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Description
FIELD OF THE INVENTION

[0001] This invention relates to cardiopulmonary re-
suscitation (CPR) and is defined by the appended claims.
All other embodiments are merely exemplary.

BACKGROUND OF THE INVENTION

[0002] Cardiopulmonary resuscitationisthe procedure
of giving external chest compressions and artificial ven-
tilations to a patient that has a cardiac arrest (CA), i.e. a
patient with no spontaneous heartbeat. CPR is per-
formed in order to generate an artificial circulation and
oxygenation. The compressions have to be repeated in
a fast way in order to generate a sufficient blood flow to
vital organs such as the heart and brain.

[0003] Cardiopulmonary resuscitation guidelines ad-
vise to do chest compressions at a compression frequen-
cy of at least 100 compressions per minute. However,
these guidelines are based on statistics obtained from
groups of people and do not take into account the pres-
ence of an individual optimum compression frequency.
This individual optimum is a trade-off between pumping
blood out of the heart and return of blood to the heart. In
order to have a sustained artificial circulation, the amount
of blood that is pumped out of the heart must return to
the heart at every chest compression. The return of blood
to the heart is called the venous return. When more blood
is pumped out of the heart than is returned, a shift of
blood volume can occur (e.g. blood shift to the abdominal
region). When blood is shifted to other areas than the
thorax (heart), it is no longer part of the circulation, and
chest compressions are performed on an empty or par-
tially empty heart, which does not generate any blood
flow.

[0004] The optimal compression frequency is the fre-
quency that results in a compression starting just after
venous return has completed, i.e. after the blood flow
into the right atrium of the heart is completed. A 100 cpm
rate is most likely not the optimal compression rate for a
lot of patients as it does not seek to enable the completion
of venous return nor is it based on the physiology of a
particular patient.

[0005] Document US 2014/039291 A1 relates to a
medical device that comprises a control circuit configured
to generate a metric indicative of a quality of cardio pul-
monary resuscitation being performed on a subject and
issue a recommendation to modify the cardio pulmonary
resuscitation being performed on the subject based on
the metric.

SUMMARY OF THE INVENTION
[0006] The invention is defined by the claims.

[0007] According to examples in accordance with an
aspect of the invention, there is provided a CPR assist-
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ance system, comprising:

a sensor for making a physiological measurement
to generate a sensor signal which conveys informa-
tion concerning the point in time at which venous
return is completed; and

a processor for processing the sensor signal to de-
termine time points at which CPR compression cy-
cles should be administered based on the point in
time at which venous return is completed; and

an output device providing output information relat-
ing to the determined time points.

[0008] This systemis able to ensure maximum venous
return by measuring physiological information which has
adependency on the venous return. The output informa-
tion can be used to tune the CPR compression frequency
either manually (by giving prompts to a caregiver) or au-
tomatically (by controlling an automatic CPR system). In
this way, optimal patient-specific CPR frequency can be
obtained with an as high as possible blood flow for keep-
ing a sustained circulation over an extended period of
time. This increases survival chances following cardiac
arrest.

[0009] The sensor signal may convey information
which indicates when the flow returns to zero (or near
zero) aftera CPR compression cycle. This can be derived
from flow information or from another signal which can
be considered to be a surrogate flow signal. Examples
of such a surrogate flow signal are a zero derivative of
pressure, or zero derivative of volume.

[0010] In one example, the sensor comprises a blood
flow sensor. During the time that blood is flowing, the
heart (right atrium) is being filled. This filling is ended at
the time the blood flow is zero. A zero blood flow may
therefore be used to indicate completion of venous re-
turn. Depending on the sensor location, a (fixed) time
delay can be added to indicate completion. This time de-
lay depends on the sensor location and should cancel
out the physical delay between the sensor location and
the right atrium. Alternative blood flow features (e.g.
maxima/minima or level crossings) in combination with
or without a delay may be used to indicate the end of
venous return.

[0011] The blood flow sensor may for example com-
prise an external ultrasound flow sensor.

[0012] Inother examples the sensor comprises a pres-
sure sensor for measuring the (right atrial) blood pressure
or a plethysmographic (volume, PG) sensor. These may
also be used in a more indirect way to derive flow infor-
mation. A PG sensor can be implemented by use of pho-
toplethysmography (PPG). The time point from where
the PG/pressure or derivative of the PG/pressure signal
remains within a particular range for a certain time period
is then representative of the end of the venous return.
The pressure and PG signals can thus be used as sur-
rogate measures for blood flow. Steady values of these
signals (i.e. zero derivatives) indicate a zero flow and
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hence the end of venous return.

[0013] Thus, in general the processor may be adapted
to determine the time at which the physiological signal
remains between an upper and lower limit for a certain
amount of time or the time at which the derivative of the
physiological signal remains between an upper and lower
limit for a certain amount of time.

[0014] Alternatively, the processor may be adapted to
determine the time at which the physiological signal has
its maximum value after the completion of a chest com-
pression.

[0015] The waytime points are determined will depend
on the physiological parameter being measured. Further-
more, the monitoring of multiple parameters may be com-
bined in the system, and multiple approaches for deter-
mining the time points may be combined.

[0016] The processor may for example be adapted to
apply a delay to the sensed completion of the venous
return to compensate for a delay between the physical
location of the sensor and the actual completion of ve-
nous return at the right side of the heart.

[0017] This delay may be obtained by measuring the
delay between the start of a CPR compression cycle and
the start of the response of the physiological measure-
ment sensor signal to that CPR compression cycle.
[0018] The system may be used in an emergency care
monitor wherein the processor is adapted to provide an
output warning signal when a CPR compression is start-
ed more than a predetermined time before and/or after
the determined time points at which CPR compression
cycles should be administered; or to provide an indication
of a suitable compression rate corresponding to the de-
termined time points or previously determined time
points.

[0019] This provides warnings when the administered
CPRis not optimum or else advises the care giver of the
most suitable compression frequency. An audio and/or
visual output may also orinstead be provided at the timing
instants which are determined as optimal for CPR com-
pression cycles to begin. The processor may be adapted
to provide an optimum compression rate, based on pre-
viously determined time points.

[0020] The system may be used in an automated CPR
(ACPR) system which comprises a compression depth
application system (such as a piston based ACPR device
or abeltaround the patient’s chest). The CPR assistance
system is then used for controlling the timing of operation
of the compression depth application system.

[0021] Another aspect provides a CPR monitoring
method, comprising:

making a physiological measurement to generate a
sensor signal which conveys information concerning
the point in time at which venous return is completed
following a CPR compression;

processing the sensor signal to determine time
points at which CPR compression cycles should be
administered based on the point in time at which ve-
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nous return is completed; and
providing output information relating to the deter-
mined time points.

[0022] This method may be used to advise a caregiver
in which case the output information can be an audible
or visible message. Alternatively, the method may be
used to control an automated system in which case the
output information can be control signals for controlling
the compression cycles of an automated CPR system.
[0023] Makinga physiologicalmeasurementmay com-
prise making a blood flow measurement, a right atrial
pressure measurement or a plethysmographic measure-
ment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Examples ofthe invention will now be described
in detail with reference to the accompanying drawings,
in which:

Figure 1 shows the flows induced by CPR;

Figure 2 shows a CPR compression pulse;

Figure 3 shows a first example of various pressure
and flow signals for a spontaneous heartbeat within
a patient (animal) as well as various pressure and
flow signals within a patient (animal) undergoing
CPR;

Figure 4 shows a second example of various pres-
sure and flow signals for a patient (animal) undergo-
ing CPR;

Figure 5 is used to show how some physiological
signals can be used to identify the end of the venous
flow;

Figure 6 shows the method in accordance with an
example;

Figure 7 shows a first example of system in accord-
ance with an aspect of the invention; and

Figure 8 shows a second example of system in ac-
cordance with an aspect of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0025] The invention provides a CPR assistance sys-
tem, comprising a sensor for making a physiological
measurement to generate a sensor signal which conveys
information concerning the pointin time at which venous
return is completed. Time points are then determined at
which CPR compression cycles should be initiated, and
output information is provided related to the determined
time points. The output information may be visual or au-
dible advice to a person giving CPR or it may be control
information for controlling an automated CPR system.

[0026] The basic way blood flow is generated using
CPR is explained with reference to Figure 1, which
provides a simplified view at only one side of the heart.
The chest is compressed downwards (compression
phase), generating a pressure at the heart 10 shown as
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both an atrial (P 44i,m) @and ventricular (P, ¢ ticie) Pressure.
This pressure is larger than the pressure in the tissue 12
(Pissue) thereby pushing the blood out of the heart in the
tissue and generating a cardiac output and blood flow.
This blood flow is proportional to the pressure difference
Pyentricle - Piissue- YWhen the chest is released (retraction
phase), the pressure at the heart is reduced. Now the
pressure in the tissue is higher than the heart pressure
and the blood flows back into the heart as the venous
return. The return flow is proportional to the pressure
difference Piisque = Patrium-

[0027] In both the compression and retraction phase,
valves in the circulation path prevent the blood flow from
circulating the wrong way (however during CPR, these
valves are considered not to be 100% functional).
[0028] The venous return is delayed with respect to
the cardiac output as there is some time needed for the
flow/pressure wave to propagate through the arteries,
veins and tissue.

[0029] At unequal cardiac output and venous return,
more blood is pumped out of the heart than that returns
to the heart, which leads to shifts of blood out of the heart.
[0030] The venous return can for example be impaired
by the following two factors.

[0031] First, a residual force on the chest may remain
during retraction, inducing higher intra thoracic pressure
(i.e. higher P ium), thereby lowering the Pyiss e - Patrium
pressure gradient and limiting venous return.

[0032] Second,too little time may be provided between
compressions, so that the venous return is not complete.
This time between compressions (i.e. the wait time) is
related to the frequency and duty cycle of the compres-
sion waveform. Decreasing wait time beyond the opti-
mum wait time results in diminished venous return and
a shift of blood from the thoracic to the abdominal region.
[0033] Figure 2 is used to show the different phases
of the CPR pressure cycle, and shows the compression
depth versus time. The compression period (C) compris-
es afirstapplication phase (A) ofincreasing compression
depth followed by a hold phase (H). There is then a re-
laxation period (Rx) comprising a first retraction phase
(R) when the pressure is released, and then a wait phase
(W). Thus, there are four phases of application, holding,
retraction and waiting.

[0034] In some animal experiments the venous return
was studied. Two examples are shown.

[0035] A first example is shown in Figure 3. The left
image shows pressure and flow measurements during
normal heartbeats and the right image shows the same
measurements during CPR.

[0036] In order from top to bottom, the plots show the
compression depth (C-cm), blood flow (F-ml/min), aortic
pressure (A-mmHg), right atrial pressure (RA-mmHg)
and a photoplethysmogram (PPG, in arbitrary units).
[0037] The PPG signal during both the normal heart
beats and during CPR shows its features (e.g. onset and
peak) later in time than the pressure and flow, as it is
measured peripherally and the pressure/flow signal
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takes some time to propagate from the heart to the ex-
tremities.

[0038] During spontaneous heart beats the blood flow
shows a first major peak every heartbeat, followed by a
second peak (the second peak is for example seen at
4392.4s in Figure 3). During CPR chest compressions,
the blood flow waveform shows a first peak after initiation
of the chest compression, followed by a retrograde peak
(during retraction) and a smaller second positive peak
during the wait time. This shows that the flow during CPR
is complex and that the flow does not end as soon as the
retraction is finished. In this example, the initiation of the
second compression occurs during the second flow peak
of the first compression as shown by the vertical time
lines in the right image. The second compression is fully
completed (and this is ensured by not providing a further
compression, i.e. there is no compression at 4588.6s).
[0039] As the flow of blood after the first compression
is not stopped yet, the newly started compression is non
optimal, as it pushes on a not completely filled heart.
Further, it might block the remaining blood flow back to
the heart, thereby limiting venous return.

[0040] Other indications of the compressions being
done on an incompletely filled heart (at an early point in
time where venous return was not completed) are the
lower right atrial pressure (12 mmHg at the too early in-
itiated compression versus 17 mmHg at the fully com-
pleted compression) and the morphological difference in
the PPG signal at the initiation of the too early compres-
sion versus the fully completed compression.

[0041] A second example is shown in Figure 4.
[0042] The plots show, from top to bottom, the average
induced blood volume per compression (V-ml), the per
compression end diastolic right atrial pressure (i.e. the
right atrial pressure at the start of the next compression,
DRA-mmHg), the compression waveform (C-cm), the
blood flow (F-ml/min) and the right atrial pressure (RA-
mmHg). Note that the DRA signal is the RA signal at the
start of each compression.

[0043] In this example compressions are given at 120
compression per minute, first 200 seconds at a duty cycle
of 40%, followed by 200 seconds at a duty cycle of 60%.
Duty cycle is defined by the ratio of the compression pe-
riod (C) over the complete compression (C+Rx), see Fig-
ure 2. The top two plots show the full 400 second period,
and the bottom three plots are a zoomed in part at the
change of the duty cycle.

[0044] Att=2847s, the duty cycle of the compressions
is changed from 40 to 60%, resulting in less time between
compressions and degradation of venous return, result-
ing in a lower right atrial filling pressure. This is accom-
panied by a gradual decrease of per compression blood
volume over time. In the lower three rows, the change of
duty cycle is zoomed in over 4 compressions. The first 2
compressions have a duty cycle of 40%, the second two
a duty cycle of 60%. In the 40% DC compressions, there
is enough time for venous return, indicated by the cease
of blood flow (i.e. the plateau at 0 ml/s). End diastolic
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right atrial pressure is 12 mmHg. When going to the high-
er duty cycle, compressions are started too early, when
blood flow is not returned to zero. Also the end diastolic
right atrial pressure is decreased (3 mmHg), indicating
venous return has not been completed.

[0045] CPR devices are known which aim to enhance
venous return. These are targeted at increasing the tis-
sue to atrial pressure gradient, and thereby promoting
venous return. For example WO96/10984 discloses the
use of abdominal compressions between chest compres-
sions to increase tissue pressure and the tissue-arterial
gradient. WO 02/091905 discloses decreasing the intra-
thoracic pressure between compressions by actively
pulling up the chest. US 5692 498 discloses an approach
by which the intra-thoracic pressure is decreased by us-
ing animpedance threshold device ("ITD"). Thisis avalve
that is placed at the end of an endotracheal tube. It pre-
vents influx of air into the lung by only opening the valve
at a certain pressure gradient. Every compression air is
pumped out, thereby reducing the intra-thoracic pres-
sure. During compressions the pressure gradient is not
enough to open the valve and let air in. When ventilation
is given (with e.g. a bag mask valve device) the pressure
gradient becomes larger than the ITD threshold and air
flows in. While these approaches enhance the venous
return, they don’t look for completion of venous return;
hence they do not optimize compression frequency. Us-
ing these approaches by themselves thus does not guar-
antee an optimum venous return and optimum compres-
sion frequency.

[0046] This invention makes use of a physiological
measurement of a patient in order to determine when
venous return is completed and a new CPR chest com-
pression should be administered, thereby determining
the optimal chest compression frequency for a patient.
[0047] By timing a chest compression based on the
time that venous return is completed (by measurement
of the physiological variable), venous return is maxi-
mized, so that blood volume shifts from the heart to other
organs are minimized, thereby improving the long term
circulation of blood instead of only shifting blood. This
results in more effective CPR, which can result in higher
chance of survival from cardiac arrest.

[0048] The compression frequency is optimized for in-
dividual patients with this method. Rescuer feedback on
compression rate can be given based on a personalized
measurement instead of based on a target guideline that
is based on a group average.

[0049] The physiological measurement is used as a
venous return sensor, and the signal is processed to de-
termine the completion of venous return and then trigger
a next CPR compression. The output of the system can
be used to trigger chest compressions in an automated
CPR device in order to automatically tune to the optimal
compression frequency of a patient at a certain point in
time, or it can be used as feedback signal in an emer-
gency care monitor that gives rescuer feedback on opti-
mal (personalized) compression rate.
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[0050] Figure 5 is used to show how some physiolog-
ical signals can be used to identify the end of the venous
flow.

[0051] Thetop plotshowsthe CPR compression depth
(C-cm), the second plot shows the blood flow (F-ml/min),
the third plot shows the right atrial pressure (RA-mmHg),
the fourth plot shows the derivative with respect to time
of the right atrial pressure (dRA/dt - mmHg/s), and the
fifth plot show the PPG signal. The x-axis represents time.
[0052] A number of possible examples as given below
for sensors which can be used to detect the point at which
venous return is completed. Examples are then ex-
plained of the possible signal processing which can be
used.

Sensor example 1

[0053] A blood flow sensor may be used to measure
the completion of venous return. This blood flow sensor
can for example be an invasive Doppler ultrasound flow
sensor or an external ultrasound flow sensor. The flow
sensor can be placed over any major artery, preferably
over a carotid artery in the neck area.

Sensor example 2

[0054] The right atrial / arterial pressure may be used
to determine the completion of venous return. This can
be done based on a blood pressure catheter, that ideally
is placed near the right atrium, or any other form of blood
pressure monitoring system. The use of a blood pressure
sensor as a venous return sensor can be justified by the
blood flow physiology; as the blood flow is proportional
to the blood pressure difference, a constant pressure (or
no change of derivative of blood pressure) indicates no
changes, hence a zero flow and completion of venous
return.

Sensor example 3

[0055] A (photo-) plethysmographic signal (PG) signal
may be used to determine the completion of venous re-
turn. This can be implemented for example using a PG
sensor on the forehead or on an extremity like a finger.
The use of a plethysmographic (i.e. volume) sensor as
venous return sensor can be justified by the blood flow
physiology; as blood volume is the integral of blood flow,
a constant PG indicates no flow and a completion of ve-
nous return.

Algorithm example 1

[0056] The completion of venous return may be de-
fined as the time at which the physiological signal (blood
flow, pressure or PPG) remains between an upper and
lower limit (UL and LL in Figure 5) for a certain amount
of time. This approach is represented in Figure 5 on the
plot of right atrial pressure, and the time point is shown
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as T1 at the end of the time period At.

Algorithm example 2

[0057] The completion of venous return may be de-
fined as the time at which the time derivative of the phys-
iological signal (blood flow, pressure or PPG) remains
between an upper and lower limit for a certain amount of
time (again UL and LL in Figure 5). This approach is
represented in Figure 5 on the plot of the derivative of
right atrial pressure, and the time point is shown as T2,
at the end of the time period At (which may be different
to that shown in the right atrial pressure signal).

Algorithm example 3

[0058] The completion of venous return may be de-
fined as the time at which the physiological signal (blood
flow, pressure or PG) has its maximum value after the
completion of a chest compression. This approach is rep-
resented in Figure 5 on the plot of blood flow, and the
time point is shown as T3.

Algorithm example 4

[0059] Inablood flow based embodiment, the comple-
tion of venous return can be defined as the first time the
flow becomes positive after the first large sloshing (neg-
ative) peak of blood flow. This approach is represented
in Figure 5 on the plot of blood flow, and the time point
is shown as T4.

Algorithm example 5

[0060] In all of these embodiments the time point of
venous return may incremented by a fixed delay, in order
to compensate for a delay between the physical location
of the venous return sensor and the actual completion of
venous return. This delay is represented in Figure 5 on
the plot of blood flow, and the resulting time point is shown
as T5. An estimation of this delay can be made by sub-
tracting the time point of the onset of the compression
waveform from the time point of the onset of the physio-
logical measurement, for example the time delay 6T
shown in Figure 5 based on the onset of the flow meas-
urement pulse following the start of the compression cy-
cle. Of course, this requires the compression waveform
to be provided as an input to the processor.

[0061] This approach can be applied to any sensor sig-
nal used by the system. Thus, the delay may generally
be obtained by measuring the delay between the start of
a CPR compression cycle and the start of the response
of the physiological measurement sensor signal to that
CPR compression cycle.

[0062] Multiple venous return sensors (blood flow, right
atrial pressure and PPG) may be combined to form a
venous return sensor. Different trigger points may be
used in the algorithms explained above (the limit values,

15

20

25

30

35

40

45

50

55

the derivative limit values or the maximum signal value)
in a single patient depending on the nature of the signal.
[0063] The accuracy and robustness of the trigger time
may be improved by signal processing techniques, such
as averaging of multiple trigger times and predicting trig-
ger times based on previous triggers.

[0064] Figure 6 shows a CPR monitoring method. In
step 60, a physiological measurement is made to gener-
ate a sensor signal which conveys information concern-
ing the point in time at which venous return is completed
following a CPR compression. The sensor is one or more
of the sensor types discussed above. In step 62 the sen-
sor signal is processed to determine time points at which
CPR compression cycles should be administered based
on venous return being completed. This step makes use
of one or more of the algorithm examples above.
[0065] Instep 64 outputinformation is provided related
to the determined time points.

[0066] The output information may be used to control
an automated CPR device, and compressions are initi-
ated at the determined time points, thereby optimizing
compression frequency for a specific patient at a specific
time. The time points may be selected such that a com-
pression is started as soon as possible after venous re-
turn is completed in order to have a high as possible
blood flow without shifting blood from the heart to other
areas. Instead or as well as controlling the CPR frequen-
¢y, the compression duty cycle may also be varied based
on the venous return. For example, the duty cycle may
be shortened if venous return is not completed.

[0067] The output information may instead be used to
provide output information on an emergency care mon-
itor. The information then gives guidance to a caregiver
as to when compressions should be given. It may for
example give a warning in the case that a compression
is started more than a (first) predetermined time before
one of the determined time points and/or more than a
(second) predetermined time after the determined time
point.

[0068] Alternatively, the monitor may provide an opti-
mum compression rate value to a caregiver in the form
of a frequency at which compressions should be given.
This compression rate value is based on venous return
information of previous compressions. In either of these
ways, the manual compression frequency may be opti-
mized for a specific patient.

[0069] In a similar way, the duty cycle can be control-
led, for example by providing signals which indicate end
ofthe hold phase. Instead of giving quantitative feedback,
qualitative feedback may be signalled to the user in order
to reduce the duty cycle. Such qualitative feedback could
consist of terms like "retract faster".

[0070] Note thatthe physiological sensor may be com-
bined with other known devices and method which aim
to promote venous return, such as impedance threshold
devices, active decompression or interposed abdominal
compressions.

[0071] Figure 7 shows the device used as part of a
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monitor for assisting manual CPR.

[0072] Thesystemhas asensor 70 asdescribed above
and a processing and output unit 72. The unit 72 has a
processor 74 which processes the sensor signals (in the
manner explained above) and generates outputs, for ex-
ample a visual output on a display 76 or LED array, and
an audio output from a speaker 78. The sensor may
measure the physiological signals used to determine the
end of venous return and optionally also the compression
cycles themselves, for example to determine time delay
information as explained above.

[0073] Figure 8 shows the device used as part of an
automated CPR device, comprising a chest compression
device 80 controlled by a controller 82, which has a proc-
essor 74 which processes the signals from the sensor
70. In this case, the processor functions as an output
device, providing control signals to the chest compres-
sion device 80. The chest compression device may be a
belt or a piston based device. In this case, the compres-
sion cycle timing is controlled by the system so no addi-
tional sensor is needed to derive the compression timing
information (to enable time delays to be derived as ex-
plained above).

[0074] In both cases, the aim is to improve cardiac ar-
resttreatmentby takinginto account the individual patient
response to the CPR.

[0075] As outlined above a sensor signal may be se-
lected which conveys information which indicates when
the flow returns to zero (or near zero) after a CPR com-
pression cycle. This can be derived directly from a flow
measurement or indirectly from another (surrogate) sig-
nal, for example a time derivative of pressure, or a time
derivative of volume.

[0076] As discussed above, a processor is used to an-
alyse the physiological sensor signal. The processor can
be implemented in numerous ways, with software and/or
hardware, to perform the various functions required. The
processor may employ one or more microprocessors that
may be programmed using software (e.g., microcode) to
perform the required functions. The processor may in-
stead be implemented as a combination of dedicated
hardware to perform some functions and a software proc-
essor (e.g., one or more programmed microprocessors
and associated circuitry) to perform other functions.
[0077] Examples of components that may be em-
ployed in various embodiments of the present disclosure
include, but are not limited to, conventional microproc-
essors, application specific integrated circuits (ASICs),
and field-programmable gate arrays (FPGAS).

[0078] Invariousimplementations, a processor or con-
troller may be associated with one or more storage media
such as volatile and non-volatile computer memory such
as RAM, PROM, EPROM, and EEPROM. The storage
media may be encoded with one or more programs that,
when executed on one or more processors and/or con-
trollers, perform at the required functions. Various stor-
age media may be fixed within a processor or controller
or may be transportable, such that the one or more pro-
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grams stored thereon can be loaded into a processor or
controller.

[0079] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.
In the claims, the word "comprising" does not exclude
other elements or steps, and the indefinite article "a" or
"an" does not exclude a plurality. The mere fact that cer-
tain measures are recited in mutually different dependent
claims does not indicate that a combination of these
measured cannot be used to advantage. Any reference
signs in the claims should not be construed as limiting
the scope.

Claims

1. Acardiopulmonary resuscitation assistance system,
comprising:

a sensor (70) configured for making a physio-
logical measurement to generate a sensor sig-
nal which conveys information concerning the
point in time at which venous return is complet-
ed; and

a processor (74) configured for processing the
sensor signal to determine time points at which
cardiopulmonary resuscitation compression cy-
cles should be administered based on the point
intime at which venous return is completed; and
an output device (76,78; 74) configured for pro-
viding output information relating to the deter-
mined time points.

2. A system as claimed in claim 1, wherein the sensor
signal conveys information which indicates when
blood flow returns to zero after a cardiopulmonary
resuscitation compression cycle.

3. A system as claimed in claim 1 or 2, wherein the
sensor (70) comprises a blood flow sensor such as
an external ultrasound flow sensor.

4. A system as claimed in claim 3, wherein the proces-
sor (74) is adapted to determine the time at which
the flow first becomes positive after a negative peak
of blood flow.

5. Asystemas claimed in any preceding claim, wherein
the sensor (70) comprises a pressure sensor for
measuring the right atrial pressure or a plethysmo-
graphic sensor.

6. Asystemasclaimedinany preceding claim, wherein
the processor (74) is adapted to determine:

the time at which the physiological measure-
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ment sensor signal remains between an upper
and lower limit for a certain amount of time or
the time at which the derivative of the physio-
logical measurement sensor signal remains be-
tween an upper and lower limit for a certain
amount of time; or

the time at which the physiological measure-
ment sensor signal has its maximum value after
the completion of a chest compression.

A system as claimed in any preceding claim, wherein
the processor (74) is adapted to apply a delay after
the sensed completion of the venous return to com-
pensate for a delay between its physical location of
the sensor and the actual completion of venous re-
turn.

A system as claimed in claim 7, wherein the proces-
sor (74) is adapted to determine the delay by meas-
uring the delay between the start of a cardiopulmo-
nary resuscitation compression cycle and the start
of the response of the physiological measurement
sensor signal to that cardiopulmonary resuscitation
compression cycle.

An emergency care monitor comprising a cardiopul-
monary resuscitation assistance system as claimed
in any preceding claim, wherein the processor (74)
is adapted to provide:

an output warning signal when a cardiopulmo-
nary resuscitation compression is started more
than a predetermined time before and/or after
the determined time points at which cardiopul-
monary resuscitation compression cycles
should be administered; or

an indication of a suitable compression rate cor-
responding to the determined time points or pre-
viously determined time points.

10. Anautomated cardiopulmonary resuscitation device

comprising:

a chest compression system (80); and

a cardiopulmonary resuscitation assistance
system as claimed in any one of claims 1 to 8
for controlling the timing of operation of the chest
compression system.

Patentanspriiche

System zur Unterstiitzung von Herz-Lungen-Wie-
derbelebung, umfassend:

einen Sensor (70), der konfiguriert ist zum Vor-
nehmen einer physiologischen Messung, um
ein Sensorsignal zu erzeugen, das Informatio-
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nen hinsichtlich des Zeitpunkts, zu dem vendser
Ruckfluss abgeschlossen ist, beférdert; und
einen Prozessor (74), der konfiguriert ist zum
Verarbeiten des Sensorsignals, um Zeitpunkte
zu bestimmen, an denen Kompressionszyklen
einer Herz-Lungen-Wiederbelebung verab-
reicht werden sollten, auf der Grundlage des
Zeitpunkts, zu dem vendser Rickfluss abge-
schlossen ist; und

eine Ausgabevorrichtung (76,78; 74), die konfi-
guriert ist zum Bereitstellen von Ausgabeinfor-
mationen im Zusammenhang mit den bestimm-
ten Zeitpunkten.

System nach Anspruch 1, wobei das Sensorsignal
Informationen beférdert, die anzeigen, wann Blut-
fluss nach einem Kompressionszyklus einer Herz-
Lungen-Wiederbelebung auf null zuriickkehrt.

System nach Anspruch 1 oder 2, wobei der Sensor
(70) einen Blutflusssensor, wie einen externen Ul-
traschall-Flusssensor umfasst.

System nach Anspruch 3, wobei der Prozessor (74)
angepasst ist, um die Zeit zu bestimmen, an der der
Fluss nach einer negativen Blutflussspitze zum ers-
ten Mal positiv wird.

System nach einem der vorstehenden Anspriiche,
wobei der Sensor (70) einen Drucksensor zum Mes-
sen des rechtsatrialen Drucks oder einen pletyhs-
mographischen Sensor umfasst.

System nach einem der vorstehenden Anspriiche,
wobei der Prozessor (74) abgepasst ist zum Bestim-
men:

der Zeit, zu der das Sensorsignal der physiolo-
gischen Messung eine gewisse Zeitdauer lang
zwischen einem oberen und unteren Grenzwert
verbleibt, oder der Zeit, zu der die Ableitung des
Sensorsignals der physiologischen Messung ei-
ne gewisse Zeitdauer lang zwischen einem obe-
ren und unteren Grenzwert verbleibt; oder

der Zeit, zu der das Sensorsignal der physiolo-
gischen Messung nach Abschluss einer Brust-
kompression seinen Hochstwert aufweist.

System nach einem der vorstehenden Anspriiche,
wobei der Prozessor (74) angepasst ist, um nach
dem erfassten Abschluss des vendsen Riickflusses
eine Verzégerung anzuwenden, um eine Verzdge-
rung zwischen dem physischen Standort des Sen-
sors und dem tatsachlichen Abschluss von venésem
Rickfluss zu kompensieren.

System nach Anspruch 7, wobei der Prozessor (74)
angepasst ist, um die Verzégerung durch Messen
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der Verzdgerung zwischen dem Beginn eines Kom-
pressionszyklus einer Herz-Lungen-Wiederbele-
bung und dem Beginn der Reaktion des Sensorsig-
nals der physiologischen Messung auf den Kom-
pressionszyklus der Herz-Lungen-Wiederbelebung
zu bestimmen.

Monitor zur Notfallversorgung, umfassend ein Sys-
tem zur Unterstiitzung von Herz-Lungen-Wiederbe-
lebung nach einem der vorstehenden Anspriiche,
wobei der Prozessor (74) angepasst ist, um bereit-
zustellen:

eine Warnsignalausgabe, wenn eine Kompres-
sion einer Herz-Lungen-Wiederbelebunglanger
als eine vorbestimmte Zeit vor und/oder nach
den bestimmten Zeitpunkten beginnt, an denen
Kompressionszyklen einer Herz-Lungen-Wie-
derbelebung verabreicht werden sollten; oder
einen Hinweis fiir eine angemessene Kompres-
sionsrate, die den bestimmten Zeitpunkten oder
zuvor bestimmten Zeitpunkten entspricht.

10. Automatisierte Vorrichtung fur Herz-Lungen-Wie-

derbelebung, umfassend:

ein Brustkompressionssystem (80); und

ein System zur Unterstiitzung von Herz-Lun-
gen-Wiederbelebung nach einem der Anspri-
che 1 bis 8 zum Steuern der zeitlichen Abstim-
mung des Betriebs des Brustkompressionssys-
tems.

Revendications

Systeme d’assistance a la réanimation cardio-respi-
ratoire, comprenant :

un capteur (70) configuré pour établir une me-
sure physiologique pour générer un signal de
capteur qui transporte des informations concer-
nant le point temporel auquel un retour veineux
est achevé ; et

un processeur (74) configuré pour traiter le si-
gnal de capteur pour déterminer des points tem-
porels auxquels des cycles de compression de
réanimation cardio-respiratoire devraient étre
administrés en se basant sur le point temporel
auquel le retour veineux est achevé ; et
undispositif de sortie (76, 78 ; 74) configuré pour
fournir des informations de sortie se rapportant
aux points temporels déterminés.

Systeme selon la revendication 1, dans lequel le si-
gnal de capteur transporte des informations qui in-
diquent quand un flux sanguin revient a zéro aprés
un cycle de compression de réanimation cardio-res-
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piratoire.

Systéme selon la revendication 1 ou 2, dans lequel
le capteur (70) comprend un capteur de flux sanguin
tel qu’un capteur de flux a ultrasons externe.

Systéme selon la revendication 3, dans lequel le pro-
cesseur (74) est congu pour déterminer le moment
auquel le flux devient d’abord positif aprés un pic
négatif de flux sanguin.

Systéme selon n'importe quelle revendication pré-
cédente, dans lequel le capteur (70) comprend un
capteur de pression pour mesurer la pression atriale
droite ou un capteur pléthysmographique.

Systéme selon n'importe quelle revendication pré-
cédente, dans lequel le processeur (74) est congu
pour déterminer :

le moment auquel le signal de capteur de me-
sure physiologique reste entre une limite supé-
rieure et inférieure pendant un certain temps ou
le moment auquel la dérivée du signal de cap-
teur de mesure physiologique reste entre une
limite supérieure etinférieure pendantun certain
temps ; ou

le moment auquel le signal de capteur de me-
sure physiologique a sa valeur maximale aprés
I’'achévement d’'une compression de poitrine.

Systéme selon n'importe quelle revendication pré-
cédente, dans lequel le processeur (74) est congu
pour appliquer un retard aprées 'achévement détecté
du retour veineux pour compenser un retard entre
son emplacement physique du capteur et 'achéve-
ment réel de retour veineux.

Systéme selon la revendication 7, dans lequel le pro-
cesseur (74) est congu pour déterminer le retard en
mesurant le retard entre le début d’un cycle de com-
pression de réanimation cardio-respiratoire et le dé-
but de la réponse du signal de capteur de mesure
physiologique a ce cycle de compression de réani-
mation cardio-respiratoire.

Dispositif de contrle de soins d’'urgence compre-
nant un systéme d’assistance a la réanimation car-
dio-respiratoire selon n’importe quelle revendication
précédente, dans lequel le processeur (74) est con-
¢u pour fournir :

un signal d’avertissement de sortie quand une
compression de réanimation cardio-respiratoire
est commencée plus d’'un temps prédéterminé
avant et/ou apres les points temporels détermi-
nés auxquels des cycles de compressionde réa-
nimation cardio-respiratoire devraient étre
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administrés ; ou
une indication d’un taux de compression appro-
prié correspondant aux points temporels déter-
minés ou aux points temporels précédemment
déterminés. 5

10. Dispositif de réanimation cardio-respiratoire auto-
matisé comprenant :

un systeme de compression de poitrine (80) ; et 10
un systéme d’assistance a la réanimation car-
dio-respiratoire selon 'une quelconque des re-
vendications 1 a 8 pour commander la synchro-
nisation de fonctionnement du systéme de com-
pression de poitrine. 15
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