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(57) ABSTRACT 

The invention relates to a peritoneal dialysis sampling 
system to be used together With a peritoneal dialysis system 
Which is programmed to deliver ?uid to a peritoneal cavity 
of a patient and to drain the ?uid from the cavity, said 
peritoneal dialysis system comprising a supplying line and 
supplying means for supplying dialysis ?uid to the perito 
neal cavity, a draining line and draining means for draining 
the ?uid from the cavity, said peritoneal dialysis sampling 
system being characterized by the fact that it consists of an 
automatic sampling system Which is able to automatically 
sample volumic fractions of the dialysate contained in the 
peritoneum of the patient at speci?c time intervals in order 
to evaluate the peritoneal membrane characteristics and/or 
improve the peritoneal dialysis for a given patient. 
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PERITONEAL DIALYSIS SYSTEM 

[0001] The present invention relates to a peritoneal dialy 
sis sampling system to be used in a peritoneal dialysis 
system Which is programmed to deliver ?uid to a peritoneal 
cavity of a patient and to drain the ?uid from the cavity, said 
peritoneal dialysis system comprising a supplying line and 
supplying means for supplying dialysis ?uid to the perito 
neal cavity, a draining line and draining means for draining 
the ?uid from the cavity. 

[0002] Different tests have been proposed to evaluate the 
patient membrane characteristics in order to improve the 
exchanges of ?uid during peritoneal dialysis according to 
each patient. For instance the PDC test according to Haralds 
son and Rippe, based on the three pore model, is commonly 
used to achieve this objective. Other tests Would also be of 
interest if they Would be able to evaluate the speci?c 
outcome of a given peritoneal dialysis type of cycles for a 
given patient and be used to improve those cycles based on 
the peritoneal dialysis outcome. 

[0003] HoWever all present tests shoW some inconvenients 
and limitations. In particular they cannot be reliable enough 
due to the impossibility of carrying out measurements 
during certain periods such as dWell time. Those tests are 
also not able to directly evaluate the outcome of a given type 
of cycle but rather evaluate the membrane characteristics in 
order to calculate optimiZed cycles for the patient. With the 
PDC test for. example, there must be a full exchange cycle 
before carrying the measurements on the drained volume. 
State of the art tests also not alloW the automatic use of 
different liquids and/or different concentrations, nor the 
automatic sampling. 

[0004] Furthermore they are particularly cumbersome for 
the patient since they have to be manually done over a 24 h 
period of time, With typically 5 exchanges. Therefore, the 
use of those tests is today limited to certain patients and 
require speci?c conditions to be conducted. 

[0005] One of the object of the present invention is to 
avoid the previous listed problems. 

[0006] It relates to a peritoneal dialysis sampling system to 
be used in a peritoneal dialysis system Which is programmed 
to deliver ?uid to a peritoneal cavity of a patient and to drain 
the ?uid from the cavity, said peritoneal dialysis system 
comprising a supplying line and supplying means for sup 
plying dialysis ?uid to the peritoneal cavity, a draining line 
and draining means for draining the ?uid from the cavity, 
said peritoneal dialysis sampling system being characteriZed 
by the fact that it consists of an automatic sampling system 
Which is able to automatically sample volumic fractions of 
the dialysate contained in the peritoneum of the patient at 
speci?c time intervals in order to evaluate the peritoneal 
membrane characteristics and/or improve the peritoneal 
dialysis for a given patient. 

[0007] The automatic sampling system is connected on the 
draining line either betWeen the patient peritoneum and the 
draining means or betWeen the draining means and a Waste 
collector. 

[0008] Connecting the automatic sampling system accord 
ing to the invention on the draining line alloWs to carry out 
a test at any time by draWing liquid directly from the 
peritoneum. It also alloWs to take samples of ?uid at 
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different points of time and having different sample volumes 
during the same cycle. All these possibilities improve con 
siderably the evaluation of the peritoneal membrane char 
acteristics and/or the peritoneal dialysis outcome for a given 
patient. 

[0009] In particular, the possibility to increase the number 
of sampling steps and automatically vary the dialysate 
volume and concentration over a certain period of time 
alloWs to increase the number of information collected over 
a limited period of time. As a result, a full and more detailed 
patient peritoneal membrane evaluation can be made over a 
shorter period of time, alloWing such evaluation to be 
conducted automatically preferably overnight. In certain 
circumstances, it may be useful to add one or several more 
manual samplings over the day, although the more detailed 
information Would have been collected over the night by use 
of the automatic sampling system according to the present 
invention. 

[0010] Preferably the automatic peritoneal dialysis sam 
pling system is provided With means for de?ning the speci?c 
time intervals for sampling volumic fractions in relation 
With the peritoneal dialysis program sequences. 

[0011] The evaluation of the peritoneal membrane char 
acteristics may be improved by providing the automatic 
peritoneal dialysis sampling system With means, eg a 
system of valves and separate ?uidic paths, in order to 
sample different peritoneal dialysis fractions and collect 
them in separate containers for a later detailed analysis of 
their speci?c content. 

[0012] The automatic peritoneal dialysis sampling system 
may be connected betWeen the patient peritoneum and the 
draining means, requiring sampling means to sample liquid 
from the peritoneum at different points of time. The sam 
pling means may, for example, be of a peristal type alloWing 
a precise volumic sampling: Alternatively, the sampling 
means may result from vacuum originating from the sam 
pling containers Which may be controlled by a series of 
valves, or by gravity. In another embodiment of the present 
invention the automatic peritoneal dialysis sampling system 
may be connected after the draining means, such draining 
means being used, in such case, for both draining the dialysis 
?uid after each cycle as Well as collecting the sampling 
fractions. In the event of dWell time sampling, the draining 
means Would be activated to sample the volumic fraction 
required during dWell time, While in the drain phase of each 
cycle only a fraction of the drainage volume Would be 
collected by use, for example, of a valve system. 

[0013] The connection of the automatic peritoneal dialysis 
sampling system to the draining line may also be made by 
an electromechanical valve Which is actuated in relation 
With a speci?c functioning of the draining means. 

[0014] When the connection of the automatic peritoneal 
dialysis sampling system to the draining line is situated 
betWeen the patient peritoneum and the draining means, the 
automatic sampling can be made during the dWell time of the 
peritoneal dialysis cycle and/or during the drain cycle With 
out interfering With the peritoneal dialysis system. When the 
connection of the automatic peritoneal dialysis sampling 
system is situated after the draining means, the automatic 
sampling can only occur during the drain phase of each cycle 
or, alternatively, can also occur during the dWell time 
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provided the draining means are activated during such dwell 
time for that purpose. In the ?rst case, the automatic peri 
toneal sampling system requires sampling means, While in 
the latest case the draining means of the peritoneal dialysis 
system are also used for sampling purposes. 

[0015] The sampling means, if required, preferably 
include pumping means such as a peristaltic pump. They 
may also be of a gravity type, or vacuum type, if in 
connection With a series of valves. 

[0016] In a preferred embodiment the automatic sampling 
system comprises a series of sampling containers, pumping 
means and a series of valves in order to direct a certain 
quantity of each ?uid sample to a given sampling container. 

The sam containers may COIISISI Of 50ft p g 
pouches. 
[0018] The automatic sampling system may be composed 
of a series of valves Which are controlled by an electronic 
system in order to direct a certain quantity of each ?uid 
sample to a speci?c sampling container. The valves may be 
of electromagnetic type. 

[0019] Preferably the automatic sampling system com 
prises means for eliminating a volume of liquid betWeen tWo 
samplings at least equivalent to the dead volume contained 
betWeen the patient and the sampling level. This can be done 
by providing the system With a purging line. With such a 
con?guration, after a ?rst sampling, the draining line is 
connected to the purging line in order to purge the above 
cited dead volume in order to prevent miXing of tWo 
different samples. A second sampling occurs then When the 
draining line is connected to another sampling container. 
Purging can be obtained either by use of the sampling means 
or, in the con?guration With draining means from the auto 
matic peritoneal dialysis system, by use of such draining 
means. 

[0020] Advantageously, both systems: the peritoneal 
dialysis system Which comprises an automatic peritoneal 
dialysis eXchange system, and the automatic peritoneal 
dialysis sampling system are connected to the patient peri 
toneum and comprise means for exchanging information 
together in order for the automatic peritoneal dialysis sam 
pling system to determine the appropriate timing for each 
sampling on the basis of the dialysis eXchange cycles of the 
automatic peritoneal dialysis eXchange system. 

[0021] In a further embodiment, the automatic sampling 
system under the present invention can also be used to not 
only determine the membrane characteristics but also evalu 
ate one or several peritoneal dialysis eXchange cycles in 
order to determine the best appropriate eXchange cycle or 
series of cycles for the patient. 

[0022] In a preferred embodiment both automatic perito 
neal dialysis sampling system and automatic peritoneal 
dialysis eXchange system are similar systems Which are 
synchroniZed and Which are Working With different softWare 
and ?uidic connections. For instance, they both may com 
prise peristaltic pumps. 

[0023] In another preferred embodiment of the present 
invention, the automatic peritoneal dialysis sampling system 
only consist of a series of electro-valves and containers, 
Which electro-valves are controlled by the automatic peri 
toneal dialysis system. In such preferred embodiment, the 
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sampling is directed from the peritoneum to the containers 
by use of the draWing means of the automatic peritoneal 
dialysis system Which contains a speci?c order-of sequence 
for the opening and closing of speci?c valves in connection 
With the peritoneal dialysis cycles. 

[0024] The peritoneal dialysis system may comprise a 
memory key Which contains all the necessary data to pro 
gram the functioning of said automatic peritoneal dialysis 
sampling system according to the peritoneal dialysis cycles 
and to store the sampling information. 

[0025] The automatic peritoneal dialysis sampling system 
may comprise means for sequentially collecting sample 
volumes in a tubing, each sample being separated from the 
previous one by an air bubble inserted by the automatic 
peritoneal sampling system in-betWeen each sample. 

[0026] In order to store the samples in optimal conditions 
until analysis the sampling containers may preferably be 
enclosed inside a cooling boX Which comprises cooling 
means. 

[0027] Advantageously the automatic peritoneal dialysis 
sampling system comprises analyZing means for directly 
analyZing of at least one characteristic of the sample in-line, 
such as by spectroscopy, ?uorometry or by use of chemical 
or electro-chemical means. 

[0028] The automatic sampling system may be adapted to 
measure different constituents/parameters such as glucose, 
urea, creatinine, sodium, chloride, albumine, proteins, 
osmolarity or ph. 

[0029] For instance the result of the in-line analysis is used 
to optimiZe the neXt peritoneal dialysis eXchange cycle or 
sampling intervals in order to improve the membrane char 
acteristics evaluation or directly evaluate the impact of 
speci?c changes on the peritoneal dialysis outcome for the 
patient. 

[0030] Some embodiments of the invention Will be dis 
cussed hereafter in a more detailed Way. 

[0031] FIG. 1 illustrates a ?rst embodiment of the system 
according to the invention Where the automatic sampling 
system is connected on the draining line betWeen the patient 
peritoneum and the draining means. 

[0032] FIG. 2 illustrates another embodiment of the sys 
tem according to the invention Where the automatic sam 
pling system is connected on the draining line betWeen the 
draining means and a Waste collector. 

[0033] The peritoneal dialysis system according to FIG. 1 
consists of a ?rst system 1 comprising a ?rst peristaltic pump 
3, dialysis ?uid containers 4, a line 6, 7 consisting of a 
supplying/draining line 7 Which is arranged betWeen a 
patient 5 and the ?rst peristaltic pump 3 and a draining line 
6 Which is arranged betWeen the ?rst peristaltic pump 3 and 
a ?rst Waste collector 10, the dialysis ?uid containers 4 and 
the draining line 6 may be alternatively connected to the 
supplying/draining line 7 by a valve 9 eg of electrome 
chanical type. 

[0034] The supplying/draining line 7 is provided With a 
Y-site 24 in order to connect a sampling line 8. 

[0035] The peritoneal dialysis system according to FIG. 1 
also include an automatic sampling system 2 made of a 
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second peristaltic pump 11, a collection line 12, sampling 
containers 13 linked to the sampling line 8 via conduits 20 
and a analyzing line 16 comprising an analyZing unit 15. The 
sampling line 8, the conduits 20, the analyZing line 16 and 
the collection line 12 are all alternatively connected to the 
second peristaltic pump 11 by an appropriate valve 19. 

[0036] The sampling containers 13 are arranged Within a 
cooling container 14. 

[0037] Both ?rst system 1 and the automatic sampling 
system 2 may change information via a communication line 
18 (by cable or by Wireless communication). The automatic 
sampling system 2 is provided With a memory key 25 Which 
contains all the necessary data to program the functioning of 
said automatic peritoneal dialysis sampling system and to 
store the sampling information. 

[0038] The automatic sampling system 2 can be pro 
grammed to take volumic fractions of liquid at predeter 
mined times, for instance during the dWell time. Those 
volumic fractions may differ from each others. 

[0039] The volumic fractions may also be taken during the 
drain cycle. 

[0040] The collection line 12 alloWs to purge a dead 
volume betWeen samplings. 

[0041] FIG. 2 shoWs another con?guration, very similar to 
the con?guration of FIG. 1, but Which uses only one 
peristaltic pump 3 for supplying dialysis liquid to the patient, 
draining dialysis ?uid from the patient and supplying volu 
mic fractions to the automatic sampling system 2. In this 
con?guration, the sampling line 8 is connected on the 
draining line 6. In said con?guration, sampling are con 
trolled by the peristaltic pump Which may be activated for 
sampling purposes at any time, including during the dWell 
time. 

[0042] Of course the invention is not limited to the above 
detailed embodiments. Generally it covers any automatic 
sampling system 2 Which can take volumic fractions of 
liquid during a dWell cycle or a drain cycle. 

1. Automatic peritoneal dialysis sampling system adapted 
to automatically sample at speci?c time intervals volumic 
fractions of a dialysate contained in the peritoneum of a 
patient in order to evaluate the peritoneal membrane char 
acteristics and/or improve the peritoneal dialysis for a given 
patient, said peritoneal dialysis sampling system being char 
acteriZed by the fact that it comprises a series of sampling 
containers, pumping means and a series of valves adapted to 
direct a certain quantity of each ?uid sample to a speci?c 
sampling container. 

2. Peritoneal dialysis system comprising an automatic 
peritoneal dialysis sampling system according to claim 1, a 
supplying line and supplying means for supplying dialysis 
?uid to a peritoneal cavity, a draining line, draining means 
for draining the ?uid from said peritoneal cavity, connecting 
means for alloWing a connection to a Y-site on the draining 
line Which is situated betWeen the patient peritoneum and 
the draining means of the peritoneal dialysis system. 

3. Peritoneal dialysis system according to claim 2 com 
prising means for de?ning the speci?c time intervals for 
sampling volumic fractions in relation With the peritoneal 
dialysis program sequences, 
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4. Peritoneal dialysis system according to claim 2 com 
prising means for alloWing the use of different peritoneal 
dialysis liquids and/or different concentrations for each 
exchange cycle. 

5. Peritoneal dialysis system according to claim 2 com 
prising means for alloWing the automatic sampling during 
the dWell time of the peritoneal dialysis cycle and/or during 
the drain cycle. 

6. Peritoneal dialysis system according to claim 2 Wherein 
said valves are of electromagnetic type. 

7. Peritoneal dialysis system according to claim 2 Wherein 
said pumping means is of a peristaltic type. 

8. Peritoneal dialysis system according to claim 2 com 
prising connecting means for connecting it to the draining 
line betWeen the draining means and a Waste collector In 
order to collect samples of speci?c drain cycles. 

9. Peritoneal dialysis system according to claim 2 fur 
thermore comprising means for eliminating a volume of 
liquid betWeen tWo samplings at feast equivalent to the dead 
volume contained betWeen the patient and the sampling 
level. 

10. Peritoneal dialysis system according to claim 2 fur 
thermore comprising an automatic peritoneal dialysis 
exchange system. both automatic peritoneal dialysis sam 
pling system and automatic peritoneal dialysis exchange 
system being connected to the patient peritoneum and com 
prising means for exchanging information together in order 
for the automatic peritoneal dialysis sampling system to 
determine the appropriate timing for each sampling on the 
basis of the dialysis exchange cycles of the automatic 
peritoneal dialysis exchange system. 

11. Peritoneal dialysis system according to claim 10 
Wherein both automatic peritoneal dialysis sampling system 
and automatic peritoneal dialysis exchange system are 
adapted to be synchroniZed betWeen each other. 

12. Peritoneal dialysis system according to claim 2 
Wherein it comprises a memory key Which contains all the 
necessary data to program the functioning of said automatic 
peritoneal dialysis sampling system and to store the sam 
pling information. 

13. Peritoneal dialysis system according to claim 2 
Wherein sampling containers consist of soft pouches. 

14. Peritoneal dialysis system according to claim 2 
Wherein the sampling containers contain vacuum in order to 
draW the liquid automatically When in open connection With 
the draWing line. 

15. Peritoneal dialysis system according to claim 2 fur 
thermore comprising means for sequentially collecting 
sample volumes in a tubing, each sample being separated 
from the previous one by an air bubble inserted by the 
automatic peritoneal sampling system in-betWeen each 
sample. 

16. Peritoneal dialysis system according to claim 2 
Wherein said sampling containers are enclosed inside a 
cooling box Which comprises cooling means to maintain the 
samples In optimal condition for storage until analysis. 

17. Peritoneal dialysis system according to claim 2 com 
prising analyZing means for directly analyZing of at least one 
characteristic of the sample in-line, such as by spectroscopy, 
?uorometry or by use of chemical or electrochemical means. 

18. Peritoneal dialysis system according to claim 17 
Wherein said analyZing means alloWs the measurement of at 
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least one of the following constituents or characteristics: 
glucose, urea, creatinine, Sodium, Chloride, albumine, pro 
teins, osmolarity or ph. 

19. Peritoneal dialysis system according to claim 17 
comprising means Which use the result of the in-line analysis 
to optimize the next peritoneal dialysis exchange cycle or 
sampling intervals in order to improve the membrane char 
acteristics evaluation and/or improve the peritoneal dialysis 
for a speci?c patient. 

20. Peritoneal dialysis system according to claim 19 
comprising means for de?ning the speci?c time intervals for 
sampling volumic fractions in relation With the peritoneal 
dialysis program sequences. 

21. Peritoneal dialysis system according to claim 2 com 
prising means for using different peritoneal dialysis liquids 
and/or different concentrations for each exchange cycle, 
Whether it is a tidal exchange or a full exchange cycle. 
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22. Peritoneal dialysis system according to claim 2 com 
prising means for alloWing the automatic sampling to occur 
during the dWell time of the peritoneal dialysis cycle and/or 
during the drain cycle in order to improve the evaluation of 
the peritoneal membrane characteristics and/or improve the 
peritoneal dialysis for a speci?c patient. 

23. Peritoneal dialysis system according to claim 2 com 
prising means for eliminating a volume of liquid at least 
equivalent to the dead volume contained betWeen the patient 
and the sampling level betWeen tWo samplings. 

24. Peritoneal dialysis system according to claim 2 com 
prising means for sequentially collecting the sampling vol 
umes in a tubing and for separating each sample from the 
previous one by an air bubble inserted by the automatic 
peritoneal sampling system in-betWeen each sample. 

* * * * * 


