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(57) Abstract: A CPR assistance system comprises a sensor for making a
physiological measurement to generate a sensor signal which conveys in-

for
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ning the poimnt in time at which venous return 1s completed.

Time points are then determined at which CPR compression cycles should
be administered, and output information is provided relating to the determ -
ined time points. The output information may be visual or audible advice to
a person giving CPR or it may be control mformation for controlling an
automated CPR system.
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CPR assistance system and CPR monitoring method

FIELD OF THE INVENTION

This invention relates to cardiopulmonary resuscitation (CPR).

BACKGROUND OF THE INVENTION

Cardiopulmonary resuscitation 1s the procedure of giving external chest
compressions and artificial ventilations to a patient that has a cardiac arrest (CA), 1.¢. a
patient with no spontancous heartbeat. CPR 18 performed 1n order to generate an artificial
circulation and oxygenation. The compressions have to be repeated 1n a fast way 1n order to
generate a sufficient blood flow to vital organs such as the heart and brain.

Cardiopulmonary resuscitation guidelines advise to do chest compressions at a
compression frequency 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
presence of an individual optimum compression frequency. This individual optimum 1s 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 1s pumped out of the heart
must return to the heart at every chest compression. The return of blood to the heart 1s called
the venous return. When more blood 1s pumped out of the heart than 1s returned, a shift of
blood volume can occur (e.g. blood shift to the abdominal region). When blood is shifted to
other arcas than the thorax (heart), it 1s no longer part of the circulation, and chest
compressions are performed on an empty or partially empty heart, which does not generate
any blood flow.

The optimal compression frequency 1s the frequency that results 1n a
compression starting just after venous return has completed, 1.¢. after the blood flow into the
right atrium of the heart 1s completed. A 100 cpm rate 1s most likely not the optimal
compression rate for a lot of patients as it does not seck to enable the completion of venous

return nor 1s 1t based on the physiology of a particular patient.



10

15

20

25

30

CA 02968607 2017-0b-23

WO 2016/083183 PCT/EP2015/076735

SUMMARY OF THE INVENTION

The mnvention 18 defined by the claims.

According to examples 1in accordance with an aspect of the invention, there 1s
provided a CPR assistance system, comprising:

a sensor for making a physiological measurement to generate a sensor signal
which conveys information concerning the point in time at which venous return 1s completed;
and

a processor for processing the sensor signal to determine time points at which
CPR compression cycles should be administered based on the point in time at which venous
return 1s completed; and

an output device providing output information relating to the determined time
points.

This system 1s able to ensure maximum venous return by measuring
physiological information which has a dependency on the venous return. The output
information can be used to tune the CPR compression frequency either manually (by giving
prompts to a caregiver) or automatically (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 keeping a sustained circulation over an extended period of time. This
increases survival chances following cardiac arrest.

The sensor signal may convey information which indicates when the tflow
returns to zero (or near zero) after a 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.

In one example, the sensor comprises a blood flow sensor. During the time
that blood 1s flowing, the heart (right atrium) 1s being filled. This filling 1s ended at the time
the blood flow 1s zero. A zero blood flow may therefore be used to indicate completion of
venous return. Depending on the sensor location, a (fixed) time delay can be added to
indicate completion. This time delay depends on the sensor location and should cancel out
the physical delay between the sensor location and the right atrium. Alternative blood flow
features (¢.g. maxima/minima or level crossings) in combination with or without a delay may
be used to indicate the end of venous return.

The blood flow sensor may for example comprise an external ultrasound flow

SCINSOT.
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In other examples the sensor comprises a pressure sensor for measuring the
(right atrial) blood pressure or a plethysmographic (volume, PG) sensor. These may also be
used 1n a more mdirect way to derive flow information. A PG sensor can be implemented by
use of photoplethysmography (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 18 then representative of the end of the venous return. The pressure and PG signals can
thus be used as surrogate measures for blood tlow. Steady values of these signals (1.¢. zero
derivatives) indicate a zero flow and hence the end of venous return.

Thus, 1n 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.

Alternatively, the processor may be adapted to determine the time at which the
physiological signal has 1ts maximum value after the completion of a chest compression.

The way time points are determined will depend on the physiological
parameter being measured. Furthermore, the monitoring of multiple parameters may be
combined 1n the system, and multiple approaches for determining the time points may be
combined.

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 venous return at the right side of the heart.

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 measurement sensor
signal to that CPR compression cycle.

The system may be used 1n an emergency care monitor wherein the processor
1s adapted to provide an output warning signal when a CPR compression 1s started 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 determined time points or previously determined time
points.

This provides warnings when the administered CPR 1s not optimum or ¢lse
advises the care giver of the most suitable compression frequency. An audio and/or visual

output may also or mstead be provided at the timing instants which are determined as optimal
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for CPR compression cycles to begin. The processor may be adapted to provide an optimum
compression rate, based on previously determined time points.

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 a
belt around the patient's chest). The CPR assistance system 1s then used for controlling the
timing of operation of the compression depth application system.

Another aspect of the invention 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 1s 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 venous return
1s completed; and

providing output information relating to the determined time points.

This method may be used to advise a caregiver mn which case the output
information can be an audible or visible message. Alternatively, the method may be used to
control an automated system 1n which case the output information can be control signals for
controlling the compression cycles of an automated CPR system.

Making a physiological measurement may comprise making a blood flow

measurement, a right atrial pressure measurement or a plethysmographic measurement.

BRIEF DESCRIPTION OF THE DRAWINGS

Examples of the invention will now be described 1n detail with reterence 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
spontancous 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 pressure and flow signals for a
patient (animal) undergoing CPR;

Figure 5 1s used to show how some physiological signals can be used to

identify the end of the venous tlow;



10

15

20

25

30

CA 02968607 2017-0b-23

WO 2016/083183 PCT/EP2015/076735
d

Figure 6 shows the method 1n accordance with an example of the invention;

Figure 7 shows a first example of system 1n accordance with an aspect of the
invention; and

Figure 8 shows a second example of system 1n accordance with an aspect of

the 1nvention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

The mvention provides a CPR assistance system, comprising a sensor for
making a physiological measurement to generate a sensor signal which conveys information
concerning the point 1n time at which venous return 1s completed. Time points are then
determined at which CPR compression cycles should be 1nitiated, and output information 1s
provided related to the determined time points. The output information may be visual or
audible advice to a person giving CPR or 1t may be control information for controlling an
automated CPR system.

The basic way blood flow 1s generated using CPR 1s explained with reference
to Figure 1, which provides a simplified view at only one side of the heart. The chest 1s
compressed downwards (compression phase), generating a pressure at the heart 10 shown as
both an atrial (Pagium) and ventricular (Pyengicle) pressure. This pressure 18 larger than the
pressure 1n the tissue 12 (Pyssue) thereby pushing the blood out of the heart 1n the tissue and
generating a cardiac output and blood flow. This blood flow 1s proportional to the pressure
difference Pyentricle — Piissue. When the chest 18 released (retraction phase), the pressure at the
heart 18 reduced. Now the pressure 1n the tissue 1s higher than the heart pressure and the blood
flows back 1nto the heart as the venous return. The return flow 18 proportional to the pressure
difference Pissue - Patrium-

In both the compression and retraction phase, valves 1n the circulation path
prevent the blood flow from circulating the wrong way (however during CPR, these valves
arc considered not to be 100% functional).

The venous return 18 delayed with respect to the cardiac output as there 1s
some time needed for the flow/pressure wave to propagate through the arteries, veins and
tissue.

At unequal cardiac output and venous return, more blood 18 pumped out of the
heart than that returns to the heart, which leads to shifts of blood out of the heart.

The venous return can for example be impaired by the following two factors.
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First, a residual force on the chest may remain during retraction, inducing
higher intra thoracic pressure (1.¢. higher Pagium), thereby lowering the Piissue — Patium pressure
gradient and limiting venous return.

Second, too little time may be provided between compressions, so that the
venous return 18 not complete. This time between compressions (1.€. the wait time) 1s related
to the frequency and duty cycle of the compression waveform. Decreasing wait time beyond
the optimum wait time results in diminished venous return and a shift of blood from the
thoracic to the abdominal region.

Figure 2 15 used to show the different phases of the CPR pressure cycle, and
shows the compression depth versus time. The compression period (C) comprises a first
application phase (A) of increasing compression depth followed by a hold phase (H). There
1s then a relaxation period (Rx) comprising a first retraction phase (R) when the pressure 18
released, and then a wait phase (W). Thus, there are four phases of application, holding,
retraction and waiting.

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

A first example 1s shown 1n Figure 3. The left image shows pressure and flow
measurements during normal heartbeats and the right image shows the same measurements
during CPR.

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).

The PPG signal during both the normal heart beats and during CPR shows 1its
features (¢.g. onset and peak) later in time than the pressure and flow, as 1t 1s measured
peripherally and the pressure/tflow signal takes some time to propagate from the heart to the
extremitics.

During spontancous heart beats the blood flow shows a first major peak every
heartbeat, followed by a second peak (the second peak 1s for example seen at 4392.4s 1n
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 1s
complex and that the flow does not end as soon as the retraction 1s finished. In this example,
the mitiation 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
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1s fully completed (and this 1s ensured by not providing a further compression, 1.¢. there 1s no
compression at 4588.6s).

As the flow of blood after the first compression 1s not stopped yet, the newly
started compression 18 non optimal, as 1t pushes on a not completely filled heart. Further, 1t
might block the remaining blood flow back to the heart, thereby limiting venous return.

Other indications of the compressions being done on an incompletely filled
heart (at an early point 1n time where venous return was not completed) are the lower right
atrial pressure (12 mmHg at the too early initiated compression versus 17 mmHg at the fully
completed compression) and the morphological difference in the PPG signal at the nitiation
of the too carly compression versus the fully completed compression.

A second example 1s shown 1n Figure 4.

The plots show, from top to bottom, the average induced blood volume per
compression (V-ml), the per compression end diastolic right atrial pressure (1.¢. the right
atrial pressure at the start of the next compression, DRA-mmHg), the compression wavetorm
(C-cm), the blood flow (F-ml/min) and the right atrial pressure (RA-mmHg). Note that the
DRA signal 1s the RA signal at the start of each compression.

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 1s defined by the ratio of the compression period (C) over the complete compression

(C+Rx), see Figure 2. The top two plots show the full 400 second period, and the bottom
three plots are a zoomed 1n part at the change of the duty cycle.

At t=2847s, the duty cycle of the compressions 1s changed from 40 to 60%,
resulting in less time between compressions and degradation of venous return, resulting in a
lower right atrial filling pressure. This 1s accompanied by a gradual decrease of per
compression blood volume over time. In the lower three rows, the change of duty cycle 18
zoomed 1n 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 18 enough time for
venous return, indicated by the cease of blood tlow (1.¢. the plateau at 0 ml/s). End diastolic
right atrial pressure 1s 12 mmHg. When going to the higher duty cycle, compressions are
started too early, when blood flow 1s not returned to zero. Also the end diastolic right atrial
pressure 1S decreased (3 mmHg), indicating venous return has not been completed.

CPR devices are known which aim to enhance venous return. These are
targeted at increasing the tissue to atrial pressure gradient, and thereby promoting venous

return. For example W096/10984 discloses the use of abdominal compressions between
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chest compressions 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 5 692 498 discloses an approach by which the intra-thoracic
pressure 18 decreased by using an impedance threshold device ("ITD"). This is a valve that 1s
placed at the end of an endotracheal tube. It prevents influx of air into the lung by only
opening the valve at a certain pressure gradient. Every compression air 18 pumped out,
thereby reducing the intra-thoracic pressure. During compressions the pressure gradient 1s not
enough to open the valve and let air in. When ventilation 1s given (with ¢.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. Using these approaches by themselves
thus does not guarantee an optimum venous return and optimum compression frequency.

This invention makes use of a physiological measurement of a patient in order
to determine when venous return 1s completed and a new CPR chest compression should be
administered, thereby determining the optimal chest compression frequency for a patient.

By timing a chest compression based on the time that venous return 1s
completed (by measurement of the physiological variable), venous return 1s maximized, 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.

The compression frequency 1s optimized for individual patients with this
method. Rescuer feedback on compression rate can be given based on a personalized
measurement 1nstead of based on a target guideline that 1s based on a group average.

The physiological measurement 1s used as a venous return sensor, and the
signal 18 processed to determine the completion of venous return and then trigger a next CPR
compression. The output of the system can be used to trigger chest compressions 1n an
automated CPR device in order to automatically tune to the optimal compression frequency
of a patient at a certain point in time, or 1t can be used as feedback signal in an emergency
carc monitor that gives rescuer feedback on optimal (personalized) compression rate.

Figure 5 1s used to show how some physiological signals can be used to
1dentify the end of the venous flow.

The top plot shows the 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
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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.

A number of possible examples as given below for sensors which can be used
to detect the point at which venous return 1s completed. Examples are then explained of the

possible signal processing which can be used.

Sensor example |

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 1 the neck area.

Sensor example 2

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 1deally 1s 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 1s 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

A (photo-) plethysmographic signal (PG) signal may be used to determine the
completion of venous return. This can be implemented for example using a PG sensor on the
forchead or on an extremity like a finger. The use of a plethysmographic (1.¢. volume) sensor
as venous return sensor can be justified by the blood flow physiology; as blood volume 1s the

integral of blood flow, a constant PG mdicates no flow and a completion of venous return.

Algorithm example 1

The completion of venous return may be defined as the time at which the
physiological signal (blood flow, pressure or PPG) remains between an upper and lower limit
(UL and LL 1n Figure 5) for a certain amount of time. This approach 1s represented 1in Figure
5 on the plot of right atrial pressure, and the time point 1s shown as T1 at the end of the time

period At.
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Algorithm example 2

The completion of venous return may be defined as the time at which the time
derivative of the physiological signal (blood flow, pressure or PPG) remains between an
upper and lower limit for a certain amount of time (again UL and LL 1n Figure 5). This
approach 1s represented 1n Figure 5 on the plot of the derivative of right atrial pressure, and
the time point 1s shown as T2, at the end of the time period At (which may be different to that

shown 1n the right atrial pressure signal).

Algorithm example 3

The completion of venous return may be defined as the time at which the
physiological signal (blood flow, pressure or PG) has 1its maximum value after the completion
of a chest compression. This approach 1s represented 1n Figure 5 on the plot of blood flow,

and the time point 1s shown as T3.

Algorithm example 4

In a blood flow based embodiment, the completion of venous return can be
defined as the first time the flow becomes positive after the first large sloshing (negative)
peak of blood flow. This approach 1s represented 1n Figure 5 on the plot of blood flow, and

the time point 1s shown as T4.

Algorithm example 5

In all of these embodiments the time point of venous return may incremented
by a fixed delay, 1n order to compensate for a delay between the physical location of the
venous return sensor and the actual completion of venous return. This delay 1s represented 1n
Figure 5 on the plot of blood flow, and the resulting time point 1s shown as T5. An estimation
of this delay can be made by subtracting the time point of the onset of the compression
waveform from the time point of the onset of the physiological measurement, for example the
time delay oT shown 1n Figure 5 based on the onset of the flow measurement pulse following
the start of the compression cycle. Of course, this requires the compression wavetform to be
provided as an input to the processor.

This approach can be applied to any sensor signal used by the system. Thus,

the delay may generally be obtained by measuring the delay between the start of a CPR
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compression cycle and the start of the response of the physiological measurement sensor
signal to that CPR compression cycle.

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 1n the
algorithms explained above (the limit values, the derivative limit values or the maximum
signal value) 1 a single patient depending on the nature of the signal.

The accuracy and robustness of the trigger time may be improved by signal
processing techniques, such as averaging of multiple trigger times and predicting trigger
times based on previous triggers.

Figure 6 shows a CPR monitoring method. In step 60, a physiological
measurement 18 made to generate a sensor signal which conveys information concerning the
point in time at which venous return 1s completed following a CPR compression. The sensor
1S on¢ or more of the sensor types discussed above. In step 62 the sensor signal 1s 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.

In step 64 output information 1s provided related to the determined time points.

The output information may be used to control an automated CPR device, and
compressions are mitiated 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 compression 18 started as soon as possible after venous return 1s completed 1in order to have
a high as possible blood flow without shifting blood from the heart to other arcas. Instead or
as well as controlling the CPR frequency, the compression duty cycle may also be varied
based on the venous return. For example, the duty cycle may be shortened 1f venous return 1s
not completed.

The output information may instead be used to provide output information on
an emergency care monitor. The information then gives guidance to a caregiver as to when
compressions should be given. It may for example give a warning 1in the case that a
compression 18 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.

Alternatively, the monitor may provide an optimum compression rate value to
a caregiver 1n the form of a frequency at which compressions should be given. This

compression rate value 18 based on venous return information of previous compressions. In
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cither of these ways, the manual compression frequency may be optimized for a specific
patient.

In a similar way, the duty cycle can be controlled, for example by providing
signals which indicate end of the hold phase. Instead of giving quantitative feedback,
qualitative feedback may be signalled to the user 1n order to reduce the duty cycle. Such
qualitative feedback could consist of terms like “‘retract faster”.

Note that the physiological sensor may be combined with other known devices
and method which aim to promote venous return, such as impedance threshold devices,
active decompression or mterposed abdominal compressions.

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

The system has a sensor 70 as described 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 example 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.

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
processor 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 compression device 0.
The chest compression device may be a belt or a piston based device. In this case, the
compression cycle timing 1s controlled by the system so no additional sensor 1s needed to
derive the compression timing information (to enable time delays to be derived as explained
above).

In both cases, the aim 1s to improve cardiac arrest treatment by taking into
account the individual patient response to the CPR.

As outlined above a sensor signal may be selected which conveys information
which indicates when the flow returns to zero (or near zero) after a CPR compression cycle.
This can be derived directly from a flow measurement or indirectly from another (surrogate)
signal, for example a time derivative of pressure, or a time derivative of volume.

As discussed above, a processor 1s used to analyse 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 (€.g., microcode) to perform the
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required functions. The processor may instead be implemented as a combination of
dedicated hardware to perform some functions and a software processor (€.g., one or more
programmed microprocessors and associated circuitry) to perform other functions.

Examples of components that may be employed in various embodiments of the
present disclosure include, but are not limited to, conventional microprocessors, application
specific integrated circuits (ASICs), and ficld-programmable gate arrays (FPGAS).

In various implementations, a processor or controller may be associated with
on¢ 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 controllers, perform at the
required functions. Various storage media may be fixed within a processor or controller or
may be transportable, such that the one or more programs stored thereon can be loaded nto a
processor or controller.

Other variations to the disclosed embodiments can be understood and effected
by those skilled 1n 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 certain 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 1n the claims should not be construed as limiting the scope.
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CLAIMS:

1. A CPR assistance system, comprising:

a sensor (70) for making a physiological measurement to generate a sensor
signal which conveys information concerning the point 1in time at which venous return 1s
completed; and

a processor (74) for processing the sensor signal to determine time points at
which CPR compression cycles should be administered based on the point in time at which
venous return 1s completed; and

an output device (76,78; 74) providing output information relating to the

determined time points.

2. A system as claimed 1n claim 1, wherein the sensor signal conveys mformation

which indicates when blood tlow returns to zero after a CPR compression cycle.

3. A system as claimed 1n 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 1n claim 3, wherein the processor (74) 1s adapted to

determine the time at the flow first becomes positive after a negative peak of blood flow.

5. A system as claimed 1n any preceding claim, wherein the sensor (70)
comprises a pressure sensor for measuring the right atrial pressure or a plethysmographic

SCNSOT.

0. A system as claimed in any preceding claim, wherein the processor (74) 1s
adapted to determine:

the time at which the physiological signal remains between an upper and lower
[imit 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; or
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the time at which the physiological signal has 1ts maximum value after the

completion of a chest compression.

7. A system as claimed in any preceding claim, wherein the processor (74) 1s
adapted to apply a delay after the sensed completion of the venous return to compensate for a

delay between the physical location of the sensor and the actual completion of venous return.

8. A system as claimed in claim 7, wherein the processor (74) 1s adapted to
determine the delay 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.

9. An emergency care monitor comprising a CPR assistance system as claimed 1n
any preceding claim, wherein the processor (74) 1s adapted to provide:

an output warning signal when a CPR compression 1s started more than a
predetermined time before and/or after the determined time points at which CPR compression
cycles should be administered; or

an 1ndication of a suitable compression rate corresponding to the determined

time points or previously determined time points.

10. An automated CPR device comprising:
a chest compression system (80); and
a CPR assistance system as claimed 1n any one¢ of claims 1 to 8 for controlling

the timing of operation of the chest compression system.

11. A CPR monitoring method, comprising:

(60) making a physiological measurement to generate a sensor signal which
conveys information concerning the point in time at which venous return 1s completed
following a CPR compression;

(62) processing the sensor signal to determine time points at which CPR
compression cycles should be administered based on the point in time at which venous return
1s completed; and

(64) providing output information relating to the determined time points.
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12. A method as claimed 1n claim 11, wherein the sensor signal conveys

information which indicates when the flow returns to zero after a CPR compression cycle.

13. A method as claimed in claim 11 or 12, wherein making a physiological
measurement comprises making a blood flow measurement, a right atrial pressure

measurement or a plethysmographic measurement.

14. A method as claimed in claim 11 or 12, wherein making a physiological
measurement comprises making a blood flow measurement and the processing comprises

determining the time at the flow first becomes positive after a negative peak of blood flow.

15. A method as claimed 1n any one of claims 11 to 14, comprising determining:
the time at which the physiological signal remains between an upper and lower
[imit 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; or
the time at which the physiological signal has 1its maximum value after the

completion of a chest compression.
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