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FIELD OF INVENTION 

The present invention generally relates to hemodialysis and similar 

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

BACKGROUND 

Many factors make hemodialysis inefficient, difficult, and expensive. 

factors include the complexity of hemodialysis, the safety concerns related 

hemodialysis, and the very large amount of dialysate needed for hemodialysis. 

Moreover, hemodialysis is typically performed in a dialysis center requiring 

technicians. Therefore any increase in the ease and efficiency of the dialysis 

could have an impact on treatment cost or patient outcome. 

SUMMARY OF INVENTION 

Aspects of the invention generally relate to hemodialysis and similar 

systems. Illustrative embodiments described herein involve, in some cases, 

products, alternative solutions to a particular problem, and/or a plurality of 

of one or more systems and/or articles. Although the various systems and 

described herein are described in relation to hemodialysis, it should be understood 

the various systems and method described herein are applicable to other dialysis 

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

hemofiltration. hemodiafiltration, etc. 
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eeppeetion-peft, 

According to an aspect. there is provided a drain cassette configured for 

connection to. and connection from, an exposed side of a front panel of a dialysis unit, 

the front panel arranged to removable mount a dialyzer, a blood pump eacsette 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 patient end of the arterial blood line connector: a single fluid 

channel fluidly connecting the venous connection port and the arterial connection port: a 

drain outlet port in fluid communication with the fluid channel and arranged to 

removably 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 frorn the blood pump cassette and the 

dialvzer, and the valve is arranged to either controllably open and close fluid 

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

connection port, or to controllably 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. In addition, the drain cassette may he 

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 fluid 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 turning 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 connectors 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 drain 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 

connection 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 comiector and the drain outlet port are arranged to 

simultaneously couple with a corresponding electrical connector and drain connector on 

the exposed panel 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 valve 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 isl-inother-aspec4c4the—iti.  ve-ntliiNit„ 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 
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Disclosed herein i 	 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 line connectors. The pneumatic pumps 

may have pneumatic control ports arranged for alignment and mating with corresponding 

ports 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 outlet 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 

flexible 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 include circuit tube 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 cassette may be connected to a dialyzer inlet connector, 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 herein i 	:- - -- , 	- - - 	 . 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 blood circuit assembly for removal from the panel of the dialysis 

unit, and an ejector 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 is not properly engaged with the panel. The actuator can then be used to eject 

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 inactive 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 ejection 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 not in 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- 	me 	t;  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 

collapsible 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 further 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 constructed 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 occluding member constructed and positioned to controllably occlude or 

release occlusion of the collapsible tube, a door hingeably mounted to the'-ame 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 to 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. 

Disclosed herein isle-ariether &speed a method of operating an occlusion assembly 

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 to cause 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 force a tube- 
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contacting portion of each occluding member against a collapsible tube to which it is 

adjacent to occlude the collapsible tube. 

Disclosed herein iski-anetheFaspeet-ef-the-inventien;  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 

circuit connections and dialysate fluidic connections are located. For example, the front 

panel may support blood line connections 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 fluid 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 in 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 include 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 during a 

disinfection operation or otherwise. 

Disclosed herein istn-am 	• - 	 a portable hemodialysis 

system may be arranged so that power for the fluid 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, e.g., including a 

housing that contains suitable components for performing hemodialysis, such as 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 

housing may have a front panel at which blood circuit connections and dialysate 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 isln  another evoct of the invention, a blood circuit assembly 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 trap 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 

lint 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 cassette. 

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 tabs 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 is 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 unit, 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 to 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 allow 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 operator on the tubes, 

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

Disclosed herein istn-aiterther, aspect-eitithc-inveiuion 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 involve connecting control ports on the dialysis unit 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 blood circuit. 

Disclosed herein i 	• z. : - . 	z.: -- : 	- 	 . an air trap for a blood 

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 inlet 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 to introduce blood into the container in 

a dirextion 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 to permit introduction of fluid into, and 

withdrawal of liquid from, the container by inserting 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 to 

flowing disinfection liquid to remove debris and/or heat material on the port to achieve 

desired disinfection. 

Disclosed herein 1..- : • : . - 	 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 tube 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 

inwardly on the engagement member and seat the respective inlet or outlet line in the 

occluder, yet resist downward pulling of the line. 

Disclosed herein ishi-ateikei-atipee+-ef--the-iliseeitEleTh a hemodialysis system 

includes a dialyzer mount arranged to support a plurality of differently sized and/or 

shaped dialyzer units and to accommodate different distances between dialysate 

connections on the dialyzer units. The dialyzer mount, which may he 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 dialysate 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 is 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 isln 	another-ospeeH4-the-uwentien, a blood line connector for a 

blood circuit of a hemodialysis unit may have the ability to make two different types of 

fluid 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 connector may include a tube connection end arranged to sealingly engage 

with a blood circuit tube, and a patient access connection end with a frustoconical 

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 aims 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 lock the frustoconical member in sealing engagement with 

the mating connector when making a press-in type connection. The barbed portions may 

disengage from the mating connector when the finger depression portions are urged 

toward each other. In one 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 isin another--espeet-ef-the invention. 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 blood, 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 from the patient access 

connectors by unscrewing the blood line connectors from a corresponding patient access 

connector, and the blood line connectors may be connected 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 is 	 HI a reagent supply 

arrangement for a hcmodialysis system may be arranged to provide two or more reagent 

materials for use in preparing a dialysate and may include a connector arranged to help 

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 line for a second reagent connected in fluid 

communication with the other of the outer prongs, a liquid line connected in fluid 

communication with the center prong, and a container for housing the first reagent 

having an inlet connected to the liquid 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 container 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 is 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 i 	 : 	 a method for operating a 

hemodialysis system includes providing a dialysis unit having an enclosure containing 

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 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 

I. A drain cassette for a dialysis unit, comprising: 

a venous connection port for connection to, and fluid communicat .n with, a 

venous blood line connector; 

an arterial connection port for connection to, and fluid corn 	nication with, an 

arterial blood line connector; 

a fluid channel fluidly connecting the venous connect • 	port and the arterial 

connection port; 

a drain outlet port in fluid communication with t ,  e fluid channel and arranged to 

removably couple with a drain connector on an expo - . panel of the dialysis unit; and 

a valve arranged to control flow in the flui• channel, 

wherein the valve is arranged to contro 	n the fluid channel to either controllably 

open and close fluid communication in the 	id channel between the drain outlet port 

and the venous connection port or to con 	lably open and close fluid communication in 

the fluid channel between the drain o 	et port and the arterial connection port. 

2. The drain cassette of • aim I, further comprising: 

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

3. The drain ca', ette of claim 1, further comprising: 

a check valy• arranged to allow flow from the fluid channel and out of the drain 

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

4. e drain cassette of claim I, wherein the valve is a pneumatically-controlled 

valve, t 	cassette further comprising: 

a pneumatic control port arranged to removably mate with a port on the exposed 

p 	el, 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 lock the drain cassette to the exposed panel. 

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 	nous 

connection ports communicate with the fluid channel. 

7. The drain cassette of claim 1, wherein the fluid channel h s a U shape. 

8. The drain cassette of claim 1, wherein the arterial a 	venous connection ports 

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

is fluidly connected to the fluid channel at a central ben. of the U shape. 

9. The drain cassette of claim I, further co, prising: 

a conductivity sensor arranged to detec . conductivity of fluid in the fluid 

channel. 

10. The drain cassette of clai , 1, further comprising: 

a temperature sensor arran: . to detect a temperature of fluid in the fluid 

channel. 

11. The drain cas.• 	te of claim 1, further comprising: 

an electrical co 	ector arranged to mate with a corresponding electrical connector 

on the exposed pane when the drain outlet port is coupled with the drain connector. 

12. T 	'drain cassette of claim 11, further comprising: 

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

channel 	e one or more sensor being connected to the electrical connector. 

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

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 senso 	o 

a corresponding electrical connector on the exposed panel, 

wherein the electrical connector and the drain outlet port are arranged to 

simultaneously couple with a corresponding electrical connector and drain co nector on 

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

14. The drain cassette of claim 13, wherein the valve is a pn• matically-

controlled valve, the cassette further comprising: 

a pneumatic control port arranged to removably mate 	th a control port on the 

exposed panel, wherein the pneumatic control port is arrant. I to simultaneously couple 

with the corresponding control port in the single connec 	n operation. 

15. The drain cassette of claim 1, wherein a e drain outlet port is in permanently 

open fluid communication with the arterial con , 	tion 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 po . 

16. The drain cassette of cl 	m 1, wherein the drain outlet port is in permanently 

open fluid communication with 	e venous connection port, and the valve is arranged to 

controllably open and close 	,id communication in the fluid channel between the drain 

outlet port and the arterial 	onnection port. 

17. A blood ircuit assembly and drain cassette for a dialysis unit, the blood 

circuit assembly 	mprising: 

a pair 	pneumatic pumps for circulating blood received from a patient through a 

circuit incl 	ing a dialyzer unit and returned to the patient, the pneumatic pumps having 

pneuma 'c control ports arranged for alignment and mating with corresponding ports 

local 	on an exposed panel of the dialysis unit by pushing the control ports into 

en agement with the corresponding ports with mounting of the blood circuit assembly to 

he exposed panel; 

an air trap arranged to remove air from blood circulating in the circuit; 
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a pair of dialyzer connections arranged to connect to the inlet and outlet of a 

dialyzer unit; and 

a pair of blood line connectors, including an arterial blood line connecto 	or 

receiving blood from the patient and providing blood to the pneumatic pump • and a 

venous blood line connector for returning blood to the patient; 

the drain cassette comprising: 

a venous connection port for connection to, and fluid co 	unication with, the 

venous blood line connector; 

an arterial connection port for connection to, and fl 	d communication with, the 

arterial blood line connector; 

a fluid channel fluidly connecting the venous 	onnection port and the arterial 

connection port; 

a drain outlet port in fluid communicati' 	with the fluid channel and arranged to 

removably couple with a drain connector o 	n exposed panel of the dialysis unit; and 

a valve arranged to control flow 1' the fluid channel, 

wherein both the blood circuit . ssembly and the drain cassette are engageable 

with the exposed panel for operati 	in a dialysis treatment, and are removable from the 

exposed panel for replacement, 	ithout the use of tools. 

18. The assembly 	nd cassette of claim 17, further comprising flexible tubing 

fluidly connecting the • mps, the air trap, the dialyzer connections and the blood line 

connectors. 

19. T 	assembly and cassette of claim 18, wherein the flexible tubing fluidly 

connects 	arterial blood line connector to an inlet for the pump cassette, an outlet for 

the pum 	cassette to a dialyzer inlet connector, a dialyzer outlet connector to an inlet of 

the 	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 to 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 oft 	drain 

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

22. The assembly and cassette of claim 17, wherein the valve of 	e drain cassette 

is a pneumatically-controlled valve, the drain cassette further comp -ing: 

a pneumatic control port arranged to removably mate wi 	a port on the exposed 

panel and fluidly coupled to the valve to allow control of the v.1 ye. 

23. The assembly and cassette of claim 17, fu 	comprising: 

a latch arranged to releasably lock the drain c •sette to the exposed panel. 

24. The assembly and cassette of claim 	7, wherein the drain outlet port fluidly 

communicates with the fluid channel at a po 	t above where the arterial and venous 

connection ports communicate with the 	aid channel. 

25. The assembly and cas 	e of claim 17, the drain cassette further comprising: 

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

channel; and 

an electrical conn 	or arranged to electrically connect the one or more sensors to 

a corresponding elect•i .I connector on the exposed panel, 

wherein the = ectrical connector and the drain outlet port are arranged to 

simultaneously c. ple with a corresponding electrical connector and drain connector on 

the exposed p 'el in a single connection operation. 

The assembly and cassette of claim 25, wherein the valve is a pneumatically- 

cont 	led valve, the drain cassette further comprising: 

a pneumatic control port arranged to removably mate with a control port on the 

xposed panel, wherein the pneumatic control port is arranged to simultaneously couple 

with the corresponding 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 pumps for circulating blood received from a 	thr 	; patient 	gh 

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

pumps having pneumatic control ports arranged for alignment and mating wi 

corresponding ports located on an exposed panel of the dialysis unit by pu 	ing the 

control ports into engagement with the corresponding ports with mount 	g of the blood 

circuit assembly to the exposed panel; 

an air trap arranged to remove air from blood circulating i 	the circuit; 

a pair of dialyzer connections arranged to connect to th 	inlet and outlet of a 

dialyzer unit; 

a pair of blood line connectors, including an arte *al blood line connector for 

receiving blood from the patient and providing blood o the pneumatic pumps and a 

venous blood line connector for returning blood to 	e patient; and 

flexible tubing fluidly connecting the p 	ps, the air trap, the dialyzer 

connections and the blood line connectors; 

wherein the pumps are defined, at east in part, by a single unitary member that 

additionally defines a plurality of rout g channels for at least a portion of the flexible 

tubing. 

28. The blood circuit issembly of claim 27, wherein the single unitary member 

defines an air trap cavity t, t receives the air trap. 

29. The blo 	circuit assembly of claim 27, further comprising an anticoagulant 

connection for e 	aging with an anticoagulant source and providing anticoagulant into 

the circuit. 

. The blood circuit assembly of claim 29, further comprising a pump for 

pum 	g anticoagulant from the anticoagulant source to the circuit. 

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

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

cassette. 
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32. The blood circuit assembly of claim 31, wherein the arterial blood line 

connector is connected to an inlet for the pump cassette, an outlet for the pump 	= ssette 

is connected to a dialyzer inlet connector, a dialyzer outlet connector is conn -  ted to an 

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

connector. 

33. The blood circuit assembly of claim 29, wherein the 	ticoagulant 

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

heparin. 

34. The blood circuit assembly of claim 27, w erein an inlet of the air trap is 

supported by the organizing tray at a position abo 	an outlet of the air trap when the 

blood circuit assembly is mounted to a dialysis , nit. 

35. The blood circuit assembly o claim 27, wherein the pneumatic pumps are 

diaphragm pumps. 

36. The blood circuit as 	mbly of claim 27, wherein the blood line connectors 

are arranged for a threaded I 	r-type connection to a patient access, and are arranged for 

a press-in type connection o the dialysis unit. 

37. The blo.. circuit assembly of claim 36, wherein the blood line connectors 

include a frust. . ical member with an internal thread for the luer-type connection, and 

a central tube , tending from a center of the frustoconical member. 

. The blood circuit assembly of claim 27, wherein the organizing tray includes 

circu 	tube engagement members having a hole through which a respective circuit tube 

pa es, the engagement members engaging with the respective circuit tube to allow the 

rcuit tube to be pulled and stretched for engagement with an occluder of the dialysis 

unit. 
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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. 

40. The blood circuit assembly of claim 27, wherein the single unitar, member 

defines a concave chamber portion for the pumps. 

41. The blood circuit assembly of claim 27, wherein the sin 	e unitary member 

defines a chamber portion of a plurality of valves used to control ' ow through the 

pumps. 

42. The blood circuit assembly of claim 27, wh 	in the single unitary member 

defines routing channels for flexible tubing to positi 	the tubing for engagement with an 

occluder when the assembly is mounted to the dia 	sis unit. 

43 A blood circuit assembly and dr n cassette for a dialysis unit, the blood 

circuit assembly comprising: 

an organizing tray; 

a pair of pneumatic pumps 	lathed to the organizing tray for circulating blood 

received from a patient through 	circuit including a dialyzer unit and returning the blood 

to the patient; 

an air trap attach 	to the organizing tray arranged to remove air from blood 

circulating in the circu 	, 

a pair of dia 	zer connections fluidly connected to the air trap and the pumps and 

arranged to corn ct to the inlet and outlet of a dialyzer unit; 

a pair 	blood line connectors fluidly connected to the pumps and the air trap, 

including 	arterial blood line connector for receiving blood from the 	and patient 

providi 	blood to the pneumatic pumps and a venous blood line connector for returning 

bloo 	to the patient; and 

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

connections and the blood line connectors; 

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 unit, and wherein the organizing tray supports the air trap a a 

location that is above the occluder position. 

44. The blood circuit assembly of claim 43, wherein the pumps are d • ined, at 

least in part, by a single unitary member that additionally defines a plurali 	of routing 

channels for at least a portion of the flexible tubing. 

45. The blood circuit assembly of claim 43, wherein the ! imps are defined, at 

least in part, by a single unitary member that additionally defi 	s an air trap cavity that 

receives the air trap.  

46. The blood circuit assembly of claim 43, 	erein the pneumatic pumps 

having pneumatic control ports arranged for align . ent and mating with corresponding 

ports located on an exposed panel of the dialys 	unit by pushing the control ports into 

engagement with the corresponding ports w 	mounting of the blood circuit assembly to 

the exposed panel, and the single unitary 	ember defines the pneumatic control ports for 

the pumps. 

47. The blood circuit as 	mbly of claim 43, wherein the single unitary member 

defines a concave chamber p. 	ion for the pumps. 

48. The blood 	rcuit assembly of claim 43, wherein the single unitary member 

defines a chamber portion of a plurality of valves used to control flow through the 

pumps. 

49. e blood circuit assembly of claim 43, wherein the single unitary member 

defines 	luting channels for flexible tubing to position the tubing at the occluder position 

fore lagement with an occluder when the assembly is mounted to the dialysis unit. 

50. The 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 is connected to a dialyzer inlet connector, a dialyzer outlet connector is connected 
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to an inlet of the air trap, and an outlet of the air trap is connected to the venous blood 

line connector. 

51. The blood circuit assembly of claim 43, wherein an inlet of the al 	.p is 

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

blood circuit assembly is mounted to a dialysis unit. 

52. The blood circuit assembly of claim 51, wherein the 	et of the air trap is 

supported by the organizing tray at a position above a highest 	oint of flexible tubing 

that extends from the outlet of the air trap to the occluder prAtion. 

53. A blood circuit assembly engagement de 	ce for a dialysis unit, comprising: 

an actuator movably mounted to a panel of 	e dialysis unit adjacent a plurality of 

control ports, the actuator movable between a r= ention position and an ejection position; 

a retainer element coupled to the act 3 tor and arranged, with the actuator in the 

retention position, to retain a blood circu.  assembly mounted to the panel of the dialysis 

unit on the panel, and arranged, with t ,e actuator in the ejection position, to release the 

blood circuit assembly for removal rom the panel of the dialysis unit; and 

an ejector element coupl 	to the actuator and arranged, with the actuator moved 

from the retention position to 	e ejection position, to urge the blood circuit assembly 

away from the panel. 

54. The blo 	circuit assembly engagement device of claim 53, wherein the 

actuator• is pivots y mounted to the panel. 

55. he blood circuit assembly engagement device of claim 53, wherein the 

retainer 	ement is fixed to the actuator. 

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

_lector element is 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• 	by 

a user's thumb. 

58. The blood circuit assembly engagement device of claim 53, c • 	prising first 

and second blood circuit assembly engagement devices, the first engag= 	ent device 

arranged on a first side of a blood circuit assembly mounted to the p nel, and the second 

engagement device arranged on a second side of the blood circui assembly mounted to 

the panel, the first and second sides being opposed to each o 	r such that the actuators 

of the engagement devices are movable by respective first 	d second thumbs of a user. 

59. The blood circuit assembly engagement . - vice of claim 58, wherein the 

actuators are movable away from each other from 	spective retention positions to 

ejection positions. 

60. The blood circuit assembly e ,  gagement device of claim 53, wherein the 

ejection member is arranged to contac a portion of a pump chamber in the ejection 

position. 

61. The blood circui 	ssembly engagement device of claim 53, wherein the 

retention element is arran -d, with the actuator in the retention position and a blood 

circuit assembly moun 	d to the panel, to contact an outer surface of the blood circuit 

assembly to lock th 	.lood circuit assembly in place. 

/ 

62. T 	blood circuit assembly engagement device of claim 53, wherein the 

actuator is 	ring biased to move toward the retention position. 

63. An occlusion assembly for occluding at least one pair of collapsible tubes of 

a 	edical 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 fur 	r 

positioned adjacent from each other such that a space is defined between the firs 

occluding member and the second occluding member, the space being on an ..posite 

side of each occluding member than is the collapsible tube to which it is a. scent; 

a spreader positioned within the space and movable within the space from a first 

position to a second position, wherein movement from the first posi '.n to the second 

position causes the spreader to force at least a portion of the first 	d second occluding 

members to move apart from each other to increase the size of 	e space and force a 

tube-contacting portion of each occluding member against 	e collapsible tube to which 

it is adjacent to occlude the collapsible tube; and 

at least one actuator constructed and position • to move the spreader between the 

first position and the second position. 

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

of collapsible tubes of a medical infusio 	:evice, comprising: 

moving a spreader of the omit ion assembly from a first position to a second 

position, wherein the spreader• is p 	rtioned within a space defined between a first 

occluding member and a second .ccluding member, to cause the spreader to force at 

least a portion of the first an 	and occluding members to move apart from each other 

to increase the size of the 	.ace and force a tube-contacting portion of each occluding 

member against a collapsible tube to which it is adjacent to occlude the collapsible tube. 

65. An o• lusion assembly for occluding at least one collapsible tube of a 

medical infus.  n device, comprising: 

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

ubing occluder mounted to the frame and comprising an occluding member 

cons 	cted and positioned to controllably occlude or release occlusion of the collapsible 

to 	; 

a door hingeably mounted to the frame and positioned to cover at least a portion 

of the collapsible tube and tubing occlude 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 configured and positioned to detect when the door is in a closed posit n 

and to permit operation of the tubing occluder to release occlusion of the collapsibl 	tube 

only when the door is in the closed position. 

66. 	An occlusion assembly for occluding at least one collapsib 	tube of a 

medical infusion device, comprising: 

a tubing occluder comprising an occluding member c 'instructed and 

positioned to controllably occlude or release occlusion of the coil .sible tube; 

an automatic actuator operatively coupled to the tubing occluder to cause 

essentially linear motion of at least a portion of the tubing . cluder to cause the 

occluding member to move from an occluding position . a non-occluding position; and 

an override mechanism operatively coupled t. 	e 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 ..sition to a non-occluding position upon 

manual operation of the override mechanis 	.y a user. 

67. An occlusion assembly for . 	luding at least one collapsible tube of a 

medical infusion device, comprisinl 

a frame comprising a tub' g guide configured for positioning the collapsible tube; 

a tubing occluder mo 	ted to the frame and comprising an occluding member 

constructed and positione. o controllably occlude or release occlusion of the collapsible 

tube; 

a door hinge, .ly mounted to the frame and positioned to cover at least a portion 

of the collapsible 	be and tubing occluder when in a closed position and to provide user 

access to the c 	lapsible tube when in an open position; and 

a re 	finer 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 th collapsible tube when the door is in the closed position and configured to engage 

an 	retain the tubing occluder in a non-occluding configuration when the door is opened 

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

68. The occlusion assembly of claim 65 or 67, further comprising: 
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at least one actuator operatively coupled to the tubing occluder to cause an 

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

occluding position. 

69. 	The occlusion assembly of any one of claims 66 or 68, whe 	in the 

occlusion assembly is configured for occluding at least a pair of collap.•' 	e tubes, and 

wherein the tubing occluder comprises for each pair of collapsible 	.es: 

a first occluding member and a second occluding member the first occluding 

member positioned adjacent to a first collapsible tube of the p 	r and the second 

occluding member positioned adjacent to a second collapsi . e tube of the pair, when the 

tubes are installed in the occlusion assembly for operati 	the first occluding member 

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

that a space is defined between the first occluding 	ember and the second occluding 

member, the space being on an opposite side of ach occluding member than is the 

collapsible tube to which it is adjacent; and 

a spreader positioned within the s,  ace and movable within the space from a first 

position to a second position, wherein 	ovement from the first position to the second 

position causes the spreader force 	least a portion of the first and second occluding 

members to move apart from ea 	other to increase the size of the space and force a 

tube-contacting portion of ea 	occluding member against the collapsible tube to which 

it is adjacent to occlude th 	collapsible tube. 

70. The occ sion assembly of claim 69, wherein the spreader is wedge shaped 

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

move in an es 	ntially linear path from the first position to the second position to engage 

with the fir 	and second occluding members and move apart them apart from each other. 

71. The occlusion assembly of claim 63, further comprising a frame comprising 

a 	ing guide configured for positioning the collapsible tubes and for mounting the first 

and second occluding members and spreader. 
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72. The occlusion assembly of claim 71, wherein the spreader is wedge shape. 

and coupled to the at least one actuator, and wherein the actuator causes the spread= 	to 

move in an essentially linear path from the first position to the second position t•. engage 

with the first and second occluding members and move apart them apart fro 	each other. 

73. The occlusion assembly of claims 70 or 72, wherein the fir 	and second 

occluding members comprise occluder arms each having a proximal 	nd pivotally 

mounted to the frame and a distal end comprising a tube contacti I : surface, and wherein 

movement of the spreader by the actuator caused each of the o 	luder arms to pivot such 

that their tube contacting surfaces move apart from each of • r and contact and compress 

a collapsible tube. 

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

occlusion assembly is configured so that the co apsible tubes are occluded in the 

absence of a force applied by the actuator to ause release of occlusion. 

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

biasing element configured to prov 4 e a restoring force causing occlusion of the 

collapsible tubes in the absence 	positive actuation of the actuator to overcome the 

restoring force and release 	union of the collapsible tubes. 

76. The occlus .n assembly of claim 66, wherein the override mechanism 

comprises a user en 	geable manual actuator that is operatively coupled to a carriage 

assembly to whit 	is also operatively coupled the automatic actuator and an occluding 

member enga ng element configured to move the occluding member into the occluding 

position or 	rmit the occluding member to move into the non-occluding position upon 

essentia 	linear motion movement of the carriage assembly, such that either 

enga 	ment of the manual actuator by a user or actuation of the automatic actuator 

ca ses the essentially linear movement of the can•iage assembly. 

77. The occlusion 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 to the carriage assembly and configured to ca 

the essentially linear movement of the carriage assembly when a user pushes the p ,h 

button. 

78. The occlusion assembly of claim 67, wherein the tubing occl ier comprises 

a carriage assembly slidably mounted to the frame, and wherein the ca 	age assembly 

i. is operatively coupled to an actuator that is configured to 	, use sliding motion 

of the carriage assembly, 

ii. is operatively coupled to an occluding member en 	ging element configured 

to move the occluding member into an occluding position • permit the occluding 

member to move into a non-occluding position upon sli 	ng motion of the carriage 

assembly, and 

iii. comprises a latching pin. 

79. The occlusion assembly of clai . 78, further comprising a retention member 

movably mounted to the frame, the reten . on member comprising a surface configured 

and positioned to be engaged by a po 	on of the door when the door is in the closed 

position, the retention member Fut 	er comprising a latching pin receiving hole sized and 

positioned to allow substantiall 	nrestricted entry of the latching pin into thelatching 

pin receiving hole upon slidi • :. motion of the carriage assembly in a direction to permit 

the occluding member to • ove into the non-occluding position and exit of the latching 

pin from the latching p 	receiving hole upon sliding motion of the carriage assembly in 

a direction move th occluding member into the occluding position when the door is in 

the closed positi, wherein the retention member is biased for movement upon opening 

of the door to a//use the latching pin receiving hole to move into engaging and retaining 

contact wi 	the latching pin when the carriage assembly is positioned in its non- 

occludi 	position when the door is open. 

80. The occlusion assembly or method of any of claims 63-79, wherein the 

occlusion assembly comprises a portion of a fluid handling assembly of a dialysis 

system. 
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81. The occlusion assembly or method of any of claims 63-80, wherein the 

occlusion assembly further comprises at least one collapsible tube mounted thereto 

82. The occlusion assembly of any one of claims 63, 66, 

pneumatically powered actuator. 

and 68-79, mprisiq 
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CLAIMS 

1. A drain cassette configured for connection to, and disconnection from, an exposed 

side of a hunt 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 

patient end of the arterial blood line connector; 

a single fluid channel fluidly connecting the venous connection port and the arterial 

connection port; 

a drain outlet port in fluid communication with the fluid channel and arranged to 

removably 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 blood 

pump cassette and the dialyzer, and the valve is arranged to either controllably open and close 

fluid communication in the fluid channel between the drain outlet port and the venous connection 

port, or to controllably 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 1, 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-controlled 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 releasably lock the drain cassette to the exposed panel. 

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 venous connection ports communicate 

with the fluid channel. 

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

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 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 conductivity 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 detect 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 connector 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 detect a characteristic of fluid in the fluid channel. the 

one or more senior 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 fluid in the fluid channel; and 

an electrical connector arranged to electrically connect the one or more sensors to a 

corresponding electrical connector on the exposed panel, 

wherein the electrical connector and the drain outlet port are arranged to simultaneously 

couple with a corresponding electrical connector and drain connector on the exposed panel of the 

dialysis unit in a single connection operation. 

14. The drain cassette of claim 13, wherein the valve is a pneumatically-controlled valve, 

the cassette further comprising: 

a pneumatic control port arranged to removably mate with a control port on the exposed 

panel. wherein the pneumatic control port is arranged to simultaneously couple with the 

corresponding control port in the single connection operation. 

15. The drain cassette of claim 1, wherein the drain outlet port is in permanently open 

fluid 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 fluid communication in the fluid channel between the drain outlet port and the 

arterial connection port. 


