EP 3 043 698 B1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(45) Date of publication and mention
of the grant of the patent:
18.10.2017 Bulletin 2017/42

(21) Application number: 14766418.9

(22) Date of filing: 08.09.2014

(11) EP 3 043 698 B1

EUROPEAN PATENT SPECIFICATION

(51) IntCl.:
A61B 5/021 (2006.01) A61B 5/00 (2006.0)
(86) International application number:
PCT/EP2014/069098

(87) International publication number:
WO 2015/032948 (12.03.2015 Gazette 2015/10)

(54) SEPARATION OF INTERFERENCE PULSES FROM PHYSIOLOGICAL PULSES IN A PRESSURE

SIGNAL

TRENNUNG DER INTERFERENZPULSE VON PHYSIOLOGISCHEN PULSEN BEI EINEM

DRUCKSIGNAL

SEPARATION D’'IMPULSIONS D’INTERFERENCE D’'IMPULSIONS PHYSIOLOGIQUES DANS UN

SIGNAL DE PRESSION

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(30) Priority: 09.09.2013 SE 1351040

(43) Date of publication of application:
20.07.2016 Bulletin 2016/29

(73) Proprietor: Gambro Lundia AB
220 10 Lund (SE)

(72) Inventors:
* HOLMER, Mattias
$-224 73 Lund (SE)

e OLDE, Bo
S$-224 67 Lund (SE)
¢ SOLEM, Kristian
S-244 31 Kavlinge (SE)
+ SORNMO, Leif
S$-224 65 Lund (SE)

(74) Representative: Sweden SHS IP Office
Gambro Lundia AB
P.O. Box 10101
220 10 Lund (SE)

(56) References cited:
WO-A1-2011/080186

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 3 043 698 B1
Description
Technical Field

[0001] The present invention relates to a technique for processing a pressure signal obtained from a pressure sensor
in an extracorporeal fluid circuit, in particular for the purpose of separating interference pulses from physiological pulses
in the pressure signal. The interference pulses originate from an interference generator associated with the extracorporeal
fluid circuit, and the physiological pulses originate from a physiological pulse generator in a subject connected to the
extracorporeal fluid circuit. The present invention is e.g. applicable in connection with extracorporeal blood treatment.

Background Art

[0002] In extracorporeal blood processing, blood is taken out of a human subject, processed (e.g. treated) and then
reintroduced into the subject by means of an extracorporeal fluid circuit ("EC circuit") which is part of a blood processing
apparatus. Generally, the blood is circulated through the EC circuit by a blood pump. In certain types of extracorporeal
blood processing, the EC circuit includes an access device for blood withdrawal (e.g. an arterial needle or catheter) and
an access device for blood reintroduction (e.g. a venous needle or catheter), which are inserted into a dedicated blood
vessel access (e.g. fistula or graft) on the subject. Such extracorporeal blood treatments include hemodialysis, hemo-
diafiltration, hemofiltration, plasmapheresis, bloodbanking, blood fraction separation (e.g. cells) of donor blood, apheresis,
extracorporeal blood oxygenation, assisted blood circulation, extracorporeal liver support/dialysis, ultrafiltration, etc.
[0003] It is vital to minimize the risk for malfunctions in the EC circuit, since these may lead to a potentially life-
threatening condition of the subject. Serious conditions may e.g. arise if the EC circuit is disrupted downstream of the
blood pump, e.g. by a Venous Needle Dislodgement (VND) event, in which the venous needle comes loose from the
blood vessel access. Such a disruption may cause the subject to be drained of blood within minutes. WO97/10013,
US2005/0010118, W0O2009/156174, W0O2010/149726 and US2010/0234786 all propose various techniques for detect-
ing a VND event by identifying an absence of heart or breathing pulses in a pressure signal from a pressure sensor
("venous pressure sensor") on the downstream side of the blood pump in the EC circuit.

[0004] Recently, it has also been shown to be possible to monitor and analyze the behavior of physiological pressure
generators such as the heart or respiratory system, based on pressure recordings in the EC circuit. Various applications
are found in WO2010/149726, WO2011/080189, W0O2011/080190, WO2011/080191, WO2011/080194. For example,
these applications include montoring a subject’s heart pulse rate, blood pressure, heart applications include monitoring
a subject’s heart pulse rate, blood pressure, heart rhythm, cardiac output, blood flow rate through the blood vessel
access ("access flow"), arterial stiffness, as well as identifying signs of stenosis formation within the blood vessel access,
predicting rapid symptomatic blood pressure decrease and detecting, tracking and predicting various breathing disorders.
[0005] Furthermore, WO2011/080188 proposes a technique for identifying and signaling a reverse placement of the
devices for blood withdrawal and blood reintroduction in the vascular access by detecting and analyzing physiological
pulses in a pressure signal recorded in the EC circuit.

[0006] All of these monitoring techniques presume that the physiological pulses can be reliably detected in the pressure
signal. To enable monitoring, it may be necessary to filter the pressure signal for removal or suppression of signal
interferences. The signal interferences comprise pressure pulses ("pump pulses") originating from the blood pump, and
may also comprise further interfering pressure pulses, e.g. caused by further pumps, valves, balancing chambers, etc
in the EC circuit. It may be a challenging task to properly remove e.g. the pump pulses, since the rate of the physiological
pulses and the rate of the blood pump, i.e. the blood flow through the EC circuit, may change over time. If the rate of
physiological pulses matches the rate of pump pulses, itis not unlikely that the filtering will remove also the physiological
pulses, causing the monitoring technique to fail. Filtering is also rendered difficult by the fact that the pump pulses
generally are much stronger than the physiological pulses in the pressure signal.

[0007] The prior art comprises WO97/10013 which proposes a filtering technique denoted "notch-equivalent filter",
which presumes that the frequency and phase of the blood pump are known. Sinus signals are generated at the known
frequency and at multiples of the known frequency. The sinus signals are input to an adaptive filter, which adapts the
amplitude and the phase of each sinus signal to the pressure signal to be filtered. The sinus signals are then subtracted
from the pressure signal at the respective amplitude and phase.

[0008] The prior art also comprises W0O2009/156175, which proposes that the pressure signal is filtered in the time-
domain, by subtraction of a predicted signal profile of the pressure pulses originating from the blood pump. The predicted
signal profile may be obtained by reference measurements or by simulations. In one implementation, the predicted signal
profile is retrieved from a library of pre-stored reference profiles, based on the current operating frequency of the blood
pump, and subtracted from the pressure signal, based on timing information given by a dedicated pump sensor or by a
control signal for the blood pump. In another implementation, the predicted signal profile is retrieved and subtracted by
a best match technique, in which the predicted signal profile is scaled and shifted so as to minimize differences to the
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pressure signal before the subtraction. In yet another implementation, the predicted signal profile and the pressure signal
are input to an adaptive filter structure that operates to adapt its filter coefficients so as to produce an error signal in
which the pressure pulses from the blood pump are suppressed.

[0009] WO2013/000777 proposes another filtering technique that may be implemented to suppress, in a pressure
signal, first pulses that are known to occur in repeating pulse cycles in the pressure signal. Such first pulses may e.g.
originate from a blood pump in an extracorporeal blood flow circuit. The proposed technique operates to filter the pressure
signal by subtracting, for each current data sample in the pressure signal, a reference value which is calculated as a
function of other data sample(s) in the same pressure signal. In one embodiment, the other data sample(s) are cycle-
synchronized with the current data sample, which means that they have the same relative location in their respective
pulse cycle as the current data sample in the current pulse cycle. Thereby, each reference value will represent an
estimation of the instant signal contribution from first pulse(s) within the current pulse cycle. By subtracting this instant
signal contribution from the respective current data sample, a time-sequence of output samples can be generated for
the current pulse cycle so as to be essentially free of first pulses. Another relevant prior art documentis WO2011/080186
A1. There is a continued need to achieve an improved filtering technique, in terms of one or more of the following: ability
to handle changes in the rates of physiological pulses and interference pulses (e.g. pump pulses), ability to handle
overlap in frequency and/or time between interference pulses and physiological pulses, complexity of the filtering tech-
nique, ability to generate the filtered signal in real time, processing efficiency and memory usage during filtering, accuracy
of the filtered signal, and robustness of the filtering technique.

Summary

[0010] Itis an objective of the invention to at least partly overcome one or more limitations of the prior art.

[0011] Another objective is to provide a filtering technique capable of meeting one or more of the above-mentioned
needs.

[0012] One or more of these objectives, as well as further objectives that may appear from the description below, are
at least partly achieved by devices for filtering a pressure signal, methods of filtering a pressure signal and computer-
readable media according to the independent claims, embodiments thereof being defined by the dependent claims.
[0013] Embodiments of the invention have been devised based on the insight that it is possible to separate two different
type of pulses (denoted A pulses and B pulses in the following discussion) from each other in a signal segment by
implementing a sequence of template subtractions, each followed by a signal refinement to remove unwanted residuals
from the respective subtraction. First, an initial template signal is subtracted from the signal segment for the purpose of
removing B pulses while retaining A pulses. Imperfections in the initial template signal cause the resulting "first difference
signal" to contain unwanted residuals (remainders) of the B pulses. Then, the first difference signal is processed by
signal refinement for the purpose of further suppressing these residuals. Thereby, the signal refinement results in an
improved representation of the sequence of A pulses in the signal segment, i.e. a template signal for the A pulses. By
subtracting the template signal for the A pulses from the signal segment, another difference signal ("second difference
signal") is generated that represents the sequence of B pulses in the signal segment. Again, imperfections in the template
signal for the A pulses cause the second difference signal to contain unwanted residuals, this time residuals of the A
pulses. Therefore, the second difference signal is processed by signal refinement for the purpose of further suppressing
these residuals. The signal refinement results in an improved representation of the sequence of B pulses in the signal
segment, i.e. a template signal for the B pulses. It is realized that this process of alternate template subtraction and
signal refinement results in a separation of the A and B pulses into the first and second difference signals, as well as
into the respective template signal.

[0014] Embodiments of the invention have also been devised based on the insight that it is possible to further improve
the representation of the respective pulses in the signal segment by subtracting the template signal for the B pulses
from the signal segment to generate a new difference signal, which is an updated version of the first difference signal,
and then repeat the steps of alternate signal refinement and template subtraction for a number of iterations. This iterative
approach has the ability of significantly improving the accuracy of the difference signals and the template signals, and
thereby generate accurate representations of the timing, shape and magnitude of the A and B pulses in the signal
segment. It should be noted that the signal segment may contain further types of pulses, which thus also may be
represented in the respective difference signal after each template subtraction.

[0015] It should also be noted that the above-described technique may be extended for separating more than two
different types of pulses, e.g. A, B and C pulses. In an example of such a variant, two initial template signals (e.g. one
for B pulses and one for C pulses), or a common initial template signal, may be subtracted from the signal segment for
the purpose of removing B pulses and C pulses while retaining A pulses. The first difference signal will contain unwanted
residuals of the B and C pulses. The first difference signal is processed by signal refinement, to generate a template
signal for the A pulses. The template signal for the A pulses and the initial template signal for the B pulses are subtracted
from the signal segment, to generate an intermediate difference signal that represents the C pulses in the signal segment.
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The intermediate difference signal will contain unwanted residuals of the A and B pulses. The intermediate difference
signal is processed by signal refinement, to generate a template signal for the C pulses. The template signal for the C
pulses and the template signal for the A pulses are subtracted from the signal segment, to generate a second difference
signal that represents the B pulses in the signal segment. The second difference signal will contain unwanted residuals
of the A and C pulses. The second difference signal is processed by signal refinement, to generate a template signal
for the B pulses. By analogy with the foregoing example, the accuracy of the separated pulses may be improved by
subtracting the template signals for the B and C pulses from the signal segment, so as to once again generate the first
difference signal and by iterating over the above-described operations of signal refinement and template subtraction.
The example of separating A, B and C pulses may be regarded to include a first subtraction of two initial template signals
(for B and C pulses), a signal refinement of the resulting first difference signal for generation of the template signal for
the A pulses, an intermediate step of generating the template signal for the C pulses (which incidentally also involves
template subtraction and signal refinement), a second subtraction of the template signals for the A and C pulses, and
a signal refinement of the resulting second difference signal for generation of the template signal for the B pulses.
[0016] Embodiments of the above-described technique are applied for separating pulses in a pressure signal, specif-
ically interference pulses originating from an interference generator in an extracorporeal fluid circuit, and physiological
pulses originating from a physiological pulse generator in a subject connected to the extracorporeal fluid circuit.
[0017] With reference to the foregoing examples, it is to be understood that the pressure signal may contain one or
more additional types of pulses, which may or may not be separated as well. Such an additional type of pulses may e.g.
originate from an additional physiological pulse generator in the subject, or an additional interference generator associated
with the extracorporeal fluid circuit.

[0018] When applied for separating interference pulses and physiological pulses, the inventive technique may start
by generating the first difference signal to represent either the physiological pulses or the interference pulses. These
two main implementation variants of the overall inventive technique are defined separately as first to fourth aspects and
fifth to eighth aspects, respectively, of the invention.

[0019] A first aspect of the invention is a device for processing a pressure signal obtained from a pressure sensor in
an extracorporeal fluid circuit. The device comprising: an input for receiving the pressure signal from the pressure sensor;
and a signal processor connected to the input and being configured to extract, from the pressure signal, a signal segment
that comprises a sequence of interference pulses originating from an interference generator associated with the extra-
corporeal fluid circuit, and a sequence of physiological pulses originating from a physiological pulse generator in a subject
which is connected to the extracorporeal fluid circuit. The signal processor is further configured to process the signal
segment for separation of the interference pulses from the physiological pulses by:

a) subtracting at least one initial template signal from the signal segment to generate a first difference signal that
represents the sequence of physiological pulses and residuals of the interference pulses;

b) processing the first difference signal to generate a first template signal in which the residuals of the interference
pulses are suppressed in relation to the sequence of physiological pulses;

c) subtracting at least the first template signal from the signal segment to generate a second difference signal that
represents the sequence of interference pulses and residuals of the physiological pulses; and

d) processing the second difference signal to generate a second template signal in which the residuals of the
physiological pulses are suppressed in relation to the sequence of interference pulses.

[0020] In one embodiment, the signal processor is configured to, subsequent to the steps a)-d), process the signal
segment for separation of the interference pulses from the physiological pulses by: e) subtracting at least the second
template signal from the signal segment to generate the first difference signal, and repeating the steps b)-e) in at least
one iteration.

[0021] In one embodiment, the signal processor is configured to repeatedly execute steps b)-e) until a predefined
convergence criterion is fulfilled or until a predefined time limit is exceeded. The predefined convergence criterion may
be defined to detect a predefined suppression of the residuals of the physiological pulses in the second difference signal
or the second template signal, or to detect a predefined suppression of the residuals of the interference pulses in the
first difference signal or the first template signal. In an implementation, the predefined convergence criterion is configured
to evaluate a correspondence in timing of physiological or interference pulses between consecutive iterations of steps
b)-e), e.g. apparent physiological pulses within the first difference signal or within the first template signal, or apparent
interference pulses within the second difference signal or within the second template signal. In another implementation,
the predefined convergence criterion is configured to evaluate a correspondence in signal shape for at least one of the
generated signals between consecutive iterations of steps b)-e). In another implementation, the predefined convergence
criterion is configured to evaluate a correspondence in signal shape between signals generated during an iteration of
steps b)-e), e.g. between the first difference signal and the first template signal, or between the second difference signal
and the second template signal. In anotherimplementation, the predefined convergence criterion is configured to evaluate
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a correspondence in signal shape between the signal segment and a superposition of the first and second difference
signals or the first and second template signals.

[0022] In one embodiment, the signal processor is further configured, in step b), to: identify a set of predefined first
cycles of the physiological pulses in the first difference signal, determine a first signal profile for each of the predefined
first cycles, and generate the first template signal by tiling the first signal profiles such that the timing of the first signal
profiles in the first template signal matches the timing of the set of predefined first cycles in the first difference signal.
[0023] The signal processor may be further configured, in step b), to: identify a respective reference time point for
each of the predefined first cycles in the first difference signal, and generate the first template signal by tiling and time-
scaling the first signal profiles with respect the reference time points.

[0024] The signal processor may be further configured, in step b), to: determine a length of the respective predefined
first cycle in the first difference signal; and select the first signal profile among at least two candidate profiles based on
the length of the respective predefined first cycle.

[0025] The signal processor may be further configured, in step b), to determine the first signal profile by at least one
of: retrieving the first signal profile from an electronic memory associated with the device, wherein the first signal profile
is fixed and pre-defined, or generated and stored in the electronic memory by the signal processor during processing
of a preceding signal segment in the pressure signal; generating the first signal profile as a function of the predefined
first cycles in the first difference signal; generating the first signal profile by processing the pressure signal while the
interference generator is intermittently disabled; and generating the first signal profile by processing a further pressure
signal acquired from a further pressure sensor in the extracorporeal fluid circuit.

[0026] In one embodiment, the signal processor is further configured, in step d), to: identify a set of predefined second
cycles in the second difference signal; determine a second signal profile for each of the predefined second cycles; and
generate the second template signal by tiling the second signal profiles such that the timing of the second signal profiles
in the second template signal matches the timing of the set of predefined second cycles in the second difference signal.
[0027] The signal processor may be further configured, in step d), to: identify a respective reference time point for
each of the predefined second cycles in the second difference signal, and generate the second template signal by tiling
and time-scaling the second signal profiles with respect the reference time points.

[0028] The signal processor may be further configured, in step d), to determine the second signal profile by one of:
retrieving the second signal profile from an electronic memory associated with the device, wherein the second signal
profileis fixed and pre-defined, or generated and stored in the electronic memory by the signal processor during processing
of a preceding signal segment in the pressure signal; retrieving the second signal profile from the electronic memory
based on an operating condition of the extracorporeal fluid circuit, wherein a plurality of second signal profiles are stored
in the electronic memory in association with different operating conditions; generating the second signal profile as a
function of the predefined second cycles in the second difference signal; mapping the predefined second cycles in the
second difference signal to corresponding subsets of the signal segment, and generating the second signal profile as
a function of the corresponding subsets; and generating the second signal profile by processing a further pressure signal
acquired from a further pressure sensor in the extracorporeal fluid circuit.

[0029] In an alternative embodiment, the signal processor is further configured, in step d), to: determine a current
operating condition of the interference generator; and generate the second template signal as a combination of sinusoids
at a plurality of harmonic frequencies associated with the current operating condition.

[0030] In one embodiment, the signal processor is further configured, in step a) to: acquire said at least one initial
template signal as an initial estimate of the shape, the magnitude and the timing of the interference pulses in the signal
segment.

[0031] In one embodiment, the signal processor is further configured, in step a), to acquire said at least one initial
template signal by one of: determining a current operating condition of the interference generator, determining an initial
signal profile for predefined second cycles in the signal segment, and generating said at least one initial template signal
by tiling the initial signal profiles such that the timing of the initial signal profiles in said at least one initial template signal
corresponds to the current operating condition; determining a current operating condition of the interference generator,
and generating said at least one initial template signal as a combination of sinusoids at a plurality of harmonic frequencies
associated with the current operating condition; and retrieving said at least one initial template signal from an electronic
memory associated with the device, wherein said at least one initial template signal is generated and stored in the
electronic memory by the signal processor during processing of a preceding signal segment in the pressure signal,
preferably as a function of at least one of the second difference signal, the second template signal and the second signal
profile generated during the processing of the preceding signal segment.

[0032] In the foregoing embodiments, the signal processor may be configured to determine the current operating
condition of the interference generator, e.g. the current operating frequency, by processing one of the signal segment,
the first difference signal, the second difference signal, or a reference signal that represents the operation of the inter-
ference generator.

[0033] In the foregoing embodiments, each predefined first cycle may be predefined to comprise a given number of
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physiological pulses, and preferably one and only one physiological pulse.

[0034] In the foregoing embodiments, each predefined second cycle may be predefined to comprise a given number
of interference pulses.

[0035] In the foregoing embodiments, the interference generator may be a peristaltic pump comprising a rotor with at
least one roller, and each predefined second cycle pulses may be predefined to correspond to a full revolution of the rotor.
[0036] Inoneembodiment, the signal processor is configured to extract the signal segment such that the signal segment
comprises atleast2, and preferably at least 10 physiological pulses, and atleast 2, and preferably at least 10, interference
pulses.

[0037] A second aspect of the invention is a method of processing a pressure signal obtained from a pressure sensor
in an extracorporeal fluid circuit. The method comprises: extracting, from the pressure signal, a signal segment that
comprises a sequence of interference pulses originating from an interference generator associated with the extracorporeal
fluid circuit, and a sequence of physiological pulses originating from a physiological pulse generator in a subject which
is connected to the extracorporeal fluid circuit; a) subtracting at least one initial template signal from the signal segment
to generate a first difference signal that represents the sequence of physiological pulses and residuals of the interference
pulses; b) processing the first difference signal to generate a first template signal in which the residuals of the interference
pulses are suppressed in relation to the sequence of physiological pulses; c) subtracting at least the first template signal
from the signal segment to generate a second difference signal that represents the sequence of interference pulses and
residuals of the physiological pulses; and d) processing the second difference signal to generate a second template
signal in which the residuals of the physiological pulses are suppressed in relation to the sequence of interference pulses.
[0038] A third aspect of the invention is a computer-readable medium comprising computer instructions which, when
executed by a processor, cause the processor to perform the method of the second aspect.

[0039] A fourth aspect of the invention is a device for processing a pressure signal obtained from a pressure sensor
in an extracorporeal fluid circuit. The device comprises: segmentation means configured to receive the pressure signal
and extract, from the pressure signal, a signal segment that comprises a sequence of interference pulses originating
from an interference generator associated with the extracorporeal fluid circuit, and a sequence of physiological pulses
originating from a physiological pulse generator in a subject which is connected to the extracorporeal fluid circuit; first
subtraction means configured to subtract at least one initial template signal from the signal segment to generate a first
difference signal that represents the sequence of physiological pulses and residuals of the interference pulses; first
refinement means configured to process the first difference signal to generate a first template signal in which the residuals
of the interference pulses are suppressed in relation to the sequence of physiological pulses; second subtraction means
configured to subtract at least the first template signal from the signal segment to generate a second difference signal
that represents the sequence of interference pulses and residuals of the physiological pulses; and second refinement
means configured to process the second difference signal to generate a second template signal in which the residuals
of the physiological pulses are suppressed in relation to the sequence of interference pulses.

[0040] Any one of the above-identified embodiments of the first aspect may be adapted and implemented as an
embodiment of the second to fourth aspects.

[0041] A fifth aspect of the invention is a device for processing a pressure signal obtained from a pressure sensor in
an extracorporeal fluid circuit. The device comprises: an input for receiving the pressure signal from the pressure sensor;
and a signal processor connected to the input and being configured to extract, from the pressure signal, a signal segment
that comprises a sequence of interference pulses originating from an interference generator associated with the extra-
corporeal fluid circuit, and a sequence of physiological pulses originating from a physiological pulse generator in a subject
which is connected to the extracorporeal fluid circuit. The signal processor is further configured to process the signal
segment for separation of the interference pulses from the physiological pulses by:

a) subtracting at least one initial template signal from the signal segment to generate a first difference signal that
represents the sequence of interference pulses and residuals of the physiological pulses,

b) processing the first difference signal to generate a first template signal in which the residuals of the physiological
pulses are suppressed in relation the sequence of interference pulses,

c) subtracting at least the first template signal from the signal segment to generate a second difference signal that
represents the sequence of physiological pulses and residuals of the interference pulses, and

d) processing the second difference signal to generate a second template signal in which the residuals of the
interference pulses are suppressed in relation to the sequence of physiological pulses.

[0042] A sixth aspect of the invention is a method of processing a pressure signal obtained from a pressure sensor
in an extracorporeal fluid circuit. The method comprises: extracting, from the pressure signal, a signal segment that
comprises a sequence of interference pulses originating from an interference generator associated with the extracorporeal
fluid circuit, and a sequence of physiological pulses originating from a physiological pulse generator in a subject which
is connected to the extracorporeal fluid circuit; a) subtracting at least one initial template signal from the signal segment
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to generate afirst difference signal that represents the sequence of interference pulses and residuals of the physiological
pulses; b) processing the first difference signal to generate a first template signal in which the residuals of the physiological
pulses are suppressed in relation the sequence of interference pulses; c) subtracting at least the first template signal
from the signal segment to generate a second difference signal that represents the sequence of physiological pulses
and residuals of the interference pulses; and d) processing the second difference signal to generate a second template
signal in which the residuals of the interference pulses are suppressed in relation to the sequence of physiological pulses.
[0043] An seventh aspect of the invention is a computer-readable medium comprising computer instructions which,
when executed by a processor, cause the processor to perform the method of the sixth aspect.

[0044] An eighth aspect of the invention is a device for processing a pressure signal obtained from a pressure sensor
in an extracorporeal fluid circuit. The device comprises: segmentation means configured to receive the pressure signal
and extract, from the pressure signal, a signal segment that comprises a sequence of interference pulses originating
from an interference generator associated with the extracorporeal fluid circuit, and a sequence of physiological pulses
originating from a physiological pulse generator in a subject which is connected to the extracorporeal fluid circuit; first
subtraction means configured to subtract at least one initial template signal from the signal segment to generate a first
difference signal that represents the sequence of interference pulses and residuals of the physiological pulses; first
refinement means configured to process the first difference signal to generate a first template signal in which the residuals
of the physiological pulses are suppressed in relation the sequence of interference pulses; second subtraction means
configured to subtract at least the first template signal from the signal segment to generate a second difference signal
that represents the sequence of physiological pulses and residuals of the interference pulses; and second refinement
means configured to process the second difference signal to generate a second template signal in which the residuals
of the interference pulses are suppressed in relation to the sequence of physiological pulses.

[0045] Any one of the above-identified embodiments of the first aspect may be adapted and implemented as an
embodiment of the fifth to eighth aspects.

[0046] Still other objectives, features, aspects and advantages of the present invention will appear from the following
detailed description, from the attached claims as well as from the drawings.

Brief Description of Drawings

[0047] Embodiments ofthe invention willnow be described in more detail with reference to the accompanying schematic
drawings.

Fig. 1 a schematic diagram of a blood path in an extracorporeal blood processing apparatus attached to a human
subject.

Fig. 2(a) is a plot in the time domain of a pressure signal containing both pump frequency components and a heart
frequency component, and Fig. 2(b) is a plot of the corresponding signal in the frequency domain.

Fig. 3(a) is a side view of a rotor of a peristaltic pump, and Fig. 3(b) is a plot of pressure pulses generated during a
full rotation of the rotor in Fig. 3(a), as measured by a pressure sensor in the extracorporeal blood processing
apparatus of Fig. 1.

Fig. 4 illustrates a pressure signal acquired during a time period when a blood pump is operating and then is stopped.
Fig. 5 is a block diagram of a filtering device according to one embodiment.

Figs 6(a)-6(b) are block diagrams of refinement blocks in Fig. 5 according to one embodiment.

Fig. 7 is a flow chart of a method of filtering a pressure signal that may be implemented by the filtering device in Figs 5-6.
Figs 8(a)-8(g) illustrate signals generated during a first iteration of the method in Fig. 7 in one exemplifying imple-
mentation.

Fig. 9 illustrate generation of a pump cycle profile by averaging of pump cycles in a pressure signal.

Figs 10(a)-10(b) are plots of filtered heart signals generated by the method in Fig. 7, Fig. 10(c) is a plot of the actual
heart signal that is embedded in the pressure signal processed by the method in Fig. 7, and Fig. 10(d) is a plot
comparing the timing of heart pulses in the filtered heart signals in Figs 10(a)-10(b) and the actual heart signal in
Fig. 10(c).

Figs 11-12 are plots illustrating errors in timing estimates of heart cycles in a pressure signal for different properties
of the heart cycles.

Fig. 13 is a plot illustrating convergence rate as a function of the relative magnitude of the heart pulses in the pressure
signal.

Fig. 14 is a plot of experimental data showing error in estimated heart rate as a function of average heart rate.
Fig. 15 is a block diagram of a filtering device according to another embodiment.
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Detailed Description of Example Embodiments

[0048] Throughout the description, the same reference numerals are used to identify corresponding elements.
[0049] Fig. 1 illustrates a human subject which is connected to an extracorporeal fluid circuit 1 by way of access
devices 2’, 2" inserted into a dedicated vascular access 3 (also known as "blood vessel access") on the subject. The
extracorporeal fluid circuit 1 (denoted "EC circuit" in the following) is configured to transport blood to and from the
cardiovascular system of the subject. In one example, the EC circuit 1 is part of an apparatus for blood processing, such
as a dialysis machine. In the illustrated example, a blood pump 4 draws blood from the vascular access 3 via access
device 2’ and pumps the blood through a blood processing unit 5, e.g. a dialyzer, and back to the vascular access 3 via
access device 2". Thus, when both access devices 2’, 2" are connected to the vascular access 3, the EC circuit 1 defines
ablood path that starts and ends at the vascular access 3. The EC circuit 1 may be seen to comprise a "venous side" which
is the part of the blood path located downstream of the blood pump 4, and an "arterial side" which is the part of the blood
path located upstream of the pump 4.

[0050] Pressure sensors 6a and 6b are arranged to detect pressure waves in the EC circuit 1. As used herein, a
"pressure wave" is a mechanical wave in the form of a disturbance that travels or propagates through a material or
substance. In the context of the following examples, the pressure waves propagate in the blood in the cardiovascular
system of the subject and in the blood path of the EC circuit 1 at a velocity that typically lies in the range of about 3-20
m/s. The sensors 6a, 6b, which are in direct or indirect hydraulic contact with the blood, generates pressure data that
forms a pressure pulse for each pressure wave. A "pressure pulse" is thus a set of signal values that define a local
increase or decrease (depending on implementation) in signal magnitude within a time-dependent measurement signal
("pressure signal") P.

[0051] Fig. 2(a) shows an example of a time-resolved pressure signal P acquired from the venous pressure sensor
6b, and Fig. 2(b) shows the corresponding spectral density, i.e. signal energy as a function of frequency. The spectral
density reveals that the pressure signal P contains frequency components that emanate from and are given by the design
of the blood pump 4. As seen, the frequency components are a set of harmonic frequencies 0.5f,, fy, 1.5f;, 2fy, etc. In
the illustrated example, the blood pump 4 is a rotary peristaltic pump of the type depicted in Fig. 3(a), and the frequency
components are governed by the revolution of the rotor 12 and the engagement of the rollers 13a, 13b with the tube
segment. The dominating frequency f; is the pumping frequency, i.e. the frequency of pump strokes, with each pump
stroke being generated by the engagement of one of the rollers 13a, 13b with the tube segment. Fig. 3(b) illustrates the
pressure pulsations ("pump pulses") in the pressure signal that originate exclusively from the pump 4 during one revolution
of the rotor 12. Thus, the pump pulses in Fig. 3(b) represent the pressure waves that are generated by the rollers 13a,
13b engaging the tube segment during a full rotor revolution. Returning to Figs 2(a)-2(b), the pressure signal P also
includes pressure pulsations ("heart pulses") that originate from the beating of the heart in the patient. In this example,
the heart pulses are much weaker than the pump pulses and are difficult to detect in the pressure signal P (Fig. 2(a)),
which is dominated by the pump pulses. This is further illustrated in Fig. 4, which shows a pressure signal P acquired
from the venous pressure sensor 6b before and after a time point f; at which the pump 4 is stopped. The bottom plots
in Fig. 4 are enlarged views of the pressure signal when the pump 4 is operating and stopped, respectively. It is seen
that heart pulses are visible in the pressure signal when the pump 4 is stopped, whereas the pressure signal is dominated
by the pump pulses when the pump 4 is operating.

[0052] Generally, the pressure signal P may contain pressure pulses ("physiological pulses") from any physiological
pulse generator PH (Fig. 1), periodic or non-periodic, in the patient, including reflexes, voluntary muscle contractions,
non-voluntary muscle contractions, the heart, the breathing system, the autonomous system for blood pressure regulation
and the autonomous system for body temperature regulation. However, for the purposes of the following examples, it
is assumed that the pressure signal P contains only pump pulses and heart pulses.

[0053] Returning to the example of Fig. 1, a filtering device 7 is connected to the sensor 6b by a transmission line to
acquire and process the pressure signal P, for the purpose of separating the pump pulses from the heart pulses and
generating output data based on either the heart pulses or the pump pulses. Thus, the output data may represent the
activity of the heart PH in the subject that is connected to the EC circuit 1. For example, the output data may be in the
form of a filtered pressure signal ("heart signal"), in which the heart pulses are retained while the pump pulses have
been eliminated or at least significantly suppressed. In another example, the output data may indicate the timing of
individual heart pulses in the pressure signal P. In yet another example, the output data is an average shape of the heart
pulses. In another alternative, the output data may be provided to indicate a dislodgement of the venous access device
2" from the vascular access 3. Alternatively, the output data may be provided as one or more values of a cardiovascular
parameter, which is related to a property of either the heart or the blood vessels in the patient. For example, the cardi-
ovascular parameter may represent one or more of the arterial status (arterial stiffness) of the blood vessels, the degree
of calcification of the blood vessels, and the status of the blood vessel access. Another parameter may be calculated to
indicate a reversed positioning of the access devices 2’, 2" in the vascular access 3. In other embodiments, the cardi-
ovascular parameter value may represent one of more of heart rate variability (HRV), the heart rate (HR), heart rate
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turbulence (HRT), rate of ectopic beats (ectopic beat count, EBC), or the origin of ectopic beats (e.g. atria/ventricular).
In another alternative, the output data may be in the form of a filtered pressure signal ("pump signal"), in which the pump
pulses are retained while the heart pulses have been eliminated or at least significantly suppressed. By the same token,
the output data may represent a property of the pump 4, e.g. an average shape of the pump pulses, the timing of pump
pulses, the operating frequency of the pump 4, or a condition parameter that indicates the condition of the pump 4, e.g.
to signal a potential mechanical problem in the pump 4.

[0054] In the implementation shown in Fig. 1, the device 7 is connected to receive a reference signal REF which at
least approximately indicates one of the harmonic frequencies of the pump 4. The reference signal REF may be used
by the device 7 in the process of separating the pump pulses from the heart pulses. In Fig. 1, the reference signal REF
is generated by a reference sensor 8 associated with the pump 4 to measure the rotation speed of an element (e.g. the
rotor 12) in the power transmission of the pump 4. For example, the reference sensor 8 may be a tachometer which is
configured to provide any number of readings representative of the rotation speed during each rotor revolution, e.g. at
a single instance or at plural instances during each rotor revolution. For example, the tachometer may generate pulses
in the reference signal REF to indicate the timing of one or more predefined rotor positions, e.g. by a Hall sensor or an
optical sensor, as is well-known in the art. In another example, not shown, the reference signal REF is a control signal
for the pump 4, e.g. indicating a set value for the blood flow rate or the pumping frequency of the pump 4, or indicating
the current/power fed to a motor that drives the pump 4. In another example, not shown, the reference signal REF is a
pressure signal generated by another pressure sensor in the EC circuit 1 (e.g. the sensor 6a) which is arranged to detect
pressure waves originating from the pump 4. There are many techniques, well known to the skilled person, for determining
the current operating frequency of the pump 4 from any one of these types of reference signals.

[0055] Although notshown herein, it is to be understood that the filtering device 7 may instead be connected to separate
pump pulses from heart pulses in a pressure signal from sensor 6a, or in pressure signals from more than one pressure
sensor in the EC circuit 1.

[0056] Dependingonimplementation, the device 7 may use digital components or analog components, or acombination
thereof, for acquiring and processing the pressure signal. The device 7 may be a computer, or a similar data processing
device, with adequate hardware for acquiring and processing the pressure signal in accordance with different embodi-
ments of the invention. Embodiments of the invention may e.g. be implemented by software instructions that are supplied
on a computer-readable medium for execution by a processor 9a in conjunction with an electronic memory 9b in the
device 7. The computer-readable medium may be a tangible product (e.g. magnetic medium, optical disk, read-only
memory, flash memory, etc) or a propagating signal.

[0057] The filtering device 7 is designed based on the insight that it is possible to separate heart pulses and pump
pulses that are superimposed in a signal segment of the pressure signal P by repeatedly (iteratively) subtracting a
template signal from the signal segment to generate a difference signal, while the template signal for each subtraction
is obtained by refinement processing of the most recently generated difference signal. If the repetitive subtraction process
starts from an initial template signal that represents either the sequence of heart pulses or the sequence of pump pulses
in the signal segment, consecutive difference signals will alternately approximate the sequence of pump pulses in the
signal segment (when the difference signal is formed by subtraction of a template signal for the heart pulses) and the
sequence of heart pulses in the signal segment (when the difference signal is formed by subtraction of a template signal
for the pump pulses). The refinement processing aims at alternately cleaning up unwanted residuals from pump pulses
and heart pulses, respectively, in the respective difference signal, so as to improve the accuracy of the template signal
between the subtractions. This means, by this type of refinement processing, that both the difference signals and the
template signals will gradually converge into a more and more accurate representation of the sequence of heart pulses
and pump pulses, respectively, in the signal segment.

[0058] Inone embodiment, the initial template signal approximates the sequence of pump pulses in the signal segment,
with respect to both timing (location), magnitude and shape. It may be easier to obtain an approximate estimate of the
pump pulses than the heart pulses in the signal segment, since the pump pulses typically dominate over the heart pulses
in the signal segment. It is thus possible to estimate one or more of the timing, magnitude and shape of the pump pulses
by processing the signal segment. Moreover, the reference signal REF may provide information about the timing of
pump pulses.

[0059] The device 7 may be configured to execute a given number of subtractions on each signal segment in the
pressure signal P, where the given number is at least two, so that the device 7 is operable to at least produce a refined
template signal for the pump pulses. Alternatively, the device 7 may be configured to repeatedly execute the subtractions
until a given convergence criterion is fulfilled, or until the number of subtractions exceed a predefined limit. The conver-
gence criterion may detect that a sufficient separation of heart pulses and pump pulses is achieved.

[0060] Fig.5is a block diagram for an embodiment of the device 7. The device 7 comprises an input block 18 configured
to receive the pressure signal. The block 18 defines a communication interface of the device 7 and may be configured
to pre-process the pressure signal P, e.g. by AD conversion, signal amplification, removal of offset, high frequency noise
and supply voltage disturbances, etc. A segmentation block 20 is configured to extract a signal segment of predefined
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length in the pressure signal P. This signal segment, designated by y, is then processed iteratively to separate the heart
and pump pulses that are contained within the signal segment y. A first subtraction block 21 acquires an initial template
signal for the pump pulses, designated by p(9), from an initiation block 24A. The pump template signal p®© is an initial
estimate of the pump pulses within the signal segment, with respect to shape, magnitude and timing of the pump pulses.
In the example of Fig. 5, the initiation block 24A is configured to generate p(®) based on the reference signal REF. The
first subtraction block 21 is configured to subtract the pump template signal p(® from the signal segment y so as to
generate a first difference signal c. By way of the subtraction in block 21, the impact of the pump pulses is reduced in
the first difference signal c compared to the signal segment y. The first difference signal c is therefore denoted "filtered
heart signal" in the following. A first refinement block 22 is configured to acquire and process the filtered heart signal ¢
so as to generate a template signal for the heart pulses, designated by ¢. The heart template signal ¢ is an estimate of
the heart pulses within the signal segment, with respect to shape, magnitude and timing of the heart pulses. A second
subtraction block 23 is configured to subtract the pump template signal ¢ from the signal segment y so as to generate
a second difference signal p. By way of the subtraction in block 23, the impact of the heart pulses is reduced in the
second difference signal p compared to the signal segment y. The second difference signal p is therefore denoted
"filtered pump signal" in the following. A second refinement block 24 is configured to acquire and process the filtered
pump signal p so as to generate a template signal for the pump pulses, designated by p. The updated pump template
signal p is supplied as input to the first subtraction block 21. The device 7 is then configured to sequentially operate the
blocks 21-24 to generate updated versions of the signals ¢, ¢, p, p until a convergence block 25 indicates that a predefined
convergence criterion is fulfilled, which means that that heart pulses and pump pulses are sufficiently separated in one
of more of the signals c, ¢, p, p. In the illustrated example, the convergence block 25 is configured to operate on the
heart template signal ¢ to evaluate the convergence criterion. When the block 25 indicates that the convergence criterion
is fulfilled, a post-processing block 26 is configured to generate the aforesaid output data, and the segmentation block
20 is configured to extract and provide another signal segment from the pressure signal P for iterative processing using
blocks 21-24.

[0061] It should be understood that both the heart PH and the pump 4 are periodic (repetitive) pulse generators, i.e.
they each produce a time-sequence of pulses in the pressure signal P. Thus, the pressure signal P may be regarded to
contain a repeating sequence of "pump cycles" that each contain at least one pump pulse. Similarly, the pressure signal
P may be regarded to contain a repeating sequence of "heart cycles" that each contain at least one heart pulse. As used
herein, such a pump/heart cycle is manifested as a structure of a predetermined number of repeating pump/heart pulses
in the pressure signal. It should be noted that the definition of a pump/heart cycle may be somewhat arbitrary, and a
pump/heart cycle may contain any number of pump/heart pulses as long as each pump/heart pulse has a known or
predictable location within the pump/heart cycle.

[0062] Reverting to the device in Fig. 5, it should be noted that the filtered heart signal ¢ which is generated by the
first subtraction block 21 in the first iteration contains residuals of pump pulses as well as noise. The task of the first
refinement block 22 is to reduce the impact of signal components that originate from the pump 4. Similarly, the task of
the second refinement block 24 is to reduce the impact of signal components that originate from the heart PH in the
filtered pump signal p. In one embodiment, shown in Figs 6(a)-6(b), the refinement blocks 22, 24 are designed to make
use of the fact that the filtered heart signal ¢ and the filtered pump signal p includes a repeating sequence of heart cycles
and pump cycles, respectively.

[0063] For the purpose of the inventive filtering technique, it may be desirable to set the pump cycle to represent the
pulse generation process in the pump 4. For example, the peristaltic pump 4 in Fig. 3(a) generates two pump pulses for
each revolution, and these pulses may differ from each other with respect to both timing, magnitude and shape since
they represent pressure waves generated by different rollers 13a, 13b. With this pump 4, the pump cycle may be defined
to represent two pump pulses, e.g. as shown in Fig. 3(b), or a multiple thereof. If the purpose of the filtering is to identify
individual heart pulses, it may be desirable that the heart cycle is defined to represent a single heart pulse.

[0064] Thus, the first refinement block 22 in Fig. 6(a) includes a timing detection block 30 which is configured to detect
the heart cycles in the filtered heart signal ¢ according to a predefined criterion and generate a reference time point for
each heart cycle. Thus, block 30 is configured to process the filtered heart signal c for identification of a set of reference
time points, collectively designated by [t.], within the signal segment. A shape estimation block 31 is configured to
generate a heart cycle profile, designated by ¢, which is an estimate of the shape (waveform) and magnitude of the heart
cycle. As indicated by the dashed line, the profile ¢ may but need not be generated by processing the filtered heart signal
c. To generate the profile ¢, block 31 may (but need not) use the reference time points [t.] determined by block 30. A
combination block 32 is configured to build the heart template signal ¢ based on the set of reference time points [t.]] and
the heart cycle profile c, by fitting one heart cycle profile ¢ between each pair of consecutive reference time points. Thus,
block 32 is configured to generate the heart template signal ¢ as a time sequence of heart cycle profiles ¢ that are
matched to the apparent timing of heart cycles in the filtered heart signal c.

[0065] Similarly, the second refinement block 24 in Fig. 6(b) includes a timing detection block 40 which is configured
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to detect the pump cycles in the filtered pump signal p according to a predefined criterion and generate a reference time
point for each pump cycle. Thus, block 40 is configured to process the filtered pump signal p for identification of a set
of reference time points, collectively designated by [f,], within the signal segment. A shape estimation block 41 is

configured to generate a pump cycle profile,_designated by p, which is an estimate of the shape (waveform) and magnitude
of the pump cycle. To generate the profile p, block 41 may (but need not) use the reference time points [tp] determined

by block 40. A combination block 42 is cionfigured to build the pump temEIate signal p based on the set of reference
time points [tp] and the pump cycle profile p, by fitting one pump cycle profile p between each pair of consecutive reference

time points. Thus, block 42 is configured to generate the pump template signal p as a time sequence of pump cycle
profiles p with a timing that are matched to the apparent timing of pump cycles in the filtered pump signal p.

[0066] It is thus understood that the blocks 32, 42 are configured to concatenate or tile appropriately scaled cycle
profiles at a given timing so as to produce a synthesized signal, which forms a best guess, for the current iteration, of
how the heart pulses and pump pulses, respectively, appear in the signal segment y. The blocks 22, 24 are thereby
operable to produce template signals ¢, p that take into account shifts in apparent reference times [[AR [tp] in the filtered

signals ¢, p caused by the subtraction of the template signals ¢, p that were produced during the preceding iteration.
The blocks 21-24 are thereby configured to stepwise, by each iteration, remove residuals of the pump pulses that remain
in the filtered heart signal ¢ (and thus also in the heart template signal ¢) and residuals of the heart pulses that remain
in the filtered pump signal p (and thus also in the heart template signal p). In essence, this means that the device 7 is
configured to iteratively refine the apparent reference time points [t_], [tp] for the heart and pump cycles while separating

the heart pulses and the pump pulses into different signals.
[0067] Generally, the signal segmenty is extracted, by block 20, to include at least two heart cycles and at least two
pump cycles, so as to allow blocks 30, 40 to determine at least two reference times [t.], [tp] for each signal segment y.

In this context, "at least two" does not imply two complete heart/pump cycles, only that the signal segment y spans more
than one heart/pump cycle so that it is possible to detect at least two reference times for the pump cycles and the heart
cycles, respectively, in the signal segment y. Thereby, blocks 32, 42 are operable to produce the template signals ¢, p
by matching at least one time-scaled cycle profile c, ,(_)tO the reference times [t ], [tp]. However, in certain embodiments,

it may be desirable for the signal segment y to include a larger number of heart cycles and pump cycles, e.g. if the cycle
profiles ¢, p are determined by detecting and averaging a plurality of apparent cycles in the signal segment y. In such
embodiments, it may be desirable for the signal segment y to include at least 5 and more preferably at least 10 heart
cycles and pump cycles, respectively.

[0068] The operation of the filtering device 7 will now be described in further detail with reference to the flow chart in
Fig. 7 which shows an embodiment of an inventive method for separating heart pulses and pump pulses. The steps S1-
S12 of the method in Fig. 7 will be explained and exemplified with reference to example signals in Figs 8(a)-8(g). The
example signals are generated by iterative processing according to an Implementation Example, which will be described
further below.

[0069] As noted, the method produces signals ¢, p, as well as signals ¢, p for each iteration. To distinguish these
signals in the following description, a superscript j has been added within parenthesis to indicate the current iteration,
where j is incremented from zero. For example, p(0) represents the filtered pump signal generated during the first iteration.
[0070] It should be noted that all example signals presented herein have been generated by processing a simulated
pressure signal. The use of a simulated pressure signal makes it possible to evaluate embodiments of the inventive
filtering for many different combinations of blood flow rates (pump pulse rates), heart pulse rates, pump pulse amplitudes
and heart pulse amplitudes. Further, by using simulated signals it is possible to compare the signals ¢, p, ¢, p that are
produced by the inventive filtering with the actual heart pulses and pump pulses that are embedded in the simulated
pressure signal.

[0071] The simulated pressure signal was built from a combination of three simulated signals: a pump signal, a heart
signal and measurement noise signal. The simulated pump signal was generated based on a pressure signal recorded
in a laboratory setting that simulates an actual dialysis system without any physiological signals present. Representative
pump cycle profiles corresponding to one full revolution of a peristaltic pump (Fig. 3(a)) were generated by averaging
at blood flow rates from 20-500 ml/min in steps of 10 ml/min. The time resolution of the pump cycle profiles was 0.001
s. A simulated pump signal of selectable length was then synthesized by adding/stacking re-sampled pump cycle profiles
of varying duration after each other. The varying duration was simulated as white Gaussian noise with the same standard
deviation as observed for the current blood flow rate. The simulated heart signal was generated using frequency mod-
ulation (FM). In order to get a power spectral density (PSD) similar to that of a human heart, white Gaussian noise was
colored by filter parameters according to an autoregressive model disclosed in the article "Improved heart rate variability
signal analysis from the beat occurrence times according to the IPFM model", by J. Mateo and P. Laguna, published in
IEEE Trans. Biomed. Eng., vol. 47, pp 997-1009, 2000. The colored noise was used as frequency modulating input m(f)
for the FM model:
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where F is the average heart rate, and m,,,, is the maximum value of the integral of m(f), L = 2, ¢, =0, ¢, = 0.01, a4
=1 and a, = 0.25. The measurement noise signal was simulated by white Gaussian noise with a standard deviation of
0.15 mmHg.

[0072] The method in Fig. 7 comprises an outer loop that repeatedly extracts a signal segment y from the pressure
signal P, by step S1, and an inner loop, that processes the respective signal segment y for separation of heart pulses
and pump pulses, by an initiation step S2 followed by one or more iterations of steps S3-S11.

[0073] Step S1 is implemented by block 20 in Fig. 5. In one implementation, the device 7 is configured to buffer the
pressure signal P in internal memory (cf. 9b in Fig. 1), and step S1 extracts the signal segments y from the memory.
Each signal segment y corresponds to a predefined time window in the pressure signal and comprises a time sequence
of signal values (pressure values). The time window may be selected to contain a plurality of heart cycles and a plurality
of pump cycles. The length of the time window may be pre-defined and fixed, or it may be adapted based on the current
operating frequency of the pump 4, e.g. as given by the reference signal REF. Step S1 may extract the signal segments
to be consecutive and non-overlapping in the pressure signal P, which may improve the speed at which output data is
generated by the method. Alternatively, the signal segments y may be partially overlapping in the pressure signal P,
which may improve the accuracy of the generated output data. The length of the time window as well the choice between
overlapping and non-overlapping segments may be different for different types of output data.

[0074] In step S2 (implemented by block 24A in Fig. 5), an initial estimate of the pump template signal p(9) is either
generated or acquired from memory. The initial signal p(®) is obtained as an initial best guess of the shape, magnitude
and timing of the pump cycles in the current signal segment y. In one embodiment, step S2 generates the initial signal
p©) by acquiring an estimate of the expected timing of pump cycles in the current signal segment y, as well as an estimate
of the current pulse cycle profile, i.e. the expected shape and magnitude of pulse cycles in the current signal segment
y. Step S2 may then form the initial signal p(®) by assembling a sequence of the pulse cycle profiles one after the other
atthe expected timing. Various embodiments for acquiring and assembling such pulse cycle profiles are described below
with reference to steps S8-S10. The estimate of the expected timing of pump cycles may be acquired from the reference
signal REF (as indicated in Fig. 5), or by processing the signal segment y, e.g. using the techniques described below
in relation to step S8. An iterative approach for computing a more precise estimate of the reference times from the signal
segment y, as well as for generating the current pulse cycle profile, is disclosed in the Implementation Example.
[0075] In an alternative embodiment, which requires a larger memory capacity, the device 7 associates pumping
frequencies with different pump template signals stored in the memory of the device. Step S2 obtains an estimate of the
current pumping frequency, e.g. from the reference signal REF or by processing the signal segment y, and then directly
acquires the entire signal p(© from the memory based on the current pumping frequency.

[0076] In yet another embodiment, the device 7 retrieves the initial signal p(®) based on one of the signals that were
generated by the method in the processing of a preceding signal segment. For example, step S2 may set the initial
signal p(® equal to the pump template signal p that was generated by step S10 or the filtered pump signal p that was
generated by step S7 when the preceding signal segment was processed iteratively by steps S3-S11. Alternatively, step
S2 may generate the initial signal p(9) as a function of the reference time points [tp] and the pump cycle profile ;_) generated
by steps S8 and S9. For example, an average cycle length may be estimated from the reference time points [t,], and

the initial signal p(® may be generated by tiling (cf. step S10) time-scaled versions the pump cycle profile p so as to
match the average pulse cycle length.

[0077] In step S3 (implemented by block 21 in Fig. 5), the initial signal p(®) is aligned with and subtracted from the
signal segment y, as shown in Fig. 8(a), to generate the filtered heart signal c(9 for the first iteration. In Fig. 8(a), the
signal ¢(0) coarsely represents the heart pulses in the signal segment but also includes significant interference from
pump pulses and measurement noise. In a variant, not shown, step S3 applies a low-pass or band-pass filter to the
filtered heart signal c(© to reduce noise and residuals of pump pulses, so as to potentially improve the accuracy of the
reference times that are determined by step S4 (below).

[0078] The alignment in step S3 may be achieved by matching at least one reference time in the signal segment y to
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a corresponding reference time in the initial signal p(©), or by fitting the signal segment y to the initial signal p(0), e.g. by
correlation. The reference time may be given by any signal feature which is identifiable in both the signal segmenty and
the initial signal p(9). Fig. 8(b) is an enlarged view of the signal segment y and the initial signal p(9 in Fig. 8(a). In this
example, reference times in the signal segment are aligned with reference times in the initial signal p(9). In this example,
each reference time tpyk(o) (k=1 -4)is determined to represent the location of an individual pump cycle. In Fig. 8(b), the
double-ended arrows prk(o) (k=1, 2, 3) indicate the estimated cycle length of each individual pump cycle. The alignment
between signals is typically only determined in the first execution of step S3 during the iterative processing of the current
signal segment y.

[0079] The top curve in Fig. 8(c) is an enlarged view of the filtered heart signal ¢(9 at the bottom of Fig. 8(a). Steps
S4-S6 (implemented by block 22 in Fig. 5) operate to process the filtered heart signal ¢(9 for generation of the heart
template signal ¢, by retaining a timing of apparent heart cycles in the filtered heart signal ¢ and by replacing the
apparent heart cycles with heart cycle profiles c(0. First, step S4 (cf. block 30 in Fig. 6(a)) determines the timing of
apparent heart cycles in the signal c(0), by determining reference times according to a predefined criterion. These
reference times are represented by dashed vertical lines in Fig. 8(a), and in Fig. 8(c) the seven first reference times are
designated by tcyk(o) (k=1 -7). The criterion is selected with knowledge of the general shape of the heart cycles so as

to consistently generate one reference time point for each heart cycle. For example, the criterion may detect and assign
a respective reference time to the zero crossings, the maximum values, or the minimum values in the filtered heart signal
¢0). By determining the reference times, step S4 also implicitly determines the cycle lengths of the apparent heart cycles,
designated by T () (k= 1 - 6) in Fig. 8(c).

[0080] Then, step S5 (cf. block 31 in Fig. 6(a)) determines a current heart cycle profile c0) for each heart cycle in the
signal c(©). An example of a heart cycle profile c(©) is shown in Fig. 8(d). Step S5 may be implemented in many ways to
determine the profile ¢(9). In a first main variant, step S5 uses a fixed heart cycle profile, which may be predetermined
for a selected subject, a group of subjects or all subjects and is fixed throughout the filtering process. The fixed profile
may be pre-generated in a reference measurement. Such a reference measurement may operate on a pressure signal
that is acquired in the current EC circuit and/or another EC circuit when connected to a subject, while the blood pump
is stopped, and the fixed profile may be generated by detecting and averaging heart cycles in the pressure signal.
Optionally, such a pre-generated profile may be adapted to specifics of the current EC circuit, by applying a mathematical
model taking into account arrangement-specific parameters, such as type of vascular access, connection system, flow
rate, fluid characteristics, etc. In a specific variant, the reference measurement is performed at start-up of the EC circuit
1, e.g. during priming, or at one or more instances when the EC circuit 1 has been operated to draw blood from the
subject, e.g. at start-up of the method in Fig. 7. Thereby, the fixed profile is generated to be specific to the subject as
connected to the current EC circuit. Alternatively, the fixed profile may be obtained entirely by mathematical modeling
for a selected type of EC circuit. According to yet another alternative, the fixed profile is a standard curve/function, e.g.
a sinusoid or a bell-shaped function such as a Gaussian distribution function. In a second main variant, step S5 acquires
a heart cycle profile which is adapted to the current operating condition of the EC circuit, e.g. the current pumping
frequency (blood flow rate). The adapted profile may be acquired from a library of heart cycle profiles that are associated
with different operating conditions and stored in memory. The heart cycle profiles in the library may be generated in the
same way as the above-mentioned fixed profiles, e.g. by mathematical modeling, by a reference measurement, or a
combination thereof. Alternatively, the adapted profile may be generated during execution of the method in Fig. 7, by
intermittently causing a controller (not shown) in the EC circuit 1 to stop the blood pump 4 and by detecting and averaging
heart cycles in a pressure signal acquired from the EC circuit 1. This pressure signal may, but need not, be the same
pressure signal P that is processed for separation of heart and pump pulses. In the example of Fig. 1, the heart cycle
profiles may be generated by processing the arterial pressure signal from sensor 6a, while the venous pressure signal
P from sensor 6b is processed for separation of heart and pump pulses. In a further variant, the adapted profile is
generated by processing the filtered heart signal ¢(0) for detection and averaging of apparent heart cycles, e.g. in analogy
with the generation of the pump cycle profile as described below with reference to Fig. 9.

[0081] An iterative approach that repeatedly executes steps S4 and S5 to estimate the reference times in the filtered
heart signal ¢(©) and to generate the current heart cycle profile ¢(©) from the filtered heart signal c©) is disclosed in the
Implementation Example.

[0082] Subsequent to steps S4 and S5, step S6 (cf. block 32 in Fig. 6(a)) generates the heart template signal ¢(©) as
a function of the reference times from step S4 and the heart cycle profile ¢ from step S5. In one embodiment, the heart
template signal ¢(0) is generated as a sequence of time-scaled versions of the current heart cycle profile c(0). As exemplified
in Fig. 8(c), profiles c0) are time-scaled and concatenated (tiled one after the other) so as to match the reference times
in the filtered heart signal ¢c(0). As shown, the heart template signal ¢(0) is generated to contain one heart cycle profile

¢0) for each cycle length T, K9, (k=1-6)in the filtered heart signal c(?). In a variant, the heart cycle profile ¢ is scaled
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in both time and amplitude to match the signal values within the respective cycle length T, , (O in the filtered heart signal c(©).

[0083] Should the subject experience cardiac dysrhythmia during the recording of the pressure signal P, e.g. by
occurrence of ectopic beats, one or more of the heart cycles in the signal segment may (but need not) have a waveform
that deviates from the "normal" waveform of heart cycles, which is represented by the current heart cycle profile c(0).
Depending on the magnitude of the deviation, significant errors may be introduced if step S6 replaces such a deviating
heart cycle with a time-scaled version of the profile ¢, In one embodiment, which ameliorates this potential problem,
step S6 selects the heart cycle profile to be time-scaled and concatenated for each pulse cycle, among a plurality of
candidate profiles, based on the apparent cycle length of the respective pulse cycle. For example, if step S6 determines
that the apparent pulse cycle length for a given pulse cycle is larger or smaller than a normal time range, it may select
a dedicated deviating heart profile to be time-scaled and inserted at the given pulse cycle instead of the profile c0) that
is generated by step S4. Step S4 may associate different non-normal time ranges with different deviating heart profiles,
which may be pre-generated by mathematical modeling, by a reference measurement, or a combination thereof.
[0084] In another variant, steps S4 and S5 are omitted and step S6 calculates the respective signal value in the heart
template signal ¢(9) (at each time point t,;,) as a weighted combination of at least two adjacent signal values in the filtered
heart signal ¢ (e.g. at times t,,_4 and t,,, 5, or at times t,,, 4 and t,,1). Such a technique of generating the heart template
signal ¢(0) corresponds to the "proximity prediction approach” which is disclosed in W02013/000777, albeit for estimating
the contribution of pump pulses in a pressure signal. It lies within the reach of the skilled person to adapt any of the
embodiments of the proximity prediction approach for generating the heart template signal ¢(9). It should be noted that
in this variant, step S6 does not involve concatenation of heart cycle profiles.

[0085] In step S7 (implemented by block 23 in Fig. 5), the heart template signal ¢© is aligned with and subtracted
from the signal segment y, as shown in Fig. 8(e), to generate the filtered pump signal p(9 for the first iteration.

[0086] Although the signal p(0) approximates the pump pulses in the signal segment vy, it is also likely to include
residuals from heart pulses as well as noise. In a variant, not shown, step S7 applies a low-pass or band-pass filter to
the filtered pump signal p(0 for noise reduction, so as to potentially improve the accuracy of the reference times that are
determined by step S8 (below).

[0087] The top curve in Fig. 8(f) is an enlarged view of the filtered pump signal p(© at the bottom of Fig. 8(e). Steps
S8-S10 (implemented by block 24 in Fig. 5) operate to process the filtered pump signal p(© for generation of the pump
template signal p(1), by retaining a timing of apparent pump cycles in the filtered pump signal p(®) and by replacing the
apparent pump cycles with the pump cycle profiles ;_)(1). First, step S8 (cf. block 40 in Fig. 6(b)) determines the timing of
the apparent pump cycles in the signal p(9), by determining reference times according to a predefined criterion. These
reference times are represented by dashed vertical lines in Fig. 8(e), and in Fig. 8(f) the four first reference times are
designated by tp,k(") (k = 1 - 4). The criterion is selected with knowledge of the general shape of the pump cycles so as
to consistently generate one reference time point for each pump cycle. For example, the criterion may detect and assign
a respective reference time to selected zero crossings, maximum values, or minimum values in the filtered pump signal
p©). Alternatively, the reference time points may be determined from the reference signal REF. By determining the
reference times, step S8 also implicitly determines the cycle lengths of the apparent pump cycles, designated by Tp,k(”
(k =1 - 3)in Fig. 8(f).

[0088] Then, step S9 (cf. block 41 in Fig. 6(b)) determines a current pump cycle profile p(" for each pump cycle in the
signal p(0). An example of a pump cycle profile p(!) is shown in Fig. 8(g). Step S9 may be implemented in many ways
to determine the profile ;_)(1). In a first main variant, step S9 uses a fixed pump cycle profile, which may be predetermined
for the current EC circuit or a group of EC circuits and is fixed throughout the filtering process. The fixed profile may be
pre-generated in a reference measurement. Such a reference measurement may operate on a pressure signal that is
acquired in the current EC circuit and/or another EC circuit, and the fixed profile may be generated by detecting and
averaging pump cycles in the pressure signal. Fig. 9 schematically shows an example of such averaging, in which a
number of apparent pump cycles p4(f) - py(f), which are identified in the pressure signal, are re-scaled to equal cycle

length by applying a respective time scale factor a; - a, and then averaged into a profile ;_)(t). Although the average is

represented as an arithmetic mean in Fig. 9, the respective signal value of the profile ;_)(t) may be generated as any
known measure of central tendency of corresponding signal values in the apparent pump cycles p,(t) - pp(t). The

reference measurement may be implemented such that the pressure signal is free of heart pulses, e.g. in a laboratory
setting. Alternatively, the pressure signal may contain heart pulses, provided that the magnitude of the heart pulses are
small compared to the pump pulses and that the rate of heart pulses differ from all of the harmonic frequencies of the
pump 4. Optionally, such a pre-generated profile may be adapted to specifics of the current EC circuit, by applying a
mathematical model taking into account arrangement-specific parameters, such as type of vascular access, connection
system, flow rate, fluid characteristics, etc. In a specific variant, the reference measurement is performed at start-up of
the EC circuit 1, e.g. during priming, or at one or more times when the EC circuit 1 has been operated to draw blood
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from the subject, e.g. at start-up of the method in Fig. 7. Thereby, the fixed profile is generated to be specific for the
current EC circuit 1. Alternatively, the fixed profile may be obtained entirely by mathematical modeling for a selected
type of EC circuit. In a second main variant, step S9 acquires a pump cycle profile which is adapted to the operating
condition of the EC circuit during the current iteration, e.g. the pumping frequency. The adapted profile may be acquired
from a library of pump cycle profiles that are associated with different operating conditions and stored in memory. The
pump cycle profiles in the library may be generated in the same way as the above-mentioned fixed profiles, e.g. by
mathematical modeling, by a reference measurement, or a combination thereof. Alternatively, the adapted profile may
be generated during execution of the method in Fig. 7, by detecting and averaging pump cycles in a pressure signal
from the EC circuit 1, e.g. as described above with reference to Fig. 9. This pressure signal may, but need not, be the
same pressure signal P that is processed for separation of heart and pump pulses. In the example of Fig. 1, the pump
cycle profile may be generated by processing a pressure signal from a "system pressure sensor" (not shown) which
may be installed between the pump 4 and the blood processing unit 5, e.g. in certain types of dialysis systems. The
pressure signal from such a system pressure sensor is dominated by pump pulses. In another example, the adapted
profile is generated by processing the filtered pump signal p(9 for detection and averaging of apparent pump cycles,
e.g. as described above with reference to Fig. 9. Each signal value in such an adapted profile may be generated using
any one of the techniques for identifying and combining cycle-synchronized data samples as disclosed in
W0O2013/000777.

[0089] An iterative approach that repeatedly executes steps S8 and S9 to estimate the reference times in the filtered
pump signal p(© and to generate the current pump cycle profile p(!) from either the filtered pump signal p(©® or the current
signal segment y is disclosed in the Implementation Example. This iterative approach may be repeated intermittently
during execution of the method, e.g. for every iteration of steps S3-S11, to generate an adapted profile, or only once,
e.g. by step S9 at start-up of the method to generate a fixed profile.

[0090] Subsequent to steps S8 and S9, step S10 (cf. block 42 in Fig. 6(b)) generates the pump template signal p(1)
as a function of the reference times from step S8 and the pump cycle profile ;_)(1) from step S9. In one embodiment, the
pump template signal p(!) is generated as a sequence of time-scaled versions of the current pump cycle profile p(). As
exemplified in Fig. 8(f), profiles p() are time-scaled and concatenated (tiled one after the other) so as to match the
reference times in the filtered pump signal p(©. As shown, the pump template signal p(1) is generated to contain one
pump cycle profile p() for each cycle length T, K9, (k= 1-3)in the filtered pump signal p(©). In a variant, the pump cycle
profile p(1) is scaled in both time and amplitude to match the signal values within the respective cycle length T in

the filtered pump signal p(0).

[0091] Incertain embodiments, step S8 may be omitted if the pump is known to generate pump cycles with an essentially
equal cycle length, e.g. when the pump rate can be expected not to change significantly within a signal segment. Under
these circumstances, step S8 may instead determine the current average rate of pump cycles, and thereby an average
cycle length, which allows step S10 to scale (if necessary) the pump cycle profile provided by step S9 to the average
cycle length and concatenate such pump cycle profiles. The current average rate of pump cycles may be determined
based on the reference signal REF, or by analysis of the current signal segment y or the filtered pump signal p(0).
[0092] In a further variant, both of steps S8 and S9 are omitted, and step S10 directly generates the pump template
signal p(!) as a sum of sinusoids at a plurality of different frequencies. Each of the sinusoids may have a length equal
to the signal segment y and a frequency equal to a respective harmonic frequency (0.5f,, fy, 1.5f;, 2fj, etc) of the blood
pump 4. This variant is based on the insight that the pump pulses in the signal segment y are formed as a combination
of sinusoids at the harmonic frequencies (cf. Fig. 2(b)). The harmonic frequencies may be determined based on the
current rate of pump cycles. It should be noted that in this variant, step S10 does not involve concatenation of pump
cycle profiles. As a related matter, WO2014/00911 discloses a processing-efficient technique for combining sinusoids
into an estimated pump signal, by correlating the respective sinusoid with a signal segment in a pressure signal to
generate a respective correlation value, and then generating the estimated pump signal as a linear combination of the
sinusoids weighted by the respective correlation value. The technique and its various implementations as disclosed in
W02014/009111 may thus be implemented in step S10 for generating the pump template signal p(1).

[0093] In another variant, in which steps S8 and S9 likewise are omitted, step S10 predicts the respective signal value
in the pump template signal p(!) (at time t,,) as a weighted combination of at least two adjacent signal values in the
filtered pump signal p®© (e.g. at times t, 4 and t, 5, or at times t,, 4 and t,,.4). This technique of generating the pump
template signal p(!) corresponds to the above-mentioned "proximity prediction approach" as disclosed in
WO2013/000777. It should be noted that in this variant, step S10 does not involve concatenation of heart cycle profiles.
It should also be noted that any one of the above-described techniques for generating the pump template signal p(1)
according to steps S8-S10 (including the variants without step S8 and the variants without steps S8-S9) may be applied
by step S2 to generate the initial estimate p(0), by processing the current signal segment y.

[0094] Instep S11 (implemented by block 25inFig.5), the method evaluates a convergence criterion, e.g. by generating
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a convergence parameter value and by comparing this value to a threshold or range. The convergence criterion may
be deemed fulfilled if the convergence parameter value has a proper value during a given number of iterations (at least
one). If the convergence criterion is fulfilled, the method proceeds to step S12 for generation of output data, otherwise
the method proceeds to step S3 for a new iteration (to generate signals c¢(!), ¢(), p(1) and p(2)). It should be noted that
the convergence check in step S11 may be executed at any time during the sequence of steps S3-S10.

[0095] The convergence criterion is selected to indicate that the heart and pump pulses have been sufficiently sepa-
rated, and may involve calculation and evaluation of one or more of the following convergence parameters.

[0096] In a first type of convergence criterion, the convergence parameter represents a correspondence in timing
between the current iteration and a preceding iteration. In one example, the convergence parameter represents a
difference in the timing of pump cycles between consecutive iterations and may be calculated by, e.g., analyzing the
reference times [tp] determined by step S8. In another example, the convergence parameter represents a difference in
the timing of heart pulses between consecutive iterations and may be calculated by, e.g., analyzing the reference times
[t]] determined by step S4. The convergence parameter may be calculated to compare the reference times in ordered
pairs between the consecutive iterations, such that the first reference time in the current iteration is compared with the
first reference time in the preceding iteration, etc. In yet another example, the convergence parameter represents a
difference in the timing of pump cycles determined by the method compared to the timing of pump cycles indicated by
the reference signal REF. In all of these examples, the convergence parameter may be any measure that consistently
represents the difference (or similarity) between the pairs of reference times, including the maximum difference, a sum
of absolute differences, a sum of squared differences, the mean value, the median value, etc.

[0097] In a second type of convergence criterion, the convergence parameter represents a correspondence in shape
between the current iteration and a preceding iteration. In one example, the convergence parameter represents a
difference between consecutive iterations in the shape of the pump template signal p generated by step S10, or the
filtered pump signal p generated by step S7. In another example, the convergence parameter represents a difference
between consecutive iterations in the shape of the heart template signal ¢ generated by step S6, or the filtered heart
signal ¢ generated by step S3. In these examples, the convergence parameter may be given by any measure that
consistently represents the difference (or similarly) between two curves. For example, the convergence parameter may
be calculated to represent the pair-wise difference between the signal values at each time step in the two curves, e.g.
by the maximum difference, the sum of absolute differences, the sum of squared differences, the mean value of the
differences, the median value of the differences, correlation value, correlation coefficient, etc.

[0098] In a third type of convergence criterion, the convergence parameter represents a correspondence in shape
between corresponding signals generated during one iteration, e.g. pump template signal p and the filtered pump signal
p, or the heart template signal ¢ and the filtered heart signal ¢. This also amounts to comparing two curves, and the
convergence parameter may be given by any of the measures listed above for the second type of convergence criterion.
[0099] In a fourth type of convergence criterion, the convergence parameter value represents the difference (or sim-
ilarity) in shape between the signal segment y and the sum of the pump template signal p and the heart template signal
¢, or alternatively, the sum of the filtered pump signal p and the filtered heart signal c. This also amounts to comparing
two curves, and the convergence parameter may be given by any of the measures listed above for the second type of
convergence criterion.

[0100] Alternatively or additionally, step S11 may interrupt the processing of the current signal segmenty if a predefined
time limit is exceeded, or if the convergence parameter value indicates a significant divergence between iterations. The
time limit may e.g. be represented by a number of time steps or a number of iterations (of steps S3-S11). If the time limit
is exceeded or divergence is detected, the method may be either aborted or proceed to step S12 for generation of output
data or to step S1 for processing of another signal segment.

[0101] Toillustrate the effectiveness of the inventive filtering technique, Fig. 10(a) shows the filtered heart signal ¢(14)
that is generated by step S3 (block 21) after 14 completed iterations of the method in Fig. 7, and Fig. 10(b) shows the
corresponding heart template signal ¢(14) generated by step S6 (block 22). The vertical dotted lines in Figs 10(a)-10(b)
indicate the reference times for the apparent heart cycles. The signals are generated based on a simulated pressure
signal P, and Fig. 10(c) illustrates the simulated heart signal c;,, that is embedded in the signal segment y that has been
processed. As seen, there is a close resemblance between the heart template signal ¢(14) and the true signal cg;,,. There
is also proper correspondence between the filtered heart signal c('4) and the signal cg;,,. Fig. 10(d) compares the estimated
reference times for the apparent heart pulses in the signals c(14), c(14) (vertical dashed lines) and the actual references
times for the heart pulses in the signal cg,, (full lines with dot). As seen, the inventive technique is capable of accurately
estimating the timing for each heart pulse. It should be realized that the inventive filtering technique operates to separate
the heart pulses and the pump pulses, where the heart pulses are represented with proper timing, magnitude and shape
in the heart template signal ¢ and the filtered heart signal ¢, and the pump pulses are represented in the pump template
signal p and the filtered pump signal p.

[0102] Step S12 may generate the output data in many different forms. The output data may represent either the heart
pulses or the pump pulses in the signal segment y. In one embodiment, step S12 outputs a "heart signal”, which is
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generated based on the signal ¢ (or the signal ¢) to represent the timing, magnitude and shape of heart pulses in the
pressure signal P. If the signal segments y are non-overlapping in the pressure signal P, step S12 may form the heart
signal by concatenating the signals ¢ (or c) that the separation process produces for consecutive signal segments y. If
the signal segments y are partially overlapping in the pressure signal P, step S12 may generate the heart signal by
combining (e.g. averaging) overlapping portions in the signals ¢ (or ¢) that are generated for consecutive signal segments.
Combining overlapping portions will improve the quality of the heart signal, albeit at the cost of increased computational
load. The heart signal may be further processed by step S12, or in a separate process, for detection of a disconnection
of the venous access device 2" from the vascular access 3 based on a disappearance of heart pulses in the heart signal,
as is well-known in the art, or for predicting rapid symptomatic blood pressure decrease, e.g. according to any one of
the techniques disclosed in WO2011/0801. In another embodiment, step S12 outputs "heart timing data", e.g. in the
form of the reference times [t ] for the heart cycles or in the form of the heart cycle lengths. The heart timing data or the

heart signal may be further processed by step S12, or a separate process, for computation of a parameter value that
represents one of more of the heart rate variability (HRV), the heart rate (HR), the heart rate turbulence (HRT), the rate
of ectopic beats (ectopic beat count, EBC), or the origin of ectopic beats (e.g. atria/ventricular), e.g. according to any
one of the techniques disclosed in WO2011/080189. In another embodiment, step S12 outputs a "heart pulse profile",
e.g. in the form of the heart cycle profile ¢, or part thereof. The heart pulse profile or the heart signal may be further
processed by step S12, or a separate process, for computation of a parameter value that represents the arterial status
(arterial stiffness) of the blood vessels, the degree of calcification of the blood vessels, and the status of the vascular
access, e.g. according to any one of the techniques disclosed in aforesaid W02011/080189, or for detection of a reversed
positioning of the access devices 2’, 2" in the vascular access 3, e.g. according to any one of the techniques disclosed
in WO2011/080188. The heart timing data, the heart pulse profile or the heart signal may be further processed by step
S12, or a separate process, for estimation of the cardiac output or the blood flow rate through the vascular access
("access flow"), e.g. according to any one of the techniques disclosed in WO2011/080194. In another embodiment, step
S12 outputs a "pump signal”, which is generated based on the signal p (or the signal p) to represent the shape, magnitude
and timing of pump pulses in the pressure signal P. The pump signal may be further processed by step S12, or in a
separate process, for detection of a disconnection of the venous access device 2" from the vascular access 3 based on
a changes in the pump pulses, e.g. according to the techniques disclosed in WO2011/080187. In another embodiment,
step S12 outputs "pump timing data", e.g. in the form of the reference times [tp] for the pump cycles or in the form of the

pump cycle lengths. The pump timing data or the pump signal may be further processed by step S12, or a separate
process, for computation of the blood pumping rate of the pump, or to detect a fault condition in the pump 4. In another
embodiment, step S12 outputs a "pump pulse profile", e.g. in the form of the pump cycle profile /z_) or part thereof. The
pump pulse profile, the pump timing data or the pump signal may be further processed by step S12, or a separate
process, for detection of a fault condition in the pump 4, such as imbalanced rollers, lack of occlusion between rollers
and tube segment etc, e.g. according to the techniques disclosed in aforesaid WO2011/080187.

Implementation Example

[0103] Below follows a brief mathematical description of an implementation of the principles described in the foregoing.
The description is given with reference to the steps in Fig. 7.

Step S2

[0104] The speed of the blood pump is typically known beforehand since it is set for the dialysis machine by the clinical
staff. However, to make the proposed method independent of the machine settings, the number of pump revolutions in
a certain time interval, denoted by Np, is determined from the zero crossings of the observed signal y(f), see Fig. 8(b).
If the pump speed for some reason is altered by the staff during treatment, it is straightforward to re-estimate Np. Initially,
the pump speed is assumed to be constant with period length Tp, corresponding to one complete revolution of 360
degrees. The onset time of the k:th revolution is given by

tp,k = kTp, k = 0,,Np - 1 (1)

[0105] For simplicity, the onset time of the first revolution is assumed to be at 0. An initial pump cycle profile ;_)(t; Tp)
is obtained by averaging all N, revolutions, using the assumption on periodicity in (1),
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Np-1

1
p(t;T,) W Z y(t+kT,), 0<t<T, )

k=0

[0106] The least squares error (LSE) criterion is employed to find that value of T, which provides the best fit of the
periodic extension of ;_)(t; Tp), i.e.,

POt +kT,) =p(t;T,), 0<t<T, 3)

to y(t) over N,, revolutions. An example of p(¥)(t) is found in Figs 8(a)-8(b). The LSE is given by

1 NpTp 2
£)(T,) = —— f (B(6T,) — y(©)* dt, @
Npr 0
Tp =arg (1—np)Tp£nT;r<1(1+np)Tp & (Tp), (5)

where minimization is performed over a search interval defined by the mean period length Tp (determined from N,), the
times of the zero crossings, and a search interval width defined by 7, (0 < 7, < 1). It should be noted that the pump
cycle profile in (2) is re-computed for all examined values of Tp in the search interval. The superscript "(0)" indicates that
the estimate is initial, subsequently to be replaced by the iteration index "(j)".

Step S3

[0107] Subtraction of the initial pump template signal, produced by periodical extension of the pump cycle profile in
(3), from y(t) produces an initial estimate of the heart signal, i.e. the filtered heart signal:

c@@) =y —pO@®. (6)

Steps S4-S6

©) © ©)

[0108] The number of heart cycles NC and related onset times K’ k = 0,’""c are determined from the zero
crossing pattern of a low-pass filtered version of ¢(0)(f) in (6). Filtering reduces the influence of pump-related residuals,
which may be seen as sharp valleys in the beginning of Fig. 8(c). It should be noted that N, is considerably more
challenging to estimate than Np from the zero crossings, not only because the heart pulses are much smaller in amplitude
than the pump pulses, but also that residuals of the pump pulses are present in c(0)(f). Therefore, the number of heart
cycles N, is subject to iterative estimation.

B ©)
[0109] The initial heart cycle profile c(0)(t) is obtained by scaling each of the heart cycles in time with the factors ~ ¢,k
so that their respective lengths are normalized prior to averaging,

NP1
1 -
(O =— Z @ (aRe+1), 0=<t<T?, (7)
c k=0

where
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Tc,k - ck+1 ck’ (9)
© T(O)
ack - Tc(o)’ (10)
_ ©) _
o k=0,N" —1.
[0110] The iterative estimation procedure begins by scaling the heart cycle profile ci)(f) with respect to the variable
U+
ck

> denoting the length of the k:th heart cycle, so that it best fits the filtered heart signal ci)(f) in the LSE sense.
In mathematical terms, the optimization is given by

AU+D) _ - U+1)
R P R r57) (h
where
U+ —
e(T9?) =
2
1 U+ T(J)

ck .
f c(f)(t + t(]+1)) —¢D (¢ dt. (12)

U+1 (J+1)
T % T,

[0111] The lower and upper search limits 7, 4 and 7, 4 are chosen such that not only normal sinus rhythm may be
detected, but also premature ventricular beats. Note that the optimization is performed sequentially, i.e., for one heart
cycle at a time.

U+D)
t
[0112] The onset time .k of the heart cycle cl)(t) which is fitted to the time-scaled heart cycle profile in (12) is
given by the sum of the lengths of the preceding heart cycles

k—
1) ~(j+1 f+1
pUFY ZT(“ ), k=1, NP -1, (13)
I=0
T(J+1)
[0113] Updated versions of the heart cycle profile cli*) (t) and the mean heart cycle length are computed
A(j+1)
ck

analogously to (7) and (10), respectively. From knowledge of ¢i*1)(f) and > the heart template signal ci*1(t), is
updated through concatenation until the entire observation interval is covered, see Fig. 8(c),

cUD (aff e+ i) = eU@, 0st<T, (14)
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k=0, NIV -1 vy
for ™ T Y2 c * The number of heart cycles ¢ is updated for each iteration by finding the maximum
number of heart cycles that fits within the observed signal segment y(f).

Step S7

[0114] Thefiltered pump signal is updated by subtracting the heart template signal from the observed signal segment,

pUtD(6) = y(t) — eU*D(0). (15)
Steps S8-S10

[0115] The initial assumption in (1) of a constant period length T, is now relaxed so that each pump revolution has its
own individual period length T, ,, thereby accounting for the fact that pump speed may vary slightly from revolution to
revolution. Hence, the above optimization in (11) for iterative estimation of cardiac information is also employed for
finding prk, except that the search interval is given by that in (5).
[0116] Although the error ¢p may be defined in analogy with the error &, in (12), the present Implementation Example
calculates the error gp by replacing the integrand in (12) for its second derivative. This is done to de-emphasize rapid
changes in the heart template signal ¢. Another difference is that the error gp is minimized for half revolutions (180°),
instead of full revolutions, to potentially achieve a better fit to the signal segment y. These two differences have been
found to decrease the number of iterations needed as well as to reduce the transient residuals of pump pulses in the
heart template signal c.
[0117] Although the updated pump cycle profile pi+1)(t) may be generated by averaging pump cycles (given by Tp )
in the filtered pump signal pi*1)(t), the present Implementation Example instead generates p(+1)(t) by averaging corre-
sponding pump cycles in the signal segment y(t), where the corresponding pump cycles in the signal segment y(t) are
likewise given by prk. Thus, the pump cycles identified in pU*1)(f) are mapped to corresponding pump cycles in y(t),
which are used for calculating the pump cycle profile ,(_)(I'”)(t). This has been found to improve stability, by reducing the
risk that residuals of the heart pulses gradually migrate into the pump template signal pi*1)(f) as the iterative procedure
progresses.

U+
[0118] The pump cycle profile is updated by scaling each of the pump cycle profiles in time with the factor Dk
so that their lengths are normalized prior to averaging,

Np—1

. 1 : - -
P = Y @), 0se<h, a9
k=0

U+1)
where the scaling factors Pk are defined in analogy with (10).
[0119] Analogous to the heart template signal, the pump template signal p(*1)(f) is generated through concatenation
so that the entire observation interval is covered,

U (af Ve +200) = pUrD(©), 0<e<T, (17)

_ o NOD
o k=0, NI —1,

Step S11

[0120] The alternating, iterative estimation procedure is considered to have converged when the following criterion is
fulfilled:
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max | i — iU <6, (18)

where ¢ denotes the convergence tolerance. As long as the criterion in (18) remains unfulfilled, the iteration index j is
incremented by 1 and the procedure returns to step S3 which updates the filtered heart signal by subtracting the pump
template signal from the observed signal segment,

cU*D () = y(t) — pUD(0). (19)

[0121] If convergence is not reached within L iterations, the procedure is terminated. It may be preferable to test
convergence on the pump onset times t « Which may be more reliable than the cardiac onset times tck since the pump
pulses dominate over the heart pulses, and the number of pump cycles remains fixed during the estimation procedure.
[0122] The method according to the Implementation Example has been operated on individual signal segments within
a time window of 1 minute in the pressure signal to evaluate the performance, as presented below.

[0123] The performance of the method was validated at heartrates ranging from 40to 150 bpm. This range is considered
covering the heart rates of most dialysis patients. The relative heart amplitude was 12%. The average standard deviation
between the simulated and estimated heartbeat onset times (time error) for 100 signal segments is plotted in Fig. 11.
The simulated blood flow was 400 ml/min per minute which corresponds to a pump rate with harmonics of 44, 89, and
134 rpm. It is seen that the performance is less accurate when the heart rate is overlapping any harmonic frequency of
the pump. In these cases, the method is less suitable for separating the heart pulses from the pump pulses.

[0124] The performance was also studied for different heart amplitudes. Pressure signals with a heart pulse amplitude
between 2% and 50% relative to the pump pulse amplitude were simulated. The heart rate was 67 bpm. For each
amplitude 100 signal segments were analyzed. The average standard deviation of the difference between the estimated
and simulated heart pulse occurrence times (time error) was calculated, see Fig. 12. When the heart amplitude is low,
noise dominates and disturbs the estimated onset times.

[0125] The number of iterations required to reach convergence is plotted in Fig. 13. The number of iterations needed
increases with increasing relative magnitude of the heart pulses. One reason may be that the initial pump signal estimate
(p(9)) becomes less accurate with increasing relative magnitude of the heart pulses. For weak heart pulses, the number
of iterations is increased due to increased influence of noise.

[0126] The method according to the Implementation Example was also applied to pressure recordings from two sub-
jects. The average heart rate for signal segments was calculated using the estimated onset times. The heart rate was
also calculated based on a reference PPG signal from a photoplethysmography (PPG) sensor attached to the subject.
Onset times were calculated from the reference PPG signal as occurring at the half rise time of each heart beat. A
comparison between the heart rates is seen in Fig. 14. The results show an excellent agreement between heart rate
estimated from extracorporeal venous pressure signal and the reference PPG signal for the two subjects. The error is
well within one beat per minute.

[0127] Irrespective of representation, the filtering device 7 may be implemented by special-purpose software (or
firmware) run on one or more general-purpose or special-purpose computing devices. In this context, itis to be understood
that each of the blocks in Figs 5-6 may refer to a conceptual equivalent of a method step (i.e. a means for performing
a dedicated function); there is not always a one-to-one correspondence between the blocks and particular pieces of
hardware or software routines. For example, a processing unit may serve as one block when executing one set of
instructions, but serve as another block when executing another set of instructions. Such a software controlled computing
device may include one or more processing units (cf. 9a in Fig. 1), e.g. a CPU ("Central Processing Unit"), a DSP ("Digital
Signal Processor"), an ASIC ("Application-Specific Integrated Circuit"), discrete analog and/or digital components, or
some other programmable logical device, such as an FPGA ("Field Programmable Gate Array"). The device 7 may
further include a system memory and a system bus that couples various system components including the system
memory (cf. 9b in Fig. 1) to the processing unit. The system bus may be any of several types of bus structures including
a memory bus or memory controller, a peripheral bus, and a local bus using any of a variety of bus architectures. The
system memory may include computer storage media in the form of volatile and/or non-volatile memory such as read
only memory (ROM), random access memory (RAM) and flash memory. The special-purpose software may be stored
in the system memory, or on other removable/non-removable volatile/non-volatile computer storage media which is
included in or accessible to the computing device, such as magnetic media, optical media, flash memory cards, digital
tape, solid state RAM, solid state ROM, etc. The device 7 may include one or more communication interfaces, such as
a serial interface, a parallel interface, a USB interface, a wireless interface, a network adapter, etc, as well as one or
more data acquisition devices, such as an A/D converter. The special-purpose software may be provided to the device
7 on any suitable computer-readable medium, including a record medium or a read-only memory.
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[0128] It is also conceivable that some (or all) blocks are fully or partially implemented by dedicated hardware, such
as an FPGA, an ASIC, or an assembly of discrete electronic components (resistors, capacitors, operational amplifier,
transistors, filters, etc), as is well-known in the art.

[0129] It should be emphasized that the invention is not limited to digital signal processing, but could be fully imple-
mented by a combination of analog devices.

[0130] While the invention has been described in connection with what is presently considered to be the most practical
and preferred embodiments, it is to be understood that the invention is not to be limited to the disclosed embodiments,
but on the contrary, is intended to cover various modifications and equivalent arrangements included within the spirit
and the scope of the appended claims.

[0131] In all of the foregoing examples, the respective template signal (heart template signal ¢, pump template signal
p) is first estimated (in steps S4-S6, S8-S10) and then subtracted (in steps S7, S3) from the signal segment y to produce
a difference signal (filtered pump signal p, filtered heart signal ¢). The signal segment y may be represented as a first
vector, the respective template signal ¢, p may be represented as a second vector, and the difference signal p, ¢ may
be generated as a third vector by element-wise subtraction of the second vector from the first vector. In an equivalent
implementation, the third vector is generated by sequentially generating an elementin the second vector (template signal
¢, p) and subtracting this element from the corresponding element in the first vector (signal segment y). In essence, this
corresponds to subtracting the second vector from the first vector.

[0132] As indicated above, it is also conceivable to start the iterative processing of the signal segment y based on an
initial template signal for the heart pulses. The skilled person is readily able to modify the block diagram in Fig. 5 and
the flow chart in Fig. 7 accordingly. Thus, all embodiments, variants, examples and implementations of the iterative
processing based on an initial template signal for the pump pulses, as described herein, are equally applicable, by
analogy, to the iterative processing based on an initial template signal for the heart pulses. Taking Fig. 5 as an example,
block 24A may be modified to supply a initial template signal ¢(© for the heart pulses to block 21, block 22 may be
modified to acquire and process a filtered pump signal p from block 21 so as to generate a template signal p for the
pump pulses, and block 24 may be modified to acquire and process a filtered heart signal ¢ from block 23 so as to
generate a template signal ¢ for the heart pulses. Block 24A may generate the initial template signal ¢(0) based on a
reference signal (corresponding to REF in Fig. 5) that indicates the rate or timing of the heart pulses. The reference
signal may be acquired from any conventional pulse sensor attached to the subject, such as a pulse watch, a photop-
lethysmograph (PPG) such as a pulse oximeter, an electrocardiograph (ECG), etc. In another example, the reference
signal is a pressure signal generated by another pressure sensor in the EC circuit (e.g. the sensor 6a in Fig. 1) which
is arranged to detect pressure waves originating from the heart. It is conceivable that block 24A estimates not only the
timing, but also the shape and magnitude of the heart cycles based on the reference signal.

[0133] The inventive technique is applicable in all types of EC circuits in which blood is taken from the systemic blood
circuit of a subject to have a process applied to it before it is returned to the subject. Such extracorporeal blood circuits
include circuits for hemodialysis, hemofiltration, hemodiafiltration, plasmapheresis, apheresis, extracorporeal membrane
oxygenation, assisted blood circulation, and extracorporeal liver support/dialysis. The inventive technique is likewise
applicable for pulse separation in other types of extracorporeal blood circuits, such as circuits for blood transfusion, as
well as heart-lung-machines. The inventive technique is also applicable to EC circuits that contain other liquids than
blood and are connected to the cardiovascular system of a human or animal subject, including systems for intravenous
therapy, infusion pumps, automated peritoneal dialysis (APD) systems, etc. Examples of such liquids include medical
solutions, dialysis fluids, infusion liquids, water, etc.

[0134] The inventive technique is generally applicable to separate a repetitive sequence of physiological pulses from
a repetitive sequence of interference pulses in a pressure signal which is acquired from a pressure sensor in an EC
circuit connected to a human or animal subject. The physiological pulses may originate from any repetitive (periodic)
physiological pulse generator in the subject, including the heart, the breathing system, the autonomous system for blood
pressure regulation and the autonomous system for body temperature regulation. The interference pulses may originate
from any interference generator that is located in or is associated with the EC circuit to produce repetitive interference
pulses in the pressure signal. In this context, "associated with" implies that the interference generator need not be
included in the EC circuit but is capable of generating pressure waves that propagate in the EC circuit to the pressure
sensor.

[0135] If the pressure signal P contains physiological pulses from more than one pulse generator in the subject, the
input block 18 in Fig. 5 may be configured to apply a low-pass, band-pass or high-pass filter, or any combination thereof,
so as to selectively transmit a limited frequency range associated with the physiological pulses to be separated from the
interference pulses in the pressure signal P. The limited frequency range may e.g. be set to approx. 0.5-3 Hz if the
physiological pulses originate from the heart, approx. 0.15-0.4 Hz if the physiological pulses originate from the breathing
system, approx. 0.04-0.14 Hz if the physiological pulses originate from the autonomous systems for blood pressure
regulation, and approx. 0.001-0.1 Hz if the physiological pulses originate from autonomous system for temperature
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regulation.

[0136] The interference generator may be any type of pumping device, not only rotary peristaltic pumps as disclosed
above, but also other types of positive displacement pumps, such as linear peristaltic pumps and diaphragm pumps.
Further, the interference generator may be one or more valves or flow restrictors that are installed in or associated with
the fluid containing system. The valves and flow restrictors may be operable to periodically stop a flow of fluid, change
a flow rate of fluid, or change a fluid flow path. The valves and flow restrictors may also be included in a system for
degassing of a fluid or a system for changing the static pressure of a fluid. In another example, the interference generator
is a balancing chamber as used in certain types of dialysis systems.

[0137] Thetechniques described herein may be extended for separation of pulses with more than two different origins.
Fig. 15 is merely given as an example of a block diagram for a device 7 which corresponds to the device 7 in Fig. 5 but
is implemented for separating pulses from three different pulse generators. For this purpose, the device 7 includes an
additional subtraction block 27 and an additional refinement block 28, which may configured in correspondence with
subtraction blocks 21, 23 and refinement blocks 22, 24. Furthermore, the initiation block 24A is configured to generate
initial template signals for two different types of pulses. In the illustrated example, the device 7 is configured to separate
heart pulses, pump pulses and a third type of pulses, denoted auxiliary pulses, which may originate either from a further
physiological pulse generator in the subject or a further interference generator associated with the EC circuit. In the
illustrated example, the initiation block 24A generates an initial template signal p(©) for the pump pulses and an initial
template signal g(0) for the auxiliary pulses, e.g. based on one reference signal REF1 for the pump 4 and one reference
signal REF2 for the origin of the auxiliary pulses. As seen, the device 7 generates a filtered heart signal ¢, a heart
template signal ¢, a filtered pump signal p, a pump template signal p, a filtered signal q for the auxiliary pulses, and a
template signal q for the auxiliary pulses. The structure and operation of the device 7 in Fig. 15 should be apparent from
foregoing detailed description and will not be described in further detail.

[0138] The pressure sensor may be of any type, e.g. operating by resistive, capacitive, inductive, magnetic, acoustic
or optical sensing, and using one or more diaphragms, bellows, Bourdon tubes, piezo-electrical components, semicon-
ductor components, strain gauges, resonant wires, accelerometers, etc.

[0139] The inventive technique need not operate on real-time data, but could be used for processing off-line data,
such as a previously recorded pressure signal.

Claims

1. A device for processing a pressure signal (P) obtained from a pressure sensor (6a, 6b) in an extracorporeal fluid
circuit (1), said device comprising:

an input (18) for receiving the pressure signal (P) from the pressure sensor (6a, 6b); and
a signal processor (9a) connected to the input (18) and being configured to:

extract, from the pressure signal (P), a signal segment (y) that comprises a sequence of interference pulses
originating from an interference generator (4) associated with the extracorporeal fluid circuit (1), and a
sequence of physiological pulses originating from a physiological pulse generator (PH) in a subject which
is connected to the extracorporeal fluid circuit (1); and

process the signal segment (y) for separation of the interference pulses from the physiological pulses by:

a) subtracting at least one initial template signal (p(®), g(9) from the signal segment (y) to generate a
first difference signal (c) that represents the sequence of physiological pulses and residuals of the
interference pulses;

b) processing the first difference signal (c) to generate a first template signal (¢) in which the residuals
of the interference pulses are suppressed in relation to the sequence of physiological pulses;

c) subtracting at least the first template signal (¢) from the signal segment (y) to generate a second
difference signal (p) that represents the sequence of interference pulses and residuals of the physio-
logical pulses; and

d) processing the second difference signal (p) to generate a second template signal (p) in which the
residuals of the physiological pulses are suppressed in relation to the sequence of interference pulses.

2. The device of claim 1, wherein the signal processor (9a) is configured to, subsequent to the steps a)-d), process
the signal segment (y) for separation of the interference pulses from the physiological pulses by:

e) subtracting at least the second template signal (p) from the signal segment (y) to generate the first difference
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signal (c); and
repeating the steps b)-e) in at least one iteration.

The device of claim 2, wherein the signal processor (9a) is configured to repeatedly execute steps b)-e) until a
predefined convergence criterion is fulfilled or until a predefined time limit is exceeded.

The device of any preceding claim, wherein the signal processor (9a) is further configured, in step b), to: identify a
set of predefined first cycles of the physiological pulses in the first difference signal (c), determine a first signal profile
(c) for each of the predefined first cycles, and generate the first template signal (¢) by tiling the first signal profiles
(c) such that the timing of the first signal profiles (c) in the first template signal (¢) matches the timing of the set of
predefined first cycles in the first difference signal (c).

The device of claim 4, wherein the signal processor (9a) is further configured, in step b), to: identify a respective
reference time point ([t;]) for each of the predefined first cycles in the first difference signal (¢), and generate the

first template signal (c) by tiling and time-scaling the first signal profiles (E) with respect the reference time points ([.]).

The device of claim 4 or 5, wherein the signal processor (9a) is further configured, in step b), to: determine a length
of the respective predefined first cycle in the first difference signal (c); and select the first signal profile among at
least two candidate profiles based on the length of the respective predefined first cycle.

The device of any preceding claim, wherein the signal processor (9a) is further configured, in step d), to: identify a
set of predefined second cycles in the second difference signal (p); determine a second signal profile (p) for each
of the predefined second cycles; and generate the second template signal (p) by tiling the second signal profiles
(;_)) such that the timing of the second signal profiles (,(_)) in the second template signal (p) matches the timing of the
set of predefined second cycles in the second difference signal (p).

The device of any claim 7, wherein the signal processor (9a) is further configured, in step d), to: identify a respective
reference time point ([tp]) for each of the predefined second cycles in the second difference signal (p), and generate

the second template signal (p) by tiling and time-scaling the second signal profiles (;_)) with respect the reference
time points ([tp]).

The device of any preceding claim, wherein the signal processor (9a) is further configured, in step a) to: acquire
said at least one initial template signal (p(®, g(0)) as an initial estimate of the shape, the magnitude and the timing
of the interference pulses in the signal segment (y).

The device of any one of claims 4-6, wherein each predefined first cycle is predefined to comprise a given number
of physiological pulses, and preferably one and only one physiological pulse.

The device of any one of claims 7-8, wherein each predefined second cycle is predefined to comprise a given number
of interference pulses.

The device of any one of claims 7-8 and 11, wherein the interference generator (4) is a peristaltic pump comprising
a rotor (12) with at least one roller (13a, 13b), and wherein each predefined second cycle pulses is predefined to
correspond to a full revolution of the rotor (12).

The device of any preceding claim, wherein the signal processor (9a) is configured to extract the signal segment
(y) such that the signal segment (y) comprises at least 2, and preferably at least 10 physiological pulses, and at
least 2, and preferably at least 10, interference pulses.

A method of processing a pressure signal (P) obtained from a pressure sensor (6a, 6b) in an extracorporeal fluid
circuit (1), said method comprising:

extracting, from the pressure signal (P), a signal segment (y) that comprises a sequence of interference pulses
originating from an interference generator (4) associated with the extracorporeal fluid circuit (1), and a sequence
of physiological pulses originating from a physiological pulse generator (PH) in a subject which is connected to
the extracorporeal fluid circuit (1);
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a) subtracting at least one initial template signal (p(©), g(® from the signal segment (y) to generate a first
difference signal (c) that represents the sequence of physiological pulses and residuals of the interference
pulses;

b) processing the first difference signal (c) to generate a first template signal (¢) in which the residuals of
the interference pulses are suppressed in relation to the sequence of physiological pulses;

c) subtracting at least the first template signal (¢) from the signal segment (y) to generate a second difference
signal (p) that represents the sequence of interference pulses and residuals of the physiological pulses; and
d) processing the second difference signal (p) to generate a second template signal (p) in which the residuals
of the physiological pulses are suppressed in relation to the sequence of interference pulses.

15. A device for processing a pressure signal (P) obtained from a pressure sensor (6a, 6b) in an extracorporeal fluid
circuit (1), said device comprising:

an input (18) for receiving the pressure signal (P) from the pressure sensor (6a, 6b); and
a signal processor (9a) connected to the input and being configured to:

extract, from the pressure signal (P), a signal segment (y) that comprises a sequence of interference pulses
originating from an interference generator (4) associated with the extracorporeal fluid circuit (1), and a
sequence of physiological pulses originating from a physiological pulse generator (PH) in a subject which
is connected to the extracorporeal fluid circuit (1); and

process the signal segment (y) for separation of the interference pulses from the physiological pulses by:

a) subtracting at least one initial template signal (c(©), §(®)) from the signal segment (y) to generate a
first difference signal (p) that represents the sequence of interference pulses and residuals of the
physiological pulses,

b) processing the first difference signal (p) to generate a first template signal (p) in which the residuals
of the physiological pulses are suppressed in relation the sequence of interference pulses,

c) subtracting at least the first template signal (p) from the signal segment (y) to generate a second
difference signal (c) that represents the sequence of physiological pulses and residuals of the interfer-
ence pulses, and

d) processing the second difference signal (c) to generate a second template signal (c) in which the
residuals of the interference pulses are suppressed in relation to the sequence of physiological pulses.

16. A method of processing a pressure signal (P) obtained from a pressure sensor (6a, 6b) in an extracorporeal fluid
circuit (1), said method comprising:

extracting, from the pressure signal (P), a signal segment (y) that comprises a sequence of interference pulses
originating from an interference generator (4) associated with the extracorporeal fluid circuit (1), and a sequence
of physiological pulses originating from a physiological pulse generator (PH) in a subject which is connected to
the extracorporeal fluid circuit (1);

a) subtracting at least one initial template signal (c(©, §(©) from the signal segment (y) to generate a first
difference signal (p) that represents the sequence of interference pulses and residuals of the physiological
pulses;

b) processing the first difference signal (p) to generate a first template signal (p) in which the residuals of
the physiological pulses are suppressed in relation the sequence of interference pulses;

c) subtracting at least the first template signal (p) from the signal segment (y) to generate a second difference
signal (c) that represents the sequence of physiological pulses and residuals of the interference pulses; and
d) processing the second difference signal (c) to generate a second template signal (¢) in which the residuals
of the interference pulses are suppressed in relation to the sequence of physiological pulses.

17. A computer-readable medium comprising computer instructions which, when executed by a processor, cause the
processor to perform the method of claim 14 or 16.

Patentanspriiche

1. Vorrichtungzum Verarbeiten eines Drucksignals (P), das von einem Drucksensor (6a, 6b) in einem aul3erkérperlichen
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Fluidkreislauf (1) erhalten wird, wobei die Vorrichtung Folgendes umfasst:

einen Eingang (18) zum Empfangen des Drucksignals (P) vom Drucksensor (6a, 6b);und
einen Signalprozessor (9a), der mit dem Eingang (18) verbunden ist und konfiguriert ist:

aus dem Drucksignal (P) ein Signalsegment (y) zu extrahieren, das eine Folge von Interferenzimpulsen,
die von einem Interferenzgenerator (4) hervorgerufen werden, der dem auf3erkdrperlichen Fluidkreislauf
(1) zugeordnet ist, und eine Folge von physiologischen Impulsen, die von einem Generator (PH) fiir phy-
siologische Impulsein einer Testperson hervorgerufen werden, die mitdem auf3erkdrperlichen Fluidkreislauf
(1) verbunden ist, umfasst; und

das Signalsegment (y) zur Trennung der Interferenzimpulse von den physiologischen Impulsen zu verar-
beiten durch:

a)Subtrahieren mindestens eines Anfangsmustersignals (p(9,q(%) vom Signalsegment (y), um ein ers-
tes Differenzsignal (c) zu erzeugen, das die Folge der physiologischen Impulse und Reste der Inter-
ferenzimpulse darstellt;

b)Verarbeiten des ersten Differenzsignals (c), um ein erstes Mustersignal (¢) zu erzeugen, in dem die
Reste der Interferenzimpulse im Verhaltnis zur Folge der physiologischen Impulse unterdriickt sind;
c)Subtrahieren mindestens des ersten Mustersignals (c¢) vom Signalsegment (y), um ein zweites Dif-
ferenzsignal (p) zu erzeugen, das die Folge der Interferenzimpulse und Reste der physiologischen
Impulse darstellt; und

d)Verarbeiten des zweiten Differenzsignals (p), um ein zweites Mustersignal (p) zu erzeugen, in dem
die Reste der physiologischen Impulse im Verhaltnis zur Folge der Interferenzimpulse unterdriickt sind.

Vorrichtung nach Anspruch 1, wobei der Signalprozessor (9a) konfiguriert ist, anschlielend an die Schritte a)-d)
das Signalsegment (y) zur Trennung der Interferenzimpulse von den physiologischen Impulsen zu verarbeiten durch:

e) Subtrahieren mindestens des zweiten Mustersignals (p) vom Signalsegment (y), um das erste Differenzsignal
(c) zu erzeugen; und

Wiederholen der Schritte b)-e) in mindestens einer Iteration.

Vorrichtung nach Anspruch 2, wobei der Signalprozessor (9a) konfiguriert ist, die Schritte b)-e) wiederholt auszu-
fihren, bis ein vorgegebenes Konvergenzkriterium erfillt ist oder bis eine vorgegebene Zeitgrenze tberschritten ist.

Vorrichtung nach einem der vorhergehenden Anspriiche, wobei der Signalprozessor (9a) ferner konfiguriert ist, in
Schritt b): eine Gruppe vorgegebener erster Zyklen der physiologischen Impulse im ersten Differenzsignal (c) zu
identifizieren, fUr jeden der vorgegebenen ersten Zyklen ein erstes Signalprofil (E) zu bestimmen und das erste
Mustersignal (¢) durch Anordnen der ersten Signalprofile (E) nebeneinander, derart, dass die Zeitsteuerung der
ersten Signalprofile (E) im ersten Mustersignal (¢) mit der Zeitsteuerung der Gruppe der vorgegebenen ersten Zyklen

im ersten Differenzsignal (c) abgestimmt ist, zu erzeugen.

Vorrichtung nach Anspruch 4, wobei der Signalprozessor (9a) ferner konfiguriert ist, in Schritt b): fur jeden der
vorgegebenen ersten Zyklen im ersten Differenzsignal (c) einen jeweiligen Referenzzeitpunkt ([{;]) zu identifizieren

und das erste Mustersignal (¢) durch nebeneinander Anordnen und zeitlich Skalieren der ersten Signalprofile (E) in
Bezug auf die Referenzzeitpunkte ([t.]) zu erzeugen.

Vorrichtung nach Anspruch 4 oder 5, wobei der Signalprozessor (9a) ferner konfiguriert ist, in Schritt b): eine Lange
des jeweiligen vorgegebenen ersten Zyklus im ersten Differenzsignal (¢) zu bestimmen und das erste Signalprofil
auf der Basis der Lange des jeweiligen vorgegebenen ersten Zyklus aus mindestens zwei Kandidatenprofilen aus-
zuwahlen.

Vorrichtung nach einem der vorhergehenden Anspriiche, wobei der Signalprozessor (9a) ferner konfiguriert ist, in
Schritt d): eine Gruppe vorgegebener zweiter Zyklen im zweiten Differenzsignal (p) zu identifizieren, fir jeden der
vorgegebenen zweiten Zyklen ein zweites Signalprofil (p) zu bestimmen und das zweite Mustersignal (p) durch
Anordnen der zweiten Signalprofile (p) nebeneinander derart, dass die Zeitsteuerung der zweiten Signalprofile (p)
im zweiten Mustersignal (p) mit der Zeitsteuerung der Gruppe der vorgegebenen zweiten Zyklen im zweiten Diffe-
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renzsignal (p) abgestimmt ist, zu erzeugen.

Vorrichtung nach Anspruch 7, wobei der Signalprozessor (9a) ferner konfiguriert ist, in Schritt d) : fir jeden der
vorgegebenen zweiten Zyklen im zweiten Differenzsignal (p) einen jeweiligen Referenzzeitpunkt ([£,]) zu identifizie-

ren und das zweite Mustersignal (p) durch nebeneinander Anordnen und zeitlich Skalieren der zweiten Signalprofile
(p) in Bezug auf die Referenzzeitpunkte ([t,]) zu erzeugen.

Vorrichtung nach einem der vorhergehenden Anspriiche, wobei der Signalprozessor (9a) ferner konfiguriert ist, in
Schritt a): das mindestens eine Anfangsmustersignal (p(0),q(9)) als eine Anfangsschatzung der Form, der Amplitude
und der Zeitsteuerung der Interferenzimpulse im Signalsegment (y) zu erfassen.

Vorrichtung nach einem der Anspriiche 4-6, wobei jeder vorgegebene erste Zyklus derart vorgegeben ist, dass er
eine gegebene Anzahl physiologischer Impulse und vorzugsweise einen und nur einen physiologischen Impuls
umfasst.

Vorrichtung nach einem der Anspriiche 7-8, wobei jeder vorgegebene zweite Zyklus derart vorgegeben ist, dass er
eine gegebene Anzahl von Interferenzimpulsen umfasst.

Vorrichtung nach einem der Anspriiche 7-8 und 11, wobei der Interferenzgenerator (4) eine Peristaltikpumpe ist,
die einen Rotor (12) mit mindestens einer Rolle (13a, 13b) umfasst, und wobei jeder Impuls der vorgegebenen
zweiten Zyklen derart vorgegeben ist, dass er einer vollstandigen Umdrehung des Rotors (12) entspricht.

Vorrichtung nach einem der vorhergehenden Anspriiche, wobei der Signalprozessor (9a) konfiguriert ist, das Sig-
nalsegment (y) derart zu extrahieren, dass das Signalsegment (y) mindestens 2 und vorzugsweise mindestens 10
physiologische Impulse und mindestens 2 und vorzugsweise mindestens 10 Interferenzimpulse umfasst.

Verfahren zum Verarbeiten eines Drucksignals (P), das von einem Drucksensor (6a, 6b) in einem auflerkdrperlichen
Fluidkreislauf (1) erhalten wird, wobei das Verfahren Folgendes umfasst:

Extrahieren eines Signalsegments (y), das eine Folge von Interferenzimpulsen, die von einem Interferenzge-
nerator (4) hervorgerufen werden, der dem auerkdrperlichen Fluidkreislauf (1) zugeordnet ist, und eine Folge
von physiologischen Impulsen, die von einem Generator (PH) fiir physiologische Impulse in einer Testperson
hervorgerufen werden, die mit dem auRerkérperlichen Fluidkreislauf (1) verbunden ist, umfasst, aus dem Druck-
signal (P);

a)Subtrahieren mindestens eines Anfangsmustersignals (p(®),q(%) vom Signalsegment (y), um ein erstes
Differenzsignal (c) zu erzeugen, das die Folge der physiologischen Impulse und Reste der Interferenzim-
pulse darstellt;

b)Verarbeiten des ersten Differenzsignals (c), um ein erstes Mustersignal (¢) zu erzeugen, in dem die Reste
der Interferenzimpulse im Verhaltnis zur Folge der physiologischen Impulse unterdriickt sind;
c)Subtrahieren mindestens des ersten Mustersignals (¢) vom Signalsegment (y), um ein zweites Differenz-
signal (p) zu erzeugen, das die Folge der Interferenzimpulse und Reste der physiologischen Impulse dar-
stellt; und

d)Verarbeiten des zweiten Differenzsignals (p), um ein zweites Mustersignal (p) zu erzeugen, in dem die
Reste der physiologischen Impulse im Verhaltnis zur Folge der Interferenzimpulse unterdriickt sind.

Vorrichtung zum Verarbeiten eines Drucksignals (P), das von einem Drucksensor (6a, 6b) in einem aulRerkdrperlichen
Fluidkreislauf (1) erhalten wird, wobei die Vorrichtung Folgendes umfasst:

einen Eingang (18) zum Empfangen des Drucksignals (P) vom Drucksensor (6a, 6b);und
einen Signalprozessor (9a), der mit dem Eingang verbunden ist und konfiguriert ist:

aus dem Drucksignal (P) ein Signalsegment (y) zu extrahieren, das eine Folge von Interferenzimpulsen,
die von einem Interferenzgenerator (4) hervorgerufen werden, der dem auf3erkdrperlichen Fluidkreislauf
(1) zugeordnet ist, und eine Folge von physiologischen Impulsen, die von einem Generator (PH) fiir phy-
siologische Impulsein einer Testperson hervorgerufen werden, die mitdem auf3erkdrperlichen Fluidkreislauf
(1) verbunden ist, umfasst; und
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das Signalsegment (y) zur Trennung der Interferenzimpulse von den physiologischen Impulsen zu verar-
beiten durch:

a)Subtrahieren mindestens eines Anfangsmustersignals (p(9),q(%) vom Signalsegment (y), um ein ers-
tes Differenzsignal (p) zu erzeugen, das die Folge der Interferenzimpulse und Reste der physiologischen
Impulse darstellt,

b)Verarbeiten des ersten Differenzsignals (p), um ein erstes Mustersignal (p) zu erzeugen, in dem die
Reste der physiologischen Impulse im Verhaltnis zur Folge der Interferenzimpulse unterdriickt sind,
c)Subtrahieren mindestens des ersten Mustersignals (p) vom Signalsegment (y), um ein zweites Dif-
ferenzsignal (c) zu erzeugen, das die Folge der physiologischen Impulse und Reste der Interferenz-
impulse darstellt, und

d)Verarbeiten des zweiten Differenzsignals (c), um ein zweites Mustersignal (¢) zu erzeugen, in dem
die Reste der Interferenzimpulse im Verhaltnis zur Folge der physiologischen Impulse unterdriickt sind.

16. Verfahren zum Verarbeiten eines Drucksignals (P), das von einem Drucksensor (6a, 6b) in einem auflerkdrperlichen
Fluidkreislauf (1) erhalten wird, wobei das Verfahren Folgendes umfasst:

Extrahieren eines Signalsegments (y), das eine Folge von Interferenzimpulsen, die von einem Interferenzge-
nerator (4) hervorgerufen werden, der dem auerkdrperlichen Fluidkreislauf (1) zugeordnet ist, und eine Folge
von physiologischen Impulsen, die von einem Generator (PH) fiir physiologische Impulse in einer Testperson
hervorgerufen werden, die mit dem auerk&rperlichen Fluidkreislauf (1) verbunden ist, umfasst, aus dem Druck-
signal (P);

a)Subtrahieren mindestens eines Anfangsmustersignals (c(9), g(©)) vom Signalsegment (y), um ein erstes
Differenzsignal (p) zu erzeugen, das die Folge der Interferenzimpulse und Reste der physiologischen Im-
pulse darstellt;

b)Verarbeiten des ersten Differenzsignals (p), um ein erstes Mustersignal (p) zu erzeugen, in dem die Reste
der physiologischen Impulse im Verhaltnis zur Folge der Interferenzimpulse unterdriickt sind;
c)Subtrahieren mindestens des ersten Mustersignals (p) vom Signalsegment (y), um ein zweites Differenz-
signal (c) zu erzeugen, das die Folge der physiologischen Impulse und Reste der Interferenzimpulse dar-
stellt; und

d)Verarbeiten des zweiten Differenzsignals (c), um ein zweites Mustersignal (¢) zu erzeugen, in dem die
Reste der Interferenzimpulse im Verhaltnis zur Folge der physiologischen Impulse unterdriickt sind.

17. Computerlesbares Medium, das Computeranweisungen umfasst, die, wenn sie durch einen Prozessor ausgefiihrt
werden, bewirken, dass der Prozessor das Verfahren nach Anspruch 14 oder 16 durchfihrt.

Revendications

1. Dispositif de traitement d’un signal de pression (P) obtenu auprés d’un capteur de pression (6a, 6b) dans un circuit
a fluide extracorporel (1), ledit dispositif comprenant :

une entrée (18) destinée a recevoir le signal de pression (P) de la part du capteur de pression (6a, 6b) ; et
un processeur de signal (9a) connecté a I'entrée (18) et configuré pour :

extraire, du signal de pression (P), un segment de signal (y) qui comprend une séquence d’impulsions de
brouillage provenant d’un générateur de brouillage (4) associé au circuit a fluide extracorporel (1), et une
séquence d’'impulsions physiologiques provenant d’un générateur d’impulsions physiologiques (PH) dans
un sujet qui est connecté au circuit a fluide extracorporel (1) ; et

traiter le segment de signal (y)) pour séparer les impulsions de brouillage des impulsions physiologiques en :

a) soustrayant au moins un modéle de signal initial (p(®), g(©)) du segment de signal (y) afin de générer
un premier signal différentiel (c) qui représente la séquence d’impulsions physiologiques et les résidus
des impulsions de brouillage ;

b) traitant le premier signal différentiel (c) afin de générer un premier modéle de signal (c) dans lequel
les résidus des impulsions de brouillage sont supprimés en relation avec la séquence d’impulsions
physiologiques ;
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c) soustrayant au moins le premier modéle de signal (¢) du segment de signal (y) afin de générer un
deuxiéme signal différentiel (p) qui représente la séquence d’impulsions de brouillage et les résidus
des impulsions physiologiques ; et

d) traitant le deuxiéme signal différentiel (p) afin de générer un deuxiéme modéle de signal (p) dans
lequel les résidus des impulsions physiologiques sont supprimés en relation avec la séquence d'im-
pulsions de brouillage.

Dispositif selon la revendication 1, le processeur de signal (9a) étant configuré pour, aprés les étapes a) -d), traiter
le segment de signal (y) pour la séparation des impulsions de brouillage des impulsions physiologiques en :

e) soustrayant au moins le deuxiéme modéle de signal (p) du segment de signal (y) afin de générer le premier
signal différentiel (c) ; et

répéter les étapes b) - €) dans au moins une itération.

Dispositif selon la revendication 2, le processeur de signal (9a) étant configuré pour exécuter les étapes b) - €) de
maniére répétitive jusqu’a ce qu’un critére de convergence prédéfini soit rempli ou jusqu’a ce qu’une limite de temps
prédéfinie soit dépassée.

Dispositif selon I'une quelconque des revendications précédentes, le processeur de signal (9a) étant en outre
configuré pour, a I'étape b) : identifier un ensemble de premiers cycles prédéfinis des impulsions physiologiques
dans le premier signal différentiel (c), déterminer un premier profil de signal (E) pour chacun des premiers cycles
prédéfinis et générer le premier modele de signal (E)_en juxtaposant les premiers profils de signal (c) de telle sorte
que la base de temps des premiers profils de signal (¢) dans le premier modéle de signal (¢) coincide avec la base
de temps de I'ensemble de premiers cycles prédéfinis dans le premier signal différentiel (c).

Dispositif selon la revendication 4, le processeur de signal (9a) étant en outre configuré pour, a I'étape b) : identifier
un instant de référence ([t.]) respectif pour chacun des premiers cycles prédéfinis dans le premier signal différentiel

(c) et générer le premier modeéle de signal (¢) en juxtaposant et en mettant a 'échelle dans le temps les premiers
profils de signal (c) par rapport aux instants de référence ([t;]) .

Dispositif selon la revendication 4 ou 5, le processeur de signal (9a) étant en outre configuré pour, a I'étape b) :
déterminer une longueur du premier cycle prédéfini respectif dans le premier signal différentiel (c) ; et sélectionner
le profil du premier signal parmi au moins deux profils candidats en se basant sur la longueur du premier cycle
prédéfini respectif.

Dispositif selon I'une quelconque des revendications précédentes, le processeur de signal (9a) étant en outre
configuré pour, a I'étape d) : identifier un ensemble de deuxiémes cycles prédéfinis dans le deuxiéme signal diffe-
rentiel (p) ; déterminer un deuxieéme profil de signal (p) pour chacun des deuxiémes cycles predéfinis ; et générer
le deuxiéme modéle de signal (p) en juxtaposant les deuxiémes profils de signal (p) de telle sorte que la base de
temps des deuxiemes profils de signal (E) dans le deuxiéme modéle de signal (p) coincide avec la base de temps
de 'ensemble de deuxiémes cycles prédéfinis dans le deuxieme signal différentiel (p).

Dispositif selon la revendication 7, le processeur de signal (9a) étant en outre configuré pour, a I'étape d) : identifier
un instant de référence ([tp]) respectif pour chacun des deuxiemes cycles prédéfinis dans le deuxiéme signal diffé-

rentiel (p) et générer le deuxieme modele de signal (p) en juxtaposant et en mettant & I'échelle dans le temps les
deuxiémes profils de signal (p) par rapport aux instants de référence ([tp]).

Dispositif selon I'une quelconque des revendications précédentes, le processeur de signal (9a) étant en outre
configuré pour, & I'étape a) : acquérir I'au moins un modéle de signal initial (p(9), g(9)) en tant qu’estimation initiale
de la forme, de I'amplitude et de la base de temps des impulsions de brouillage dans le segment initial (y).

Dispositif selon I'une quelconque des revendications 4 a 6, chaque premier cycle prédéfini étant prédéfini pour
comprendre un nombre donné d’impulsions physiologiques, et de préférence une et une seule impulsion physiolo-

gique.

Dispositif selon I'une quelconque des revendications 7 a 8, chaque deuxieme cycle prédéfini étant prédéfini pour
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comprendre un nombre donné d’impulsions de brouillage.

Dispositif selon 'une quelconque des revendications 7 a 8 et 11, le générateur de brouillage (4) étant une pompe
péristaltique comprenant un rotor (12) doté d’au moins un rouleau (13a, 13b), et chaque impulsion du deuxieme
cycle prédéfini étant prédéfinie pour correspondre a un tour complet du rotor (12).

Dispositif selon I'une quelconque des revendications précédentes, le processeur de signal (9a) étant configuré pour
extraire le segment de signal (y) de telle sorte que le segment de signal (y) comprend au moins 2 et de préférence
au moins 10 impulsions physiologiques, et au moins 2 et de préférence au moins 10 impulsions de brouillage.

Procédé de traitement d’un signal de pression (P) obtenu auprés d’un capteur de pression (6a, 6b) dans un circuit
a fluide extracorporel (1), ledit procédé comprenant :

extraction, du signal de pression (P), d’'un segment de signal (y) qui comprend une séquence d’'impulsions de
brouillage provenant d’'un générateur de brouillage (4) associé au circuit a fluide extracorporel (1), et une
séquence d’impulsions physiologiques provenant d’un générateur d’impulsions physiologiques (PH) dans un
sujet qui est connecté au circuit a fluide extracorporel (1) ;

a) soustraction d’au moins un modéle de signal initial (p(©), q(9) du segment de signal (y) afin de générer
un premier signal différentiel (c) qui représente la séquence d’'impulsions physiologiques et les résidus des
impulsions de brouillage ;

b) traitement du premier signal différentiel (c) afin de générer un premier modéle de signal (¢) dans lequel
les résidus des impulsions de brouillage sont supprimés en relation avec la séquence d’impulsions
physiologiques ;

c) soustraction d’au moins le premier modeéle de signal (¢) du segment de signal (y) afin de générer un
deuxiéme signal différentiel (p) qui représente la séquence d’impulsions de brouillage et les résidus des
impulsions physiologiques ; et

d) traitement du deuxiéme signal différentiel (p) afin de générer un deuxiéme modéle de signal (p) dans
lequel les résidus des impulsions physiologiques sont supprimés en relation avec la séquence d’impulsions
de brouillage.

15. Dispositif de traitement d’un signal de pression (P) obtenu auprés d’un capteur de pression (6a, 6b) dans un circuit

a fluide extracorporel (1), ledit dispositif comprenant :

une entrée (18) destinée a recevoir le signal de pression (P) de la part du capteur de pression (6a, 6b) ; et
un processeur de signal (9a) connecté a I'entrée et configuré pour :

extraire, du signal de pression (P), un segment de signal (y) qui comprend une séquence d’impulsions de
brouillage provenant d’un générateur de brouillage (4) associé au circuit a fluide extracorporel (1), et une
séquence d’'impulsions physiologiques provenant d’un générateur d’impulsions physiologiques (PH) dans
un sujet qui est connecté au circuit a fluide extracorporel (1) ; et

traiter le segment de signal (y)) pour séparer les impulsions de brouillage des impulsions physiologiques en :

a) soustrayant au moins un modéle de signal initial (¢(9), q(%)) du segment de signal (y) afin de générer
un premier signal différentiel (p) qui représente la séquence d’impulsions de brouillage et les résidus
des impulsions physiologiques ;

b) traitant le premier signal différentiel (p) afin de générer un premier modéle de signal (p) dans lequel
les résidus des impulsions physiologiques sont supprimés en relation avec la séquence d’impulsions
de brouillage ;

c) soustrayant au moins le premier modéle de signal (p) du segment de signal (y) afin de générer un
deuxiéme signal différentiel (c) qui représente la séquence d’impulsions physiologiques et les résidus
des impulsions de brouillage ; et

d) traitant le deuxiéme signal différentiel (c) afin de générer un deuxiéme modéle de signal (¢) dans
lequel les résidus des impulsions de brouillage sont supprimés en relation avec la séquence d’impul-
sions physiologiques.

16. Procédé de traitement d’un signal de pression (P) obtenu auprés d’un capteur de pression (6a, 6b) dans un circuit

a fluide extracorporel (1), ledit procédé comprenant :
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extraction, du signal de pression (P), d'un segment de signal (y) qui comprend une séquence d’'impulsions de
brouillage provenant d’'un générateur de brouillage (4) associé au circuit a fluide extracorporel (1), et une
séquence d’impulsions physiologiques provenant d'un générateur d’impulsions physiologiques (PH) dans un
sujet qui est connecté au circuit a fluide extracorporel (1) ;

a) soustraction d’au moins un modéle de signal initial (¢(9), g(9) du segment de signal (y) afin de générer
un premier signal différentiel (p) qui représente la séquence d’impulsions de brouillage et les résidus des
impulsions physiologiques ;

b) traitement du premier signal différentiel (p) afin de générer un premier modéle de signal (p) dans lequel
les résidus des impulsions physiologiques sont supprimés en relation avec la séquence d’impulsions de
brouillage ;

c) soustraction d’au moins le premier modéle de signal (p) du segment de signal (y) afin de générer un
deuxiéme signal différentiel (c) qui représente la séquence d’impulsions physiologiques et les résidus des
impulsions de brouillage ; et

d) traitement du deuxiéme signal différentiel (c) afin de générer un deuxiéme modéle de signal (¢) dans
lequel les résidus des impulsions de brouillage sont supprimés en relation avec la séquence d’impulsions
physiologiques.

17. Support lisible par ordinateur comprenant des instructions d’ordinateur qui, lorsqu’elles sont exécutées par un
processeur, aménent le processeur a mettre en oeuvre le procédé selon la revendication 14 ou 16.
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