuator components are formed of aluminum. Other metals, such
as brass, bronze, non-magnetic stainless steel, and titanium, can alternatively or
additional be used to form the magnet plate 137A, the cap plate 141A, the adapter 143A,
and/or the plunger shaft 151A. Alternatively, certain plastics, such as ABS, Delrin,
polycarbonate, PEEK, fiber-reinforced PEEK, carbon fiber, nylon, Ultem, PVC, and
PPC, can be used to form the magnet plate 137A, the cap plate 141A, the adapter 143A,
and/or the plunger shaft 151A.

The magnet plate 137A and cap plate 141A of the actuator 133A generally have
diameters that are substantially equal to the diameter of the associated dome-shaped
member 161A disposed within the pump chamber 138A of the cassette 112. In some
implementations, the magnet plate 137A and cap plate 141A have diameters of about 1.0
inch to about 3.0 inch (e.g., about 2.0 inch). The magnet plate 137A has a large enough
thickness so that the recesses 139A formed in the magnet pate 137A can accommodate
the magnets 135. The front wall portion of the magnet plate 137A that sits adjacent each
magnet 135 is sufficiently thin so that the magnetic force of the magnets 135 can
penetrate through the front wall of the magnet plate 137A and allow the actuator 133A to
be coupled to the dome-shaped member 161A with a desired force (e.g., at least about 10
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Ibf, at least about 15 Ibf, about 10 Ibf to about 22 Ibf). In some implementations, the
magnet plate 137A has a thickness of about 0.20 inch to about 0.30 inch (e.g., about 0.25
inch), and the recesses formed in the magnet plate 137A have diameters of about 0.35
inch to about 0.45 inch (e.g., about 0.38 inch) and depths of about 0.195 inch to about
0.295 inch (e.g., about 0.245 inch). In certain implementations, the thickness of the front
wall of the magnet plate 137A in the areas overlying the recesses 139A is about 0.005
inch. Using such a thin wall in the areas overlying the recesses 139A can help to ensure
that a desired amount of magnetic force extends beyond the front face of the actuator
133A.

The magnets 135 can be any of various different types of magnets that are
together capable of providing the desired coupling force between the actuator 133A and
the dome-shaped member 161A of the cassette 112. In certain implementations, the
magnets are formed of NdFeB and plated with NiCuNi. Each of the magnets can have a
diameter of about 0.345 inch to about 0.445 inch (e.g., about 0.375 inch) and a thickness
of about 0.075 inch to about 0.175 inch (e.g., about 0.125 inch). Suitable magnets are
available from K&J Magnetics, Inc., under product number D62-N52.

As will be discussed in greater below, when the cassette 112 (shown in FIGS. 5-7)
is positioned within the cassette compartment 114 and the door 108 is closed, the
magnetic actuators 133A, 133B of the PD cycler 102 align with pump chambers 138A,
138B of the cassette 112 such that the magnetically attractive dome-shaped members
161A, 161B disposed in the chambers 138A, 138B become magnetically coupled to the
actuators 133 A, 133B with portions of the cassette membrane 140 that overlie the pump
chambers 138A, 138B compressed between the actuators 133A, 133B and the dome-
shaped members 161A, 161B. The actuators 133A, 133B, the dome-shaped members
161A, 161B, and the portions of the cassette membrane 140 compressed therebetween
can be advanced to decrease the volume defined by the pump chambers 138A, 138B and
force dialysis solution out of the pump chambers 138A, 138B. The actuators 133A,
133B, the dome-shaped members 161A, 161B, and the portions of the cassette membrane
140 compressed therebetween can then be retracted to decrease the volume defined by
the pump chambers 138A, 138B and draw dialysis solution into the pump chambers
138A, 138B.
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Referring again to FIG. 3, the PD cycler 102 also includes multiple inflatable
members 142 positioned within inflatable member access ports 144 in the cassette
interface 110. The inflatable members 142 align with depressible dome regions 146 of
the cassette 112 (shown in FIGS. 5-7) when the cassette 112 is positioned within the
cassette compartment 114. While only one of the inflatable members 142 is labeled in
FIG. 3, it should be understood that the PD cycler 102 includes an inflatable member 142
associated with each of the depressible dome regions 146 of the cassette 112. The
inflatable members 142 act as valves to direct dialysis solution through the cassette 112
in a desired manner during use. In particular, the inflatable members 142 bulge outward
beyond the surface of the cassette interface 110 and into contact with the depressible
dome regions 146 of the cassette 112 when inflated, and retract into the inflatable
member access ports 144 and out of contact with the cassette 112 when deflated. By
inflating certain inflatable members 142 to depress their associated dome regions 146 on
the cassette 112, certain fluid flow paths within the cassette 112 can be occluded. Thus,
dialysis solution can be pumped through the cassette 112 by actuating the actuators 133A,
133B, and can be guided along desired flow paths within the cassette 112 by selectively
inflating and deflating the inflatable members 142.

Still referring to FIG. 3, locating pins 148 extend from the cassette interface 110.
When the door 108 is in the open position, the cassette 112 can be loaded onto the
cassette interface 110 by positioning the top portion of the cassette 112 under the locating
pins 148 and pushing the bottom portion of the cassette 112 toward the cassette interface
110. The cassette 112 is dimensioned to remain securely positioned between the locating
pins 148 and a lower ledge 150 extending from the cassette interface 110 to allow the
door 108 to be closed over the cassette 112. The locating pins 148 help to ensure that the
pump chambers 138A, 138B of the cassette 112 are aligned with the actuators 133A,
133B when the cassette 112 is positioned in the cassette compartment 114 between the
closed door 108 and the cassette interface 110.

The door 108, as shown in FIG. 3, defines recesses 152A, 152B that substantially
align with the actuators 133A, 133B when the door 108 is in the closed position. When
the cassette 112 is positioned within the cassette compartment 114, hollow projections
154A, 154B of the cassette 112 (shown in FIG. 6), inner surfaces of which cooperate with
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the membrane 140 to form the pump chambers 138A, 138B, fit within the recesses 152A,
152B. The door 108 further includes a pad that can be inflated during use to compress
the cassette 112 between the door 108 and the cassette interface 110. With the pad
inflated, the portions of the door 108 forming the recesses 152A, 152B support the
projections 154A, 154B and the planar surface of the door 108 supports the other regions
of the cassette 112. The door 108 can counteract the forces applied by the actuators
133A, 133B and the inflatable members 142 and thus allows the actuators 133A, 133B to
depress the portions of the membrane 140 overlying the pump chambers 138A, 138B and
similarly allows the inflatable members 142 to actuate the depressible dome regions 146
on the cassette 112.

The PD cycler 102 includes various other features not described in detail herein.
Further details regarding the PD cycler 102 and its various components can be found in
U.S. Patent Application Publication No. 2007/0112297, which is incorporated by
reference herein.

FIGS. 5 and 6 are perspective views from the membrane side and rigid base side,
respectively, of the cassette 112, and FIG. 7 is an exploded, perspective view of the
cassette 112. As shown in FIGS. 5-7, the cassette 112 includes the tray-like rigid base
156, the flexible membrane 140, which is attached to the periphery of the base 156, and
the magnetically attractive dome-shaped members 161A, 161B, which are disposed in
recessed regions 163A, 163B formed by the hollow projections 154A, 154B of the base
156. The recessed regions 163A, 163B of the base 156 cooperate with the flexible
membrane 140 to form the pump chambers 138A, 138B when the cassette 112 is
compressed between the door 108 and the cassette interface 110 of the PD cycler 102
resulting in the flexible membrane 140 being pressed against raised ridges 165A, 165B
that extend from the base 156 and surround the recessed regions 163A, 163B. In
particular, the volumes between the membrane 140 and the hollow projections 154A,
154B that form the recessed regions 163A, 163B of the base 156 serve as the pump
chambers 138A, 138B.

Flat rear surfaces of the dome-shaped members 161A, 161B are attached (e.g.,
thermally or adhesively bonded) to the inner surface of portions of the membrane 140
overlying the pump chambers 138A, 138B. The dome-shaped members 161A, 161B are
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shaped to generally conform to the recessed regions 163A, 163B of the base 156 of the
cassette 112.

The dome-shaped members 161A, 161B include internal magnetically attractive,
steel plates 162A, 162B that cause the dome-shaped members 161A, 161B to be attracted
to the magnetic actuators 133A, 133B of the PD cycler 102. Due to this construction, the
actuators 133 A, 133B can be used to advance the dome-shaped members 161A, 161B
toward the base 156 and thus decrease the volume of the pump chambers 138A, 138B, or
to retract the dome-shaped members 161A, 161B away from the base 156 of the cassette
112 and thus decrease the volume of the pump chambers 138A, 138B. Decreasing the
volume of the pump chambers 138A, 138B causes fluid (e.g., about 12-13 ml of fluid) to
be expelled from the pump chambers 138A, 138B via fluid outlet ports 169A, 169B,
while increasing the volume of the pump chambers 138A, 138B causes fluid (e.g., about
12-13 ml of fluid) to be drawn into the pump chambers 138A, 138B via fluid inlet ports
171A, 171B.

FIG. 8 shows a perspective, cross-sectional view of the dome-shaped member
161A. The other dome-shaped member 161B is identical to the illustrated dome-shaped
member 161A and thus, for simplicity, is not shown here. As shown in FIG. 8, the dome-
shaped member 161A includes a dome-shaped polypropylene portion 173A, a
polypropyline bio-fine film 175A, and the magnetically attractive steel plate 162A sealed
between the polypropylene portion 173A and the polypropylene film 175A. The
polypropylene materials used for the dome-shaped portion 173A and the film 175A are
biocompatible. Due to the construction of the dome-shaped member 161A, bodily fluids
of a patient will only contact the biocompatible polypropylene portion 173 A and the
biocompatible polypropylene film 175A, and not the steel plate 162A.

To construct the dome-shaped member 161A, a pre-form of the dome-shaped
portion 173A is first formed using an injection molding technique. The steel plate 162A
is then positioned within a recess of the pre-form of the dome-shaped portion 173A, and
the assembly of steel plate 162A and the preform are subjected to an overmolding
technique in which the steel plate 162A is disposed and securely held within a mold into
which molten polypropylene is injected. The injected molten polypropylene is allowed to
solidify and form the remainder of the dome-shaped portion 173A, which partially
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encapsulates the steel plate 162A. The circumferential region of the steel plate 162A, as
shown in FIG. 8, is deformed away from the plane of the main portion of the plate such
that the molten polypropylene is allowed to flow around and encapsulate the
circumferential region of the steel plate 162A to securely retain the steel plate 162A. The
polypropylene film 175A is then placed over the steel plate 162A and the dome-shaped
portion 173A, and the circumferential edge region of the polypropylene film 175A is
laser welded to the circumferential edge region of the dome-shaped polypropylene
portion 173A. This laser weld creates a liquid-tight seal and thus seals the steel plate
162A in a liquid-tight manner between the polypropylene film 175A and the dome-
shaped polypropylene portion 173A.

As an alternative to using overmolding to secure the steel plate 162A to the dome-
shaped polypropylene portion 173A, any of various mechanical coupling techniques,
such as screwing the steel plate 162A to the dome-shaped polypropylene portion 173A
and snap fitting these components together, can be used. Similarly, as an alternative to
using a laser weld to secure the polypropylene film 175A to the dome-shaped
polypropylene portion 173A, other thermal bonding techniques that create a suitable bond
can be used.

While the dome-shaped portion 173A and the film 175A have been described as
being formed of polypropylene, one or more other biocompatible polymers can
alternatively or additionally be used. In certain implementations, one or both of these
components are formed of polyoxymethylene (marketed under the trade name Delrin
available from Dupont of Wilmington, DE). Other suitable biocompatible polymers
include polytetrafluoroethylene (PTFE), polyvinyl chloride, polycarbonate, and
polysulfone.

Similarly, while the magnetically attractive plate 162A has been described as
being formed of steel, one or more other ferromagnetic materials can alternatively or
additionally be used. Other examples of ferromagnetic materials from which the
magnetically attractive plate 162A can be formed include stainless steel, iron, nickel, and
cobalt. The thickness of the magnetically attractive plate 162A depends on the type of
material from which the magnetically attractive plate 162A is formed and the desired
magnetic force to be applied between the plate 162A and the actuator 133A. In some
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implementations, the plate 162A has a thickness of about 0.020 inch to about 0.060 inch
(c.g., about 0.040 inch). In certain implementations, the magnetically attractive plate
162A is a magnet.

Referring again to FIGS. 5-7, the membrane 140, when compressed against the
base 156, also cooperates with a series of raised ridges 167 extending from the base 156
to form a series of fluid pathways 158 and to form the multiple, depressible dome regions
146, which are widened portions (e.g., substantially circular widened portions) of the
fluid pathways 158. During use, the dialysis solution flows to and from the pump
chambers 138A, 138B through the fluid pathways 158 and dome regions 146. At each
depressible dome region 146, the membrane 140 can be deflected to contact the surface
of the base 156 from which the raised ridges 167 extend. Such contact can substantially
impede (e.g., prevent) the flow of dialysis solution along the region of the pathway 158
associated with that dome region 146 during use. Thus, as described in further detail
below, the flow of dialysis solution through the cassette 112 can be controlled through the
selective depression of the depressible dome regions 146 by selectively inflating the
inflatable members 142 of the PD cycler 102.

The rigidity of the base 156 helps to hold the cassette 112 in place within the
cassette compartment 114 of the PD cycler 102 and to prevent the base 156 from flexing
and deforming in response to forces applied to the projections 154A, 154B by the dome-
shaped members 161A, 161B and in response to forces applied to the planar surface of
the base 156 by the inflatable members 142.

The base 156 can be formed of any of various relatively rigid materials. In some
implementations, the base 156 is formed of one or more polymers, such as
polypropylene, polyvinyl chloride, polycarbonate, polysulfone, and other medical grade
plastic materials. In certain implementations, the base 156 is formed of one or more
metals or alloys, such as stainless steel. The base 156 can alternatively be formed of
various different combinations of the above-noted polymers and metals. The base 156
can be formed using any of various different techniques, including machining, molding,
and casting techniques.

Still referring to FIGS. 5-7, fluid line connectors 160 are positioned along the
bottom edge of the cassette 112. The fluid pathways 158 in the cassette 112 lead from the
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pumping chambers 138A, 138B to the various connectors 160. The connectors 160 are
positioned asymmetrically along the width of the cassette 112. The asymmetrical
positioning of the connectors 160 helps to ensure that the cassette 112 will be properly
positioned in the cassette compartment 114 with the membrane 140 of the cassette 112
facing the cassette interface 110. The connectors 160 are configured to receive fittings on
the ends of the dialysis solution bag lines 126, the heater bag line 128, the patient line
130, and the drain line 132. One end of the fitting can be inserted into and bonded to its
respective line and the other end can be inserted into and bonded to its associated
connector 160. By permitting the dialysis solution bag lines 126, the heater bag line 128,
the patient line 130, and the drain line 132 to be connected to the cassette 112, as shown
in FIGS. 1 and 2, the connectors 160 allow dialysis solution to flow into and out of the
cassette 112 during use.

As noted above, the membrane 140 is attached to the periphery of the base 156.
The portion of the membrane 140 overlying the central portion of the base 156 is
typically not attached to the base 156. Rather, this portion of the membrane 140 sits
loosely atop the raised ridges 165A, 165B, and 167 extending from the planar surface of
the base 156. Any of various attachment techniques, such as adhesive bonding and
thermal bonding, can be used to attach the membrane 140 to the periphery of the base
156. The thickness and material(s) of the membrane 140 are selected so that the
membrane 140 has sufficient flexibility to flex toward the base 156 in response to the
force applied to the membrane 140 by the actuators 133A, 133B and the inflatable
members 142. In certain implementations, the membrane 140 is about 0.100 micron to
about 0.150 micron in thickness. However, other thicknesses may be sufficient
depending on the type of material used to form the membrane 140.

Any of various different materials that permit the membrane 140 to deflect in
response to movement of the actuators 133A, 133B and inflation of the inflatable
members 142 without tearing can be used to form the membrane 140. In some
implementations, the membrane 140 includes a three-layer laminate. In certain
implementations, for example, inner and outer layers of the laminate are formed of a
compound that is made up of 60 percent Septon® 8004 thermoplastic rubber (i.c.,
hydrogenated styrenic block copolymer) and 40 percent ethylene, and a middle layer is
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formed of a compound that is made up of 25 percent Tuftec® H1062(SEBS: hydrogenated
styrenic thermoplastic elastomer), 40 percent Engage® 8003 polyolefin elastomer
(ethylene octene copolymer), and 35 percent Septon® 8004 thermoplastic rubber (i.c.,
hydrogenated styrenic block copolymer). The membrane can alternatively include more
or fewer layers and/or can be formed of different materials.

The rigid base 156, the membrane 140, and the dome-shaped members 161A,
161B are typically formed separately and then assembled to make the cassette 112. In
some implementations, for example, after forming the rigid base 156 and the dome-
shaped members 161A, 161B, the dome-shaped members 161A, 161B are attached (e.g.,
welded) to the membrane 140 and then inserted into the recesses 163A, 163B formed by
the hollow protrusions 154A, 154B of the rigid base 156. The membrane 140 is then
attached to the perimeter of the rigid base 156.

Referring to FIG. 9, during shipping of the cassette 112, a rigid cover 177 is
snapped onto the cassette 112 to hold the dome-shaped members 161A, 161B in place
within the pump chambers 138A, 138B. The cover 177 is a rigid polymeric member that
has resilient tabs 179 that fit around side edge regions of the cassette 112 to firmly hold
the cover against the cassette 112. The cover 177 includes projections 181A, 181B that
extend from a relatively planar section 183 of the cover 177 and are sized and shaped to
fit within the recessed regions 163A, 163B of the base 156 of the cassette 112. The
projections 181A, 181B extend a sufficient distance from the planar section 183 of the
cover 177 to press the dome-shaped members 161A, 161B of the cassette 112 against the
base 156 of the cassette 112 when the cover is snapped onto the cassette 112. By holding
the dome-shaped members 161A, 161B in this state during shipping, the dome-shaped
members 161A, 161B are prevented from moving around within the pump chambers
138A, 138B and potentially becoming damaged.

As shown in FIG. 10, before treatment, the door 108 of the PD cycler 102 is
opened to expose the cassette interface 110, and the cassette 112 is positioned with its
membrane 140 adjacent to the cassette interface 110. The cassette 112 is positioned such
that the pump chambers 138A, 138B of the cassette 112 are aligned with the actuators
133A, 133B. In order to ensure that the pump chambers 138A, 138B align with the
actuators 133A, 133B, the cassette 112 is positioned between the locating pins 148 and
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the lower ledge 150 extending from the cassette interface 110. The asymmetrically
positioned connectors 160 of the cassette act as keying features to reduce the likelihood
that the cassette 112 will be installed with the membrane 140 facing in the wrong
direction (e.g., facing outward toward the door 108). Additionally or alternatively, the
locating pins 148 can be dimensioned to be less than the maximum protrusion of the
projections 154A, 154B such that the cassette 112 cannot contact the locating pins 148 if
the membrane 140 is facing outward toward the door 108.

While loading the cassette 112 into the PD cycler 102, the actuators 133A, 133B
are typically retracted completely into the actuator access ports 136A, 136B. This
positioning of the actuators 133A, 133B can reduce the likelihood of damage to the
actuators 133A, 133B during installation of the cassette 112. In addition, retracting the
actuators 133A, 133B into the access ports 136A, 136B helps to prevent the actuators
133A, 133B from being prematurely coupled to the dome-shaped members 161A, 161B
in the pump chambers 138A, 138B of the cassette 112 during insertion of the cassette 112
into the cassette enclosure 114. Such premature coupling of the actuators 133A, 133B to
the dome-shaped members 161A, 161B could result in the actuators 133A, 133B being
misaligned with the dome-shaped members 161A, 161B, which could lead to inaccurate
fluid pumping.

FIGS. 11A-11C illustrate the pump chamber 138A and its associated dome-
shaped member 161A and actuator 133 A throughout different phases of operation. The
other dome-shaped member 161B and actuator 133B operate in a similar manner to pump
dialysis solution to and from the other pump chamber 138B and thus, for simplicity, the
operation of those components will not be separately described. Referring to FIG. 11A,
with the cassette 112 positioned adjacent to the cassette interface 110, the door 108 is
closed over the cassette 112 such that the cassette 112 is contained within the cassette
compartment 114 between the door 108 and the cassette interface 110. An inflatable pad
within the door 108 is then inflated to compress the cassette 112 between the door 108
and the cassette interface 110. This compression of the cassette 112 holds the projections
154A, 154B of the cassette 112 in the recesses 152A, 152B of the door 108 and presses
the membrane 140 tightly against the raised ridges 165A, 165B, 167 extending from the
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planar surface of the rigid base 156 to form the enclosed fluid pathways 158, dome
regions 146, and pump chambers 138A, 138B (shown in FIGS. 5 and 6).

As shown in FIG. 11B, after positioning the cassette 112 within the cassette
compartment 114 and inflating the pad within the door 108, the actuator 133A is
advanced toward the cassette 112 such that the magnetic actuator 133 A becomes coupled
to the magnetically attractive dome-shaped member 161A in the pump chamber 138A.
Because the dome-shaped member 161A is attached to the membrane 140 in a manner
such that the dome-shaped member 161A is centered within the pump chamber and
because the cassette 112 is maintained in a desired position relative to the cassette
interface 110 of the PD cycler 102, the actuator 133A is properly aligned with the dome-
shaped member 161A as the actuator 133A is advanced. As a result, the actuator 133A
and the dome-shaped member 161A become properly coupled by simply advancing the
actuator 133A. After coupling the actuator 133 A to the dome-shaped member 161A, the
actuator is further advanced to deform the membrane 140 and force the dome-shaped
member 161A toward the rigid base 156 of the cassette 112. As a result, the volume of
the pump chamber 138A decreases, causing dialysis solution to be expelled from the
pump chamber 138A via the fluid pathways 158 of the cassette 112 (shown in FIGS. 5-7).

After expelling the dialysis solution from the pump chamber 138A, the actuator
133A is again retracted, as shown in FIG. 11C. The magnetic coupling of the dome-
shaped member 161A causes the dome-shaped member 161A to move the membrane 140
in the same direction as the retracting actuator 133 A, thereby increasing the volume of
the pump chamber 138A and generating vacuum pressure of about 150 mbar to about 200
mbar within the pump chamber 138A. As a result, dialysis solution is drawn into the
pump chamber 138A of the cassette 112 via the fluid pathways 158 of the cassette 112
(shown in FIGS. 5-7).

While the magnet arrangement in the magnet plate 137A of the actuator 133A
results in a low magnet field at distances of 1.5 inches or further from the magnet plate
137A, strong attraction forces (e.g., at least about 10 1bf, at least about 15 Ibf, about 10
Ibf to about 22 Ibf) can be achieved between the actuator 133A and the magnetically
attractive dome-shaped member 161A of the cassette 112 when the actuator 133A is
brought into contact with the portion of the cassette membrane 140 adjacent the dome-
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shaped member 161A. It has been found that magnetic forces within this range are
typically sufficient to draw fluid from the peritoneal cavity of a patient into the pump
chamber 138A without causing the actuator 133 A to become decoupled from the dome-
shaped member 161A of the cassette 112 even when the patient is situated up to 36
inches below the PD cycler 102.

After drawing the dialysis solution into the pump chamber 138A, the dialysis
solution can then be forced out of the pump chamber 138A by again returning the
actuator 133A to the position shown in FIG. 11B, causing the membrane 140 and the
dome-shaped member 161A to move toward the rigid base 156 and thus decreasing the
volume of the pump chambers 138A, 138B.

During operation, with the cassette 112 secured within the compartment 114, the
actuators 133A, 133B are reciprocated to sequentially alter the volume of each of the
pump chambers 138A, 138B. Typically, as the actuator 133 A is extended, the other
actuator head 134B is retracted, and vice versa. As a result, dialysis solution is expelled
from the pump chamber 138A at the same time that dialysis solution is drawn into the
pump chamber 138B, and vice versa. As noted above, while forcing dialysis solution into
and out of the pump chambers 138A, 138B, certain inflatable members 142 of the PD
cycler 102 can be selectively inflated to direct the pumped dialysis solution along desired
pathways in the cassette 112.

Referring back to FIGS. 1 and 2, during PD treatment, the patient line 130 is
connected to a patient’s abdomen via a catheter, and the drain line 132 is connected to a
drain or drain receptacle. The PD treatment typically begins by emptying the patient of
spent dialysis solution that remains in the patient’s abdomen from the previous treatment.
To do this, the pump of the PD cycler 102 is activated to cause the actuators 133A, 133B
to reciprocate and selected inflatable members 142 are inflated to cause the spent dialysis
solution to be drawn into the pump chambers 138A, 138B of the cassette 112 from the
patient and then pumped from the pump chambers 138A, 138B to the drain via the drain
line 132.

After draining the spent dialysis solution from the patient, heated dialysis solution
is transferred from the heater bag 124 to the patient. To do this, the pump of the PD
cycler 102 is activated to cause the actuators 133A, 133B to reciprocate and certain
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inflatable members 142 of the PD cycler 102 are inflated to cause the spent dialysis
solution to be drawn into the pump chambers 138A, 138B of the cassette 112 from the
heater bag 124 via the heater bag line 128 and then pumped from the pump chambers
138A, 138B to the patient via the patient line 130.

Once the dialysis solution has been pumped from the heater bag 124 to the
patient, the dialysis solution is allowed to dwell within the patient for a period of time.
During this dwell period, toxins cross the peritoneum into the dialysis solution from the
patient’s blood. As the dialysis solution dwells within the patient, the PD cycler 102
prepares fresh dialysate for delivery to the patient in a subsequent cycle. In particular, the
PD cycler 102 pumps fresh dialysis solution from one of the four full dialysis solution
bags 122 into the heater bag 124 for heating. To do this, the pump of the PD cycler 102
is activated to cause the actuators 133A, 133B to reciprocate and certain inflatable
members 142 of the PD cycler 102 are inflated to cause the dialysis solution to be drawn
into the pump chambers 138A, 138B of the cassette 112 from the selected dialysis
solution bag 122 via its associated line 126 and then pumped from the pump chambers
138A, 138B to the heater bag 124 via the heater bag line 128.

After the dialysis solution has dwelled within the patient for the desired period of
time, the spent dialysis solution is pumped from the patient to the drain. The heated
dialysis solution is then pumped from the heater bag 124 to the patient where it dwells for
a desired period of time. These steps are repeated with the dialysis solution from two of
the three remaining dialysis solution bags 122. The dialysis solution from the last
dialysis solution bag 122 is typically delivered to the patient and left in the patient until
the subsequent PD treatment.

While the dialysis solution has been described as being pumped into the heater
bag 124 from a single dialysis solution bag 122, dialysis solution can alternatively be
pumped into the heater bag 124 from multiple dialysis solution bags 122. Such a
technique may be advantageous, for example, where the dialysis solutions in the bags 122
have different concentrations and a desired concentration for treatment is intermediate to
the concentrations of the dialysis solution in two or more of the bags 122.

After completion of the PD treatment, the actuators 133A, 133B are retracted
away from the cassette 112 to a sufficient distance to decouple the actuators 133A, 133B
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and the dome-shaped members 161A, 161B of the cassette 112. As the actuators 133A,
133B are retracted away from the cassette 112, the dome-shaped members 161A, 161B
retract along with the actuators 133A, 133B and cause the membrane 140 to stretch. As
the membrane 140 stretches, the resistance applied to the dome-shaped members 161A,
161B increases until eventually the resistive force applied to the dome-shaped members
161A, 161B by the membrane exceeds the attractive force between the actuators 133A,
133B and the dome-shaped members 161A, 161B, which causes the actuators 133A,
133B to become decoupled from the dome-shaped members 161A, 161B. The door 108
of the PD cycler 102 is then opened and the cassette 112 is removed from the cassette
compartment 114 and discarded.

Because the PD system 100 does not require a vacuum system to move the
portions of the membrane 140 overlying the pump chambers 138A, 138B, a substantially
airtight seal between the door 108 and the cassette interface 110 is typically not required.
Thus, as compared to systems including a vacuum system adapted to retract portions of
the cassette membrane overlying pump chambers, the door sealing mechanism of the PD
cycler 102 can be simpler and more cost effective.

While certain implementations have been described, other implementations are
possible.

While the magnets 135 of the actuators 133A, 133B have been described as being
arranged in the roughly concentric circular pattern shown in FIG. 12, other magnet
arrangements are possible. Examples of other magnet arrangements are illustrated in
FIGS. 13-16. In each of FIGS. 13-16, the recesses 139A of the magnet plate 137A in
which magnets 135 are disposed are shaded, and the recesses 139A that do not contain
magnets are unshaded. As shown, in each of the illustrated magnet configurations, the
positive poles of some of the magnets face outward and the positive poles of other
magnets face inward. It has been found that this type of arrangement helps to reduce the
magnetic field to which users of the PD cycler 102 are likely to be exposed. In particular,
these magnet arrangements can result in a magnetic field of no more than about 10 Gauss
(e.g., no more than about 5 Gauss) at a distance of about 1.5 inches from the actuator
133A, 133B while providing a magnetic force of at least about 10 Ibf (e.g., at least about
15 1bf) with the dome-shaped member 161A coupled thereto.
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In certain implementations, the actuators 133A, 133B can be easily disassembled
and re-assembled. In such implementations, the magnet arrangements can be changed
between uses to ensure that an optimal magnetic force is achieved between the actuators
133A, 133B and the dome-shaped members 161A, 161B.

While the dome-shaped member 161A has been described as including the film
175A bonded around the perimeter of the dome-shaped portion 173A to seal the
magnetically attractive plate 162A between the film 175A and the dome-shaped portion
173A, in some implementations, the cassette membrane 140 itself is bonded to the
perimeter region of the dome-shaped portion 173A in order to seal the magnetically
attractive plate 162A between the membrane 140 and the dome-shaped portion 173A.

While the dome-shaped member 161A has been described as including the film
175A bonded around the perimeter of the dome-shaped portion 173A to seal the
magnetically attractive plate 162A between the film 175A and the dome-shaped portion
173A, a thicker and more rigid polymeric member can be used in place of the film 175A.
As shown in FIG. 23, for example, a dome-shaped member 661A includes the
magnetically attractive plate 162A sealed between a dome-shaped polypropylene portion
673A and a polypropylene cap 675A. The polypropylene cap 675A is thicker and more
rigid than the film 175A and is, in many situations, more resistant than the film 175A to
tearing or other damage that may jeopardize the biocompatible seal formed around the
magnetically attractive plate 162A. Due to the thickness of the polypropylene cap 675A,
it is typically impractical to use laser welds or certain other thermal bonds to secure the
polypropylene cap 675A to the dome-shaped polypropylene portion 673A. Instead, barbs
676A extend from the polypropylene cap 675A and into mating recesses 674A in the
dome-shaped polypropylene portion 673A to mechanically secure the polypropylene cap
675A to the dome-shaped polypropylene portion 673A.

To form the dome-shaped member 661A, the dome-shaped polypropylene
member 673A s first injection molded. The magnetically attractive plate 162A is then
disposed in a cavity formed in the dome-shaped polypropylene member 673A , and the
assembly of the magnetically attractive plate 162A and the dome-shaped polypropylene
member 673A is then inserted into a mold into which molten polypropylene is injected to
overmold the polypropylene cap 675A. The injected molten polypropylene flows into the
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recesses 674A in the dome-shaped polypropylene portion 673A. As the molten
polypropylene solidifies within those recesses 674A, the barbs 676A are formed. The
barbs 676A mechanically connect the polypropylene cap 675A to the dome-shaped
polypropylene portion 673A. In addition, the polypropylene of the cap 675A bonds with
the polypropylene of the dome-shaped portion 673 A to further secure the polypropylene
cap 675A to the dome-shaped polypropylene portion 673A.

As an alternative to or in addition to using the barbs 674 A to secure the
polypropylene cap 675A to the dome-shaped polypropylene portion 673 A, other securing
arrangements can be used. In some implementations, for example, the mold into which
the molten polypropylene is injected to form the polypropylene cap 675A is configured to
include a gap between the outer perimeter of the dome-shaped polypropylene portion
673A and the inner surface of the mold. As a result, the molten polypropylene, which
will eventually solidify and form the cap, is allowed to flow around the outer perimeter of
the dome-shaped portion 673A and solidify to form a wall that wraps around the
circumferential edge of the dome-shaped polypropylene portion 673 A and secures the cap
to the dome-shaped portion 673A.

While the caps and the dome-shaped portions have been described as being
formed of polypropylene, it should be understood that these components can be formed
of any of the various biocompatible polymeric materials discussed above with respect to
the dome-shaped portion 173 A and the film 175A.

As an alternative to the techniques described above for forming the dome-shaped
members 661A, other suitable techniques can be used. In certain implementations, the
dome-shaped member is formed using an insert injection molding technique. In such
implementations, a two-part mold is opened and a steel plate is positioned between the
two mold parts. The mold parts are then brought together to form a dome-shaped cavity
in which the steel plate is positioned. Next, molten biocompatible resin is injected into
the cavity so that the steel plate becomes encapsulated within the molten resin. After the
resin has cooled, the mold parts are again pulled apart and the dome-shaped member is
removed.

As an alternative to or in addition to injection molding, other techniques, such as
machining techniques, can be used to form the dome-shaped members 161A, 661A. In
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certain implementations, the polymeric portions 173A, 175A, 673A, 675A and the
magnetic plate 162A are all separately made and then attached (e.g., thermally or
adhesively bonded or mechanically assembled) to one another to form the dome-shaped
members 161A, 661A.

While the plates 162A, 162B of the dome-shaped members 161A, 161B have
been described as being sealed between resin portions of the dome-shaped members,
other constructions can be used. In certain implementations, for example, the
magnetically attractive plate is coated with a biocompatible material, such as
polytetrafluoroehtylene (PTFE), and the coated plate itself forms the rear surface of the
dome-shaped members. As shown in FIG. 24, for example, a dome-shaped member 761A
includes a PTFE-coated steel plate 762A that is secured to dome-shaped portion 773A.
The PTFE-coated steel plate 762A simply includes the steel plate 162A described above
with a PTFE coating 764A that encapsulates the plate 162A. To make the dome-shaped
member 761A, the steel plate 162A is first coated with PTFE to form the coated plate
762A. A pre-form of the dome-shaped portion 773A is then injection molded. The
coated plate 762A is then placed within a recessed region of the pre-form of the dome-
shaped portion 773 A, and the assembly of the coated plate 762A and the pre-form are
disposed in a mold into which molten polypropylene is injected. The molten
polypropylene covers the circumferential region of the coated plate 762 A and solidifies to
encapsulate the circumferential region of the coated plate 762A within polypropylene and
thereby form the remainder of the dome-shaped polypropylene portion 773A. A central
portion of the rear surface of the coated plate 762A remains exposed.

While the coating of the coated plate 762A has been described as being formed of
PTFE, other types of coatings can alternatively or additionally be used. In certain
implementations, for example, the coating is formed of gold or Parylene. Similarly,
while the plate has been described as being formed of steel and the dome-shaped portion
763 A has been described as being formed polypropylene, those components can
alternatively be formed of any of the various other materials described above with respect
to the corresponding components in the dome-shaped members 161A and 661A.

Dome shaped members having other constructions can also be used. FIG. 17, for
example, illustrates an exploded perspective view of an alternative dome-shaped member
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261, which includes a biocompatible, magnetically attractive plate 262 secured to a
dome-shaped biocompatible, polymeric member 273. The plate 262 includes a threaded
bore 264 that can matingly engage threads of a threaded stem 274 extending from the
dome-shaped polymeric member 273 to secure the plate 262 and the dome-shaped
member 273 together. Because the plate 262 is not encapsulated, it may be exposed to
fluid within the pump chamber of the cassette that is to be delivered to a patient. Thus,
the plate 262 is formed of a biocompatible material. In certain implementations, for
example, the plate 262 is formed of stainless steel, such as stainless steel 417, stainless
steel 410, or stainless steel 17-4. As an alternative to stainless steel, other types of
magnetically attractive, biocompatible materials can be used to form the plate 262 of the
dome-shaped member 261. The plate 262 can, for example, include a steel plate or
magnet that is coated with a biocompatible material, such as PTFE, gold, or Parylene.

As an alternative to forming the entire plate 262 of a magnetically attractive,
biocompatible material, a biocompatible coating can be applied over a non-biocompatible
magnetically attractive material, such as steel.

While the plate 262 has been described as being secured to the dome-shaped
member by a threaded connection, other types of connections, such as thermal or
adhesive bonding, can alternatively or additionally be used.

While the dome-shaped member 273 has been described as being formed of a
biocompatible polymeric material, biocompatible materials of other types, such as
biocompatible metals, can alternatively or additionally be used. In certain
implementations, for example, both the magnetic plate 262 and the dome-shaped member
273 are formed of stainless steel.

While the pump chambers 138A, 138B have been described as being sized to
pump about 12-13 ml of fluid with each actuator stroke, the pump chambers 138A, 138B
and the dome-shaped members 161A, 161B disposed in those chambers can be sized to
pump different volumes of fluid. In certain implementations, for example, the pump
chambers 138A, 138B are sized to pump about 25-30 ml of fluid per actuator stroke.

While the dome-shaped members 161A, 161B have been described as being
attached to the inner surface of the cassette membrane 140, in certain implementations,
the cassette includes members that are not attached to the cassette membrane 140. In
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certain implementations, for example, the dome-shaped members are provided with
magnets that are attracted to the magnets of the actuators. As a result of the strong
attraction between these magnets, the magnets can help to properly align the dome-
shaped members within the pump chambers. During shipping of cassettes including
these types of dome-shaped members, it is particularly advantageous to use the cover 177
described above with respect to FIG. 9 in order to reduce the risk of damage to those
members.

In other implementations, as shown in FIGS. 18 and 19, a PD cassette 312
includes a magnetically attractive member 361B that is mechanically restrained within a
pump chamber 338B formed between a rigid base 356 and the membrane 140 to maintain
proper alignment of the member 361B within the pump chamber 338B. A magnetically
attractive member 361A that is identical to the member 361B is typically positioned in an
additional pump chamber 338A formed between the rigid base 356 and the membrane
140. The member 361A is not shown in the pump chamber 338A in FIG. 18 in order to
provide a clearer view of the portion of the rigid base 356 that forms the pump chamber
338A, which is similar to the portion of the rigid base 356 that forms the pump chamber
338B. As shown in FIGS. 18 and 19, the magnetically attractive member 361B includes
a dome-shaped portion 363B that is similar in construction to the dome-shaped member
161A described above. Four resilient legs 365B extend from the dome-shaped portion
363B and sit within slots 367B formed by the base 356. The top surface of the member
361B is in contact with or in near contact with the membrane 140 when the member
361B is in an uncompressed state. As a result, the resilient legs 365B are retained in the
slots 367B of the base 356. The engagement of the legs 365B with the portions of the
base 356 forming the slots 367B inhibits rotational and radial movement of the member
361B relative to the base 356 and thus keeps the member 361B positioned within a
central region of the pump chamber 338B.

The cassette 312 can be used in the PD cycler 102 in generally the same way as
the cassettes described above. As the actuator 133B is advanced toward the base 356 of
the cassette 312, the resilient legs 367B of the member 361B collapse and allow the
hemispherical portion 363B of the member 361B to come into contact with or into near
contact with the base 356. The resilient legs 367B can, for example, collapse upon being
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subjected to a compression force of about two pounds or greater (e.g., about five pounds
or greater). The volume of the pump chamber 338B decreases as a result of this
movement, causing fluid to be expelled from the pump chamber 338B. The actuator
133B is subsequently retracted, and the magnetic coupling between the actuator 133B
and the magnetically attractive plate within the hemispherical portion 363B of the
member 361 causes the member 361B to be retracted along with the actuator 133B. The
volume of the pump chamber 338B increases as a result of this movement, causing fluid
to be drawn into the pump chamber 338B.

While the actuators 133A, 133B have been described as being decoupled from the
magnetically attractive members 161A, 161B; 261A, 261B; 361A, 361B by retracting the
actuators 133A, 133B until the resistance of the cassette membrane 140 exceeds the
coupling force between the actuators 133A, 133B and those members, other techniques
can be used. For example, FIGS. 20A and 20B show the operation of a PD cycler 402
that includes decoupling posts 410 and an actuator 433 A that has bores 412 that extend
through a magnet plate 437A and cap plate 441A of the actuator 433A. The bores 412 are
sized and arranged to receive the decoupling posts 410 of the PD cycler 402. Apart from
the decoupling posts 410 and the bores 412 in the actuator 433 A, the PD cycler 402 is
substantially the same as the PD cycler 102 described above. As with the PD cycler 102
described above, the PD cycler 402 also includes a second actuator that is similar to the
actuator 433A. During use, the cassette 112 is disposed within a cassette enclosure 414
of the PD cycler 402 such that the actuators of the PD cycler 402 align with the pump
chambers 138A, 138B of the cassette. For simplicity, only the operation of the actuator
433A associated with the pump chamber 138A is shown and described with respect to
FIGS. 20A and 20B.

The PD cycler 402 is generally operated in the same manner as the PD cycler 102
described above. As shown in FIG. 20A, as the actuator 433 A is advanced to expel fluid
from the pump chamber 138A, the membrane 140 of the cassette 112 is not in contact
with the decoupling posts 410. Rather, the decoupling posts 410 terminate at points
within the bores 412 of the actuator 433A. As the actuator 433A is reciprocated during
use to draw fluid into and pump fluid out of the pump chamber 138A, the decoupling
posts 410 remain out of contact with the membrane 140. Thus, fluid can be expelled
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from and drawn into the pump chamber 138A without interference from the decoupling
posts 410.

Upon completion of the treatment, the actuator 433A is retracted into the actuator
access port 136A. The decoupling posts 410 are held in a fixed position. As a result, as
the actuator 433 A, the membrane 140, and the dome-shaped member 161A are together
retracted, the ends of the decoupling posts 410 contact the membrane 140 and resist
further axial movement of the membrane 140 and the dome-shaped member 161A. Due
to the bores 412 formed in the actuator 433 A, the actuator 433A is able to be drawn
proximal to the ends of the decoupling posts 410. Continued retraction of the actuator
433 A causes the dome-shaped member 161A to become decoupled from the magnets 135
of the actuator 433A, as shown in FIG. 21B. The decoupling posts 410 advantageously
allow the actuator 433 A and the dome-shaped member 161A to be decoupled from one
another without excessively stretching the membrane 140 of the cassette 112.

While the magnetically attractive members and the pump chambers of the above-
described cassettes have been described as being dome-shaped, magnetically attractive
members and pump chambers of other mating shapes can be used. For example, the
magnetically attractive members and pump chambers can be cylindrical, rectangular, etc.

While some of the magnetically attractive members that are disposed within the
cassette pump chambers have been described as including one or more biocompatible
polymers, they can alternatively be formed of other types of biocompatible materials,
such as biocompatible metals. In some implementations, for example, the dome-shaped
members are formed entirely of stainless steel.

While the actuators of the PD cyclers described above include permanent
magnets, other types of magnetic devices can be used. In certain implementations, for
example, the actuators are equipped with electromagnetic devices. In such
implementations, the magnetic coupling between the actuators and the members disposed
within the pump chambers of the cassette can be broken by simply turning off the current
to the electromagnetic device.

While the magnets 135 have been described as being contained in the actuators of
the PD cycler and the members disposed within the pump chambers of the cassettes have
been described as including magnetically attractive materials that can be attracted to the
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magnets in the actuators, in some implementations, the members disposed within the
pump chambers contain the magnets and the actuators include the magnetically attractive
materials that can be attracted to the magnets. In still other implementations, both the
member disposed within the pump chambers and the actuators of the PD cycler contain
magnets.

While the dialysis systems described above include magnetic actuators that are
coupled during use to magnetically attractive members disposed within pump chambers
of a cassette, in certain implementations, a dialysis system includes a dialysis machine
having magnetic actuators that are magnetically coupled directly to a magnetically
attractive membrane that partially forms the pump chambers of the cassette. As shown in
Fig. 21, for example, a PD system 500 includes a PD cycler 502 having pistons (also
referred to as actuators) 533A, 533B that include electromagnetic, dome-shaped piston
heads 534A, 534B attached (e.g., engaged by mating threads, thermally bonded,
adhesively bonded, snap fit, etc.) to piston shafts 543A, 543B. Each of the piston heads
534A, 534B includes a cavity in which an electromagnet is contained. Each of the piston
heads 534 A, 534B can, for example, include a rear end cap that can be secured to the
front dome-shaped portion of the piston head to form the cavity in which the
clectromagnet is contained. Alternatively, the electromagnet can be threadedly engaged
with or otherwise attached to the front dome-shaped member of the piston head.

A power source (¢.g., a battery or a mains power supply to which the PD cycler
502 is connected) can be connected to the electromagnets in the piston heads 534A, 534B
via lead lines such that current can be transmitted to the electromagnets. When no
current is supplied to the electromagnet, the magnetic field surrounding the piston heads
534A, 534B is very weak such that little or no attraction is experienced between the
piston heads 534A, 534B and magnetically attractive objects in close proximity to the
piston heads 534A, 534B. A current flowing in a first direction through the
electromagnet creates a magnetic field causing magnets in close proximity to the piston
heads 534A, 534B to be attracted to the piston heads 534A, 534B, and a current flowing
in a second, opposite direction through the piston heads 534A, 534B creates a magnetic

field causing magnets (of the same polarity as the magnets mentioned above) in close
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proximity to the piston heads 534A, 534B to be repelled away from the piston heads
534A, 534B.

The piston heads 534A, 534B are typically formed of stainless steel. However,
other metals, such as aluminum, and certain polymeric materials can alternatively or
additionally be used to the form the piston heads 534A, 534B.

An example of a suitable electromagnet is the EM050-12-222 electromagnet,
available from APW Company (Rockaway, NJ). However, other types of electromagnets
can alternatively or additionally be used.

Each of the pistons 533A, 533B is connected to a motor (e.g., a stepper motor)
positioned in the housing 106 of the PD cycler 502 so that the pistons 533A, 533B can be
axially moved within the access ports 136A, 136B formed in the cassette interface 110 of
the PD cycler 502. Apart from the electromagnetic piston assemblies of the PD cycler
502, the PD cycler 502 has generally the same structure as and operates in a similar
manner to the PD cycler 102 described above.

The PD system illustrated in Fig. 21 also includes a PD cassette 512 that includes
a magnetically attractive membrane 540 (shown in Figs. 22A-22C) attached to the base
156 of the cassette 512. Similar to the membrane 140 described above, the magnetically
attractive membrane 540 covers substantially the entire base 156 and is attached (e.g.,
thermally or adhesively bonded) only to the periphery of the base 156. The magnetically
attractive membrane 540 is typically formed of the same materials as the membrane 140
but also includes an outer layer of magnetically attractive material. The outer layer can,
for example, be a layer of magnetically attractive paint. The outer layer is typically
restricted only to those portions of the membrane overlying the fluid pump chambers
538A, 538B. However, the outer layer of magnetically attractive material can
alternatively be applied to the entire surface of the membrane. One example of a suitable
magnetically attractive paint is RUST-OLEUM® Specialty magnetic latex primer,
available from RUST-OLEUM® Corporation (Vernon Hills, IL).

Unlike the PD cassette 112 described above, the PD cassette 512 does not include
magnetically attractive dome-shaped members inside its pump chambers 538A, 538B.
Instead, the pump chambers 538A, 538B are vacant, except for containing liquid during
use. As described in greater detail below, when the electromagnetic piston heads 534A,
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534B are magnetically activated, they can be coupled directly to the magnetically
attractive membrane 540 of the cassette 512 such that the magnetically attractive
membrane 540 can be reciprocated along with the piston heads 534A, 534B.

In order to begin treatment, the cassette 512 is loaded into the cassette
compartment 114 of the PD cycler 502 in much the same way that the cassette 112 was
previously described as being loaded into the cassette compartment 114 of the PD cycler
102. While loading the cassette 512 into the PD cycler 502, current does not flow
through the electromagnets 535A, 535B of the pistons 533A, 533B such that little or no
magnetic attraction is experienced between the magnetic piston heads 534A, 534B and
the magnetically attractive membrane 540 of the cassette 512. In addition, the pistons
533A, 533B are typically retracted completely into the access ports 136A, 136B to reduce
the likelihood of damage to the membrane 540 during installation of the cassette 512.
Retracting the pistons 533 A, 533B into the access ports 136A, 136B can also help to
prevent the piston heads 534A, 534B from being prematurely coupled to the magnetically
attractive membrane 540 during installation, which could result in the piston heads 534A,
534B being misaligned with respect to the pump chambers 538A, 538B and could lead to
inaccurate fluid pumping.

FIGS. 22A-22C illustrate the portion of the cassette 512 including the pump
chamber 538A and its associated piston 533 A throughout different phases of operation.
The other piston 533B and pump chamber 538B cooperate in a similar manner to pump
dialysis solution to and from the other pump chamber 538B and thus, for simplicity, the
operation of those components will not be separately described. Referring to FIG. 22A,
with the cassette 512 positioned adjacent to the cassette interface 110, the door 108 of the
PD cycler 502 is closed over the cassette 512 such that the cassette 512 is contained
within the cassette compartment 114 between the door 108 and the cassette interface 110.
An inflatable pad within the door 108 is then inflated to compress the cassette 512
between the door 108 and the cassette interface 110. This compression of the cassette
512 holds the projections 154A, 154B of the cassette 512 in the recesses 152A, 152B of
the door 108 and presses the membrane 540 tightly against the raised ridges extending
from the planar surface of the rigid base 156 to form the various fluid pathways and
chambers of the cassette 512.

39



10

15

20

25

30

WO 2012/087798 PCT/US2011/065415

As shown in FIG. 22B, after positioning the cassette 512 within the cassette
compartment 114, a current is applied to the piston head 534A to magnetically activate
the piston head 534A, and the piston 533A is advanced toward the cassette 512 such that
the piston head 534A becomes coupled to the portion of the magnetically attractive
membrane 540 overlying the pump chamber 538A of the cassette 512. The piston 533A
is then further advanced to deform the membrane 540 toward the rigid base 156 of the
cassette 512, causing dialysis solution to be expelled from the pump chamber 538A via
the fluid pathways of the cassette 512.

After expelling the dialysis solution from the pump chamber 538A, the piston
533 A is again retracted, as shown in FIG. 22C. Due to the magnetic coupling between
the piston head 534 A and the membrane 540, the membrane 540 is retracted along with
the piston 533 A, thereby increasing the volume of the pump chamber 538A and
generating vacuum pressure of about 150 mbar to about 200 mbar within the pump
chamber 538A. As a result, dialysis solution is drawn into the pump chamber 538A via
the fluid pathways of the cassette 512.

This technique can be used to carry out a PD treatment in much the same way as
described above with respect to the PD system 100. After treatment has been completed,
the current applied to the electromagnets 535A, 535B in the piston heads 534A, 534B is
reverse, causing a repelling force between the piston heads 534A, 534B and the
membrane 540. This allows the user to casily remove the cassette 512 from the cassette
compartment 114 with reduced risk of tearing the membrane 540.

While the piston heads 534A, 534B have been described as including
electromagnets, permanently magnetic piston heads can alternatively or additionally be
used. In such cases, permanent magnets, rather than electromagnets, can be contained in
the cavities of the piston heads. In order to release the coupling between the permanently
magnetic piston heads and the magnetically attractive membrane after treatment, the
piston heads would be retracted a sufficient distance to overcome the magnetic coupling
force.

While each of the piston heads 534 A, 534B has been described as including a

single magnet (electromagnet or permanent magnet), it should be understood that
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multiple magnets can be contained within the piston heads 534A, 534B to achieve a
desired magnetic force.

While the membrane 540 has been described as including an outer layer of
magnetically attractive material, such as paint or primer, in certain implementations, the
magnetically attractive material is incorporated into the body of the membrane. For
example, iron particles can be suspended within the body of the membrane.

While the membranes 140, 540 have been described as being attached only to the
periphery of the base 156 of the cassettes 112, 512, in certain implementations the
membranes 140, 540 are also attached (e.g., thermally or adhesively bonded) to the raised
features 165A, 165B, 167 extending from the planar surface of the base 156.

While the membranes 140, 540 have been described as covering substantially the
entire surface of the base 156 of the cassettes 112, 512, membranes covering only the
pump chambers can alternatively be used. In such implementations, for example, the
fluid pathways extending from the pump chambers of the cassette can be provided by
tubing that is fluidly connected to the pump chambers.

While the cassettes discussed above have been described as having two pump
chambers, the cassettes can alternatively have more or fewer than two pump chambers.

While each of the pump chambers of the cassettes described above has been
described as including a fluid inlet port and a fluid outlet port, the pump chambers can
alternatively include a single port that is used as both an inlet and an outlet.

While certain cassettes have been described as being positioned between locating
pins and a lower ledge extending from a cassette interface of the PD cycler in order to
hold the cassette in a position such that the actuator heads align with the pump chambers
of the cassette, other techniques for ensuring that the actuator heads align with the pump
chambers can alternatively or additionally be used. In some implementations, for
example, the cassette is placed against the door of the PD cycler with the hollow
projections of the cassette disposed in recesses of the PD cycler’s door. The cassette is
held in this position by retainer clips attached to the door. Upon closing the door, the
actuator heads of the PD cycler align with the pump chambers of the cassette.

While certain PD cyclers above have been described as including a touch screen
and associated buttons, the PD cycler can include other types of screens and user data
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entry systems. In certain implementations, for example, the cycler includes a display
screen with buttons (e.g., feathertouch buttons) arranged on the console adjacent the
display screen. Certain buttons can be arranged to be aligned with operational options
displayed on the screen during use such that the user can select a desired operational
option by pressing the button aligned with that operational option. Additional buttons in
the form of arrow buttons can also be provided to allow the user to navigate through the
various display screens and/or the various items displayed on a particular screen. Other
buttons can be in the form of a numerical keypad to allow the user to input numerical
values in order, for example, to input operational parameters. A select or enter button can
also be provided to allow the user to select an operational option to which the user
navigated by using the arrow keys and/or to allow the user to enter values that the user
inputted using the numerical keypad.

While the doors of the PD cyclers described above are shown as being positioned
on a front face of the PD cyclers, the doors can alternatively be positioned at various
other locations on the PD cyclers. For example, the doors could be positioned on a top
face of the PD cycler such that the cassette is slid into the cassette compartment in a
substantially horizontal orientation instead of a substantially vertical orientation.

While the PD cyclers discussed above include inflatable pads in their doors to
compress the cassette between the door and the cassette interface, the PD cyclers can
alternatively or additionally include inflatable pads positioned behind the cassette
interface. Similarly, as an alternative to or in addition to using an inflatable pad to
compress the cassette, other mechanisms suitable for compressing the cassette can be
used.

While the cassettes described above have been described as being part of a PD
system, these types of cassettes can be used in any of various other types of cassette-
based medical fluid pumping systems. Other examples of medical fluid pumping systems
with which cassettes described herein can be used include hemodialysis systems, blood
perfusion systems, and intravenous infusion systems.

Similarly, while the cassettes have been described as being used to pump dialysis
solution, other types of dialysis fluids can be pumped through the cassettes. As an
example, in the case of cassettes used with hemodialysis machines, blood can be pumped

42



WO 2012/087798 PCT/US2011/065415

through the cassettes. In addition, priming solutions, such as saline, can similarly be
pumped through cassettes using the various different systems and techniques described
above. Similarly, as an alternative to dialysis fluids, any of various other types of
medical fluids can be pumped through the above-described cassettes depending on the

type of medical fluid pumping machines with which the cassettes are used.
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WHAT IS CLAIMED IS:

1. A medical fluid pumping system, comprising:

a medical fluid pumping machine defining a cassette enclosure, the medical fluid
pumping machine comprising an actuator; and

a medical fluid cassette configured to be disposed within the cassette enclosure of
the medical fluid pumping machine, the medical fluid cassette comprising

a base;

a membrane attached to the base, the membrane and a region of the base
cooperating to define a fluid pump chamber, the cassette positionable within the
cassette enclosure of the medical fluid pumping machine so that the actuator is
substantially aligned with the fluid pump chamber; and

a member disposed within the fluid pump chamber, the member being
magnetically attracted to the actuator such that the member and the actuator can
be coupled together with a portion of the membrane positioned between the
actuator and the member when the cassette is disposed within the cassette

enclosure.

2. The medical fluid pumping system of claim 1, wherein the member is shaped

to substantially conform to a recess in the region of the base that cooperates with the

membrane to form the fluid pump chamber.
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3. The medical fluid pumping system of claim 2, wherein the member and the
recess in the region of the base that cooperates with the membrane to form the fluid pump

chamber are substantially dome-shaped.

4. The medical fluid pumping system of claim 1, wherein the actuator comprises

one or more magnets, and the member comprises a magnetic material that is attracted to

the magnets.

5. The medical fluid pumping system of claim 4, wherein the member comprises

a magnetic plate that is secured to a non-magnetic material.

6. The medical fluid pumping system of claim 5, wherein the magnetic plate is

surrounded by the non-magnetic material.

7. The medical fluid pumping system of claim 6, wherein the non-magnetic

material is a polymeric material.

8. The medical fluid pumping system of claim 7, wherein the polymeric material

is polyoxymethylene.

9. The medical fluid pumping system of claim 6, wherein the magnetic plate

comprises a ferromagnetic material.
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10. The medical fluid pumping system of claim 9, wherein the ferromagnetic

material is steel.

11. The medical fluid pumping system of claim 1, wherein the actuator comprises
a magnet plate that defines a plurality of recesses and a plurality of magnets disposed in

the recesses.

12. The medical fluid pumping system of claim 11, wherein a magnetic force of
the actuator can be altered by altering the number of magnets disposed within the

recesses of the magnet plate.

13. The medical fluid pumping system of claim 11, wherein a magnetic field
surrounding the actuator is no greater than about 10 Gauss at a distance of about 1.5

inches from the magnet plate.

14. The medical fluid pumping system of claim 13, wherein the magnetic field

surrounding the actuator is no greater than about 5 Gauss at a distance of about 1.5 inches

from the magnet plate.

15. The medical fluid pumping system of claim 11, wherein the magnets are

arranged in the recesses such that at least some adjacent magnets have opposite polarities.
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16. The medical fluid pumping system of claim 15, wherein at least some of the
magnets are arranged in a circular pattern, and all circumferentially adjacent magnets

within the circular pattern have opposite polarities.

17. The medical fluid pumping system of claim 11, wherein the actuator further
comprises a cover plate that can be secured to the magnet plate that defines the recesses

to retain the magnets within the recesses.

18. The medical fluid pumping system of claim 1, wherein the region of the base

that together with the membrane defines the fluid pump chamber is a recessed region of

the base.

19. The medical fluid pumping system of claim 1, wherein the member has a

substantially flat surface that abuts a substantially flat surface of the actuator.

20. The medical fluid pumping system of claim 1, wherein the member is

attached to the membrane of the cassette.

21. The medical fluid pumping system of claim 1, wherein the member

comprises a first portion and a plurality of resilient legs extending from the first portion.
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22. The medical fluid pumping system of claim 21, wherein the base defines
channels configured to receive the legs to hold the member in a desired position within

the chamber.

23. The medical fluid pumping system of claim 22, wherein the resilient legs
collapse when a force of at least about 2.0 1bf is applied to the member in the direction of

the rigid base.

24. The medical fluid pumping system of claim 21, wherein the first portion is

substantially dome-shaped.

25. The medical fluid pumping system of claim 1, wherein the actuator and the

member can be magnetically coupled together with a force of at least about 10 1bf.

26. The medical fluid pumping system of claim 25, wherein the actuator and the

member can be magnetically coupled together with a force of at least about 15 1bf.

27. The medical fluid pumping system of claim 25, wherein the actuator and the

member can be magnetically coupled together with a force of about 10 Ibf to about 22

Ibf.

28. The medical fluid pumping system of claim 1, wherein the magnetic

attraction between the member and the actuator is sufficient to create a vacuum pressure
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of about 150 mbar to about 200 mbar within the fluid pump chamber when the actuator is

retracted.

29. The medical fluid pumping system of claim 1, wherein the actuator can be
retracted a sufficient distance away from the base of the cassette to decouple the actuator

from the member.

30. The medical fluid pumping system of claim 29, wherein the medical fluid
pumping machine comprises a feature that is arranged to be received in a bore at least
partially formed by the actuator as the actuator is retracted, and the feature can prevent
movement of the member in a direction of the retracting piston to facilitate decoupling of

the actuator from the member.

31. The medical fluid pumping system of claim 1, wherein the membrane
together with the base further defines a flow pathway that leads from the fluid pump
chamber to an inlet of the cassette and a flow pathway that leads from the fluid pump

chamber to an outlet of the cassette.

32. The medical fluid pumping system of claim 1, wherein the medical fluid
pumping machine comprises first and second actuators, and the membrane and regions of
the base cooperate to define first and second fluid pump chambers, the cassette is
positionable within the cassette enclosure of the medical fluid pumping machine so that

the first and second actuators substantially align with the first and second fluid pump
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chambers, and first and second members are disposed within the first and second fluid
pump chambers, respectively, the members being magnetically attracted to the actuators

when the cassette is disposed within the cassette enclosure.

33. The medical fluid pumping system of claim 1, wherein the base of the

cassette is a molded tray-like base.

34. The medical fluid pumping system of claim 1, wherein the membrane is

attached only to a perimeter region of the base.

35. The medical fluid pumping system of claim 34, wherein the base comprises a
planar surface and a plurality of raised features extending from the planar surface, and the
plurality of raised features contact the inner surface of the membrane when the membrane

is pressed against the base.

36. The medical fluid pumping system of claim 35, wherein at least one of the
plurality of raised features cooperate with the membrane to form the fluid pump chamber

when the membrane is pressed against the base.

37. The medical fluid pumping system of claim 36, wherein at least some of the
raised features cooperate with the membrane to form fluid pathways in fluid
communication with the fluid pump chamber when the membrane is pressed against the

base.
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38. The medical fluid pumping system of claim 1, further comprising a cover that
releasably attaches to the cassette, the cover comprising a projection that holds the
member in contact with or in near contact with the base of the cassette when the cover is

attached to the cassette.

39. The medical fluid pumping system of claim 1, wherein the medical fluid

pumping system is a dialysis system.

40. The medical fluid pumping system of claim 39, wherein the medical fluid

pumping system is a peritoneal dialysis system.

41. The medical fluid pumping system of claim 1, wherein the medical fluid

cassette is disposable.

42. A medical fluid cassette, comprising:

a base;

a membrane attached to the base, the membrane and a region of the base
cooperating to define a fluid pump chamber; and

a member disposed within the fluid pump chamber, wherein the member is
shaped to substantially conform to the region of the base that defines the fluid pump

chamber, and the member is magnetically attracted to an actuator of a medical fluid
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pumping machine when the medical fluid cassette is disposed within a cassette enclosure

of the medical fluid pumping machine.

43. A medical fluid pumping machine, comprising

a base;

a door secured to the base, the base and the door together defining a cassette
enclosure when the door is closed; and

at least one actuator that is at least partially disposed in a port defined by the base,
wherein the actuator is magnetically attracted to a member disposed within a fluid pump
chamber of a medical fluid cassette when the medical fluid cassette is disposed within the

cassette enclosure of the medical fluid pumping machine.

44. A medical fluid delivery method, comprising:

magnetically coupling an actuator of a medical fluid pumping machine to a
member disposed in a fluid pump chamber of a medical fluid cassette; and

while the actuator and the member are coupled to one another, retracting the
actuator and the member to increase the volume of the fluid pump chamber and draw

fluid into the fluid pump chamber of the medical fluid cassette.

45. The medical fluid delivery method of claim 44, wherein magnetically

coupling the actuator to the member comprises advancing the actuator toward the medical

fluid cassette.
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46. The medical fluid delivery method of claim 44, wherein the actuator
comprises one or more magnets and the member comprises a material that is attracted to

the one or more magnets.

47. The medical fluid delivery method of claim 44, further comprising advancing

the actuator toward the medical fluid cassette to expel fluid from the fluid pump chamber.

48. The medical fluid delivery method of claim 44, further comprising retracting

the actuator a sufficient distance to decouple the actuator from the member.

49. The medical fluid delivery method of claim 48, further comprising inhibiting
movement of the member in the direction in which the actuator is retracting to facilitate

decoupling of the actuator from the member.

50. The medical fluid delivery method of claim 49, wherein inhibiting movement
of the member comprises drawing the member against a fixed feature that extends into a

bore at least partially formed by the actuator.

51. The medical fluid delivery method of claim 44, wherein the fluid pump
chamber is formed between a membrane and a base of the cassette, and retracting the
actuator and the member causes a portion of the membrane disposed between the actuator

and the member to retract.
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52. A medical fluid delivery method, comprising:

drawing medical fluid into a fluid pump chamber defined between a membrane
and a rigid base of a medical fluid cassette by magnetically attracting a member disposed
in the fluid pump chamber to an actuator and retracting the actuator such that a portion of
the membrane disposed between the member and the actuator is moved outwardly,

thereby increasing the volume of the pump chamber.

53. The medical fluid delivery method of claim 52, further comprising expelling
the medical fluid from the fluid pump chamber by applying an inward force to an outer

surface of the portion of the membrane overlying the fluid pump chamber.

54. The medical fluid delivery method of claim 52, wherein, by applying the
outward force to the inner surface of the portion of the membrane overlying the fluid
pump chamber, a vacuum pressure of about 150 mbar to about 200 mbar is created within

the fluid pump chamber.

55. The medical fluid delivery method of claim 52, wherein an outward force of

about 20N to about 100N is applied to the membrane by the member.

56. The medical fluid delivery method of claim 52, wherein the medical fluid

comprises dialysis solution.

57. A medical fluid pumping system, comprising:
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a medical fluid pumping machine defining a cassette enclosure, the medical fluid
pumping machine comprising a piston comprising a magnetic piston head; and
a medical fluid cassette configured to be disposed within the cassette enclosure of
the medical fluid pumping machine, the medical fluid cassette comprising
a base; and
a membrane attached to the base, the membrane and a region of the base
cooperating to define a fluid pump chamber, the cassette positionable within the
cassette enclosure of the medical fluid pumping machine so that the piston head is
substantially aligned with the fluid pump chamber, the membrane being
magnetically attracted to the piston head such that the membrane and the piston
can be coupled together when the cassette is disposed within the cassette

enclosure.

58. The medical fluid pumping system of claim 57, wherein the piston head comprises

an electromagnet.

59. The medical fluid pumping system of claim 58, wherein the system is configured to
apply electric current to the electromagnet in a first direction to cause a magnetic

attraction between the piston head and the membrane.

60. The medical fluid pumping system of claim 59, wherein the system is configured to
apply electric current to the electromagnet in a second direction to cause a repellant force

between the piston head and the membrane.
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61. The medical fluid pumping system of claim 57, wherein the piston head is

substantially dome-shaped.

62. The medical fluid pumping system of claim 57, wherein the membrane comprises a

body and a layer of magnetically attractive material secured to the body.

63. The medical fluid pumping system of claim 62, wherein the magnetically attractive

material is restricted to a portion of the membrane overlying the fluid pump chamber.

64. The medical fluid pumping system of claim 57, wherein the region of the
base that together with the membrane defines the fluid pump chamber is a recessed

region of the base.

65. The medical fluid pumping system of claim 57, wherein the piston head and

the membrane can be magnetically coupled together with a force of at least about 10 1bf.

66. The medical fluid pumping system of claim 65, wherein the piston head and

the membrane can be magnetically coupled together with a force of at least about 15 1bf.

67. The medical fluid pumping system of claim 65, wherein the piston head and
the membrane can be magnetically coupled together with a force of about 10 Ibf to about

22 Ibf.
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68. The medical fluid pumping system of claim 57, wherein the magnetic
attraction between the piston head and the membrane is sufficient to create a vacuum
pressure of about 150 mbar to about 200 mbar within the fluid pump chamber when the

piston head is retracted.

69. The medical fluid pumping system of claim 57, wherein the piston head can
be retracted a sufficient distance away from the base of the cassette to decouple the piston

head from the membrane.

70. The medical fluid pumping system of claim 57, wherein the membrane
together with the base further defines a flow pathway that leads from the fluid pump
chamber to an inlet of the cassette and a flow pathway that leads from the fluid pump

chamber to an outlet of the cassette.

71. The medical fluid pumping system of claim 57, wherein the medical fluid
pumping machine comprises first and second piston heads, and the membrane and
regions of the base cooperate to define first and second fluid pump chambers, the cassette
is positionable within the cassette enclosure of the medical fluid pumping machine so that
the first and second piston heads substantially align with the first and second fluid pump
chambers, and the membrane is magnetically attracted to the first and second piston

heads when the cassette is disposed within the cassette enclosure.
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72. The medical fluid pumping system of claim 57, wherein the base of the

cassette is a molded tray-like base.

73. The medical fluid pumping system of claim 57, wherein the membrane is

attached only to a perimeter region of the base.

74. The medical fluid pumping system of claim 73, wherein the base comprises a
planar surface and a plurality of raised features extending from the planar surface, and the
plurality of raised features contact the inner surface of the membrane when the membrane

is pressed against the base.

75. The medical fluid pumping system of claim 74, wherein at least one of the
plurality of raised features cooperate with the membrane to form the fluid pump chamber

when the membrane is pressed against the base.

76. The medical fluid pumping system of claim 75, wherein at least some of the
raised features cooperate with the membrane to form fluid pathways in fluid
communication with the fluid pump chamber when the membrane is pressed against the

base.

77. The medical fluid pumping system of claim 57, wherein the medical fluid

pumping system is a dialysis system.
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78. The medical fluid pumping system of claim 77, wherein the medical fluid

pumping system is a peritoneal dialysis system.

79. The medical fluid pumping system of claim 57, wherein the medical fluid

cassette is disposable.

80. A medical fluid cassette, comprising:

a base; and

a membrane attached to the base, the membrane and a region of the base
cooperating to define a fluid pump chamber, the membrane being magnetically attracted
to a piston head of a medical fluid pumping machine when the medical fluid cassette is

disposed within a cassette enclosure of the medical fluid pumping machine.

81. A medical fluid pumping machine, comprising

a base;

a door secured to the base, the base and the door together defining a cassette
enclosure when the door is closed; and

a piston that is at least partially disposed in a port defined by the base, wherein the
piston comprises a piston head that is magnetically attracted to a portion of a membrane
overlying a fluid pump chamber of a medical fluid cassette when the medical fluid

cassette is disposed within the cassette enclosure of the medical fluid pumping machine.
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82. The medical fluid pumping machine of claim 81, wherein the piston head

comprises an electromagnet.

83. A medical fluid delivery method, comprising:

magnetically coupling a piston head of a medical fluid pumping machine to a
portion of a membrane overlying and at least partially defining a fluid pump chamber of a
medical fluid cassette; and

while the piston head and the membrane are coupled to one another, retracting the
piston head and the membrane to increase the volume of the fluid pump chamber and

draw fluid into the fluid pump chamber of the medical fluid cassette.

84. The medical fluid delivery method of claim 83, further comprising applying a
first electric current to an electromagnet of the piston head to cause a magnetic attraction

between the piston head and the membrane.

85. The medical fluid delivery method of claim 84, further comprising applying a
second electric current, opposite to the first electric current, to the electromagnet of the

piston head to cause the piston head to repel the membrane.

86. The medical fluid delivery method of claim 83, wherein magnetically

coupling the piston head to the membrane comprises advancing the piston head toward

the medical fluid cassette.
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87. The medical fluid delivery method of claim 83, wherein the piston head
comprises one or more magnets and the membrane comprises a material that is attracted

to the one or more magnets.

88. The medical fluid delivery method of claim 83, further comprising advancing

the piston head toward the medical fluid cassette to expel fluid from the fluid pump

chamber.

89. The medical fluid delivery method of claim 83, further comprising retracting

the piston head a sufficient distance to decouple the piston head from the membrane.
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