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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. Application Serial No. 61/225,618,

filed on July 15, 2009.

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 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.



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 a medical fluid cassette

configured to be disposed within the cassette enclosure of the medical fluid pumping

machine. The medical fluid pumping machine includes a movable piston. 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. The cassette is positionable

within the cassette enclosure of the medical fluid pumping machine so that the membrane

faces the piston and the membrane can be moved by the piston to decrease a volume of

the fluid pump chamber. The medical fluid cassette also includes a member disposed

within the fluid pump chamber and configured to apply an outward force to an inner

surface of the membrane to increase the volume of the fluid pump chamber.

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. A member is disposed within the fluid pump chamber and

is configured to apply an outward force to an inner surface of the membrane to increase

the volume of the fluid pump chamber.

In a further 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 applying an outward force to an inner surface of

a portion of the membrane overlying the fluid 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 a medical fluid

cassette configured to be disposed within the cassette enclosure of the medical fluid

pumping machine. The medical fluid pumping machine includes a movable piston. The



medical fluid cassette includes a base defining a recess and a member disposed within the

recess of the base. The member and the base define a fluid pump chamber therebetween.

The cassette is positionable within the cassette enclosure of the medical fluid pumping

machine so that the member can be compressed by advancing the piston to force fluid out

of the fluid pump chamber, and the member is configured to self-expand as the piston is

retracted away from the member to draw fluid into the fluid pump chamber.

In a further aspect of the invention, a medical fluid cassette includes a base

defining a recess and a member disposed within the recess of the base. The member and

the base define a fluid pump chamber therebetween, and the member is self-expandable,

such that after the member has been compressed to force fluid out of the fluid pump

chamber, the member can self-expand to draw fluid into the fluid pump chamber.

In another aspect of the invention, a medical fluid delivery method includes

drawing medical fluid into a fluid pump chamber defined between a self-expandable

member and a rigid base of a medical fluid cassette by applying a compressive force to

the self-expandable member and then allowing the self-expandable member to self-

expand.

Implementations can include one or more of the following features.

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 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 member is attached to the base of the cassette.

In some implementations, the member includes a first portion defining a recess

configured to receive the piston head.

In some implementations, the member further includes a second portion attached

to the first portion, and the second portion is moveable between an expanded position and

a compressed position.

In some implementations, the first and second portions are integrally formed with

one another.



In some implementations, the second portion is more flexible than the first

portion.

In some implementations, the second portion is substantially cup-shaped in the

expanded position and substantially planar in the compressed position.

In some implementations, the member includes a first portion and a second

resilient portion attached to the first portion. The second resilient portion is configured to

resiliency move between an expanded position and a compressed position, and the first

portion is configured to apply the outward force to the membrane when the second

resilient portion is moved from the compressed position to the expanded position.

In some implementations, the second resilient portion is substantially cup-shaped

in the expanded position and substantially planar in the compressed position.

In some implementations, the second resilient portion is a cup-shaped member

having a sidewall that defines multiple circumferentially spaced apertures.

In some implementations, the first portion defines a recess configured to receive

the piston head.

In some implementations, the medical fluid pumping system further includes a

resilient device positioned between the base of the cassette and the member disposed in

the fluid pump chamber of the cassette. The resilient device is configured to apply a

force to the member.

In some implementations, the resilient device is configured to self-expand after

being compressed.

In some implementations, the resilient device includes a spring and/or an

elastomeric member.

In some implementations, the medical fluid pumping machine includes a device

configured to apply a force to the member disposed in the fluid pump chamber when the

cassette is disposed in the cassette enclosure.

In some implementations, the device is a resilient device configured to self-

expand after being compressed.

In some implementations, the device includes a spring and/or a spring-loaded

piston.



In some implementations, the member has a stem portion disposed within an

aperture of the base of the cassette.

In some implementations, the device contacts the stem portion when the cassette

is disposed in the cassette enclosure.

In some implementations, the medical fluid pumping system further includes an

o-ring surrounding the stem portion, and the o-ring is compressed between the stem

portion and a portion of the base defining the aperture in which the stem portion is

disposed.

In some implementations, the cassette further includes a seal secured to the base

and disposed over the aperture defined by the base.

In some implementations, the device contacts the seal when the cassette is

disposed in the cassette enclosure, and the seal is deformable such that a force can be

transmitted from the device to the stem portion of the member via the seal.

In some implementations, the seal is configured to prevent fluid from exiting the

cassette via the aperture when the force is transmitted to the stem portion.

In some implementations, the member is configured to create a vacuum pressure

of about 150 mbar to about 200 mbar within the fluid pump chamber by applying an

outward force to the membrane.

In some implementations, the member is configured to apply an outward force of

at most about 250 N (e.g., about 2ON to about 10ON, about 55N) to the membrane.

In some implementations, the medical fluid pumping machine includes first and

second movable 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 membrane faces the

first and second piston heads and the membrane can be moved by the first and second

piston heads to decrease volumes of the first and second fluid pump chambers. First and

second members are disposed within the first and second fluid pump chambers,

respectively, and are configured to apply outward forces to the inner surface of the

membrane to increase the volumes of the first and second fluid pump chambers.

In some implementations, the medical fluid pumping machine includes a rod

having a first end region and a second end region, and the rod is configured such that the



first end region can apply a force to the first member disposed in the first fluid chamber

and the second end region can apply a force to the second member disposed in the second

fluid chamber.

In some implementations, the rod is pivotable about a central pivot point such that

when the first end region applies a force to the first member causing the first member to

apply the outward force to the membrane, the second end region moves away from the

second member, and when the second end region applies a force to the second member

causing the second member to apply the outward force to the membrane, the first end

region moves away from the first member.

In some implementations, the rod is configured so that forces can be transmitted

to the rod by the first and second piston heads, and the rod is configured such that when

the first piston head applies a force to the first end region of the rod, the rod pivots and

the second end region of the rod applies a force to the second piston head, and when the

second piston head applies a force to the second end region of the rod, the rod pivots and

the first end region of the rod applies a force to the first piston head.

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 tray-like base.

In some implementations, the base includes a planar surface and multiple raised

features extending from the planar surface, and the multiple raised features contact the

inner surface of the membrane when the membrane is pressed against the base.

In some implementations, at least one of the multiple raised features cooperate

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 is a dialysis system

(e.g., a peritoneal dialysis system).

In some implementations, the medical fluid cassette is disposable.



In some implementations, the membrane and regions of the base cooperate to

define first and second fluid pump chambers, and first and second members are disposed

within the first and second fluid pump chambers, respectively, and are configured to

apply outward forces to the inner surface of the membrane to increase the volumes of the

first and second fluid pump chambers.

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, the outward force is applied to the membrane by a

member disposed in the fluid pump chamber.

In some implementations, the member is a resilient member configured to self-

expand after being compressed.

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 2ON to about IOON (e.g.,

about 55N) is applied to the membrane.

In some implementations, the medical fluid is a dialysis solution.

In some implementations, the member disposed within the fluid pump chamber is

a substantially planar spring.

In some implementations, the substantially planar spring is disposed in a region of

the fluid pump chamber directly adjacent the membrane.

In some implementations, the substantially planar spring includes a hub portion

and a plurality of circumferentially spaced legs extending radially outward from the hub

portion.

In some implementations, the substantially planar spring further includes feet

extending from ends of the legs opposite the hub portion, and at least one of the feet has a

width that is greater than a width of the leg to which the at least one of the feet is

attached.

In some implementations, the at least one of the feet has a curved configuration

that substantially conforms to an adjacent surface of the base.



In some implementations, the substantially planar spring is formed of one or more

metals.

In some implementations, the member disposed within the pump chamber

includes a spring having an annular ring and a plurality of circumferentially spaced legs

extending radially inward from the annular ring.

In some implementations, the annular ring defines a central aperture configured to

receive a piston head therein.

In some implementations, the medical fluid pumping system further includes a

membrane attached to the base.

In some implementations, a portion of the membrane covers the recess of the base

such that the portion of the membrane is positioned between the piston and the member.

In some implementations, the membrane defines an aperture aligned with the

recess of the base such that the when the cassette is positioned within the cassette

enclosure of the medical fluid pumping machine and the piston is advanced, the piston

directly contacts the member.

In some implementations, the member is a substantially-dome shaped member.

In some implementations, the substantially dome-shaped member has a surface

that is contacted by the piston when the cassette is positioned within the cassette

enclosure of the medical fluid pumping machine and the piston is advanced, and the

surface is substantially flat.

In some implementations, the recess is substantially cylindrical.

In some implementations, the member is formed of a resilient polymeric material.

In some implementations, the member is formed of polyurethane.

In some implementations, the member is secured to the base in a liquid-tight

manner.

In some implementations, the member includes a flange that is compressed

against a surface of the base defining the recess to create the liquid-tight seal.

In some implementations, the base defines a fluid passage that extends to a port

defined in a surface of the base adjacent the fluid pump chamber such that fluid can pass

through the fluid passage and the port into the fluid pump chamber.



In some implementations, the passage extends substantially parallel to a

longitudinal axis of the recess.

In some implementations, a portion of the base underlying the member defines a

channel that is in fluid communication with the port.

In some implementations, wherein the member is configured to create a vacuum

pressure of about 150 mbar to about 200 mbar within the fluid pump chamber as the

member self-expands.

In some implementations, applying the compressive force to the self-expandable

member causes medical fluid to be expelled from the fluid pump chamber.

In some implementations, applying the compressive force to the self-expandable

member includes applying an inward force to an outer surface of a portion of a membrane

overlying the member.

In some implementations, the expansion of the self-expandable member generates

a vacuum pressure of about 150 mbar to about 200 mbar within the fluid pump chamber.

Implementations can include one or more of the following advantages.

In some implementations, a member disposed in the fluid pump chamber of the

cassette is configured to apply an outward force to the inner surface of the membrane in

order to increase the volume of the fluid pump chamber and draw medical fluid into the

fluid pump chamber. Because the force applied to the membrane to increase the volume

of the fluid pump chamber is a pushing force applied by the member disposed in the fluid

pump chamber, rather than a pulling force applied by the piston head that acts on the

outer surface of the membrane, the vacuum pressure used to draw the fluid into the pump

chamber can be controlled independent of the piston head movement. This can help to

maintain the vacuum 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.

For 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 piston head will separate from the membrane and the member disposed in the

fluid pump chamber will dictate the rate at which the membrane is forced away from the

base of the cassette to increase the volume of the fluid pump chamber and draw fluid into



the fluid pump chamber. This can help to prevent the vacuum pressure applied to the

patient from exceeding a desired limit.

In certain implementations, the member used to apply the outward force to the

membrane is a self-expanding mechanism that is part of the cassette itself. This can

reduce the complexity of the overall system. For example, unlike certain prior systems,

this arrangement does not require an external force, such as vacuum pressure, to be

applied to the portion of the membrane overlying the fluid pump chamber in order to

draw fluid into the fluid chamber. Nor does this arrangement require the user to take

active steps to otherwise attach a piston head to the portion of the membrane overlying

the pump chamber. Due to the relatively straightforward set up and operation of the

systems described herein, the systems described herein are more user friendly than

certain prior systems.

In some implementations, the member used to apply the outward force to the

membrane is actuated by a moveable member (e.g., a piston) extending from the medical

fluid pumping machine (e.g., extending from a door of the medical fluid pumping

machine). In such implementations, the design of the cassette can be simplified, and thus

the cassette can be produced relatively inexpensively. In addition, in certain

implementations, the moveable member of the medical fluid pumping machine is

adjustable such that the force applied to the membrane of the cassette can be adjusted as

desired. As a result, a single cassette can be used for different applications that require

different magnitudes offeree to be applied 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.



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 the PD cassette of the PD system of

FIG. 1.

FIG. 5 is a perspective view of the PD cassette of FIG. 4, from a flexible

membrane side of the PD cassette.

FIG. 6 is a plan view of the PD cassette of FIG. 4, from the flexible membrane

side of the PD cassette.

FIG. 7 is a side view of the PD cassette of FIG. 4 .

FIG. 8 is a perspective view of the PD cassette of FIG. 4, from a rigid base side of

the PD cassette.

FIG. 9 is a side view of a spring member of the PD cassette of FIG. 4 in an

expanded configuration.

FIG. 10 is a side view of a spring member of the PD cassette of FIG. 4 in a

compressed configuration.

FIG. 11 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. 12A-12C 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. 13A-13C illustrate various fluid flow paths through the PD cassette of the

PD system of FIG. 1 during a PD treatment.

FIG. 14 is an exploded, perspective view of a PD cassette that includes a resilient,

substantially flat spring disposed in a pump chamber of the cassette.

FIG. 15 is a perspective view of the PD cassette of FIG. 14, from a rigid base side

of the PD cassette.

FIGS. 16A and 16B are diagrammatic cross-sectional views of the PD cassette of

FIG. 14 in the cassette compartment of the PD cycler illustrated in FIG. 1, during different

phases of operation.

FIG. 17 is a cross-sectional, schematic of the PD cassette of FIG. 14 being used

with a PD cycler that includes a secondary spring assembly attached to a piston.



FIG. 18 is a top view of a spring that includes diamond-shaped legs extending

from a hub portion and can be used in the cassettes of FIGS. 14 and 17.

FIG. 19 is a top view of a spring that includes multiple legs extending from a hub

portion having slits between adjacent legs and that can be used in the cassettes of FIGS.

14 and 17.

FIG. 20 is a diagrammatic cross-sectional view of a PD cassette that includes a

resilient block disposed between a base of the cassette and a moveable cup-shaped

member.

FIGS. 21A and 21B are diagrammatic cross-sectional views of the PD cassette of

FIG. 20 in the cassette compartment of a PD cycler, during different phases of operation.

FIG. 22 is a diagrammatic cross-sectional view of a PD cassette that includes a

moveable cup-shaped member configured to be operated by a spring loaded piston of a

PD cycler.

FIGS. 23A and 23B are diagrammatic cross-sectional views of the PD cassette of

FIG. 22 in the cassette compartment of a PD cycler, during different phases of operation.

FIG. 24 is a diagrammatic cross-sectional view of another type of PD cassette that

includes a moveable cup-shaped member configured to be operated by a spring loaded

piston of a PD cycler.

FIGS. 25A and 25B are diagrammatic cross-sectional views of the PD cassette of

FIG. 24 in the cassette compartment of a PD cycler, during different phases of operation.

FIG. 26 is a top, diagrammatical, cross-sectional view of the PD cassette of FIG.

22 in the cassette compartment of a PD cycler that includes a pivotable rod that can be

used to alternately displace cup-shaped members in pump chambers of the PD cassette.

FIG. 27 is an exploded, perspective view of a PD cassette that includes a resilient,

substantially dome-shaped member disposed in a chamber of the cassette.

FIG. 28 is a perspective view of the PD cassette of FIG. 27, from a rigid base side

of the PD cassette.

FIG. 29 is a perspective, cut-away view of the PD cassette of FIG. 27.

FIGS. 3OA and 30B are diagrammatic cross-sectional views of the PD cassette of

FIG. 27 in the cassette compartment of a PD cycler, during different phases of operation.



FIG. 3 1 is an exploded, perspective view of a PD cassette that includes a cup-

shaped spring disposed in a pump chamber of the cassette.

DETAILED DESCRIPTION

In certain aspects of the invention, a medical fluid cassette (e.g., a dialysis fluid

cassette) includes a member disposed in a chamber formed between a membrane and a

base of the cassette. During use, a piston of a medical fluid pumping machine (e.g., a

dialysis machine) applies an inward force to the membrane and the member, forcing fluid

out of the chamber. The piston is subsequently retracted, and, as the piston is retracted,

the member disposed in the chamber applies an outward force to the membrane, causing

fluid to be drawn into the chamber. Examples of medical fluid cassettes and medical

fluid pumping machines 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 seated 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. 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 5 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.

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 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 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 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 pistons with substantially

hemispherical piston heads 134A, 134B that can be axially moved within piston access

ports 136A, 136B formed in the cassette interface 110. The piston heads 134A, 134B can

be formed of any of various different polymers, metals, and/or alloys. In some

implementations, the piston heads 134A, 134B are made of polyoxymethylene (marketed

under the trade name Delrin available from Dupont of Wilmington, DE). The

hemispherical shape of the piston heads 134A, 134B can be achieved using any of

various different techniques, including machining techniques molding techniques, and/or

casting techniques.

The pistons include piston shafts (shown in FIGS. 12A- 12C) that are coupled to

motors that can be operated to move the piston heads 134A, 134B axially inward and

outward within the piston access ports 136A, 136B. As discussed below, when the

cassette 112 (shown in FIGS. 2 and 4-8) is positioned within the cassette compartment

114 with the door 108 closed, the piston heads 134A, 134B of the PD cycler 102 align

with pump chambers 138A, 138B of the cassette 112. As a result, the piston heads 134A,

134B can be moved in the direction of the cassette 112 to force the membrane 140 into

the volume defined by the pump chambers 138A, 138B, causing the volume defined by

the pump chambers 138A, 138B to decrease and forcing dialysis solution out of the pump

chambers 138A, 138B. The piston heads 134A, 134B can also be retracted away from

the cassette 112 and out of the volume defined by the pump chambers 138A, 138B. As

discussed in greater detail below, resilient spring members 161A, 161B are disposed in

the pump chambers 138A, 138B and are arranged to expand and push the portions of the

membrane 140 overlying the pump chambers 138A, 138B toward the piston heads 134A,

134B as the piston heads 134A, 134B are retracted. As a result, the volume defined by

the pump chambers 138A, 138B increases and dialysis solution is drawn into the pump

chambers 138A, 138B as the piston heads 134A, 134B retract and the resilient spring

members 161A, 161B expand.



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 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 associated with each of

the depressible dome regions 146 of the cassette 112 (shown in FIG. 5). 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 blocked off. Thus, dialysis solution can be

pumped through the cassette 112 by actuating the piston heads 134A, 134B, 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 piston heads 134A,

134B 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 piston heads 134A, 134B 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 FIGS. 7 and 8), inner surfaces of



which cooperate with 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

piston heads 134A, 134B and the inflatable members 142 and thus allows the piston

heads 134A, 134B 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. 2007/01 12297, which is incorporated by

reference herein.

FIG. 4 is an exploded, perspective view of the cassette 112. As shown in FIG. 4,

the cassette 112 includes a tray-like rigid base 156, the flexible membrane 140, which is

attached to the periphery of the base 156 when the cassette 112 is fully assembled, and

the spring members 161A, 161B disposed in recessed regions 163A, 163B of the base

156. Raised ridges 165A, 165B extend from a planar surface of the base around each of

the recessed regions 163A, 163B and extend towards and into contact with the inner

surface of the flexible membrane 140 when the cassette 112 is compressed between the

door 108 and the cassette interface 110 of the PD cycler 102. In addition to the raised

ridges 165A, 165B surrounding the recessed regions 163A, 163B, a series of raised ridges

167 extend from the planar surface of the base 156 towards and into contact with the

inner surface of the flexible membrane 140 when the cassette 112 is compressed between

the door 108 and the cassette interface 110 of the PD cycler 102.

FIGS. 5 and 6 show planar and perspective views, respectively, of the assembled

cassette 112. Referring to FIGS. 4-6, 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 the raised



ridges 165A, 165B of the base 156. In particular, the volumes between the membrane

140 and the hollow projections 154A, 154B (shown in FIGS. 7 and 8) that form the

recessed regions 163A, 163B of the base 156 serve as the pump chambers 138A, 138B.

The membrane 140, when compressed against the base 156, similarly cooperates with the

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 planar 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.

Referring to FIGS. 7 and 8, which show a side view of the cassette 112 and a top

view of the cassette 112 from the side of the base 156, respectively, the recessed regions

163A, 163B (shown in FIG. 4) of the base 156 are formed by the hollow projections

154A, 154B, which extend away from the flexible membrane 140. The hollow

projections 154A, 154B are substantially symmetrically positioned with respect to the

center vertical axis of the cassette 112. The projections 154A, 154B are sized and shaped

to fit within the recesses 152A, 152B in the door 108 of the PD cycler 102. The hollow

projections 154A, 154B include first cylindrical regions 155A, 155B and second smaller-

diameter cylindrical regions 157A, 157B positioned below the first cylindrical regions

155A, 155B. The first cylindrical regions 155A, 155B and second cylindrical regions

157A, 157B of the projections 157A, 157B are connected by tapered regions 159A,

159B.

The inner surface of each cylindrical region 157A, 157B of the hollow projections

154A, 154B forms an annular channel around its perimeter. Each of the annular channels

is configured to receive a corresponding structure of its associated spring member 161A,



16 IB to retain the spring member 161A, 161B in a fixed position within the pump

chambers 138A, 138B.

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 piston

heads 134A, 134B 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.

Referring again to FIGS. 5 and 6, 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 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, as shown in

FIGS. 1 and 2, the connectors 160 allow dialysis solution to flow into and out of the

cassette 112 during use.

FIG. 9 is a side view of the spring member 161A in an expanded position, and

FIG. 10 is a side view of the spring member 161A in a compressed position. It should be



understood that the other spring member 16 IB of the cassette 112 is structurally and

functionally identical to the spring member 161A. Referring to FIGS. 4, 9, and 10, the

spring member 161A includes a resilient cup-shaped portion 169A that is integrally

connected to a more rigid cup-shaped portion 171A by a connecting region 173A. The

resilient cup-shaped portion 169A includes a side wall 175A with multiple apertures

177A around its circumference. The apertures 177A are sized and shaped to enable the

resilient cup-shaped portion 169Ato be compressed from its expanded cup-shaped

position (shown in FIG. 9) to a flatter compressed configuration (shown in FIG. 10) and

to resiliently return to the expanded cup-shaped configuration when the compressing

force is released.

An annular lip 179A extends radially outward from the rim of the resilient cup-

shaped portion 169A. The annular lip 179A is sized and shaped to snap into the annular

recess formed by the inner surface of the hollow projection 154A of the base 156. The

spring member 161A can thus be secured to the base 156 by pressing the spring member

161A toward the base 156 until the annular lip 179A snaps into the annular recess of the

hollow projection 154A. Any of various other attachment techniques, such as adhesive

bonding, thermal bonding, mechanical fastening, etc., can alternatively or additionally be

used to attach the spring member to the base.

As shown in FIG. 9, some of the apertures 177Ain the side wall 175A of the

resilient cup-shaped portion 169A are triangular apertures that are spaced apart around

the circumference of resilient cup-shaped portion 169A. The other apertures 177A are

trapezoidal apertures that are positioned between the triangular apertures. The apertures

177A permit the portions of the side wall 175A between adjacent apertures to expand into

the space defined by the apertures when the resilient cup-shaped portion 169A is

compressed, as shown in FIG. 10. Thus, the apertures 177A allow the resilient cup-

shaped portion 169Ato be compressed to a flatter configuration without increasing the

diameter of the resilient cup-shaped portion 169A. This arrangement helps to prevent

sliding contact between the resilient cup-shaped portion 169A and the hollow projection

154A of the base 156 during use, and thus helps to prevent particulate from rubbing off

the resilient cup-shaped portion 169A and the hollow projection 154A and collecting in

the dialysis solution within the pump chamber 138A.



The material and shape of the resilient cup-shaped portion 169A can be selected

to provide the resilient cup-shaped portion 169A with a desired resiliency. In certain

implementations, the resilient cup-shaped portion 169Ais configured to cause the rigid

cup-shaped portion 171Ato apply an outward force of about 2ON to about 250N (e.g.,

about 2ON to about 10ON, about 55N). As discussed in greater detail below, applying

such a force to the inner surface of the membrane 140 can create a vacuum pressure of

about 150 mbar to about 200 mbar (e.g., about 150 mbar) within the pump chamber 138A

and within fluid lines that are fluidly connected to the pump chamber. However, the

resilient cup-shaped portion 169A can be formed in a way to apply higher or lower forces

to the membrane 140, depending on the intended use or application of the spring member

161A.

Still referring to FIGS. 9 and 10, the more rigid cup-shaped portion 171A includes

a recess 181A sized and shaped to receive the hemispherical piston head 134A of the

dialysis machine therein. This configuration can help to ensure that the piston head 134A

is properly aligned with the spring member 161A during use. The sidewall 183Aof the

cup-shaped portion 171A includes elongate slots 185A spaced around its circumference.

The slots 185A allow fluid to pass from one side of the cup-shaped portion 17IA to the

other side of the cup-shaped portion 171A. As an alternative to or in addition to slots,

any of various other sized and shaped apertures that permit fluid transfer from one side of

the rigid cup-shaped portion 171A to the other side of the rigid cup-shaped portion 171A

can be used.

The cup-shaped portions 169A, 171A of the spring member 161A can be formed

of any of various materials that provide the spring member 161A with a desired

resiliency. In some implementations, the cup-shaped portions 169A, 171A and the

connector region 173A are formed of the same material(s). Alternatively, each of the

cup-shaped portions 169A, 171A and the connector region 173A can be formed of

different materials. Examples of materials from which the spring member 161A can be

formed include polymers, such as acetal, polysulfone, polycarbonate, nylon, elastomeric

polyester, and polyurethane, and/or metals, such as stainless steel.

Any of various techniques can be used to form the spring member 16 IB. In

certain implementations, the spring member 161A is formed using an injection molding



technique. In some implementations, for example, the spring member 161A is formed

using a two-part mold. A first mold part is used to form the resilient cup-shaped portion

169A and a second mold part is used to form the rigid cup-shaped portion 171A. When

forming the spring member 161A, the first and second mold parts are positioned adjacent

one another and a mold insert is positioned between the two mold parts. The mold insert

is used to form the connector region 173A between the two cup-shaped portions 169A,

171A. The mold insert typically includes two halves that slide together to form the

connector region 173A. After molding the spring member 161A, the two mold parts are

moved away from one another and the two halves of the mold insert are moved away

from one another to allow the molded spring member 161A to be removed from the

molding apparatus. As an alternative to or in addition to injection molding, other

techniques, such as machining techniques, can be used to form the spring member 161A.

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 piston heads 134A, 134B and the inflatable

members 142. In certain implementations, the membrane 140 is about 0.100 micron to

about 0.150 micron in thickness. However, various 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 piston heads 134A, 134B 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.e.,

hydrogenated styrenic block copolymer) and 40 percent ethylene, and a middle layer is



formed of a compound that is made up of 25 percent Tuftec® H 1062(SEB S : hydrogenated

styrenic thermoplastic elastomer), 40 percent Engage ® 8003 polyolefm elastomer

(ethylene octene copolymer), and 35 percent Septon® 8004 thermoplastic rubber (i.e.,

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 spring 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 spring members

161A, 161B, the spring members 161A, 161B are inserted into the recesses 163A, 163B

formed by the hollow protrusions 154A, 154B of the rigid base 156. The annular lips

179A, 179B of the resilient cup-shaped portions 169A, 169B of the spring members

161A, 161B are then snapped into the annular recesses formed by the inner surfaces of

the hollow projections 154A, 154B to secure the spring members 161A, 161B to the base

156. The membrane 140 is then attached to the perimeter of the rigid base 156.

Other manufacturing techniques can alternatively be used to make the cassette

112. As mentioned above, for example, other techniques can be used to secure the spring

members 161A, 161B to the base 156. In addition, as an alternative to attaching the

spring members 161A, 161B to the base 156, it is possible to integrally form the spring

members 161A, 161B along with the base 156. In certain embodiments, for example, the

base 156 and the spring members 161A, 161B can be machined from a single piece of

material.

As shown in FIG. 11, 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 interface 110. The cassette 112 is positioned such that the

pump chambers 138A, 138B of the cassette 112 are aligned with the piston heads 134A,

134B. In order to ensure that the pump chambers 138A, 138B align with the piston heads

134A, 134B, the cassette 112 is positioned between the locating pins 148 and the lower

ledge 150 extending from the cassette interface 110. The asymmetrical positioning of the

connectors 160 of the cassette act as a keying feature that reduces 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 piston heads 134A,

134B are typically retracted within the piston access ports 136A, 136B. This positioning

of the piston heads 134A, 134B can reduce the likelihood of damage to the piston heads

134A, 134B during installation of the cassette 112.

FIGS. 12A-12B illustrate the pump chamber 138Aand its associated spring

member 161A and piston head 134A throughout different phases of operation. It should

be understood that the other spring member 16 IB and piston head 134B would operate in

a similar manner to pump dialysis solution to and from the other pump chamber 138B.

Referring to FIG. 12A, 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. With the cassette 112 positioned in the cassette compartment 114, an

inflatable pad within the door 108 is 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 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).

During operation, with the cassette 112 secured within the compartment 114, the

piston heads 134A, 134B are reciprocated to sequentially alter the volume of each of the

pump chambers 138A, 138B. Typically, as the piston head 134Ais extended, the other

piston 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 shown in FIG. 12B, after positioning the cassette 112 within the cassette

compartment 114 and inflating the pad within the door 108, the piston head 134A is

extended to deform the membrane into the recess formed by the rigid cup-shaped portion



171A of the spring member 161A. With the piston head 134A in this position, the spring

member 161A disposed within the pump chamber 138A remains in an expanded position.

In this position, the volume of the pump chamber 138A is at its maximum treatment level

and is full of dialysis solution.

Referring to FIG. 12C, as the piston head 134A is moved outward to a

substantially fully extended position, the spring member 161 moves from its expanded

position to its compressed position. This decreases the volume of the pump chamber

138A, and thus causes dialysis solution to be expelled from the pump chamber 138A via

the fluid pathways 158 of the cassette (shown in FIGS. 5 and 6).

After expelling the dialysis solution from the pump chamber 138A, the piston

head 134A is again retracted to the position shown in FIG. 12B. The resiliency of the

resilient cup-shaped portion 169A of the spring member 161A causes the resilient cup-

shaped portion 169A to apply an outward force to the rigid cup-shaped portion 171A. As

a result, the rigid cup-shaped portion 171A applies an outward force to the membrane 140

of the cassette 112. Thus, as the piston head 134A is retracted away from the rigid base

156 of the cassette 112, the rigid cup-shaped portion 171Aof the spring member 161A

moves the membrane 140 in the same direction as the retracting piston head 134A,

thereby increasing the volume of the pump chamber 138A. As the volume of the pump

chamber 138A increases, dialysis solution is drawn into the pump chamber 138Aof the

cassette 112 via the fluid pathways 158 of the cassette 112 (shown in FIGS. 5 and 6).

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 piston

head 134Ato the position shown in FIG. 12C, causing the membrane 140 to move toward

the rigid base 156 and thus decreasing the volume of the pump chambers 138A, 138B.

This process is repeated until a desired volume of dialysis solution has been pumped to or

from a location (e.g., to or from the patient).

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 piston heads 134A,

134B 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. This flow path of the spent dialysis solution through the fluid

pathways 158 in the cassette 112 is shown in FIG. 13A.

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 piston heads 134A, 134B to reciprocate and certain

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. This flow path of the dialysis solution

through the fluid pathways 158 in the cassette 112 is shown in FIG. 13B.

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 piston heads 134A, 134B 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. This flow path of the

dialysis solution through the fluid pathways 158 in the cassette 112 is shown in FIG. 13C.



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 piston heads 134A, 134B are retracted

away from the cassette 112 to a sufficient distance such that the piston heads 134A, 134B

no longer contact the membrane 140. The door 108 of the PD cycler is then opened and

the cassette 112 is removed from the cassette compartment and discarded.

The spring members 161A, 161B of the cassette 112 can help to ensure that the

vacuum pressure provided to the fluid pathways 158 of the cassette 112 in order to draw

dialysis solution into the pump chambers 138A, 138B is maintained within a desired

range. In some implementations, for example, the spring members 161A, 161B are

configured to limit the applied vacuum pressure to a range of about 150 mbar to about

200 mbar. This arrangement can be advantageous in the event of an obstruction or

blockage in the patient line 130 leading from the patient to the cassette 112. In systems

in which the piston head is attached to the membrane, such an obstruction or blockage

can result in increased vacuum pressure within the pump chamber and thus increased

vacuum pressure applied to the patient because the membrane travels with the piston

head despite the diminished flow rate of the dialysis solution into the pump chamber. In

contrast, in response to the decreased flow rate of the dialysis solution into the pump

chambers 138A, 138B due to an obstruction or blockage, the piston heads 134A, 134B

will retract at a greater rate than the membrane 140 and thus release from the membrane



140. The spring members 161A, 161B will continue to apply a force within a desired

range (e.g., about 2ON to about 250N, about 2ON to about 10ON, about 55N) to the

membrane 140, maintaining the vacuum pressure applied to the patient via the patient

line within a desired range (e.g., about 150 mbar to about 200 mbar).

In addition, because the PD system 100 does not require a vacuum system to

move the portions 162A, 162B 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 side wall 175A of the resilient cup-shaped portion 169A of the spring

member 161A has been described as including triangular and trapezoidal apertures 111A ,

apertures of any of various other shapes and sizes can be used to permit the resilient cup-

shaped portion 169Ato be compressed into a desired configuration. Further, while the

resilient cup-shaped portion 169A has been described as being configured to be

compressed into a flattened cup-shape configuration, in some implementations, the

resilient cup-shaped portion 169Ais configured to take on a substantially planar

configuration when compressed. For example, the sizes and shapes of the apertures can

be selected to allow the resilient cup-shaped portion 169Ato be compressed into a flat

planar shape.

While the spring members 161A, 161B have been described as having two

opposing cup-shaped members, spring members of any of various other shapes that are

capable of applying a desired outward force to the inner surface of the membrane 140 can

be used. In certain implementations, for example, one or more leaf springs extend across

the fluid pump chamber in a manner to apply an outward force to the inner surface of the

membrane 140.

FIG. 14 is an exploded view of a PD cassette 612 that includes substantially flat

springs 66 IA, 66 IB that are disposed in pump chambers 638A, 638B of the cassette 612.

As shown in FIGS. 14 and 15, the base 656 of the cassette 612 includes dome-shaped



projections 654A, 654B that form hemispherical recessed regions 663A, 663B. The

recessed regions 663A, 663B of the base 656 cooperate with the overlying membrane 140

to form the pump chambers 638A, 638B in which the springs 66 IA, 66 IB are disposed.

The base 656 differs from the base 156 of the cassette 112 in the shape of the recessed

regions 663A, 663B. The other structural and functional features of the base 656 are

generally the same as the base 156 described above. In addition, the membrane 140 can

be secured to the base 656 in the same manner that the membrane 140 was described

above as being attached to the base 156 of the cassette 112.

Each of the springs 661A, 661B includes a hub portion 663A, 663B from which

multiple, elongate legs 665A, 665B extend. Enlarged pads or feet 667A, 667B are

attached to the ends of the legs 665A, 665B. The feet 661A , 667B are circumferentially

spaced around the outer edges of the springs 661A, 661B. The hub portion 663A, 663B

and the legs 665A, 665B of each of the springs 661A, 661B are substantially flat or

planar, while the feet 661A , 667B have a curved configuration. The radius of curvature

of the feet 661A , 667B is substantially the same as the radius of curvature of the inner

surface of the dome-shaped projections 654A, 654B in which the recessed regions 663A,

663B are formed.

The springs 66 IA, 66 IB are constructed with materials and dimensions that

provide the springs 66 IA, 66 IB with a resiliency that permits the springs 66 IA, 66 IB to

return to a flat or planar, undeformed position after a force that has been applied to the

hub portions 663A, 663B to deflect the springs 661A, 661B into the pump chambers

638A, 638B (i.e., toward the base 656) is released. In some implementations, the springs

661A, 661B are formed of stainless steel (e.g., 302 stainless steel). However, other

materials, such as steel, brass, phosphor bronze, polypropylene, polyetherimide (e.g.,

Ultem ®), nylon, steel, brass, and/or phosphor bronze can alternatively or additionally be

used to form the springs 661A, 661B. In certain implementations, the springs 661A,

66 IB are coated with a polymeric coating to increase the biocompatibility of the springs

66 IA, 66 IB. The springs 66 IA, 66 IB can, for example, be coated with a

polytetrafluoroethylene (PTFE) coating.

In certain implementations, the springs 661A, 661B have a thickness of about

0.01 inch to about 0.04 inch. The springs 661A, 661B can have an outer diameter of



about 2.0 inches to about 2.5 inches. Each of the legs 665A, 665B can have a length (i.e.,

the linear distance between the hub portion 663A, 663B and the foot 661A , 667B) of

about 0.5 inch to about 1.0 inch and/or a width of about 0.12 inch to about 0.20 inch.

In some implementations, the springs 66 IA, 66 IB are formed of 302 stainless

steel and have a thickness of about 0.020 inch, and each of the legs 665A, 665B has a

length of 0.75 inches and a width of 0.16 inch.

To make each of the springs 66 IA, 66 IB, a stamping machine is typically used to

stamp from a flat sheet of material a flat member having a shape that generally

corresponds to the shape of the springs 661, 66 IB. The portions of the flat member that

correspond to the feet 661A , 667B of the springs 66 IA, 66 IB are then formed into a

curved shape using a subsequent forming process. Alternatively, the stamping machine

can be provided with forming features that permit the springs 66 IA, 66 IB to produced in

a single stamping/forming step. Any of various other material processing techniques,

such as casting, molding, etching, etc. can alternatively or additionally be used to form

the springs 66 IA, 66 IB.

Still referring to Fig. 14, when the cassette 612 is fully assembled, the springs

661A, 661B are disposed in the recessed regions 663A, 663B of the base 656. The

springs 66 IA, 66 IB have diameters that are substantially equal to the maximum

diameters of the recessed regions 663A, 663B (i.e., equal to the maximum inner

diameters of the dome-shaped projections 654A, 654B that form the recessed regions

663A, 663B). As a result of this configuration, the springs 661A, 661B, when in an

undeformed position, rest in a top portion of the recessed regions 663A, 663B with the

feet 661A , 667B contacting the inner surfaces of the dome-shaped projections 654A,

654B.

The cassette 612 can be used in substantially the same way as the cassette 112

described above. In particular, the cassette 612 can be disposed in the cassette

compartment 114 of the PD cycler 102 and the pistons of the PD cycler 102 can be

reciprocated to draw fluid into and pump fluid out of the pump chambers 638A, 638B.

FIGS. 16A and 16B illustrate the cassette 612 disposed within the cassette compartment

114 of the PD cycler 102 during two different stages of the pumping process. While

FIGS. 16A and 16B show the pumping process with respect to the pump chamber 638A,



it should be understood that a similar pumping process would occur within the pump

chamber 638B of the cassette 612.

As shown in FIG. 16A, as the piston associated with the pump chamber 638A

advances forward toward the base 656A of the cassette 612, the spring 661A deforms and

roughly conforms to the shape of the piston head 134A. As a result, the volume of the

pump chamber 638A decreases, causing fluid to be pumped out of the pump chamber

638A. As the spring 661A is deformed into the recessed region 663A, the feet 667A of

the spring 66 IA apply a force to the inner surface of the dome-shaped projection 654A

and then slide along that surface as continued force is applied to the spring 66 IA.

Because the radius of curvature of each of the feet 667A is substantially equal to the

radius of curvature of the inner surface of the dome-shaped projection 654A, forces

applied to the inner surface of the dome-shaped projection 654A are distributed across the

width of each foot 667A and the occurrence of skiving of the inner surface of the dome-

shaped projection 654A reduced or prevented.

Referring now to FIG. 16B, as the piston is retracted, the spring 661A returns to

its undeformed, flat or planar configuration and applies an outward force to the

membrane 140. This increases the volume of pump chamber 638 and thus creates a

vacuum within the pump chamber 638, which causes fluid to be drawn into the pump

chamber 638.

By reciprocating the pistons associated with the pump chambers 638A, 638B,

fluid can be sequentially drawn into and forced out of the pumps chambers 638A, 638B

in the manner described above.

The cassette 612 can be assembled in a manner similar to the cassette 112

described above. Typically, after making the base 656 and the springs 661A, 661B, the

springs 661A, 661B are inserted into the recessed regions 663A, 663B. Subsequently the

membrane 140 is attached to the base 656, closing the springs 661A, 661B within the

pump chambers 638A, 638B formed between the membrane 140 and the recessed regions

663A, 663B of the base 656.

While the pistons have been described as directly contacting the outer surface of

the membrane 140 in the implementations described above, in certain implementations, a

structure is positioned between each of the piston heads and the membrane 140. As



shown in FIG. 17, for example, a secondary spring assembly 680A is releasably secured

to a piston head 634A of a piston associated with the pump chamber 638A of the cassette

612 via a pin 682A. The secondary spring assembly 680A, as described below, acts to

distribute the advancing force of the piston head 634A across substantially the entire

surface of the spring 612A and the portion of the membrane 140 overlying the spring

612A. It should be understood that, although not shown, a similar secondary spring

assembly would be connected to the piston head of a piston associated with the pump

chamber 638B of the cassette 612.

The secondary spring assembly 680A includes a secondary spring 684A having a

diameter that is substantially equal to the diameter of the spring 661A disposed in the

pump chamber 638A of the cassette 612. The secondary spring 684A, like the spring

66 IA, is biased to a substantially flat or planar shape. The secondary spring 684A can be

deformed to roughly conform to the shape of the piston head 634A as the piston head

634A is advanced into the recessed region 663A of the cassette base 656. The secondary

spring 684A can be similar in design and construction to the springs 661A, 661B

described above. Alternatively, other designs and constructions that provide the spring

684A with a planar bias while allowing the spring 684Ato deform and roughly conform

to the shape of the piston head 634A can be used.

A cover 686Ais attached to the bottom surface of the secondary spring 684A.

The cover 686A provides cushion between the springs 684A and 661A, and thus helps to

prevent the membrane 140 from becoming damaged due to the forces of the springs

684A, 661A that act on the membrane 140. The cover 686A also helps to ensure that the

portion of the membrane 140 overlying the spring 66 IA remains substantially smooth and

wrinkle-free. This can help to increase the accuracy with which fluid is pumped from the

pump chamber 638A. In some implementations, the cover 686A is formed of a foam

material, such as polyurethane. However, other relatively soft materials that protect the

membrane 140 from the springs 684A, 661A can be used. Examples of such materials

include urethane foams and ethylene propylene diene monomer (EPDM).

As noted above, the secondary spring assembly 680A is releasably secured to the

piston head 634A via the pin 682A. The pin 682A can be sized to create a press fit or

friction fit with the secondary spring 684A and/or the cover 686A when the pin 682A is



inserted into apertures 688A, 690A of those structures. Alternatively or additionally, the

pin 682A can be equipped with a mechanical connector, such as a bayonet connector, that

releasably engages the secondary spring 684A and/or the cover 686A when the pin 682A

is inserted into the apertures 688A, 690A.

The piston with the attached secondary spring assembly 680A is used in the same

manner as the piston described above to draw fluid into and force fluid out of the pump

chambers 638A, 638B of the cassette 612. As the piston head 634Ais advanced forward,

the secondary spring assembly 680A contacts the outer surface of the membrane 140.

Resistance to deformation of the secondary spring 684A causes the area of the membrane

140 positioned between the spring 661A and the secondary spring assembly 680A to be

compressed between those structures as the piston advances forward. Similarly, due to

the bias of each spring toward a flat or planar geometry, the portion of the membrane 140

positioned between the spring 661A and the secondary spring assembly 680A is

compressed as the piston is retracted in those cases where the piston is retracted at a

lower rate than or at the same rate that the spring 66 IA expands (i.e., returns to its planar

configuration). This can improve the accuracy with which fluid is drawn into and

pumped out of the pump chamber 638A.

While the secondary spring assembly 680A has been described as being

releasably attached to the piston head 634A, permanent attachment techniques can

alternatively be used to secure the secondary spring structure to the piston head. For

example, the secondary spring structure can be thermally or chemically bonded to the

piston head.

While the springs 66 IA, 66 IB have been illustrated as having eight discrete legs

665A, 665B extending from their hub portions 663A, 663B, the springs can have any

number of legs that provide the springs with sufficient resiliency to apply a desired

outward force to the membrane. In certain implementations, for example, the springs

each include 16 legs extending from the hub portion. In some implementations, the hub

portions of two of the above described springs are overlaid with one another and attached

(e.g., thermally bonded, chemically bonded, or adhesively bonded) to one another. In

such implementations, the springs can be arranged so that the fingers of one of the

springs overlie the slots formed between adjacent fingers of the other spring.



Similarly, while the legs 665A, 665B of the springs 661A, 661B have been

described and illustrated as discrete, elongate members, legs of other shapes and sizes can

be used. As shown in FIG. 18, for example, a spring 761 includes 12 legs 765 that extend

from a hub portion 763 and have pads or feet 767 attached to their ends opposite the hub

portion 763. Each leg 765 is substantially diamond-shaped and includes a central,

diamond-shaped aperture 769.

While the hub portions of the springs have been described as solid discs, in

certain implementations, the hub portion of the spring includes slits between each of the

fingers. As shown in FIG. 19, for example, a spring 861 includes the 12 legs 765

extending from a hub portion 863. The hub portion 863 includes slits 864 that extend

radially inward from the circumference of the hub portion 863. The slits 864 are located

between adjacent legs 765 of the spring 861 and can provide the legs 765 with a greater

range of motion relative to the hub portion 863.

While the springs of FIGS. 14-19 have been described as including legs that

extend radially outward from a central hub portion, in certain implementations, springs

including legs extending radially inward from an annular member are used. As shown in

FIG. 31, for example, a cassette 1012 includes springs 106 IA, 106 IB disposed within

pump chambers 638A, 638B formed between the base 656 in the membrane 140. Each

of the springs 1061A, 1061B includes multiple legs 1065A, 1065B that extend from an

annular ring 1063A, 1063B. The annular ring 1063A, 1063B includes a central aperture

1064A configured to receive the piston head of a dialysis machine. A flange 1067A,

1067B extends radially outward from the annular ring 1063A, 1063B. When the cassette

1012 is fully assembled with the springs 106 IA, 106 IB disposed within the pump

chambers 638A, 638B, the flange 1067A, 1067B rests on the inner surface of the pump

chamber 638A, 638B .

The springs 106 IA, 106 IB work in much the same way as the springs described

above with respect to FIGS. 14-19. As the piston heads of the dialysis machine are

advanced into the pump chambers 638A, 638B to force fluid out of the pump chambers

638A, 638B, the piston heads are received in the annular rings 1063A, 1063B of the

springs 1061A, 1061B. As a result, the legs 1065A, 1065B are deflected toward the base

656 and generally conform to the inner surface of the pump chamber 638A, 638B. As the



piston heads are subsequently retracted, the legs 1065a, 106 to return to their original,

substantially planar position. In doing so, the legs 1065A, 1065B apply an outward force

to the inner surface of the membrane 140, which causes the volume of the pump

chambers 638A, 638B to increase and thus causes fluid to be drawn into the pump

chambers 638A, 638B.

The springs 106 IA, 106 IB can be formed of any of the various materials

discussed above with respect to the springs of FIGS. 14-19. In addition, while the springs

66 IA, 66 IB have been described as being loosely positioned within the pump chambers

638A, 638B, the springs 1061A, 1061B can alternatively be secured to the base 656 of

the cassette 1012. The springs 1061A, 1061B can, for example, be press fit within the

pump chambers 638A, 638B or bonded (e.g., thermally bonded, adhesively bonded, or

chemically bonded) to the inner surface of the pump chambers 638A, 638B.

While the cassettes described above use spring members to apply an outward

force directly to the cassette membrane 140, other types of self-expanding members can

be disposed within the pump chambers and used to directly or indirectly apply an

outward force to the membrane 140. As shown in FIG. 20, for example, a cassette 212

includes a resilient block 269 positioned between a rigid cassette base 256 and a cup-

shaped member 271 that mates with the piston head 134A of the PD cycler 102 during

use. The rigid base 256 includes a hollow projection 254 that forms a pump chamber

238. The pump chamber 238 includes a hemispherical section 239 shaped to receive the

cup-shaped member 271 and a generally cylindrical section 241 shaped to receive the

resilient block 269. The resilient block 269 is secured to the rigid base 256 within the

cylindrical section 241 of the pump chamber 238. The resilient block 269 can, for

example, be adhered or thermally bonded to the portion of the rigid base 256 forming the

cylindrical section 241 of the pump chamber 238. A stem portion 273 of the resilient

block 269 extends into a recess 272 formed in the cup-shaped member 271 and is secured

to the cup-shaped member 271 . The stem portion 273 of the resilient block 269 can, for

example, be adhered to the cup-shaped member 271, thermally bonded to the cup-shaped

member 271, and/or secured within the recess 272 of the cup-shaped member 271 using a

friction fit technique. The resilient block 269 can be formed of any of various different

elastomeric materials that permit the block to resiliently expand after being compressed.



Examples of elastomeric materials that can be used to form the block include

polyisoprene, polyurethane, latex, and silicone.

FIGS. 21A and 21B are diagrammatical cross-sectional views of the PD cycler

102 with the cassette 212 disposed in its cassette compartment 114, during different

phases of operation. As shown in FIG. 2 1A, when the piston head 134A of the PD cycler

102 is extended, the piston head 134A pushes against the membrane 140 and the cup-

shaped member 271 of the cassette 212, forcing the cup-shaped member 271 toward the

rigid base 256 and causing the resilient block 269 to be compressed between the cup-

shaped member 271 and the rigid base 256. This decreases the volume of the pump

chamber 238 and expels dialysis solution from the pump chamber 238. When the piston

head 134A is fully extended, the surface of the cup-shaped member 271 opposite the

piston head 134A contacts or nearly contacts the inner surface of the hollow projection

254 forming the pump chamber 238. The cup-shaped member 271 and the hollow

projection 254 have mating hemispherical shapes to reduce (e.g., minimize) the fluid

volume between the surfaces of the cup-shaped member 271 and the hollow projection

254 when the piston head 134A is in its fully extended position. This configuration can

help to reduce (e.g., minimize) the amount of dialysis solution that remains in the pump

chamber 238 after extending the piston head 134Ato expel the dialysis solution from the

pump chamber 238.

As shown in FIG. 2IB, due to the resiliency of the block 269, when the piston

head 134A is retracted, the resilient block 269 expands, causing the cup-shaped member

271 to apply an outward force to the inner surface of the membrane 140 of the cassette

212. As a result, the volume of the pump chamber 238 increases, causing dialysis

solution to be drawn into the pump chamber 238.

As an alternative to or in addition to the resilient block 269, another type of

resilient member, such as a compression spring, could be positioned between the rigid

base 256 and the cup-shaped member 271 . Such a spring would work in a manner

similar to the resilient block 269 discussed above to move the membrane 140 away from

the rigid base 256 and increase the volume of the pump chamber 238 when the piston

head 134A is retracted.



It should be understood that even though only one of the pump chambers of the

cassette 212 has been illustrated, the cassette 212 includes two pump chambers each of

which contains a cup-shaped member and a resilient member for moving the cup-shaped

member within the pump chamber. As discussed above, the piston heads 134A, 134B can

be reciprocated to repeatedly draw dialysis solution into the pump chambers and then

expel the dialysis solution from the pump chambers.

While the cassettes discussed above include self-expanding members to apply an

outward force to the membrane, in some implementations, the cassette is configured to

cooperate with a moveable member of the PD cycler in a way such that the moveable

member of the PD cycler can apply an outward force to the inner surface of the cassette

membrane. Referring to FIG. 22, for example, a cassette 312 includes a rigid base 356

that together with the cassette membrane 140 forms a pump chamber 338. A passage 341

extends through the base 356, from the pump chamber 338 to an opening 343 formed in

the base 356. A cup-shaped member 371 is disposed in the pump chamber 338 and

includes a stem portion 373 positioned in the passage 341 of the base 356. An o-ring 375

surrounds the stem portion 373 of the cup-shaped member 371 and forms a liquid-tight

seal with the stem portion 373 and the surrounding portion of the rigid base 356 such that

dialysis solution within the pump chamber 338 cannot escape via the passage 341.

FIGS. 23A and 23B are diagrammatical, partial cross-sectional views of a PD

cycler 302 with the cassette 312 disposed in its cassette compartment 314, during

different phases of operation. As shown in FIG. 23A, a door 308 of the PD cycler 302

includes a spring-loaded piston 353 that aligns with the stem portion 373 of the cup-

shaped member 371 when the cassette 312 is disposed within the cassette compartment

314 formed between the closed door 308 and a cassette interface 310 of the PD cycler

302. The cassette 312 can be positioned within the cassette compartment 314 by securing

the cassette 312 to the cassette interface 310 when the door 308 is in an open position,

and then closing the door 308.

Still referring to FIG. 23A, when the piston head 134A is moved to an extended

position, the piston head 134A pushes against the membrane 140 and the cup-shaped

member 371, compressing the spring-loaded piston 353 within a bore 355 formed in the

door 308. In the fully extended position of the piston head 134A, the surface of the cup-



shaped member 371 opposite the piston head 134A contacts or nearly contacts the inner

surface of the portion of the rigid base 356 forming the pump chamber 338. As a result,

the volume of the pump chamber 338 decreases and dialysis solution is expelled from the

pump chamber 338. The cup-shaped member 371 and the pump chamber 338 have

mating shapes to reduce (e.g., minimize) the fluid volume between the surfaces of the

cup-shaped member 371 and the base 356 when the piston head 134A is in its fully

extended position. This configuration can help to reduce (e.g., minimize) the amount of

dialysis solution that remains in the pump chamber 338 after extending the piston head

134Ato expel the dialysis solution from the pump chamber 338.

As shown in FIG. 23B, due to the resiliency of the spring-loaded piston 353, as

the piston head 134A is retracted, the spring-loaded piston 353 moves toward the

membrane 140 and causes the cup-shaped member 371 to apply an outward force to the

membrane 140. As a result, the volume of the pump chamber 338 increases and dialysis

solution is drawn into the pump chamber 338.

It should be understood that even though only one of the pump chambers of the

cassette 312 has been illustrated, the cassette 312 includes two pump chambers each of

which contains a cup-shaped member that is actuated by a spring-loaded piston of the PD

cycler during use. As discussed above, the piston heads 134A, 134B can be reciprocated

to repeatedly draw dialysis solution into the pump chambers and then expel the dialysis

solution from the pump chambers.

While the cassette 312 has been described as including an o-ring surrounding the

stem portion 373 of the cup-shaped member 371 to prevent liquid from escaping from the

pump chamber 338, other techniques can be used to seal the pump chamber 338. As

shown in FIG. 24, for example, an elastomeric cap seal 475 is attached to the rigid base

356 of a cassette 412 and seals the passage 341 in which a stem portion 473 of a cup-

shaped member 471 is disposed. The cap seal 475 includes a post 477 that extends into a

recess 472 formed in the stem portion 473 of the cup-shaped member 471 . The post 477

of the cap seal 475 is attached to the stem portion 473 of the cup-shaped member 471.

The post 477 of the cap seal 475 can, for example, be adhered to the stem portion 473 of

the cup-shaped member 471, thermally bonded to the stem portion 473 of the cup-shaped

member 471, and/or secured within the recess of the stem portion 473 of the cup-shaped



member 471 using a friction fit technique. The cap seal 475 also includes an annular

ridge 479 that surrounds the portion of the rigid base 356 that forms the passage 341.

The cap seal 475 is attached to the rigid base 356 of the cassette 412. For example, the

annular ridge 479 of the cap seal 475 can be adhered or thermally bonded to the rigid

base 356. The cap seal 475 can be formed of any of various different elastomeric

materials that permit the seal 475 to return back to its original configuration after being

elastically stretched. Examples of elastomeric materials that can be used to form the cap

seal 475 include polyisoprene, polyurethane, latex, and silicone.

FIGS. 25A and 25B are diagrammatical cross-sectional views of the PD cycler

302 with the cassette 412 disposed in its cassette compartment 314, during different

phases of operation. As shown in FIG. 25A, when the piston head 134A is moved to an

extended position to force dialysis solution out of the pump chamber 338, the piston head

134A pushes against the membrane 140 and the cup-shaped member 471 and forces the

stem portion 473 of the cup-shaped member 471 fully into the passage 341 . In this

position, the surface of the cup-shaped member 471 opposite the piston head 134A

contacts or nearly contacts the inner surface of the portion of the rigid base 356 forming

the pump chamber 338 and the cap seal 475 is in an undeformed configuration. The stem

portion 473 compresses the spring-loaded piston 353 when the piston head 134Ais fully

extended.

Referring to FIG. 25B, as the piston head 134Ais retracted, the spring-loaded

piston 353 moves the cap seal 475 and the cup-shaped member 471 toward the membrane

140 and causes the cup-shaped member 471 to apply an outward force to the inner

surface of the membrane 140. As a result, the volume of the pump chamber 338

increases and dialysis solution is drawn into the chamber 338. As the cap seal 475

deforms into the passage 341, the liquid-tight seal between the cap seal 475 and the rigid

base 356 is maintained such that the dialysis solution being drawn into the pump chamber

338 cannot escape.

While the cap seal 475 has been described as including a post 477 that fits into the

recess in the stem portion 473 of the cup-shaped member 471, any of various other

configurations that permit the cap seal to be attached to the cup-shaped member can be

used.



It should be understood that even though only one of the pump chambers of the

cassette 412 has been illustrated, the cassette 412 includes two pump chambers each of

which contains a cup-shaped member that is actuated by a spring-loaded piston of the PD

cycler during use. As discussed above, the piston head 134A, 134B can be reciprocated

to repeatedly draw dialysis solution into the pump chambers and then expel the dialysis

solution from the pump chambers.

As an alternative to or in addition to using a spring-loaded piston 353 to apply a

force to the stem portion 373 of the cup-shaped member 371 or to the cap seal 475, other

types of self-expanding resilient members, such as compression springs or elastomeric

members, can be used. The door 308 of the PD cycler 302 can, for example, be equipped

with other types of self-expanding resilient members, such as a compression springs or

elastomeric members, arranged to apply a force to the stem portion 373 of the cup-shaped

member 371 or to the cap seal 475 during use. Such self-expanding resilient members

would work in a manner similar to the resilient block 269 discussed above to move the

membrane 140 away from the rigid base 356 of the cassette 312, 412 and increase the

volume of the pump chamber 338 when the piston head 134A is retracted. Similarly, as

an alternative to or in addition to self-expanding resilient members, the door 308 of the

PD cycler 302 can include actuatable members, such as electrically, hydraulically, and/or

pneumatically operated members, arranged to apply a force to the stem portion 373 of the

cup-shaped member 371 or to the cap seal 475.

In some implementations, the self-expanding or actuatable members used to apply

a force to the stem portion 373 of the cup-shaped member 371 or to the cap seal 475 can

be adjustable to provide different magnitudes offeree to the cup-shaped member 371 or

to the cap seal 475. In certain implementations, the self-expanding or actuatable

members used to apply a force to the stem portion 373 of the cup-shaped member 371 or

to the cap seal 475 can be easily replaced with other self-expanding or actuatable

members that provide different magnitudes offeree. In such implementations, the

cassettes 312, 412 can be used without modification for any of various different types of

applications that require different magnitudes of force to be applied the inner surface of

the membrane 140.



In certain implementations, the door of the PD cycler includes a mechanism

configured to transfer an inward force of one of the cup-shaped members to the other

cup-shaped member in the form of an outward force. For example, referring to FIG. 26,

which is a top cross-sectional view of a cassette 512 (similar to the cassette 312 discussed

above with respect to FIGS. 22, 23A, and 23B) in a cassette compartment 514 formed

between a closed door 508 and a cassette interface 510 of a PD cycler 502, the door 508

of the PD cycler 502 includes a pivotable rod 553 with projections 555A, 555B at

opposite ends of the rod 553. The projections 555A, 555B contact stem portions 573A,

573B of their associated cup-shaped members 571A, 571B in pump chambers 538A,

538B the cassette 512. The rod 553 is pivotable about a central pivot axis 557. In some

implementations, for example, a pin is inserted though a hole formed in the rod and the

pin is attached to the door of the PD cycler so that the rod 553 can pivot about the pin.

However, any of various other mechanisms can alternatively or additionally be used to

pivotably attach the rod 553 to the door 508.

During use, the piston heads 134A, 134B of the PD cycler 502 are operated in an

alternating fashion such that one of the piston heads is extended as the other piston head

is retracted and vice versa. As shown in FIG. 26, as the piston head 134A is extended and

pushes the cup-shaped member 57 IA into the pump chamber 538A to expel dialysis

solution from the pump chamber 538A, the rod 553 pivots about the pivot axis 557. In

particular, the end 555A of the rod 553 in contact with the cup-shaped member 571A

moves away from the pump chamber 538A, and the opposite end 555B of the rod 553

moves toward the pump chamber 538B. As a result, the opposite end 555B of the rod

553 moves the other cup-shaped member 57 IB away from the rigid base 556 of the

cassette 512, causing the cup-shaped member 571B to apply an outward force to the

membrane 140 of the cassette 512. Due to the outward force applied to the membrane

140, as the piston head 134B is retracted, the volume of the pump chamber 538B

increases and dialysis solution is drawn into the pump chamber 538B. After drawing

dialysis solution into the pump chamber 538B, the piston head 134B is extended, forcing

the cup-shaped member 57 IB into the pump chamber 538B to expel dialysis solution

from the pump chamber 538B, while, at the same time, the piston head 134A is retracted

and the cup-shaped member 57 IA is forced away from the base 556 to draw dialysis



solution into the pump chamber 538A. In some implementations, the piston heads 134A,

134B are retracted and extended at substantially the same rate so that each of the cup-

shaped members 571A, 571B remains in close contact with its associated piston head

134A, 134B throughout the pumping process.

While the piston heads 134A, 134B of the PD cyclers above have been described

as being hemispherical, the piston heads could be any of various other shapes. In some

implementations, for example, the piston heads can have flat end surfaces. In such

implementations, the cup-shaped members disposed in the pump chambers of the cassette

can have flat surfaces that abut the flat end surfaces of the piston heads during use.

Similarly, while the piston heads 134A, 134B have been described as being formed using

certain materials and manufacturing techniques, any of various other suitable materials

and manufacturing techniques could alternatively be used.

While the members (e.g., springs) disposed within the pump chambers of the

above-described cassettes are designed to allow liquid to pass therethrough, in certain

implementations, the cassettes are equipped with liquid-impermeable self-expanding

members such that liquid pumped into and out of the pump chambers of the cassettes is

contained by the self-expanding members. As shown in FIG. 27, for example, a cassette

912 includes resilient, dome-shaped members 96 IA, 96 IB that are disposed in pump

chambers 938A, 938B formed between the membrane 140 and cylindrical recessed

regions 963A, 963B of a base 956 of the cassette 912. The dome-shaped members 961A,

96 IB are liquid-impermeable and are retained in the recessed regions 963A, 963B in a

manner such that a fluid tight seal is provided around the circumference of each of the

dome-shaped members 96 IA, 96 IB. During use, as will be described in greater detail

below, fluid is drawn into and forced out of fluid chambers 912A , 972B formed in the

bottom portions of the recessed regions 963A, 963B, between the inner surfaces of the

dome-shaped members 96 IA, 96 IB and underlying surface areas of the base 956.

The base 956 of the cassette 912 is similar to the bases of those cassettes

described above. However, the recessed regions 963A, 963B and fluid inlet and outlet

passages leading to the recessed regions 963A, 963B have different configurations than

corresponding features in the cassettes described above. As shown in FIGS. 27 and 28,

the base 956 includes hollow, substantially cylindrical projections 954A, 954B that form



the cylindrical recessed regions 963A, 963B. Unlike the bases described above, which

include fluid inlet and outlet ports near the ends of the recessed regions closest to the

membrane 140, fluid inlet ports 965A, 965B and outlet ports 966A, 966B are formed in

the side wall of the cylindrical projections 954A, 954B, near the ends of the recessed

regions 963A, 963B opposite the membrane 140. Thus, when the cassette 912 is fully

assembled, as shown in FIG. 29, the fluid inlet ports 965A, 965B and outlet ports 966A,

966B are positioned below the dome-shaped members 96 IA, 96 IB.

As shown in FIG. 29, the base 956 of the cassette 912 forms vertical fluid

passages 968B, 969B that extend from fluid channels formed along the top surface (from

the perspective shown in FIG. 29) of the base 956 to the fluid inlet and outlet ports 965B,

966B. These passages 968B, 969B extend along the outer surface of the cylindrical

projection 954B in which the dome-shaped member 961B is disposed. The surface

region of the base 956 that underlies the dome-shaped member 96 IB forms channels

970B, 97 IB that are aligned with the fluid inlet and outlet ports 965B, 966B to allow

fluid to flow underneath the dome-shaped member 96 IB and into a fluid pump chamber

972B formed between the dome-shaped member 961B and the base 956. Those channels

970B, 971B are divided by a raised surface 977B of the base 956 that extends upward

toward the dome-shaped member 96 IB. Although not shown, the portion of the base 956

underneath the dome-shaped member 96 IA is generally the same as the corresponding

portion of the base 956 underneath the dome-shaped member 96 IB.

As shown in FIGS. 27 and 29, each of the dome-shaped members 961A, 961B

includes a body 973A, 973B that has a flattened top 974A, 974B and an annular flange or

ring 976A, 976B that extends about the circumference of a lower end region of the body

973A, 973B. The dome-shaped members 961A, 961B are formed of materials and have

dimensions that permit the dome-shaped members 96 IA, 96 IB to resiliency self-expand

after being compressed. In some implementations, the dome-shaped members 96 IA,

96 IB are formed of polyurethane. However, other resilient materials, such as silicone,

styrenic block copolymers (e.g., Kraton D), chloroprene, polychloroprene (e.g.,

Neoprene), and/or thermoplastic elastomers (e.g., Mediprene), can alternatively or

additionally be used to form the dome-shaped members 96 IA, 96 IB.



The dome-shaped members are sized so that a desired volume (e.g., 12.75 mL) of

fluid is pumped into and out of the chambers 972A, 972B formed between the dome-

shaped members 96 IA, 96 IB and the base 956 of the cassette 912 when the dome-shaped

members 96 IA, 96 IB are fully compressed and then allowed to fully expand. The dome-

shaped members 96 IA, 96 IB can, for example, have a diameter of about 50 mm to about

56 mm, a height (i.e., the perpendicular distance from the lower surface of the side wall

to the top surface of the flat top 974A, 974B) of about 17 mm to about 23 mm, and a wall

thickness of about 1.5 mm to about 3.5 mm.

In certain implementations, the dome-shaped members are formed of

polyurethane, have a diameter of 53 mm, a height of 20 mm, and a wall thickness of 2.4

mm.

Referring again to FIG. 29, the dome-shaped members 961A, 961B are press

fitted into the recessed regions 963A, 963B formed by the cylindrical projections 954A,

954B. In particular, the flange 976A, 976B of each of the dome-shaped members 961A,

96 IB has a diameter that is about 0.020 inch greater than the diameter of the recessed

regions 963A, 963B (i.e., the inner diameter of the cylindrical projections 954A, 954B).

This configuration both secures the dome-shaped members 96 IA, 96 IB within the

recessed regions 963A, 963B and provides a liquid-tight seal between the dome-shaped

members 961A, 961B and the inner surfaces of the cylindrical projections 954A, 954B of

the base 956. In addition, because the membrane 140 extends over the recessed regions

963A, 963B and is sealed around the periphery of the base 956, the membrane 140

provides a secondary liquid-tight seal that prevents liquid from escaping from the cassette

912 even in the event that liquid passes between the dome-shaped members 961A, 961B

and the base 956.

The cassette 912 is used to pump fluid in much the same way as the cassettes

described above. FIGS. 30A and 30B show the cassette 912 disposed within the cassette

compartment 114 of the PD cycler 102 during different stages of the pumping process.

As shown in FIG. 30A, a flat piston head 934B of a piston of the PD cycler 102, has

compressed the dome-shaped member 96 IB to force fluid out of the fluid chamber 972B

formed between the dome-shaped member 961B and the cylindrical projection 954B. As

the dome-shaped member 96 IB is compressed, the fluid flows through the channel 97 IB,



out the fluid outlet port 966B, and into the vertical passage 969B (all shown in FIG. 29).

FIG. 3OB shows the piston being retracted such that the dome-shaped member 96 IB has

been allowed to expand and draw fluid back into the chamber 972B formed between the

dome-shaped member 961B and the cylindrical projection 954B. As the dome-shaped

member 96 IB expands, fluid passes through the vertical passage 968B, in the fluid inlet

port 965B, and through the channel 970B (all shown in FIG. 29). Because the channels

970B, 971B are recessed relative to the surface 977B, the channels 970B, 971B ensure

fluid communication between fluid chamber 972B and the inlet and outlet ports 965B,

966B even when the dome-shaped member 96 IB has been fully compressed into contact

or near contact with the surface 977B.

The cassette 912 can be assembled by press-fitting the dome-shaped members

961A, 961B into the recessed regions 963A, 963B of the base 956, and then attaching the

membrane 140 to the periphery of the base 956 in the manner described above with

respect to other cassettes.

While the flanges or rings 976A, 976B of the dome-shaped members 96 IA, 96 IB

have been described as being pressed against flat inner surfaces of the cylindrical

projections 954A, 954B, the inner surfaces of the cylindrical projections 954A, 954B can

alternatively include annular depressions in which the flanges 976A, 976B are received.

This arrangement results in a tortuous path between the flanges 976A, 976B of the dome-

shaped members 961A, 961B and adjacent surfaces of the cylindrical projections 954A,

954B, which can also help to prevent liquid from passing between the flanges 976A,

976B and the cylindrical projections 954A, 954B.

As another alternative, the dome-shaped members 96 IA, 96 IB can be bonded

(e.g., thermally bonded, chemically bonded, or adhesively bonded) to the cylindrical

projections 954A, 954B of the base 956.

While the dome-shaped members 96 IA, 96 IB have been described as being press

fit or bonded within the recessed regions 963A, 963B formed by the cylindrical

projections 954A, 954B, the dome-shaped members 961A, 961B can alternatively be

formed with the base 956 of the cassette 912 using a mold in technique. To form the

dome-shaped members 96 IA, 96 IB in this way, a bottom portion of the base 956 would

be removed and two-part molds would be inserted into the cylindrical projections 954A,



954B to form the dome-shaped members 961A, 961B. After forming the dome-shaped

members 961A, 961B, the bottom portion of the base 956 would be re-attached.

While the membrane 140 has been described as extending over substantially the

entire surface of the base 956, including the recessed regions 963A, 963B, in certain

implementations, the membrane includes holes that align with the recessed regions 963A,

963B such that the piston heads directly contact the dome-shaped members 961A, 961B.

In such implementations, the membrane is attached (e.g., thermally bonded or adhesively

bonded) to the perimeter of each of the cylindrical members 954A, 954B to ensure a

liquid-tight seal.

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 the pistons described above have been described as having piston heads

that are attached to shafts of the pistons, in certain implementations, the piston heads and

shafts are integrally formed with one another. In some implementations, the piston heads

are simply the flat end surfaces of the piston shafts themselves.

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 piston heads align with the pump chambers of

the cassette, other techniques for ensuring that the piston 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

piston 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

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 some of the PD cyclers discussed above have been described as including

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.

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

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.



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 a movable piston; 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 membrane

faces the piston and the membrane can be moved by the piston to decrease a

volume of the fluid pump chamber; and

a member disposed within the fluid pump chamber and configured to

apply an outward force to an inner surface of the membrane to increase the

volume of the fluid pump chamber.

2 . 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.

3 . 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.

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

to the base of the cassette.

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

a first portion defining a recess configured to receive the piston.

6 . The medical fluid pumping system of claim 5, wherein the member further

comprises a second portion attached to the first portion, the second portion being

moveable between an expanded position and a compressed position.

7 . The medical fluid pumping system of claim 6, wherein the first and second

portions are integrally formed with one another.

8. The medical fluid pumping system of claim 6, wherein the second portion is

more flexible than the first portion.

9 . The medical fluid pumping system of claim 6, wherein the second portion is

substantially cup-shaped in the expanded position and substantially planar in the

compressed position.



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

comprises a first portion and a second resilient portion attached to the first portion, the

second resilient portion configured to resiliently move between an expanded position and

a compressed position, and the first portion configured to apply the outward force to the

membrane when the second resilient portion is moved from the compressed position to

the expanded position.

11. The medical fluid pumping system of claim 10, wherein the second resilient

portion is substantially cup-shaped in the expanded position and substantially planar in

the compressed position.

12. The medical fluid pumping system of claim 10, wherein the second resilient

portion is a cup-shaped member having a sidewall that defines a plurality of

circumferentially spaced apertures.

13. The medical fluid pumping system of claim 10, wherein the first portion

defines a recess configured to receive the piston.

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

within the fluid pump chamber is a substantially planar spring.



15. The medical fluid pumping system of claim 14, wherein the substantially

planar spring is disposed in a region of the fluid pump chamber directly adjacent the

membrane.

16. The medical fluid pumping system of claim 14, wherein the substantially

planar spring comprises a hub portion and a plurality of circumferentially spaced legs

extending radially outward from the hub portion.

17. The medical fluid pumping system of claim 16, wherein the substantially

planar spring further comprises feet extending from ends of the legs opposite the hub

portion, and at least one of the feet has a width that is greater than a width of the leg to

which the at least one of the feet is attached.

18. The medical fluid pumping system of claim 16, wherein the at least one of the

feet has a curved configuration that substantially conforms to an adjacent surface of the

base.

19. The medical fluid pumping system of claim 14, wherein the substantially

planar spring is formed of one or more metals.

20. The medical fluid pumping system of claim 1, further comprising a resilient

device positioned between the base of the cassette and the member disposed in the fluid



pump chamber of the cassette, the resilient device configured to apply a force to the

member.

21. The medical fluid pumping system of claim 20, wherein the resilient device is

configured to self-expand after being compressed.

22. The medical fluid pumping system of claim 21, wherein the resilient device

comprises a spring.

23. The medical fluid pumping system of claim 21, wherein the resilient device

comprises an elastomeric member.

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

pumping machine comprises a device configured to apply a force to the member disposed

in the fluid pump chamber when the cassette is disposed in the cassette enclosure.

25. The medical fluid pumping system of claim 24, wherein the device is a

resilient device configured to self-expand after being compressed.

26. The medical fluid pumping system of claim 24, wherein the device comprises

a spring.



27. The medical fluid pumping system of claim 24, wherein the device comprises

a spring-loaded piston.

28. The medical fluid pumping system of claim 24, wherein the member has a

stem portion disposed within an aperture of the base of the cassette.

29. The medical fluid pumping system of claim 28, wherein the device contacts

the stem portion when the cassette is disposed in the cassette enclosure.

30. The medical fluid pumping system of claim 29, further comprising an o-ring

surrounding the stem portion, the o-ring compressed between the stem portion and a

portion of the base defining the aperture in which the stem portion is disposed.

31. The medical fluid pumping system of claim 28, wherein the cassette further

comprises a seal secured to the base and disposed over the aperture defined by the base.

32. The medical fluid pumping system of claim 31, wherein the device contacts

the seal when the cassette is disposed in the cassette enclosure, the seal being deformable

such that a force can be transmitted from the device to the stem portion of the member

via the seal.



33. The medical fluid pumping system of claim 32, wherein the seal is configured

to prevent fluid from exiting the cassette via the aperture when the force is transmitted to

the stem portion.

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

configured to create a vacuum pressure of about 150 mbar to about 200 mbar within the

fluid pump chamber by applying an outward force to the membrane.

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

configured to apply an outward force of at most about 250 N to the membrane.

36. The medical fluid pumping system of claim 35, wherein the member is

configured to apply an outward force of about 2ON to about IOON to the membrane.

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

pumping machine comprises first and second movable pistons, 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 membrane faces the first and second pistons and the membrane can be moved by the

first and second pistons to decrease volumes of the first and second fluid pump chambers,

and first and second members are disposed within the first and second fluid pump

chambers, respectively, and are configured to apply outward forces to the inner surface of

the membrane to increase the volumes of the first and second fluid pump chambers.



38. The medical fluid pumping system of claim 37, wherein the medical fluid

pumping machine comprises a rod having a first end region and a second end region, the

rod configured such that the first end region can apply a force to the first member

disposed in the first fluid chamber and the second end region can apply a force to the

second member disposed in the second fluid chamber.

39. The medical fluid pumping system of claim 38, wherein the rod is pivotable

about a central pivot point such that when the first end region applies a force to the first

member causing the first member to apply the outward force to the membrane, the second

end region moves away from the second member, and when the second end region

applies a force to the second member causing the second member to apply the outward

force to the membrane, the first end region moves away from the first member.

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

so that forces can be transmitted to the rod by the first and second pistons, and the rod is

configured such that when the first piston applies a force to the first end region of the rod,

the rod pivots and the second end region of the rod applies a force to the second piston,

and when the second piston applies a force to the second end region of the rod, the rod

pivots and the first end region of the rod applies a force to the first piston.

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

cassette is a molded tray-like base.



42. The medical fluid pumping system of claim 41, wherein the membrane is

attached only to a perimeter region of the tray-like base.

43. The medical fluid pumping system of claim 42, 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.

44. The medical fluid pumping system of claim 43, 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.

45. The medical fluid pumping system of claim 44, 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.

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

pumping system is a dialysis system.

47. The medical fluid pumping system of claim 46, wherein the medical fluid

pumping system is a peritoneal dialysis system.



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

cassette is disposable.

49. 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 and configured to apply an

outward force to an inner surface of the membrane to increase the volume of the fluid

pump chamber.

50. The medical fluid cassette of claim 49, wherein the region of the base that

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

base.

51. The medical fluid cassette of claim 49, 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.

52. The medical fluid cassette of claim 49, wherein the member is attached to the

base of the cassette.



53. The medical fluid cassette of claim 49, wherein the member comprises a first

portion defining a recess configured to receive a piston of a medical fluid pumping

machine.

54. The medical fluid cassette of claim 53, wherein the member further

comprises a second portion attached to the first portion, the second portion being

moveable between an expanded position and a compressed position.

55. The medical fluid cassette of claim 54, wherein the first and second portions

are integrally formed with one another.

56. The medical fluid cassette of claim 54, wherein the second portion is more

flexible than the first portion.

57. The medical fluid cassette of claim 54, wherein the second portion is

substantially cup-shaped in the expanded position and substantially planar in the

compressed position.

58. The medical fluid cassette of claim 49, wherein the member comprises a first

portion and a second resilient portion attached to the first portion, the second resilient

portion configured to resiliently move between an expanded position and a compressed

position, and the first portion configured to apply the outward force to the membrane



when the second resilient portion is moved from the compressed position to the expanded

position.

59. The medical fluid cassette of claim 58, wherein the second resilient portion is

substantially cup-shaped in the expanded position and substantially planar in the

compressed position.

60. The medical fluid cassette of claim 58, wherein the second resilient portion is

a cup-shaped member having a sidewall that defines a plurality of circumferentially

spaced apertures.

6 1. The medical fluid cassette of claim 58, wherein the first portion defines a

recess configured to receive a piston of a medical fluid pumping machine.

62. The medical fluid cassette of claim 49, further comprising a resilient device

positioned between the base of the cassette and the member disposed in the fluid pump

chamber of the cassette, the resilient device configured to apply a force to the member.

63. The medical fluid cassette of claim 62, wherein the resilient device is

configured to self-expand after being compressed.

64. The medical fluid cassette of claim 63, wherein the resilient device comprises

a spring.



65. The medical fluid cassette of claim 63, wherein the resilient device comprises

an elastomeric member.

66. The medical fluid cassette of claim 49, wherein the member has a stem

portion disposed within an aperture of the base of the cassette.

67. The medical fluid cassette of claim 66, further comprising an o-ring

surrounding the stem portion, the o-ring compressed between the stem portion and a

portion of the base defining the aperture in which the stem portion is disposed.

68. The medical fluid cassette of claim 66, wherein the cassette further comprises

a seal secured to the base and disposed over the aperture defined by the base.

69. The medical fluid cassette of claim 68, wherein the seal is deformable such

that a force can be transmitted to the stem portion of the member via the seal.

70. The medical fluid cassette of claim 69, wherein the seal is configured to

prevent fluid from exiting the cassette via the aperture when the force is transmitted to

the stem portion.



7 1. The medical fluid cassette of claim 49, wherein the member is configured to

create a vacuum pressure of about 150 mbar to about 200 mbar within the fluid pump

chamber by applying an outward force to the membrane.

72. The medical fluid cassette of claim 49, wherein the member is configured to

apply an outward force of at most about 250N to the membrane.

73. The medical fluid cassette of claim 72, wherein the member is configured to

apply an outward force of about 2ON to about IOON to the membrane.

74. The medical fluid cassette of claim 49, wherein the membrane and regions of

the base cooperate to define first and second fluid pump chambers, and first and second

members are disposed within the first and second fluid pump chambers, respectively, and

are configured to apply outward forces to the inner surface of the membrane to increase

the volumes of the first and second fluid pump chambers.

75. The medical fluid cassette of claim 49, wherein the base of the cassette is a

molded tray-like base.

76. The medical fluid cassette of claim 75, wherein the membrane is attached

only to a perimeter region of the tray- like base.



77. The medical fluid cassette of claim 76, 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.

78. The medical fluid cassette of claim 77, 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.

79. The medical fluid cassette of claim 78, 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.

80. The medical fluid cassette of claim 49, wherein the medical fluid cassette is a

dialysis cassette.

81. The medical fluid cassette of claim 80, wherein the medical fluid cassette is a

peritoneal dialysis cassette.

82. The medical fluid cassette of claim 49, wherein the medical fluid cassette is

disposable.

83. 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 applying an outward force to an inner

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

84. The medical fluid delivery method of claim 83, 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.

85. The medical fluid delivery method of claim 83, wherein the outward force is

applied to the membrane by a member disposed in the fluid pump chamber.

86. The medical fluid delivery method of claim 85, wherein the member is a

resilient member configured to self-expand after being compressed.

87. The medical fluid delivery method of claim 83, 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.

88. The medical fluid delivery method of claim 83, wherein an outward force of

about 2ON to about IOON is applied to the membrane.



89. The medical fluid delivery method of claim 83, wherein the medical fluid

comprises dialysis solution.

90. A medical fluid pumping system, comprising:

a medical fluid pumping machine defining a cassette enclosure, the medical fluid

pumping machine comprising a movable piston; 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 defining a recess; and

a member disposed within the recess of the base, the member and the base

defining a fluid pump chamber therebetween,

wherein the cassette is positionable within the cassette enclosure of the

medical fluid pumping machine so that the member can be compressed by

advancing the piston to force fluid out of the fluid pump chamber, and the

member is configured to self-expand as the piston is retracted away from the

member to draw fluid into the fluid pump chamber.

91. The medical fluid pumping system of claim 90, further comprising a

membrane attached to the base.

92. The medical fluid pumping system of claim 91, wherein a portion of the

membrane covers the recess of the base such that the portion of the membrane is

positioned between the piston and the member.



93. The medical fluid pumping system of claim 91, wherein the membrane

defines an aperture aligned with the recess of the base such that the when the cassette is

positioned within the cassette enclosure of the medical fluid pumping machine and the

piston is advanced, the piston directly contacts the member.

94. The medical fluid pumping system of claim 90, wherein the member is a

substantially-dome shaped member.

95. The medical fluid pumping system of claim 94, wherein the substantially

dome-shaped member has a surface that is contacted by the piston when the cassette is

positioned within the cassette enclosure of the medical fluid pumping machine and the

piston is advanced, and the surface is substantially flat.

96. The medical fluid pumping system of claim 94, wherein the recess is

substantially cylindrical.

97. The medical fluid pumping system of claim 90, wherein the member is

formed of a resilient polymeric material.

98. The medical fluid pumping system of claim 97, wherein the member is

formed of polyurethane.



99. The medical fluid pumping system of claim 90, wherein the member is

secured to the base in a liquid-tight manner.

100. The medical fluid pumping system of claim 99, wherein the member

includes a flange that is compressed against a surface of the base defining the recess to

create the liquid-tight seal.

101. The medical fluid pumping system of claim 90, wherein the base defines a

fluid passage that extends to a port defined in a surface of the base adjacent the fluid

pump chamber such that fluid can pass through the fluid passage and the port into the

fluid pump chamber.

102. The medical fluid pumping system of claim 101, wherein the passage

extends substantially parallel to a longitudinal axis of the recess.

103. The medical fluid pumping system of claim 101, wherein a portion of the

base underlying the member defines a channel that is in fluid communication with the

port.

104. The medical fluid pumping system of claim 90, wherein the member is

configured to create a vacuum pressure of about 150 mbar to about 200 mbar within the

fluid pump chamber as the member self-expands.



105. A medical fluid cassette, comprising:

a base defining a recess; and

a member disposed within the recess of the base, the member and the base

defining a fluid pump chamber therebetween, and the member being self-expandable,

such that after the member has been compressed to force fluid out of the fluid pump

chamber, the member can self-expand to draw fluid into the fluid pump chamber.

106. The medical fluid cassette of claim 105, further comprising a membrane

attached to the base.

107. The medical fluid cassette of claim 106, wherein a portion of the membrane

covers the recess of the base.

108. The medical fluid cassette of claim 106, wherein the membrane defines an

aperture aligned with the recess of the base such that the member disposed within the

recess is exposed.

109. The medical fluid cassette of claim 105, wherein the member is a

substantially-dome shaped member.

110. The medical fluid cassette of claim 109, wherein the substantially dome-

shaped member has a substantially flat surface that faces an opening of the recess.



111. The medical fluid cassette of claim 109, wherein the recess is substantially

cylindrical.

112. The medical fluid cassette of claim 105, wherein the member is formed of a

resilient polymeric material.

113. The medical fluid cassette of claim 112, wherein the member is formed of

polyurethane.

114. The medical fluid cassette of claim 105, wherein the member is secured to

the base in a liquid-tight manner.

115. The medical fluid cassette of claim 114, wherein the member includes a

flange that is compressed against a surface of the base defining the recess to create the

liquid-tight seal.

116. The medical fluid cassette of claim 105, wherein the base defines a fluid

passage that extends to a port defined in a surface of the base adjacent the fluid pump

chamber such that fluid can pass through the fluid passage and the port into the fluid

pump chamber.

117. The medical fluid cassette of claim 116, wherein the passage extends

substantially parallel to a longitudinal axis of the recess.



118. The medical fluid cassette of claim 116, wherein a portion of the base

underlying the member defines a channel that is in fluid communication with the port.

119. The medical fluid cassette of claim 105, wherein the member is configured

to create a vacuum pressure of about 150 mbar to about 200 mbar within the fluid pump

chamber as the member self-expands.

120. A medical fluid delivery method, comprising:

drawing medical fluid into a fluid pump chamber defined between a self-

expandable member and a rigid base of a medical fluid cassette by applying a

compressive force to the self-expandable member and then allowing the self-expandable

member to self-expand.

121. The medical fluid delivery method of claim 120, wherein the medical fluid

is dialysate.

122. The medical fluid delivery method of claim 120, wherein applying the

compressive force to the self-expandable member causes medical fluid to be expelled

from the fluid pump chamber.



123. The medical fluid delivery method of claim 122, wherein applying the

compressive force to the self-expandable member comprises applying an inward force to

an outer surface of a portion of a membrane overlying the member.

124. The medical fluid delivery method of claim 120, wherein the expansion of

the self-expandable member generates a vacuum pressure of about 150 mbar to about 200

mbar within the fluid pump chamber.

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

within the pump chamber comprises a spring having an annular ring and a plurality of

circumferentially spaced legs extending radially inward from the annular ring.

126. The medical fluid pumping system of claim 125, wherein the annular ring

defines a central aperture configured to receive a piston head therein.
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