HEMODIALYSIS SYSTEM

FIELD OF INVENTION

The present invention generally relates to hemodialysis and similar dialysis

systems, e.g., systems able to treat blood or other bodily fluids extracorporeally.
BACKGROUND

Many factors make hemodialysis inefficient, difficult, and expensive. These
factors melude the complexity of hemodialysis, the safety concemns related to
hemodialysis, and the very large amount of dialysate needed for hemodialysis.
Moreover, hemodialysis is typically performed in a dialysis center requiring skilled
technicians. Therefore any increase in the ease and efficiency of the dialysis process
couid have an impact on treatment cost or patient outcome.

SUMMARY OF INVENTION

Aspects of the invention generally relate to hemodialysis and similar dialysis
systems. Illustrative embodiments described herein involve, in some cases, interrelated
products, alternative solutions to a particular problem, and/or a plurality of different uses
of one or more systems and/or articles. Although the various systems and methods
described herein are described in relation to hemodialysis, it should be understood that
the various systems and method described herein are applicable to other dialysis systems

and/or in any extracorporeal system able to treat blood or other bodily fluids, such as

hemofiliration, hemodiafiltration, etc,
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According to _an aspect, there is provided a drain cassette confisured for

connection to, and comeclion from, an exposed side of a front panel of a dialvsis unit,

the front panel arranged {o removable mount a dialvzer. a blood pump cassetie, and

arterial and venous lines each terminating with an arterial and venous blood line

connector, respectivelv. the drain casseite comprising: a venous connection port for

physical connection o, and fluid communication with, a patient end of the venous blood

Line connector: an arterial connection port for physical connecfion to. and flwd

communication with, a patient end of the arterial blood bine connector; a single fluid

channe! fhudly connecting the venous connection port and the arterial connection nort: a

drain outlet port I fluid communication with the fluid channel and armaneed io

removably counle with a drain connector on the exposed side of the front nanel of the

dialvsis unit; and a valve arraneed to control flow in the fluid channel, wherein the drain

cassette is removable from the front pane] separate from the blood pump cassette and the

dialvzer. and the wvalve is ammanced fo cither controllably open and close fluid

commumcation in the fluid channel between the drain outlet port and the venous

connection port, or to contrcllably open and close fluid communication in the fluid

channel between the drain outlet port and the arterial connection port.

Such an arrangement may allow for purging and/or rinsing of venous and arterial
lines to drain, e.g., in preparation for a treatment. 1n addition, the drain cassette may be
removable from the dialysis unit, allowing an operator to remove and replace blood-
contacting portions of the drain cassette when preparing the dialysis unit for treating
another patient.

In one embodiment, the drain cassette may include a body that defines the arterial
and venous connection ports and the fluid channel. A check valve may be arranged to
allow flow from the fluid channel and out of the drain outlet port and to resist flow from
the drain outlet port to the fluid channel. Thus, fluid or other material in a drain line
downstream of the check valve may be prevented from entering the finid channel. The
valve that controls flow in the fluid channel may be a pneumatically-controlled valve,
and a pneumatic control port on the drain cassette may be arranged to removably mate
with a port on the exposed panel of the dialysis unit and fluidly couple the valve with the

port on the exposed panel to allow control of the valve,
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In one embodiment, the drain cassette may include a latch arranged to releasably
lock the drain cassette to the exposed panel. For example, the latch may include a handle
and a male bayonet-type connector arranged to engage with a female bayonet-type
receiver on the panel of the dialysis unit. Thus, the latch may be operated, e.g., by
inserting the bayonet connector into the receiver and tumning the handle, to both connect
and disconnect the drain cassette with respect to the panel. Such mounting and
dismounting of the cassette may also cause coupling/uncoupling of one or more ports,
electrical conmectors or other components of the drain cassette with a corresponding port,
connector, etc. on the panel. For example, a drain port, pneumatic valve control port and
electrical connector coupled with one or more sensors in the drain cassette may
simultaneously couple with corresponding ports/connectors on the panel in a single
connection operation, which may include pushing the drain cassette onto the panel and
turning the latch handle.

The dram outlet port may fluidly communicate with the fluid channel at a point
above where the arterial and venous connection ports communicate with the fluid
channel, e.g., so that air in the fluid channel may be evacuated by introducing fluid at the

comnection ports. In one embodiment, the fluid channel has a U shape with the arterial
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and venous connection ports fluidly connected to the fluid channel at ends of the U
shape, and the drain outlet port fluidly connected to the fluid channel at a central bend of
the U shape.

One or more sensors may be included to detect characteristics of fluid in the fluid
channel or elsewhere in the drain cassette. For example, a conductivity sensor may be
arranged to detect a conductivity of fluid in the fluid channel, and a temperature sensor
may be arranged to detect a temperature of fluid in the fluid channel. The one or more
sensors may be coupled to an electrical connector arranged to electrically connect the
one or more sensors to a corresponding electrical connector on the exposed panel. In one
embodiment, the electrical connector and the drain outlet port are arranged to
sinltaneously couple with a corresponding electrical connector and drain connector on
the exposed parel of the dialysis unit in a single connection operation. In some
arrangements, a pneumatic control port coupled to the valve may be arranged to
removably mate with a control port on the exposed panel, and to simultaneously couple
with the corresponding control port in the same single connection operation used to
connect the drain port and electrical connector.

The valve may be arranged so that the drain outlet port is in permanently open
fluid communication with the arterial connection port, and the valve may controllably
open and close fluid communication in the fluid channel between the drain outlet port
and the venous connection port. Alternately, the drain outlet port may be in permanently
open fluid communication with the venous connection port, and the V"alve may be
arranged to controllably open and close fluid communication in the fluid channel

between the drain outlet port and the arterial connection port.

Disclosed herein ishranether-aspest-of the-invention, a blood circuit assembly

and a drain cassette may be engageable with an exposed panel of a dialysis unit for
operation in a dialysis treatment, and may be removable from the exposed panel for
replacement without the use of tools. Such an arrangement may allow for easy
replacement of all blood-contacting components of a dialysis unit so that the dialysis unit
can be used for multiple, different patients {e.g., in a clinical setting) while minimizing
risk of a prior patient’s blood borne materials from coming into contact with a
subsequent patient’s treatment components. For example, the blood circuit assembly
may include a pair of pneumatic pumps for circulating blood received from a patient

through a circuit including a dialyzer



Disclosed herein isha-anotheraspest-olthe-nvention; a blood circuit assembly for

a dialysis unit includes a pair of pneumatic pumps for circulating blood received from a
patient through a circuit including a dialyzer unit and returning the blood to the patient,
an air trap arranged to remove air from blood circulating in the circuit, a pair of dialyzer
connections arranged to connect to the inlet and outlet of a dialyzer unit, a pair of blood
line connectors, including an arterial blood line connector for receiving blood from the
patient and providing blood to the pneumatic pumps and a venous blood line connector
for returning blood to the patient, and flexible tubing fluidly connecting the pumps, the
air trap, the dialyzer connections and the blood lime connectors. The pneumatic pumps
may have pneumatic control ports arranged for alignment and mating with corresponding
perts located on an exposed panel of the dialysis unit by pushing the control ports into
engagement with the corresponding ports with mounting of the blood circuit assembly to
the exposed panel.

Also, the pumps may be defined, at least in part, by a single unitary member that
additionally defines a plurality of routing channels for at least a portion of the flexible
tubing. In one embodiment, the single unitary member or other organizing tray
configuration defines an air trap cavity that receives the air trap. In some arrangements,
the inlet of the air trap is supported by the air trap cavity or other support at a position
above an éuﬂet of the air trap when the blood circuit assembly is mounted to a dialysis
unit. This configuration may make removal of air from the blood lines more effective.

In another embodiment, the single unitary member may define the pneumatic
control ports for the pumps, a concave chamber portion for the pumps, a chamber portion
of a plurality of valves used to control flow through the pumps, routing channels for
flexibie tubing to position the tubing for engagement with an occluder when the
assembly is mounted to the dialysis unit, and/or other features. For example, the
organizing tray may inclade circuit fube engagement members having a hole through
which a respective circuit tube passes that engage with the tube to allow the circuit tube
to be pulled and stretched for engagement with an occluder of the dialysis unit. Having a
single part define multiple portions of the blood circuit assembly and/or to accurately
route flexible tubing may make assembly of the blood circuit assembly easier and more
effective, e.g., by ensuring that various components are properly positioned on the panel

of the dialysis unit.
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In another embodiment, the flexible tubing may connect components as follows:
the arterial blood line connector may be connected to an inlet for the pump cassette, an
outlet for the pump cassefte may be connected to a dialyzer inlet connecior, a dialyzer
outlet connector may be connected to an inlet of the air trap, and an outlet of the air trap
may be connected to the venous blood line connector.

In some embodiments, the blood circuit assembly may include an anticoagulant
connection for engaging with an anticoagulant source and providing anticoagulant into
the circuit. For example, a pump for pumping anticoagulant from the anticoagulant
source to the circuit may be included, e.g., as part of a pump cassette. The anticoagulant
connection may include a vial holder and a spike, and the anticoagulant source may be a

vial of heparin.

Disclosed heremn islnanetheraspect-ofthe-invention: a blood circuit assembly

engagement device for a dialysis unit includes an actuator, movable between a retention
position and an ejection position, mounted to a panel of the dialysis unit adjacent a
plurality of control ports, a retainer element coupled to the actuator and arranged, with
the actuator in the retention position, to retain a blood circuit assembly mounted to the
panel of the dialysis unit on the panel, and arranged, with the actuator in the ejection
position, to release the bleod circuit assembly for removal from the panel of the dialysis
unit, and an ejecior element coupled to the actuator and arranged, with the actuator
moved from the retention position to the ejection position, to urge the blood circuit
assembly away from the panel. Such an arrangement may make mounting, retention and
removal of a blood circuit assembly with respect to a dialysis unit more accurate and
effective. For example, if the retainer element is not positioned in the retention position
with a blood circuit assembly mounted to the panel, a user can easily verify that the
assembly 1s not properly engaged with the panel. The actuator can then be used to gject
the assembly, allowing replacement of the assembly on the panel.

In one embodiment, the actuator is pivotally mounted to the panel, and the
retainer element is fixed to the actuator. The ejector element may be pivotable between
an mactive position and an ejection position, and pivoted based on movement of the
actuator. For example, the actuator may be arranged to be moved from the retention
position and the gjection position by a user’s thumb. In one arrangement, first and

second blood circuit assembly engagement devices are provided on the panel, with the
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example, to prevent a release of occlusion force on the tubing when the door is notin a
closed position and/or convenience features, for example a retainer mechanism to hold
the tube occluder in a non-occluding position when the door is open with the tube
occluder in the non-occluding position.

Disclosed herein isin-onc-aspeet; a variety of occlusion assemblies for occluding

at least one collapsible tube of a medical infusion device are described. In certain
embodiments, the occlusion assembly is configured for occluding at least one pair of
coliapsible tubes and comprises, for each pair of collapsible tubes, a first occluding
member and a second occluding member, the first occluding member positioned adjacent
to a first collapsible tube of the pair and the second occluding member positioned |
adjacent to a second collapsible to the pair, when the tubes are installed in the occlusion
assembly for operation. The first occluding member and the second occluding member
are further positioned adjacent from each other such that a space is defined between
them. These space is on an opposite side of each occluding member then is the
collapsible tubes to which it is adjacent. The occlusion assembly furth.ef comprises a
spreader positioned within the space between the occluding members and movable from
a first position to a second position, wherein movement from the first position to the
second position causes the spreader to force at least a portion of the first and second
occluding members to move apart from each other to increase the size of the space
between them and forced a tube-contacting portion of each occluding member against the
collapsible tube to which it is adjacent to occlude the collapsible tube. The occlusion
assembly further comprises at least one actuator constracted and positioned to move the
spreader between the first and second positions.

In certain embodiments the occlusion assembly is configured for occluding at
least one collapsible tube and comprises a frame comprising a tubing guide configured
for positioning the collapsible tube, a tubing occluder mounted to the frame and
comprising an occludinig member constructed and positioned to controllably occlude or
release occlusion of the collapsible tube, a door hingeably mounted to the frame and
positioned to cover at least a portion of the collapsible tube and tubing occluder when in
a closed position and to provide user access to the collapsible tube when in an open

position, and a switch configured and positioned to detect when the door is in a closed
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position and to permit operation of the tubing occluder to release occlusion of the
collapsible tube only when the door is in the closed position.

In certain embodiments and occlusion assembly for collapsing at least one
collapsible tube comprises a tubing occluder comprising an occluding member
constructed and positioned to controllably occlude or release occlusion of the collapsible
tube, and automatic actuator operatively coupled to the tubing occluder to cause
essentially linear motion of at least a portion of the tubing occluder to cause the
occluding member to move from an occluding position to a non~occluding position, and
an override mechanism operatively coupled to the tubing occluder to cause essentially
linear motion of at least a portion of the tubing occluder to cause the occluding member
to move from an occluding position to a non-occluding position upon manual operation
of the override mechanism by a user.

In certain embodiments, and occlusion assembly for occluding at least one
collapsible tube comprises a frame comprising a tubing guide configured for positioning
the collapsible tube, a tubing occluder mounted to the frame and comprising an
occluding member constructed and positioned o controllably occlude or release
occlusion of the collapsible tube, a door hindgeably mounted to the frame and positioned
to cover at least a portion of the collapsible tube and tubing occluder when in a closed
position and to provide user access to the collapsible tube when in an open position, and
a retainer mechanism engaged by the door when the door is in the closed position and
conﬁgured.to permit operation of the tubing occluder to occlude or release occlusion of
the collapsible tube when the door is in the closed position and configured to engage and
retain the tubing occluder in a non-occluding configuration when the door is opened

while the tubing occluder is positioned in the non-occluding configuration.

for occluding at least one pair of collapsible tubes of a medical infusion devices
disclosed. In one embodiment, the method involves moving a spreader of the occlusion
assembly from a first position to a second position, wherein the spreader is positioned
within a space defined between a first occluding member and a second occluding
member o cause the spreader to force at least a portion of the first and second cccluding
members to move apart from each other to increase the size of the space between them

and force a tube-
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contacting portion of each occhuding member against a collapsible tube to which it is

adjacent to occlude the collapsible tube.

Disclosed herein isks-anothosaspest-of-the-mvention; an enclosure for containing

a portable hemodialysis unit is provided, where the hemodialysis unit includes suitable
components for performing hemodialysis including a dialyzer, one or more pumps to
circulate blood through the dialyzer, a source of dialysate, and one or more pumps to
circulate the dialysate through the dialyzer. The enclosure may include a housing that
supports the components of the hemodialysis unit and has a front panel at which blood
circult connections and dialysate fluidic conmections are located. For example, the front
panel may support blood line conmections for patient blood access, connections for a
reagent supply, dialyzer connections for both blood flow and dialysate, etc. Thus, in one
embodiment, an operator may complete all necessary flaid circuit connections for the
blood circuit and reagent supply at the housing front panel. The enclosure may also
include a pair of vertical, side-by-side doors hingedly mounted to the housing at opposite
sides of the front panel so that the doors are movable between open and closed positions.
With the doors in an open position, an operator may have access to the blood circuit
connections and dialysate fluidic connections. Also, with the doors in the closed
position, access to the patient access and dialysate fluidic connections may be blocked,
and the doors may allow for the retention of heat in the housing suitable for disinfection
during a disinfection cycle. For example, at least one of the doors may include a seal to
resist air exchange between an interior and an exterior of housing when the doors are in
the closed position to help retain heat and/or help resist entry of dust, dirt or other
contaminants.

In one embodiment, each of the vertical, side-by-side doors is mounted to the
housing via a hinge plate that is pivotally mounted to the door at a first end, and is
pivotally mounted to the housing at a second end opposite the first end. Thus, the doors
may be positionable at two open positions, e.g., a first open position in which blood
circuit connections and dialysate fluidic connections are exposed and the hinge plate is
adjacent the housing, and a second open position in which the hinge plate is positioned
away from the housing. One or more retainer members may be included to maintain the
doors 1 an open position relative to a corresponding hinge plate. For example, the

retainer member may include at least one magnet attached to the door or the hinge plate
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In another embodiment, the enclosure may include an electronics section that is
separated and insulated from a disinfection section that is heated to disinfect components
of the hemodialysis unit. For example, the disinfection section may imclude all of the
liquid circuit components, such as valves, pumps, conduits, etc., of the various portions
of the dialysis unit. The electronics section may include motors, computers or other data
processing devices, computer memory, and/or other temperature sensitive electronics or
other components. By isolating the electronics section from the disinfection section (at
least to some degree), components in the electronics section may be spared exposure to
the heat or other environmental conditions in the disinfection section whether doring a

disinfection operation or otherwise.

Disclosed herein isin anetheraspectofthe-4nvention: a portable hemodialysis

system may be arranged so that power for the flmd circuit pumps of a dialysis unit may
be provided by a modular power unit, e.g., a unit that can be selectively connected to or
disconnected from the dialysis unit. As a result, failure of a power unit need not
necessarily disable the entire dialysis system. Instead, the power unit may be replaced
with another power unit, allowing for treatment to continue. For example, a modular
assembly for a portable hemodialysis system may include a dialysis unit, ¢.g., including a
housing that contains suitable components for performing hemodialysis, such as a
dialyzer, one or more pumps o circulate blood through the dialyzer, a source of
dialysate, and one or more pumps to circulate the dialysate through the dialyzer. The
housing may have a front panel at which blood circuit connections and diaiysate fluidic
connections are located, e.g., where an operator may make patient blood access
connections, connect a reagent supply, and/or connect a dialyzer. The modular assembly
may also include a power unit having a housing that contains suitable components for
providing operating power to the pumps of the dialysis unit. The power unit may be
selectively connected to the dialysis unit and provide power to the dialysis unit for the
pumps when connected to the dialysis unit, but may be incapable of providing power to
the dialysis unit when disconnected from the dialysis unit. The power unit may be
selectively connected to and disconnected from the dialysis unit by operation of a single
handle, e.g., an operator may turn or otherwise operate a single handle to disconnect the
power unit from the dialysis unit. In one embodiment, the dialysis unit and the power

unit are sized and weighted to each be carried by hand by a human.
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In one embodiment, the pumps of the dialysis unit are pneumatic pumps and the
power unit provides pneumatic power to the dialysis unit. For example, the power unit
may provide air pressure and/or vacuum to the dialysis unit to power the pumps. The
power unit may include one or more air pressure pumps and/or air vacuum pumps, and
the dialysis unit may include a plurality of valves to control application of pneumatic
power to the pumps. To aid with use of the hemodialysis system in the home, the power
unit and dialysis unit electrical power requirements may be provided by standard
residential electrical power, e.g., approximately 110V, 15amp electrical power. The
dialysis unit may provide electrical power to the power unit, and the power unit may use

the electrical power to generate operating power for the pumps.

Disclosed herein istranothes-aspect-eftheinvention, a blood circuit agssembly for

a dialysis unit may be arranged to allow the replacement of most or all blood circuit
components in a single operation. For example, the blood circuit assembly may include
an organizing tray, a pair of pneumatic pumps mounted to the organizing tray for
circulating blood received from a patient through a circuit including a dialyzer unit and
returned to the patient, an air frap mounted to the organizing tray arranged to remove air
from blood circulating in the circuit, a pair of dialyzer connections arranged to connect to
the inlet and outlet of a dialyzer unit, and a pair of blood line connectors, one inlet blood
line connector for receiving blood from the patient and providing blood to the pneumatic
pumps and the other outlet blood line connector for returning blood to the patient.

In one embodiment, an anticoagulant connection is provided for engaging with an
anticoagulant source and providing anticoagulant into the blood circuit. For example,
the anticoagulant connection may include a pump for pumping anticoagulant from the
anticoagulant source, such as heparin from a vial of heparin, to the circuit. The
anticoagulant connection may include a vial holder arranged to hold two or more
differently sized vials, and a spike to pierce the vial. In one embodiment, the pair of
pneumatic pumps, the anticoagulant connection, and the anticoagulant pump are part of a
pump cassetie.

In another embodiment, the blood circuit assembly may be selectively mounted
to and removed from a dialysis unit. To aid in handling of the blood circuit assembly,
the organizing tray may include a pair of handles arranged for gripping by a user. The

organizing tray may also include openings adjacent each of the handles for receiving
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retaining fabs on a dialysis unit that engage with the blood circuit assembly and retain the
blood circuit assembly on the dialysis unit.

In one embodiment, the inlet blood line connector is connected to an inlet for the
pump cassette, an outlet for the pump cassette is connected to a dialyzer inlet connector,
a dialyzer outlet connector is connected to an inlet of the air trap, and an outlet of the air
trap 1s connected to the outlet blood line connector. The inlet of the air trap may be
located above the outlet of the air trap when the blood circuit assembly is mounted to a
dialysis unif, e.g., to aid in trapping of air circulating in the circuit during treatment. The
blood line connectors may be arranged for a threaded luer-type connection to a patient
access, as well as be arranged for a press-in type connection to the dialysis unit. Such an
arrangement may make it easier for an operator te connect the blood line connectors to
the dialysis unit after treatment (e.g., for later disinfection and/or priming of the blood
circuit) while allowing the connectors to engage with standard luer-type connectors at a
patient blood access.

In one embodiment, the organizing tray may include circuit tube engagement
members having a hole or slot through which a respective circuit tube passes. The
engagement members may engage with the respective circuit tube to alow the circuit
tube to be pulled and stretched for engagement with an occluder of the dialysis unit. For
example, the circuit tubes of the blood circuit assembly may include silicone tubing that
has to be stretched (and thereby reduced in diameter) to engage with an occluder. The
circuit tube engagement members may resist the pull of an 0pei‘ato1‘ on the tubes,

allowing the tubes to be stretched and placed in engagement with the occluder.

Disclosed herem isin-anotheraspecteotthe-invention; a method for replacing a

blood circuit assembly of a dialysis unit includes grasping a pair of handles on an
organizing tray of a blood circuit assembly that is mounted to a dialysis unit, disengaging
locking tabs of the dialysis unit from the blood circuit assembly to free the blood circuit
assembly from the dialysis unit, and pulling on the handles on the organizing tray of the
blood circuit assembly to remove the blood circuit assembly from the dialysis unit.
Disengagement of the locking tabs may be performed by flexing the locking tabs away
from each other such that each locking tab is moved toward a nearest one of the handles.
After removal of the blood circuit assembly, a replacement blood circuit assembly may
be provided, openings in the organizing tray of the replacement blood circuit assembly

may be aligned
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with the locking tabs so that each locking tab is received into a respective opening, and
the organizing tray may be pushed relative to the dialysis unit such that the locking tabs
engage with the replacement blood circuit assembly to mount the replacement blood
circuit assembly to the dialysis unit. Mounting the replacement blood circuit assembly
may also mvolve connecting control ports on the dialysis vnit to mating ports on the
assembly so that fluid control signals may be provided for pumps and valves of the blood
circuit assembly. Other blood circuit connections may be made, such as inlet and outlet
connections for the dialyzer, and the blood line connectors may be connected to receive

dialysate into the hlood circuit.

Disclosed herein isin-anotheraspeetofthe-tavention: an air trap for a blood

h

circuit in a dialysis unit includes a blood inlet supply line, a blood outlet supply line, and
a container having an approximately spherical internal wall, an mlet at a top end of the
container connected to the blood inlet supply line, and an outlet at a bottom end of the
container connected to the blood outlet supply line. The inlet may be offset from a
vertical axis of the approximately spherical internal wall such that blood entering the
container through the inlet is directed to flow in around the approximately spherical wall
in a spiral-like path. Such flow in the container may help to remove air bubbles from the
blood as it flows from the inlet to the outlet, with any removed air remaining near the top
of the container. The inlet port may be arranged (o introduce blood into the container in
a direction that is approximately tangential to the approximately spherical inner wall of
the container and/or in a direction that is approximately perpendicular to the vertical axis
of the container.

In one embodiment, a self-sealing port may be located at a top of the container,
e.g., in the form of a split septum that is arranged o permit introduction of fluid into, and
withdrawal of liquid from, the container by mserting a needleless device through the split
septum. The self-sealing port may be arranged to be self-cleaning when disinfection
liquid is circulated through the container, e.g., the port may be suitably exposed 1o
flowing disinfection liquid to remove debris and/or heat material on the port to achieve

desired disinfection.

Disclosed herein ishranetheraspest-otthe-ivvention; a tube securing

arrangement of a blood circuit assembly includes a organizing tray that supports
components of a blood circuit assembly and includes a pair of tube engagement members

each having a hole, a pair of
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patient inlet and outlet lines arranged to connect with patient access points for receiving
liquid from and/or providing liquid to the patient, and a pair of stops on the patient inlet
and outlet lines, respectively. The patient inlet and outlet lines may each pass through a
hole of a respective tube engagement member so that the stop engages with the tube
engagement member. With this arrangement, the fube engagement members may resist
pulling and stretching of the inlet and outlet lines when engaging the lines with an
occluder. The tube engagement members may be flexible to allow a user to press
mwardly on the engagement member and seat the respective inlet or outlet line in the

occluder, yet resist downward pulling of the line.

Disclosed herein ishr-anctheruspeet-ofthe-nvention a hemodialysis system

includes a dialyzer mount arranged to support a plurality of differently sized and/or
shaped dialyzer umts and to accommodate different distances between dialysate
connections on the dialyzer units. The dialyzer mount, which may be located on a front
panel of the dialysis unit, may include a pair of flange portions that are each arranged to
engage with a respective diatysate quick-connect fitting connected to a dialysate port of
the dialyzer. Each flange portion may be arranged to engage with a groove on the quick
connect fitting that 1s located between a portion of the base of the quick connect fitting
and a slide element of the quick connect fitting. For example, the dialyzer mount may
include a pair of keyhole features with each keyhole feature having an upper insertion
area sized to receive a portion of the base of the quick-connect fitting inserted into the
upper insertion area, and a lower flanged portion having a width that is smaller than an
overall a width of the base of the quick-connect fitting and that engages with a groove on
the quick connect fitting. The lower ﬂanged portion may include a pair of opposite
flanges that engage with the groove and allow the quick-connect fitting to slide along the
flanges.

In one embodiment, the bottom keyhole feature may include an adjustable
support that is moveable in a vertical direction. For example, the adjustable support may
be movable along the opposed flanges. Thus, the adjustable support may be fixable in a
plurality of different positions on the flanges to support the weight of the dialyzer. In
one arrangement, the adjustable support includes a “U” shaped member and at least one

thumb screw that may be tightened to fix the “U” shaped member in place. .

Disclosed herein istranetheraspect-ofthe-invention; a blood line connector for a
blood circuit of a hemodialysis unit may have the ability to make two different types of
fluad tight
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connections, e.g., a screw-type connection with a luer connector at a patient access and a
press-in type connection with a dialysate circuit of the hemodialysis unit. For example,
the blood line commector may include a tube connection end arranged to sealingly engage
with a blood circuit tube, and a patient access connection end with a frustocomnical
member having an internally threaded portion arranged to engage with an externally
threaded patient access, and a pair of locking arms extending rearwardly from the
frustoconical member. The locking arms may each have a finger depression portion and
a barbed portion, and may be arranged to engage with a mating connector on the dialysis
unit at the barbed portions to fock the frustoconical member in sealing engagement with
the mating connector when making a press-in fype connection. The barbed portions may
disengage from the mating connector when the finger depression portions are urged
toward each other. In cne embodiment, the patient access connection end may include a
central tube extending from the center of the frustoconical member. The internally
threaded portion of the frustoconical member and the central tube may be arranged to
mate with a female luer-type patient access connector or any other suitable screw-type

connection.

Disclosed herein istr-anetheraspoet-oftheapvention; a method for operating a

dialysis unit includes connecting blood line connectors of arterial and venous blood lines
for a dialysis unit to patient access connectors in communication with a patient blood
system. In one embodiment, the patient access connectors may require a corresponding
blood line connector to establish a threaded engagement with the patient access
connector, thereby forming a luer or screw-type connection between the blood line
connectors and the patient access connectors. The dialysis unit may be operated to
withdraw blood from a patient access connector and into an arterial blood line, subject
the withdrawn blood to a dialysis process to produce treated biocod, and return the treated
blood to the patient via the venous blood line and the other patient access connector.
Thereafter, the blood line connectors may be disconnected {rom the patient access
comnectors by unscrewing the blood line connectors from a corresponding patient access
connector, and the blood line connectors may be connecied to a directing circuit of the
dialysis unit. The blood line connectors may be connected to the directing circuit by a
press-in connection with a corresponding connection point on the dialysis unit, e.g., by
pushing the blood line connectors into the connection points to establish the press-in

connection,
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Disclosed herein ish-anotheraspest-of-thednvention: a reagent supply

arrangement for a hemodialysis system may be arranged to provide two or more 1'eagent
materials for use in preparing a dialysate and may include a connector arranged to heip
prevent the connection of a reagent material to the wrong port. For example, the reagent
supply may include an E-prong connector having three parallel prongs with two outer
prongs arranged in a common plane and a center prong arranged above the common
plane, a first supply line for a first reagent connected in fluid communication with one of
the outer prongs, a second supply hine for a second reagent connected in fluid
communication with the other of the outer prongs, a liguid line connected m fluid
communication with the center prong, and a container for housing the first reagent
having an inlet connected to the liguid line and an outlet connected to the first supply
line for the first reagent. The E-prong connector may help prevent the improper
connection of the first and second supply lines to the dialysis unit, e.g., because the
central prong being located out of the plane of the two outer prongs ensure connection of
the E-prong connector in only one way to the dialysis unit.

In one embodiment, the confainer includes a bicarbonate material suitable for use
in generating a dialysate for the hemodialysis system. The liquid line may be a water
supply line that provides water to the container, allowing the water to mix with the
bicarbonate (which may be in powder or other solid form) and flow to the first supply
line. The second supply line may be an acid supply line that includes a connector and
provides acid material to the E-prong connector. The reagent supply may also include an
acid bag spike that 1s removably engaged with the connector of the acid supply line. The
acid bag spike may include a spike member and a pair of spring clips at an end of the
acid bag spike opposite the connector of the acid supply line, allowing the acid bag spike
to be fluidly connected with an acid bag or other acid source.

Disclosed herein isinanctheraspest-oithe-invention a method for operating a
T

hemodialysis system includes providing a dialysis unit having an enclosure containing
suitable components for perfornung hemodialysis including a dialyzer, one or more
pumps to circulate blood through the dialyzer, a source of dialysate, and one or more
pumps to circulate the dialysate through the dialyzer. The enclosure may include a
housing that supports the components and has a front panel at which blood circuit
connections and dialysate fluidic connections are made. A reagent supply may be

provided including an E-prong
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CLAIMS /
1. A drain cassette for a dialysis unit, comprising: /
a venous connection pert for connection to, and fluid communi.eatyﬁ] with, a
P,
venous bicod line connector;

an arterial connection port for connection to, and fluid commtinication with, an

arterial blood line connector: _ 7
4

/
a fluid channe! fluidly connecting the venous connectigh port and the arterial

connection port;

a drain outlet port in fluid communication with e fluid channel and arranged to
removably couple with a drain connector on an expogéd panel of the dialysis unit; and

a valve arranged to control flow in the flui

wherein the valve is arranged to comr(i;ﬂn the fluid channel to either controflably
open and close fluid communication in the fHiid channel between the drain outlet port
and the venous connection port or to con}foﬂabiy open ;md close fhid communication in
the fluid channel between the drain oy&’f«it port anc the arterial connection port.
/
2. The drain cassette of ggz(aim 1, further comprising:

- /( . . -
a body that defines the'arterial and venous connection ports and the fluid channel,
7

#
,

/
Vi
3. The dram cz}sgette of claim 1, further comprising:
£
S p . N . - , . .
a check valvg'arranged to allow flow from the fluid channel and out of the drain
4
outlet port and to gesist flow from the drain outlet port to the fluid channel,
4. Tie drain cassette of claim 1, wherein the valve is a pneumatically-controlied
valve, ﬂ“if:/ cassette further comprising:
/

/ . . ‘
/ apneumatic control port arranged to removably mate with a port on the exposed

pjeyfél, the pneumatic control port being fluidly coupled to the valve to allow control of

he valve by the dialysis unit.

5. The drain cassette of claim 1, further comprising:
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a latch arranged to releasably Jock the drain cassette to the exposed panel. .
o /
6. The drain cassette of claim 1, wherein the drain outlet port fluidly /
communicates with the fluid channel at a point above where the arterial and )‘/é}nouss

connection ports communicate with the thuid channel. /

/

7. The drain cassette of claim 1, wherein the fluid channel ‘;};2{?; a U shape.

e
Ve
)'j)
£
8. The drain cassette of claim 1, wherein the arterial and venous connection ports

are fluidly connected to the fluid channel at ends of the U sifape, and the drain outlet port
¢

. . _ /e .
is fluidly connected to the fluid channel at a central bend/of the U shape.

9. The drain cassette of claim 1, further comprising:
a conduclivity sensor arranged to del?& conductivity of fluid in the fluid

channel, ‘
i
7
f:’“

10, The drain cassette of clainy’l, further comprising:

a temperature sensor arrang;ffi to defect a temperature of fluid in the fluid

channel. /
vy
r‘ff

S

/

E Ia'al - ;{ ~ E * ~ - .

LI The drain cassefte of claim 1, further comprising:

an electrical cophiector arranged to mate with a corresponding electrical connector
4

e . . . .
on the exposed panctwhen the drain outlet port is coupled with the drain connector,

7

)/”
12. Thé drain cassette of claim 11, further comptising:

one,Or more sensors arranged to detect a characteristic of {Tuid in the fluid

channel,/

/ |

3. The drain cassette of claim |, further comprising;

(he one or more sensor being connected to the electrical connector.

one or more sensors arranged to detect a characteristic of fluid in the fluid

channel; and
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an electrical connector arranged to electrically connect the one or more sensorsAdo
a corresponding elecirical connector on the exposed panel,

wherein the efectrical connector and the drain outlet port are arranged to /

£

simultanecusly couple with a corresponding electrical connector and drain C?ﬁector on

the exposed panel of the dialysis unit in a single connection operation.  /

£

7

&
14, The drain cassette of claim 13, wherein the valve is a pr.l'géntxaticalfy
controlied valve, the cassette further comprising: /__:x’/
a pneumatic control port arranged to removably mate with a control port on the
exposed panel, wherein the pneumatic control port is arran ;éfd to simultaneonsly couple
with the corresponding control port in the single conneiﬁj{;n cperation.

ff

15. The drain cassette of claim 1, Wh@l’@i]ilﬁ/({é drain outlet port is in permanently
open thad communication with the arterial conpéction port, and the valve is arranged to

controllably open and close fluid communic

ion in the fluid channel between the drain
outlet port and the venous connection p{)j;if’.
16, The drain cassette of cigﬁ’m 1, wherein the drain outlet port is in permanently

‘/’h
open fluid communication with the venous connection port, and the valve is arranged to
controilably open and close f{},ﬁiid communication in the {fluid channel between the drain

; . < .
outlet port and the arterial £onnection port.
£

ff/f

17. A b.i.ood{ﬁifrcuit assembly and drain cassette for a dialysis unit, the blood
cireuit assembly cém prising:

a pair {pneu matic pumps for circulating blood received from a patient through a
circuit incl ing a dialyzer unit and refurned to the patient, the pneumatic pumps having
pneuma/\;ié controd ports arranged for alignment and mating with corresponding ports
tocated on an exposed panel of the dialysis unit by pushing the control ports into
engagement with the corresponding ports with mounting of the blood circuit assembly to

the exposed panel;

an alr frap arranged to remove air from blood circulating in the circuit;
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a pair of dialyzer connections arranged te connect to the inlet and outlet of a  /
dialyzer unit; and /
a pair of blood line connectors, including an arterial blood line com}ez:m}'/f/or
s
receiving blood from the patient and providing blood to the pneumatic pum_ps/and a

venous blood line connector for returning blood to the patient; //

the drain cassette comprising: /

a Venous connection port tor connection to, and fhud CO].".;B.’HURICEH'}OH with, the
: /
venous blood line connector;

an arterial connection port for connection to, and {1 u/é communication with, the
4
arterial blood line connector; /
a fluid channel fluidly connecting the venouy[bnnection port and the arterial

£

connection port; //

a drain outiet port in fluid communicati

i with the fiuid channel and arranged to
rernovably couple with a drain conpector on/én exposed panel of the dialysis unit; and

a valve arranged to control flow i }f the fluid channel,

wherein both the blood cirs:ui%;{:s;embly and the drain cassette are engageable
with the exposed panel for operatiqﬁjin a dialysis treatment, and are removable from the

_ ! .
exposed panel for replacement, without the use of tools.
/

ks
4

/f

é
&

18. The assernbly /ﬂ{nd cassette of claim 17, further comprising tlexible tubing
/ '
fhaidly connecting the )7{1}]1}35, the air trap, the diailyzer connections and the blood line

connectors. <

19. E/f assemnbly and cassette of claim 18, wherein the flexible tabing fluidly
connects the arterial blood line connector to an inket for the pump cassette, an outlet for
the pump cassette (0 a dialyzer inlet connecter, a dialyzer outlet connector to an inlet of

the a}a/ trap, and an outlet of the air trap to the venous blood line connector,

/

"

/ 20. The assembly and cassette of claim 17, wherein the blood line connectors are

/ arranged for a threaded luer-type connection 1o a patient access, and are arranged for a

/ press-in type connection to the drain cassette connection ports,
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21. The assembly and cassette of claim 17, further comprising:

a check valve arranged to allow flow from the fluid channel and out of thé drain

. - . . /
outlet port and to resist flow from the drain outlet port to the fluid chanael.  /
22. The assembly and cassette of claim 17, wherein the valve o/{j/fhe drain cassette
is a pneumatically-controlled valve, the drain cassette further comp_if‘j,él} o
. R s
a pneumatic control port arranged to removably mate with/a port on the exposed

panel and fluidly coupled to the valve to allow control of the ‘}zﬂva.

23. The assembly and cassette of claim 17, furthgr comprising;

a latch arranged to releasably lock the drain cadsette (o the ex posed panel,

24, The assembly and cassette of claim Kfé , wherein the drain outlet port fluidly

comumunicates with the fluid channel at a point above where the arterial and venous

conpection ports comumunicate with the fldid channel,

25. The assembly and cassette of claim 17, the drain cassetie further comprising:
rfl
ONE O TROTE $SERSOTS 3.1‘1’a/w'§ed to detect a characteristic of fluid in the fluid
channel; and /

s

y
an elecirical connegior arranged to efectrically conpect the one or more sensors to
/’

. ; e
a corresponding electrigal connector on the exposed panel,
£

. Ao , .
wherein the electrical connector and the drain outlet port are arranged to

simultaneously cig'ifi.p]e with a corresponding electrical connector and drain connector on
the exposed Wnéi in a single connection operation.
/
“76/. The assembly and cassette of claim 25, wherein the valve is a pneumatically-
c:.onirgﬁed valve, the drain cassette further comprising:
/ l a pneumatic control port arranged to removably mate with a control port on the
.gxpesed panel, wherein the pneumatic control port is arranged to simultaneously couple

with the correspending control port in the single connection operation,
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27. A blood circuit assembly for a dialysis unit, comprising:

a pair of pneumatic purnps for circulating blood received from a patient throdgh a

circuit including a dialyzer unit and returning the blood to the patient, the pneumdtic

pumps having pneurnatic control ports arranged for alignment and mating Wi_ﬂ/

p
corresponding ports located on an exposed panel of the dialysis unit by puy‘ﬁ'%;}g the
conirol ports into engagement with the corresponding ports with moumj/ﬁé of the blood
circuit assembly to the exposed panel; // ’

an alr trap arranged to remove air from blood circulating if;m'/{he circuit;

a pair of dialyzer connections arranged to connect (o thﬁ:/if.n]‘(:'tt and outlet of a
dialyzer unit; /

a pair of blood line connectors, including an art‘c;;iﬁ] blood line connector for
receiving blood from the patient and providing blood 4 the preumatic pumps and a
venous blood line connector for returning biood tohe patient; and

tiexible tubing fluidly connecting the p}lﬁps the air trap, the dialyzer

connections and the blood line connectors;

wherein the pumps are defined, atfeast in part, by a single unitary member that
s
additionally defines a plurality of routing channels for at least a portion of the flexible

tubing.
f

i

/
. - f“ - . . . . -
28. The blood circuit dssembly of claim 27, wherein the single unitary member
defines an air trap cavily that receives the air trap.
/

i

;=/f
29. The b]ogc‘i cireuit assernbly of claim 27, further comprising an anticoagulant
o a . ) L . .
connection for engaging with an anticoagulant source and providing anticoagulant into

the circuit. /

b

/

_’}?5, The blood circuit assembly of claim 29, further comprising a pump for

pum gi./ﬂg anticoagulant from the anticoagulant source to the circuit.

/

pumps, the apticoaguiant connection, and the anticoagulant pump are part of a pump

31. The blood circuit assembly of claim 30, wherein the pair of pneumatic

cassette,
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32. The blood circuit assembly of claim 31, wherein the arterial blood line
conpector is connected to an inlet for the pump cassette, an outlet for the pump ¢dssette

is connected to a dialyzer inlet connector, a dialyzer cutlet connector is connected to an

inlet of the air trap, and an outlet of the air trap is connected to the venous Blood line

/
connector. //

/
s

7
S

N - . /.
33. The blood circuit assembly of claim 29, wherein the giiticoagulant

connection includes a vial holder and a spike, and the antlcoagﬁiailt source is a vial of

heparin. /

i

34. The biood circuit assembly of claim 27, wherein an inlet of the air trap is

supported by the organizing tray at a posifion aboyé an outlet of the air trap when the

diaphragm pumps. /

36. The blood circuit asgémbly of claim 27, wherein the blood line connectors
£
. & L . .
are arranged for a threaded lugr-type connection to a patient access, and are arranged for
f(
a press-in type connectionﬂo the dialysis unit,

£

['/f

;
37. The blogc{' circuit assembly of claim 36, wherein the blood line connectors
P
inchude a 'Erz,isﬁoc:qﬁ'ical member with an internal thread for the luer-type connection, and
/’( . ~ ~ " .
a central tube /'-zés:tendmg from a center of the frastoconical member.
4
:’/
3/%/. The blood circuit assembly of claim 27, wherein the organizing tray includes
g f
circuif tube en gagement merbers having a hole through which a respective circuit tube
i
pasées, the engagement members engaging with the respective circuit tube to allow the

Circuit tube to be puiled and stretched for engagement with an occluder of the dialysis

i,
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39. The blood circuit assembly of claim 27, wherein the single unitary membe

defines the pneumatic control ports for the pumps.

s
/
/
40. The blood circuit assembly of claim 27, wherein the single u.nimp/ member
rd
defines a concave chamber portion for the pumps. /

s
/

p;

41, The blood circuit assembly of claim 27, wherein the single unitary member
A
defines a chamber portion of a plurality of valves used to control flow through the

PUmps. /

42. The blood circuit assembly of claim 27, wherein the single unitary member
defines routing channels for flezible tubing to positiof the tubing for engagement with an
occluder when the assembly is mounted to the diajysis unit.

43 A blood cirenit assembly and C%/l)é/ cassette for a dialysis unit, the blood

circull assembly comprising: S
an organizing tray; f/
a pair of pneumatic pumps‘gﬁachad to the organizing tray for circulating blood
s
received from a patient i_l‘}.iiough/z{ circuit including a dialyrer unit and returning the blood

to the patient; /
an air trap attacheg}/fjb the organizing tray arranged to remove air from blood
circulating in the circuit]

a palr of dia}izer connections fluidly connected to the air trap and the pumps and
arranged o uom}@i{:n to the inlet and outlet of a dialyzer unit;

a pair /{:blood. line connectors fluidly connected to the pumps and the air trap,
including g4 arterial blood line connector for receiving blood from the patient and
p:‘ovid.ipgli ood to the pueumatic pumps and a venous blood line connector for returning
b}oofgi/to the patient; and

/ l flexible tubing fluidly connecting the pumps, the air trap, the dialyzer

e
connections and the blood line conneciors:
wherein the organizing tray engages with at least a portion of the flexible tubing

to position the flexible tubing for mounting at an occluder position for interaction with
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an occluder of the dialysis unif, and whesein the organizing tray supports the air trap atvh
focation that i1s above the occluder position. /
A44. The blood circuit assembly of claim 43, wherein the pumps are d;ﬁned, at

/
least in part, by a single unitary member that additionaily defines a p}.um]j./r,f of routing
/

£

channels for at least a portion of the flexible tubing. /

/

- S
45. The blood circuit assenibly of claim 43, wherein the Q{{mps are defined, at
least in part, by a single unitary member that additionally def‘iné; an air trap cavity that
receives the air trap. / '
/
46. The blood circuit assembly of claim 43, Vyﬁerein the pneumatic pumps
having preumatic control ports arranged for aligndent and mating with corresponding,

ports located on an exposed panef of the dialysi€ unit by pushing the control ports into

engagement with the corresponding ports wigh mounting of the blood circuit assembly to
the exposed panel, and the single unitary /gember defines the pneumnatic control ports for
i

. /
the pumps. A

/
47, The blood circult ai‘;.é/nbiy of claim 43, wherein the single unitary member
defines a concave chamber Rp/rtion for the pumps.
/
48. The blood /g}'f{cu'it assembly of claim 43, wherein the single unitary member
defines a chamber Qg?tion of a plurality of valves used to control fiow through the

A
puamps. g

E

49, Ae blocd circuit assembly of claim 43, wherein the single unitary member
detines youting channels for tlexible tubing to position the fubing at the occluder position
for epéagemem with an occluder when the assembly is mounted to the dialysis unit,
/
50. "T'be blood circuit assembly of claim 43, wherein the arterial blood line
connector is connected to an inlet for the pneumatic pumps, an outlet for the pneumatic

pumps 1s connected to a dialyzer inlet connector, a dialyzer outlet connector is connected
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to an inlef of the air trap, and an outlet of the air trap is connected to the venous blood/

iine connector, /

51. The blood circuit assembly of claim 43, wherein an inlet of the airdrap is
s

supported by the organizing tray at a position above an outlet of the air tr% when the
i

blood circuit assembly is mounted to a dialysis unit.

S
52. The blood circuit asserbly of claim 51, wherein the iﬁ'jlet of the air trap is
S
supported by the organizing tray at a position above a highest /;z(ojnt of fiexible tubing
that extends {rom the outlet of the air trap to the oceluder pg@j‘tj Ol
F
#
/

53. A blood circuit assembly engagement device for a dialvsis unit, comprising;

an actuator movably mounted to a panel of fhe dialysis unit adjacent a pharality of

control ports, the actuator movable between a rgtention position and an ejection position;
a retainer element coupled to the actu’ﬁ/tfor and arranged, with the actoeator in the
retention position, to retain a blood circg}i’ assembly mounted fo the panel of the dialysis
unit on the panel, and arranged, with the actuator in the gjection posifion, to release the
biood circuit assembly for i‘@}'}'lova'l:ﬁiom the panel of the dialysis unit; and
an ejector element cow;ﬂ@é to the actuator and arranged, with the actuator moved
£
from the retention position fc},/frhe ejection position, to urge the blood circuit assembly
away from the panel. Vé ;

Ifh

A

/

.
54, The blo(}d circult assembly engagement device of claim 53, wherein the
actuator is p'ivot.a/i&/y mounted to the panel,

d

Sf/ﬁie blood circuit assembly engagement device of claim 53, wherein the

rfcmi,ner/@, ament is fixed to the actuator,
r

/ 56. The blood circuit assembly engagement device of claim 53, wherein the
A :

ejector element s pivotable between an inactive position and an ejection position,
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57. The blood circuit assembly engagement device of claim 53, wherein the
actuator is arranged to be moved from the retention position and the ejection positi/ofn by

a user's thumb. /

//
s

58, The bloed circuit assembly engagement device of claim 53, c:ig{{iprisin g first
and second blood circuit assembly engagement devices, the first engag/@ﬁ/'].ent device
arranged on a first side of a blood circuit assembly mounted to the p ﬁ‘ei? and the second
engagement device arranged on a second side of the blood ci__zfcuiir’z/iw—:mb'iy mounted to
the panel, the first and second sides being opposed to each othgr such that the actuators

of the engagement devices are movable by respective 'Fjrs;t/)éi second thumbs of a user.
59. The blood circnit assembly engagement {}éxﬁce of claim 58, wherein the

actuaters are movable away from each other ff‘onyégpectivc retention positions to
ejection positions. /

b

i

60. The blood cireuit assernbly ?%gagement device of claim 53, wherein the
ejection member is arranged to contacy’a portion of a pump chamber in the ejection

position. .

l{.

/

61. The bicod ci;‘cuigfﬁ/ssemh'iy engagement device of claim 53, wherein the
retention element is arranged, with the actuator in the retention position and a blood
k
circuit assembly _moun}&{d to the panel, to contact an outer sarface of the blood circuit

assembly to lock thgfgiood circuit assembly in place.
//‘K

<

62, Thé blood circuit assembly engagement device of claim 53, wherein the
o yeng

actuator 1s /s;pﬂ,ng biased 1o move toward the retention position.

y

/
A
/ 63, An occlusion assembly for occluding at least one pair of collapsible tubes of
a wedical infusion device, comprising:
/ for each pair of collapsible tubes, a first occluding member and a second
/’ occluding member, the first occluding member positioned adjacent to a first collapsible

tube of the pair and the second occluding member positioned adjacent to a second’
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collapsible tube of the pair, when the tubes are installed in the occlusion assembly for
operation, the first occluding member and the second occluding member being furthér
positioned adjacent from cach other such that a space is defined between the firsy
occlnding member and the second occluding member, the space being on an ;:féposjic
side of each occluding member than is the collapsible tube to which it is a/c;lj’étccm;

a spreader positioned within the space and movable within the sg ace from a first
position to a second position, wherein movement from the first posit/j'én to the second
position causes the spreader to force at least a portion of the first ahd second occluding
mernbers to move apart from each other to increase the size of the space and force a
tube-contacting portion of each occluding member against /mf‘ collapsible tube to. which
it is adjacent to occlude the collapsible tube; and /

at least one actuator constructed and positi.m?ef to move the spreader between the
first position and the second position. /£

/

64. A method of operating an occlyéion assembly for occluding at least one pair

of collapsible tubes of a medical infusiondevice, comprising:

moving a spreader of the oce /mo n assembly from a first posmon to a second
position, wherein the spmadu is pgﬁnoncd within a space defined between a first
occluding member and a secona/écr.,_ luding member, to cause the spreader to force at
least a portion of the first (1111;«'3cc,0n(i occluding members to move apart from each other
to increase the size of the si)ac,e and force a tube-contacting portion of each occluding

member against a coﬂap{;.:b.c tube to which it is adjacent to occlude the collapsible tube.

65. An OCCiUS]()i} assembly for occluding at least one collapsible tube of a

medical infusign device, comprising:

e comprising a tubing guide configured for positioning the collapsible tube;

a'tubing occluder mounted to the frame and comprising an occluding member

£
s

con s}yﬁcted and positioned to controllably occlude or release occlusion of the collapsible

tu/bé;
S . \ o . .

a door hingeably mounted to the frame and positioned to cover at least a portion
of the collapsibie tube and tubing occinde when in a closed position and to provide user

access to the collapsible tube when in an open position; and
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a switch condigured and positioned to detect when the door is in a closed positign
and to permit operation of the fubing oceluder to release occlusion of the collapsiblgtube

only when the door is in the closed position.

/

s
a

s
66. An occlasion assembly for occluding at least one coﬂapsib}ﬁ/ tube of a

g
/

medical infusion device, comprising: /
. - . - 3

a tubing occluder comprising an occluding member C}a’nstrucmd and

positioned to controllably occlude or release occlusion of the coﬂja_/psibi@ tube:
£

an automatic actuator operatively coupled to the'tubing occluder to cause

essentially linear motion of at least a portion of the tubing odcluder to cause the
. N - Ce ,»‘“! . .

occluding member to move from an oceluding position /‘i}’) a non-occluding position; and

an override mechanism operatively coupled todhe tubing occluder to cause

essentially linear motion of at least a portion of the/tubing occluder to cause the
occluding member (o move from an occluding position to a non-occluding position upon
manual operation of the override mechanisn

67. An ccclusion assembly :fo%cciudin g at least one collapsible tube of &

¥ a user.

medical infusion device, comprisinlg/:f
a frame comprising a tu?i’i{g guide configured for positioning the collapsible tabe;
a tubing occluder m_ogﬁ[‘[ed to the frame and comprising an occhuding member
p
constructed and positionecj/{o controllably occlude or release occlusion of the coliapsible

tube; /

£
5

a door hin gtﬁgﬂi_y mounted to the frame and positioned to cover at least a portion
of the coHapsi‘z)iefi’{?be and tubing cccluder when inn a closed position and to provide user
access to the c/o‘ﬁa.psible tube when in an open position; and

4 re */inez" mechanism engaged by the door when the door i in the closed position
and can;f;z' gured to permit operation of the tubing occluder to occlude or release occlusion
of the c(ollapsible tube when the door is in the closed position and configured to engage
an/d/ retain the tubing occluder v a non-occhuding contiguration when the door is opened

Awhile the tubing occluder is positioned in the non-cecluding configuration.

68. The occlusion assemnbly of claim 65 or 07, further comprising:
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at least one actuator operatively coupled to the tubing cccluder to cause an

occluding member of the tubing occlude to move from an occluding position to a ngh-

occluding position. /

69, The occlusion assembly of any one of claims 66 or 0F, whg(éin the
occlusion assembly is configured for occluding at least a pair of coﬂapf_}j‘gie tubes, and
wherein the tubing occluder comiprises for each pair of collapsible tl}!féfa

a first ccchuding member and a second occluding m.@rn_'bf:;}gﬁ}e first occluding
member posttioned adjacent to a first collapsible tube of the p/af%{ and the second
occluding member positioned adjacent to a second coﬂapsi/b/]_/e tube of the pair, when the

. . bl ~ . & ~ - -
tubes are installed in the occlusion assembly for operatign, the first occluding member

A

and the second occluding member being further positidned adjacent from each other such

that a space s defined between the first occluding rhember and the second occl.ﬁzdmg
member, the space being on an opposite side of£ach occluding member than is the
collapsible tube to which 1t is adiacent; and
a spreader positioned within the space and movable within the simc@ from a first
position to a second position, wherein fovement from the first position to the second
position causes the spreader force atleast a portion of the first and second occiuding
members to move apart from e:f./cd{ other to increase the size of the space and force a
tube-contacting portion of eagﬁ occluding member against the collapsible tube to which
£

itis adjacent to occlude thy' collapsibie tube.

/

7

Vs

70. The occlision assembly of ¢laim 69, wherein the spreader is wedge shaped

and coupled to the at least one actuator, and wherein the actuator causes the spreader (o

K

move in an e?énti aily linear path from the first position to the second posifion o engage
oy L S s . : .
with the firgt and second occluding members and move apart them apait from each other,
/
Vi
4
/ 71. The occlusion assembly of claim 63, further comprising a frame comprising
4 .
a ibing guide configured for positioning the collapsible tubes and for mounting the first
) :

4o . -
and second occluding members and spreader.
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72. The occlusion assembly of claim 71, wherein the spreader is wedge shapeg
and coupled to the at least one actuator, and wherein the actuator causes the spreadef to
move in an essentially linear path from the first position to the second position t/@/en sag
with the first and second occluding members and move apart them apart f 501“{]/ cach other.

/’/
73. The occlusion assembly of claims 70 or 72, wherein the fir;f and second
celuding members comprise occluder arms cach having a proximalﬁéd pivotally
mounted to the frame and a distal end comprising a tube contactiufé surface, and wherein
movermnent of the spreader by the actuator caused each of the ogcluder arms to pivol such
that their tube contacting surfaces move apart from each o/bg and contact and compress
a collapsible tube. /
| /

74. The ocelusion assembly of any one of #aims 63, 66, and 68-73, wherein the

occlusion assembly is contigured so that the coflapsible tubes are occluded in the
absence of a force applied by the actuator t/o/caus;e release of occlusion.

75. The occlusion assembly of/claim 74, wherein the actuator comprises a

biasing element configured to pzov' e a restoring force causing occlusion of the

collapsible tabes in the absence :f positive actuation of the actuator to overcome the
. o Ao _ .

restoring force and release ocglusion of the collapsible tubes,

£

76. The ocel us}eﬁé assembly of claim 66, wherein the override mechanism
COMDIISes a user en g/oc,abiu manual actuator that is operatively coupled to a carriage
assembly to wl‘ncﬁ is also operatively coupled the antomatic actuator and an occluding
member eng cra;/ms{ ctement configured to move the occluding member into the occluding
position or /jf{bl']ﬂﬁt the occluding member to move into the non-occluding position upon
essentia}ié {finear motion movement of the carriage assembly, such that either
mm};ement of the manual actoator by a user or actuation of the automatic actuator

cayses the essentially linear movement of the carriage assembly.

77. The ceclusion assembly of claim 76, wherein the user engageable manual

actuator comprises a push button forming part of, connected to, or operatively coupled



/
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with a lever that is operatively coupled {o the carriage assembly and configured to cayde
the essentially linear movement of the carriage assembly when a user pushes the pugh

huiton. ‘ /

&

/

78. The occlusion assemnbly of claim 67, wherein the tubing occluder comprises
a carriage assembly slidably mounted to the frame. and wherein the cagfiage assembly

1. 15 operatively coupled to an actuator that is configured to (}1618& sliding motion
: p

of the carriage assembly, /

it. 1s operatively coupled to an occluding member engwém g element configured
to move the occluding member into an occluding position gf‘f permit the occluding
member to move info a non-cccluding position upon sligﬁ%g motion of the carriage
assembly, and

li. comprises 2 latching pin. /

£

79, The occlusion assembly of clai78, further comprising a retention member
movably mounted o the frame, the 1‘@%@.@}3{)1}. member cornprising a surface configured
and positioned fo be engaged by a pogﬁ%n of the door when the door is in the closed

;
position, the retention member fm;th’ér coinprising a {atching pin receiving hole sized and
positioned to allow su'bs%amial}y/ﬁmestricted entry of the latching pin into the latching
pin receiving hole upon si}di}ﬁ”é motion of the carriage assermbly in a direction to permit
the oceluding member to i;(i/cfwe into the non-occluding position and exit of the latching
;
pin from the latching p{jA{ receiving hole upon sliding motion of the carriage assembly in
a direction move t}lgfécciuci'ili g member into the occluding position when the door 1s in
/h i
the closed position, wherein the retention member is biased for movement upon opening
of the door to/@i;use the latching pin receiving hole to move into engaging and retaining
contact wiiy/ the latching pin when the carriage assembly is positioned in its non-

A .
occluding position when the door is open.
S

/

/ 80. The occlusion assembly or method of any of claims 53-79, wherein the
‘occlusion assembly comprises a portion of a fluid handling assembly of a dialysis

system.
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&1. The occlusion assermbly or method of any of claims 63-80, wherein the

occlusion assembly further comprises at least one collapsibie tube mounted thereto,”
/
82. The occlusion assembly of any one of claims 63, 66, and 68*79,/@4Tﬂp17i.8.ing a

paeumatically powered actuator. //



CLAIMS

1. A drain cassette configured for connection to, and disconnection from, an exposed
side of a front panel of a dialysis unit, the front panel arranged to removably mount a dialyzer, a
blood pump cassette, and arterial and venous lines each terminating with an arterial and venous
blood line connector, respectively, the drain cassette comprising:

a venous connection port for physical connection to, and fluid communication with, a
patient end of the venous blood line connector;

an arterial connection port for physical connection to, and fluid communication with, a
patieni end of the arterial blood line connec{or;

a single [luid channel fluidty connecting the venous connection port and the arterial
connection port;

a drain outlet port in flnid communication with the fluid channel and arranged to
rermovably couple with a drain connector on the exposed side of the front panel of the dialysis
unit; and

a valve arranged to control flow in the fluid channel,

wherein the drain cassette is removable from the front panel separate from the biood
purmp casseﬁe and the dialyzer, and the valve is arranged to either controilably open and close
fluid communication in the floid channel between the drain outlet port and the venous connection
port, or to controliably open and close fluid communication in the fluid channel between the

drain outlet port and the arterial connection port.

2. The drain cassette of claim 1, further comprising:

a body that defines the arterial and venous connection ports and the fluid channel.

3. The drain cassette of claim I, further comprising:
a check valve arranged to allow flow from the fluid channel and out of the drain outlet

port and to resist flow from the drain outlet port to the fluid channel.

4. The drain cassette of claim 1, wherein the valve is a pneumatically-controlied valve,

the cassette further comprising:
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a pneumatic control port arranged to removably mate with a port on the exposed panel,
the pneumatic control port being fluidly coupled to the valve to allow control of the valve by the

dialysis unit.

5. The drain cassette of claim 1, further comprising:

a latch arranged to reicasably lock the drain cassette to the exposed panel.

6. The drain cassette of claim 1, wherein the drain outlet port flaidly communicates with
the fluid channel at a point above where the arterial and venous connection ports communicate

with the fluid channel.
7. The drain cassette of claim 1, wherein the finid channel has a U shape.

8. The drain cassette of claim 1, wherein the arterial and venous connection ports are
finidly connected to the fluid channel at ends of the U shape, and the drain outlet port is fluidly

connected to the fluid channel at a central bend of the U shape.,

9. The drain cassette of claim 1, further comprising:

a condnctivity sensor arranged to detect a conductivity of fluid in the fluid channel.

10. The drain cassette of claim 1. further comprising:

a temperature sensor arranged to deiect a temperature of fluid in the fluid channel.

11. The drain cassette of claim 1, further comprising:
an electrical connector arranged to mate with a corresponding electrical connecior on the

exposed panel when the drain outlet port is coupled with the drain connector.

12. The drain cassette of claim 11, further comprising:
one or more sensors arranged to defect a characteristic of fuid in the fiuid channpel, the

one or more sensar being connected to the electrical connector.
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13. The drain cassette of claim 1, further comprising:

one or more sensors arranged to detect a characteristic of fhuid in the flaid chanmnel; and

an electrical connector arranged to electrically connect the one or more sensors o a
corresponding electrical connector on the exposed panei,

wherein the electrical connector and the drain outlet port are arranged to simultaneously
couple with a corresponding elecirical connector and drain connector on the exposed panel of the

dialysis unit in a single connection operation.

14. The drain cassette of claim 13, whereir the valve is a preumatically-controlled valve,
the cassette further comprising:

a pneumatic control port arranged {o removably mate with a control port on the exposed
panel, wherein the pneumatic control port is arranged fo simulianeonsly couple with the

corresponding conirol port in the single connection operation.

15. The drain cassette of claim I, wherein the drain outlet port is in permanently open
flaid communication with the arterial connection port, and the valve is arranged to controllably
open and close fluid communication in the fluid channel between the drain outlet port and the

venous connection port.

16. The drain cassette of claim 1, wherein the drain outlet port is in permanently open
fluid communication with the venous connection port, and the valve is arranged to controllably
open and close flnid communication in the fluid chanpel between the drain outlet port and the

arterial connection port.



