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DIALYSIS CASSETTES AND RELATED 
SYSTEMS AND METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. 
§l 19(a) to German Patent Application No. 10 2008 038 097. 
0, ?ledAug. 18, 2008, the entire contents of Which are hereby 
incorporated by reference. 

TECHNICAL FIELD 

[0002] This invention relates to dialysis cassettes and 
related systems and methods. 

BACKGROUND 

[0003] Cassettes for conveying dialysis liquids, such as 
dialysate, are knoWn. Some knoWn cassettes include connec 
tion elements for the connection of solution bags and lines 
leading to a patient and to a dialysis machine. The cassettes 
can have at least one pump chamber With an in?oW and an 

out?oW port as Well as passages for conducting the supplied 
and conveyed liquid. The passages can be closed by the appli 
cation of a compressive force acting on the Walls of the 
passages.A heating device canbe used for heating the dialysis 
liquid in the cassette to a desired temperature. 
[0004] Such cassettes are used, for example, in the area of 
peritoneal dialysis. During peritoneal dialysis, the perito 
neum is ?lled and emptied With the help of a dialysis machine 
called a “cycler.” The How of the dialysis liquid, i.e., dialy 
sate, is controlled by a cassette system. During peritoneal 
dialysis, the dialysate is heated to the desired temperature in 
the cassette and is subsequently infused into the peritoneum. 
If an unexpected stoppage of the cycler occurs and the liquid 
supply to the patient is interrupted, the dialysate is no longer 
circulated in the cassette. As a result, the dialysate may be 
heated above the desired temperature due to the inertia of the 
heating apparatus. The overheated dialysate typically cannot 
be used for infusion into the patient When the cycler is 
restarted. Thus, the dialysate is typically discarded and 
replaced With neW dialysate before the peritoneal dialysis 
treatment resumes. 

SUMMARY 

[0005] In one aspect of the invention, a cassette is provided 
for conveying liquids, in particular dialysis liquids. The cas 
sette includes connection elements for the connection of solu 
tion bags and lines leading to a patient and/or to a dialysis 
machine. The cassette further includes at least one pump 
chamber With an in?oW port and an out?oW port. In addition, 
the cassette forms lines or passages for conducting the sup 
plied and conveyed liquids through the cassette. The cassette 
also includes valves for closing the lines. A heating device is 
provided for heating the liquid present in the passages to a 
desired temperature (e.g., a preset desired temperature). A 
control unit is also provided and is con?gured to conduct 
(e. g., circulate) liquid heated above the desired temperature 
until the desired temperature has been reached again. 
[0006] Reducing the temperature of the liquid alloWs the 
liquid to be used again. Excess heat from the overheated 
liquid can be transferred to the cassette surrounding it by 
circulating the overheated liquid Within the cassette. 
[0007] In some implementations, at least one temperature 
sensor is provided for the measurement of the temperature of 
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the liquid in the cassette. In certain implementations, the 
temperature sensor is positioned Within the cassette. In some 
implementations, the temperature sensor is located on a dialy 
sis machine and cooperates With the cassette When the cas 
sette is positioned in a cassette compartment of the dialysis 
machine. 

[0008] In some implementations, tWo pump chambers are 
provided betWeen Which the liquid can be displaced until the 
liquid reaches (e.g., cools to) the desired temperature. 
[0009] In some implementations, the heating device and a 
heating region of the cassette act as a continuous-?ow heater. 
In such implementations, the heating device and the heating 
region of the cassette are con?gured so that liquid is heated as 
it ?oWs through the heating region of the cassette. 

[001 0] In another aspect of the invention, a method includes 
displacing a liquid betWeen the tWo pump chambers of the 
cassette until the liquid reaches (e.g., cools to) a desired 
temperature. 
[0011] In some implementations, When the desired tem 
perature of the liquid is exceeded, the passage to Which the 
line draining the liquid is connected is closed. At the same 
time, the heating poWer of the heating device is reduced. The 
liquid is pumped through one of the pump chambers from a 
heating region of the cassette into the other pump chamber. 

[0012] In the event that a high proportion of cool liquid is 
already present in the pump chamber into Which the over 
heated liquid is conducted, the resulting mixture of liquid 
(i.e., the mixture of the overheated liquid and the cool liquid) 
is conveyed in reverse operation through a heating region of 
the cassette into the other pump chamber in order to simulta 
neously cool the heating region of the cassette in this process. 

[0013] If, in contrast, due to the admixture of the over 
heated liquid in the pump chamber, a liquid overheated at its 
mixed temperature should result, the mixed liquid is con 
veyed in forWard operation through the heating region of the 
cassette into the other pump chamber to distribute the excess 
heat in the cassette. 

[0014] An additional aspect of the invention relates to a 
dialysis machine, such as a peritoneal dialysis machine, hav 
ing a device for the reception of one of the previously 
described cassettes as Well as a pump unit for actuating the 
pump chambers of the cassette. The dialysis machine 
includes a heating device con?gured to heat liquid ?oWing 
through a heating region of the cassette and a control unit 
con?gured to conduct (e.g., circulate) liquid heated above a 
desired temperature until the desired temperature has been 
reached again. 
[0015] By using certain dialysis cassettes, systems, and 
methods described herein, a dialysis liquid that may have 
been overheated can advantageously be returned to a desired 
temperature Without having to discard the liquid. As a result, 
the total amount of dialysis liquid used during the treatment 
can be reduced because it is generally unnecessary to discard 
the overheated dialysis liquid and replace it With neW dialysis 
liquid. In addition, the amount of time required for the treat 
ment can be reduced since it is generally unnecessary to drain 
the overheated dialysis liquid and then replace it With neW 
dialysis liquid. 
[0016] Other aspects, features, and advantages Will be 
apparent from the description and draWings, and from the 
claims. 
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DESCRIPTION OF DRAWINGS 

[0017] FIG. 1 is a plan vieW ofa dialysis cassette. 

[0018] FIG. 2 is a front vieW of a dialysis system including 
a dialysis machine and the dialysis cassette of FIG. 1. 

[0019] FIG. 3 is a front vieW ofthe dialysis machine ofFIG. 
2 With a door of the dialysis machine open to expose a cassette 
compartment of the dialysis machine. 

DETAILED DESCRIPTION 

[0020] FIG. 1 shoWs a disposable cassette 10 that can be 
retained in a correspondingly designed cassette compartment 
or mount of a dialysis machine (e.g., a peritoneal dialysis 
machine) 100 (shoWn in FIG. 2). Referring to FIGS. 1 and 2, 
the reference numerals 2, 4, 6 characterize connection ele 
ments for the connection of solution bags, of lines leading to 
the patient and to the dialysis machine, and of drainage lines. 
TWo ?xedly attached hoses or lines 104 and 106 are arranged 
at the connectors 4 and 6, With one of the hoses representing 
the patient hose and the other representing the drainage hose. 
The connection elements 2 alloW the operator to connect the 
solution bags or other medication containers to the cassette 
10. 

[0021] Referring again to FIG. 1, the cassette 10 includes a 
base body 12 that is made of plastic and can be manufactured 
using injection molding technology or deep-draWing technol 
ogy. Cut-outs as Well as passages extend in the base body 12. 
The base body 12 partly forms the Walls of tWo pump cham 
bers 20, 22 arranged next to one another as Well as liquid 
passageWays 30, 40, 50, 60 extending Within the cassette 10. 
Liquid passageWays 80 and 90 are likeWise partly formed by 
the base body 12 betWeen the pump chambers 20 and 22. 

[0022] The liquid passageWay 50 is serpentine shaped and 
is provided Within a heating region 52 of the cassette 10. One 
end of the passageWay 50 is connected to the passageWay 30, 
and the other end of the passageWay 50 is connected to the 
passageWay 40. The cassette 10, as discussed above, is con 
?gured to be retained in a cassette compartment of the dialysis 
machine 100. Referring brie?y to FIG. 3, the dialysis machine 
100 includes a heating device 108. When the cassette 10 is 
positioned Within the cassette compartment of the dialysis 
machine 100, as shoWn in FIG. 2, the heating device 108 is 
positioned adjacent the heating region 52 of the cassette 10 
through Which the passageWay 50 extends. As a result of this 
arrangement, the dialysis liquid (e.g., dialysate) ?oWing 
through the passageWay 50 is heated When the cassette 10 is 
positioned Within the cassette compartment of the dialysis 
machine 100 and the beating device 108 is activated. 

[0023] As shoWn in FIG. 3, in addition to the heating device 
108, the dialysis machine 100 includes tWo pumps 110, 112 
and multiple valve tappets T1, T2, T3, T4, T5, T6, T7, T8, T9, 
T10, T11, T12, T13, T14, T15, and T16. The pumps 110,112 
cooperate With the pump chambers 20, 22 to pump liquid 
through the various passages of the cassette 10. The valve 
tappets T1, T2, T3, T4, T5, T6, T7, T8, T9, T10, T11, T12, 
T13, T14, T15, and T16 cooperate With corresponding valves 
V1, V2, V3, V4, V5, V6, V7, V8, V9, V10, V11, V12, V13, 
V14, V15 and V16 of the cassette 10 to direct the conveyed 
liquid through the cassette 10 in a desired manner. The valve 
tappets T1, T2, T3, T4, T5, T6, T7, T8, T9, T10, T11, T12, 
T13, T14, T15, and T16 can be pneumatically, hydraulically 
and/ or mechanically controlled. 
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[0024] Other details regarding the cassette and its function 
substantially correspond to those details and functions 
described in EP 0 956 876 B1, Which is incorporated by 
reference herein. 
[0025] During normal function of the cassette 10 and the 
dialysis machine 100, liquid (e.g., dialysate) is conveyed 
from the pump chamber 22 through the heating region 52 of 
the cassette 10 in the direction of the patient line that carries 
the liquid to the patient and that is connected to the connector 
4. The liquid thus ?oWs from the pump chamber 22 via the 
passageWay 80 after the opening of the valve V4 through the 
passageWay 50 adjacent the heater 108 of the dialysis 
machine 100 and via the opened valve V5 as Well as the 
opened valve V6. As the liquid ?oWs through the passageWay 
50 adjacent the heater 108, heat emitted from the heater 108 
increases the temperature of the liquid. Thus, the heater 108 
and the heating region 52 of the cassette 10 together act as a 
continuous-?ow heating mechanism. At the same time that 
liquid is forced out of the pump chamber 22 and through the 
passageWay 50, the pump chamber 20 is supplied With fresh 
liquid. The fresh liquid can, for example, be supplied to the 
pump chamber 20 via the opened valves V11 and V1, While 
the valves V7, V3 and V2 as Well as V9 are simultaneously 
closed. 
[0026] If problems arise in the patient line (e.g., if the 
patient line 104 connected to the connector 4 becomes 
occluded), the liquid present in the passageWay 50 can be 
overheated due to an overshooting of the heating regulator. 
The overheated liquid can typically not be infused into the 
peritoneum due to its elevated temperature. 
[0027] When overheating of the liquid in the passageWay 
50 occurs, the valve V6 is closed and the heating poWer in the 
heater 108 of the dialysis machine 100 is reduced via a control 
unit that is arranged in the dialysis machine 100. At the same 
time, the valve V11 is closed to prevent any additional fresh 
solution from being delivered to the pump chamber 20. After 
turning off the heater 108 and closing valves V6 and V11, the 
overheated solution is pumped via the pump chamber 22 
through the passageWay 50 adjacent the continuous-?ow 
heater and into the pump chamber 20. To do this, the valve V4, 
the valve V5, the valve V7, and the valve V1 are opened. The 
pump stroke of the pump chamber 22 is ended When the pump 
chamber 20 is ?lled or the pump chamber 22 is emptied. 
[0028] TWo possibilities noW generally result for the cool 
ing of the liquid in dependence on the ratio of the liquid 
contained in the pump chamber 20 to the Warm liquid con 
veyed into the pump chamber 20. 
[0029] If a high proportion of cool liquid (i.e., liquid that 
has not passed through the passageWay 50 adjacent the heater 
108) is present in the pump chamber 20, the resulting mixed 
liquid, Which is comparatively cooler than the overheated 
liquid due to the mixing of the liquids, is conveyed via the 
passageWay 50 adjacent the heater 108 into the pump cham 
ber 22 in reverse operation. In particular, the liquid is pumped 
back into the pump chamber 22 via the opened valve V1, the 
opened valve V7, the opened valve V5, and the opened valve 
V4. The partially overheated heating region 52 of the cassette 
10 is also cooled by the comparatively cooler liquid. 
[0030] If, after delivering the overheated liquid to the pump 
chamber 20, a high proportion of overheated liquid is present 
in the pump chamber 20, the mixture of liquid (i.e., the mix 
ture of the overheated liquid and any cool liquid that Was 
present in the pump chamber 20 When the overheated liquid 
Was delivered to the pump chamber 20) is conveyed in for 
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Ward operation via the passageway 50 adj acent the heater 108 
into the pump chamber 22. Starting from the pump chamber 
20, the liquid is conducted into the pump chamber 22 via the 
opened valve V2, the opened valve V5, the opened valve V7, 
and the opened valve V3. In this variant, the excess heat of the 
overheated liquid is distributed in the cassette so that the 
temperature of the overheated liquid can be loWered to the 
desired temperature. 
[0031] While the heater 108 has been described as being 
part of the dialysis machine 100 andpositioned adjacent to the 
passageway 50 of the cassette 10 When the cassette 10 is 
positioned in the cassette compartment of the dialysis 
machine 100, in certain implementations, the cassette itself 
includes a heater or part of a heater. The heating region of the 
cassette can, for example, be equipped With a heating coil. In 
such cases, the heating coil can be connected to a poWer 
supply of the dialysis machine When the cassette is inserted 
into the cassette compartment in order to provide the coil With 
poWer that generates heat. 
[0032] While the control unit has been described as being 
part of the dialysis machine 100, the control unit can alterna 
tively be located at any of various other locations outside of 
the cassette 10. 
[0033] Other embodiments are Within the scope of the 
claims. 

What is claimed is: 
1. A method of controlling the temperature of liquid in a 

dialysis cassette, the method comprising: 
pumping liquid heated to a temperature greater than a 

desired temperature from a ?rst pump chamber of the 
dialysis cassette to a second pump chamber of the dialy 
sis cassette. 

2. The method of claim 1, further comprising pumping the 
liquid from the second pump chamber of the dialysis cassette 
back to the ?rst pump chamber of the dialysis cassette. 

3. The method of claim 2, Wherein the liquid is pumped 
back and forth betWeen the ?rst and second pump chambers 
of the dialysis cassette until the liquid reaches the desired 
temperature. 

4. The method of claim 1, further comprising turning off a 
heating device con?gured to heat the liquid in the dialysis 
cassette, and closing an outlet passage formed in the cassette 
such that the liquid is substantially prevented from exiting the 
cassette via the outlet passage. 

5. The method of claim 4, Wherein a ?uid line is connected 
to the outlet passage and to a patient, and closing the outlet 
passage substantially prevents the liquid from being delivered 
via the ?uid line to the patient. 

6. The method of claim 1, Wherein unheated liquid is 
present in the second pump chamber When the liquid heated to 
a temperature greater than the desired temperature is pumped 
into the second pump chamber. 

7. The method of claim 6, Wherein, When a mixture of the 
unheated liquid and the liquid heated to a temperature greater 
than the desired temperature in the second pump chamber is 
beloW a given temperature, the mixture is conveyed from the 
second pump chamber to an outlet passage, then to a heating 
region of the cassette, then to the ?rst pump chamber. 

8. The method of claim 6, Wherein, When a mixture of the 
unheated liquid and the liquid heated to a temperature greater 
than the desired temperature in the second pump chamber is 
above a given temperature, the mixture is conveyed from the 
second pump chamber to a heating region of the cassette, then 
to an outlet passage, then to the ?rst pump chamber. 
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9. The method of claim 1, further comprising sensing the 
temperature of liquid in the cassette. 

10. The method of claim 9, Wherein the temperature of 
liquid in a heating region of the cassette is sensed. 

11. The method of claim 9, Wherein the temperature of 
liquid in the ?rst pump chamber of the cassette and the tem 
perature of liquid in the second pump chamber of the cassette 
is sensed. 

12. A dialysis system, comprising: 
a dialysis cassette comprising 

a ?rst pump chamber; 
a second pump chamber; and 
a heating region comprising a ?uid passage that can be 

placed in ?uid communication With the ?rst pump 
chamber and the second pump chamber; and 

a dialysis machine con?gured to retain the dialysis cas 
sette, the dialysis machine comprising 
a ?rst pump con?gured to cooperate With the ?rst pump 

chamber to pump liquid out of the ?rst pump chamber 
When the dialysis cassette is retained by the dialysis 
machine; 

a second pump con?gured to cooperate With the second 
pump chamber to pump liquid out of the second pump 
chamber When the dialysis cassette is retained by the 
dialysis machine; and 

a control unit con?gured to pump liquid heated to a 
temperature greater than a desired temperature from 
the ?rst pump chamber of the dialysis cassette to the 
second pump chamber of the dialysis cassette When 
the dialysis cassette is retained by the dialysis 
machine. 

13. The dialysis system of claim 12, Wherein the dialysis 
machine further comprises a heating device con?gured to 
heat liquid ?oWing through the passage of the heating region 
of the cassette When the dialysis cassette is retained by the 
dialysis machine. 

14. The dialysis system of claim 12, further comprising at 
least one temperature sensor con?gured to measure the tem 
perature of liquid in the cassette. 

15. The dialysis system of claim 12, Wherein the control 
unit is con?gured to cause the liquid to be pumped back and 
forth betWeen the ?rst and second pump chambers of the 
dialysis cassette until the liquid reaches the desired tempera 
ture. 

16. The dialysis system of claim 12, Wherein the control 
unit is con?gured to turn off a heating device con?gured to 
heat the liquid in the dialysis cassette, and the control unit is 
con?gured to cause an outlet passage formed in the cassette to 
be closed such that the liquid is substantially prevented from 
exiting the cassette via the outlet passage. 

17. The dialysis system of claim 16, Wherein a ?uid line is 
connected to the outlet passage and to a patient, and closing 
the outlet passage substantially prevents the liquid from being 
delivered via the ?uid line to the patient. 

18. The dialysis system of claim 12, Wherein the dialysis 
cassette further comprises an outlet passage that can be 
placed in ?uid communication With the ?rst pump chamber, 
the second pump chamber, and the ?uid passage in the heating 
region of the dialysis cassette. 

19. The dialysis system of claim 18, Wherein the control 
unit is con?gured such that When a mixture of unheated liquid 
and the liquid heated to a temperature greater than the desired 
temperature in the second pump chamber is beloW a given 
temperature, the control unit causes the mixture to be con 
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veyed from the second pump chamber to the outlet passage, 
then to the heating region of the cassette, then to the ?rst pump 
chamber. 

20. The dialysis system of claim 18, Wherein the control 
unit is con?gured such that When a mixture of the unheated 
liquid and the liquid heated to a temperature greater than the 
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desired temperature in the second pump chamber is above a 
given temperature, the control unit causes the mixture to be 
conveyed from the second pump chamber to the heating 
region of the cassette, then to the outlet passage, then to the 
?rst pump chamber. 


