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(57) ABSTRACT

According to the disclosure there is provided an apparatus
that assesses chest recoil of a subject during cardio pulmo-
nary resuscitation (CPR) carried out by a rescuer on the
subject and provides feedback to the rescuer. This apparatus
may include a bio-signal measurement system configured to
measure bio-signals of the subject. The apparatus may
identify when CPR is required and may provide a CPR start
signal to indicate when CPR should be started and this
apparatus may identify when CPR is to be ceased. A CPR
stop signal may be provided to a rescuer to indicate when
CPR should be stopped. The apparatus may include elec-
tronic circuits capable of measuring impedance signals of
the subject, may include sensors that sense bio-signals, and
may include defibrillator shock electronics capable of pro-
viding a shock to the subject to restart or reset the heart of
the subject.

31 Claims, 3 Drawing Sheets
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DEFIBRILLATOR ASSESSING CHEST
RECOIL IN CARDIO PULMONARY
RESUSCITATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present disclosure claims priority benefit of patent
application 2004936.7 filed with the United Kingdom Patent
Office on Apr. 3, 2020, the disclosure of which is incorpo-
rated by reference herein in its entirety.

FIELD OF THE DISCLOSURE

This present disclosure is generally directed to resusci-
tating patients. More specifically, the present disclosure
relates to a defibrillator which assesses chest recoil of a
subject during performance of cardio pulmonary resuscita-
tion (CPR) by a rescuer.

DESCRIPTION OF THE RELATED ART

Various circumstances may arise when a defibrillator
instructs a rescuer to carry out CPR on a subject being
treated. CPR involves multiple compressions of the sub-
ject’s chest by the rescuer to cause the subject’s heart to
pump blood around their circulatory system, primarily to
provide oxygenated blood to the subject’s heart and brain. It
is important that, following a chest compression, the rescuer
allows the subject’s chest to completely recoil, i.e. return to
its normal position, before the rescuer begins the next chest
compression. If this not the case, the subject’s heart will not
completely refill with blood, the heart will not pump suffi-
cient oxygenated blood and the heart and brain tissue will
start to die. For effective CPR, current guidelines recom-
mend complete recoil of a subject’s chest. Indeed, the
European Resuscitation Council Guidelines for adult basic
life support and automated external defibrillation state that a
rescuer should: After each compression allow the chest to
recoil completely. However, many rescuers do not allow
complete recoil of the chest. Defibrillators which assess, and
provide feedback concerning, the subject’s chest recoil
could improve the quality of CPR provided by a rescuer. As
such, there is a need to improve defibrillators in ways that
helps a rescuer use a defibrillator more effectively.

SUMMARY

Embodiments of the present disclosure are directed to an
apparatus, methods, and to non-transitory computer-read-
able storage media that may monitor cardio pulmonary
resuscitation (CPR) of a patient. In one embodiment, an
apparatus of the present disclosure includes a sensor that
senses an impedance signal associated with chest recoil of a
person when CPR is administered to the person. This
apparatus also may include a controller that receives the
impedance signal sensed by the sensor, identifies an ampli-
tude of the impedance signal associated with the chest recoil
of the person, compares the impedance signal amplitude
with impedance baseline data, and identifies that a message
should be provided to a rescuer based on the comparison of
the impedance signal amplitude with the impedance baseline
data. This apparatus may also include a user interface that
provides the message to the rescuer.

The aforementioned apparatus may also include one or
more bio-sensors that sense bio-signals of a person. The
controller may analyse data received from the bio-sensors to
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identify when CPR should be administered to the person or
when a shock should be administered to the person. As such,
the apparatus may also include a defibrillator capable of
delivering a shock to the person defibrillator electronics may
provide the shock to the person when required.

The controller may also identify a number of check
compressions provided to the person when CPR is being
administered and the controller may identify that a stop CPR
message should be provided to the rescuer via a user
interface based on the identified number of chest compres-
sions.

In another embodiment, a method of the present disclo-
sure may perform the steps of receiving an impedance signal
associated with chest recoil of a person, identifying an
amplitude of the impedance signal associated with the chest
recoil of the person, comparing the impedance signal ampli-
tude with impedance baseline data, identifying that a mes-
sage should be provided to a rescuer based on the compari-
son of the impedance signal amplitude with the impedance
baseline data, and providing the message to the rescuer. The
steps of this method may be performed when CPR is
administered to the person.

The aforementioned method may be implemented via a
defibrillator or as a non-transitory computer-readable stor-
age medium having embodied thereon a program that
includes instructions executable by a processor for imple-
menting a method for evaluating cardio pulmonary resusci-
tation (CPR). Here again the method may include the steps
of receiving an impedance signal associated with chest
recoil of a person, identifying an amplitude of the impedance
signal associated with the chest recoil of the person, com-
paring the impedance signal amplitude with impedance
baseline data, identifying that a message should be provided
to a rescuer based on the comparison of the impedance
signal amplitude with the impedance baseline data, and
providing the message to the rescuer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a defibrillator or
CPR sensing unit consistent with the present disclosure.

FIG. 2 is a flowchart of steps that may be performed by
a CPR assessment system of the defibrillator of FIG. 1.

FIG. 3 illustrates electronic components that may be used
to control the operation of a CPR assessment apparatus or a
defibrillator that includes a CPR assessment unity consistent
with the present disclosure.

DETAILED DESCRIPTION

According to the disclosure there is provided a defibril-
lator which assesses chest recoil of a subject during cardio
pulmonary resuscitation (CPR) carried out by a rescuer on
the subject and provides feedback to the rescuer, including:
a bio-signal measurement system configured to measure
bio-signals of the subject, determine when CPR is required
and produce a CPR start signal and determine when CPR is
to be ceased and produce a CPR stop signal, an impedance
measurement system configured to measure impedance sig-
nals of the subject, and a CPR assessment system connected
to the bio-signal measurement system to receive the CPR
start signal and the CPR stop signal. The CPR assessment
system is also connected to the impedance measurement
system to receive impedance signals and is configured to
perform the following exemplary steps:

(1) receive the CPR start signal and produce a first

feedback signal,
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(ii) receive an impedance signal of the subject measured
during a plurality of CPR chest compressions by the
rescuet,

(iii) use the impedance signal to assess chest recoil of the
subject during the plurality of CPR chest compressions,

(iv) compare the chest recoil of the subject with a chest
recoil threshold,

(v) when the chest recoil of the subject is greater than the
chest recoil threshold, produce a second feedback sig-
nal and go to step (vii),

(vi) when the chest recoil of the subject is less than the
chest recoil threshold, produce a third feedback signal
and go to step (vii),

(vil) when the CPR stop signal is not received, return to
step (i),

(viii) when the CPR stop signal is received, produce a
fourth feedback signal, and

a feedback unit connected to the CPR assessment system
and configured to receive the feedback signals and issue
CPR feedback to the person.

The aim is to achieve as close to complete chest recoil as
possible after each CPR chest compression and the defibril-
lator provides appropriate feedback to the rescuer to try to
achieve this.

The CPR assessment system may use the impedance
signal to assess chest recoil of the subject during the
plurality of CPR chest compressions by measuring a char-
acteristic of the impedance signal after at least some of the
plurality of CPR chest compressions. The CPR assessment
system may use the impedance signal to assess chest recoil
of the subject during the plurality of CPR chest compres-
sions by measuring an amplitude of the impedance signal
after at least some of the plurality of CPR chest compres-
sions.

The CPR assessment system may compare the amplitude
of the impedance signal after at least some of the plurality
of CPR chest compressions with an impedance baseline of
the subject. The impedance signal may include a series of
peaks and troughs corresponding to the plurality of CPR
chest compressions by the rescuer. The CPR assessment
system may compare the amplitude of a trough of the
impedance signal after at least some of the plurality of CPR
chest compressions with the impedance baseline of the
subject. The CPR assessment system may compare the
amplitude of a peak of the impedance signal after at least
some of the plurality of CPR chest compressions with the
impedance baseline of the subject.

The CPR assessment system may determine either incom-
plete chest recoil when the amplitude of the impedance
signal after a CPR chest compression is not equal to the
impedance baseline or complete chest recoil when the
amplitude of the impedance signal after a CPR chest com-
pression is equal to the impedance baseline for at least some
of the plurality of CPR chest compressions. The CPR
assessment system may determine either incomplete chest
recoil when the amplitude of the impedance signal after a
CPR chest compression is not within a predetermined tol-
erance of the impedance baseline or complete chest recoil
when the amplitude of the impedance signal after a CPR
chest compression is within a predetermined tolerance of the
impedance baseline for at least some of the plurality of CPR
chest compressions. The predetermined tolerance may be
10% of the amplitude of the impedance signal after a CPR
chest compression.

The CPR assessment system may determine a proportion
of incomplete chest recoils for the at least some of the
plurality of CPR chest compressions. The CPR assessment
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system may compare the chest recoil of the subject with the
chest recoil threshold by comparing the proportion of
incomplete chest recoils with the chest recoil threshold. The
CPR assessment system may produce the second feedback
signal when the proportion of incomplete chest recoils is
greater than the chest recoil threshold. The CPR assessment
system may produce the third feedback signal when the
proportion of incomplete chest recoils is less than the chest
recoil threshold. The chest recoil threshold may be a pro-
portion of incomplete chest recoils of 25%.

Feedback signals may be generated based on one or more
identifications or determinations made by monitoring
devices. Each respective feedback signal of a set of feedback
signals may cause messages or indicators to be provided to
a rescuer operating a defibrillator. Message may be provided
via a speaker (e.g. by a verbal audio message or by a tone
of a particular frequency) or may be provided on a display
or in some other modality, such as haptic or a combination
of different types of modalities. Indicators or messages may
include a set of instruction lights or light emitting diodes that
illuminate to identify status information associated with
particular types of feedback. Indicators or messages pro-
vided to a rescuer may include instructions, warnings, or
status information that the rescuer may use to improve the
efficiency of resuscitating a patient. Such indicators or
messages may inform the rescuer to ‘start cardio-pulmo-
nary-resuscitation (CPR) and to push hard on the chest of a
patient.” These messages may instruct the rescuer that a chest
recoil was good—or acceptable, or may inform the rescuer
that a chest recoil was incomplete—or unacceptable. Alter-
natively, or additionally, instructions may inform a rescuer
to stop CPR, or may instruct the rescuer to push faster, push
slower, or to push softer when applying CPR.

An impedance baseline may be established during at least
one period in which no CPR chest compressions are per-
formed by the rescuer. The impedance measurement system
may be configured to measure impedance signals during at
least one period in which no CPR chest compressions are
performed by the rescuer. The CPR assessment system may
be configured to receive an impedance signal of the subject
measured during the at least one period in which no CPR
chest compressions are performed by the rescuer and use the
impedance signal to establish the impedance baseline of the
subject. The CPR assessment system may use an amplitude
of the impedance signal measured during the at least one
period to establish the impedance baseline of the subject.
The CPR assessment system may be configured to receive
an impedance signal of the subject measured during a period
before CPR chest compressions by the rescuer and use the
impedance signal to establish the impedance baseline. The
CPR assessment system may be configured to receive an
impedance signal of the subject measured during one or
more periods after CPR chest compressions by the rescuer
and use the impedance signal to establish one or more
impedance baselines. The CPR assessment system may be
configured to receive an impedance signal of the subject
measured during a first period before CPR chest compres-
sions by the rescuer and use the impedance signal to
establish a first impedance baseline and receive an imped-
ance signal of the subject measured during one or more
subsequent periods after CPR chest compressions by the
rescuer and use the impedance signal to establish one or
more subsequent impedance baselines.

The CPR assessment system may receive an impedance
signal of the subject measured during the plurality of CPR
chest compressions by the rescuer over a period of time of
approximately 6 seconds, for example. Alternatively, or
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additionally, the CPR assessment system may receive an
impedance signal during a period in which no CPR chest
compressions are performed by the rescuer over a period of
time of approximately 2 seconds. The CPR assessment
system may be configured to assess rate and depth of at least
some of the plurality of CPR chest compressions by the
rescuer.

An impedance measurement system consistent with the
present disclosure may measure the impedance signals of the
subject by acquiring signals through electrodes of a defi-
brillator placed on the chest of the subject or may include a
set of electrodes that are independent of a defibrillator.

A bio-signal measurement system may be configured to
measure bio-signals of the subject in the form of electro-
cardiograph (ECG) bio-signals. Such a bio-signal measure-
ment system may apply an algorithm to the ECG bio-signals
to determine if the subject is exhibiting a condition which
requires a defibrillation shock or a condition which requires
CPR. Variations of the exemplary steps discussed above are
reviewed:

Steps (v) to (vii) may further include:

(v) when the chest recoil of the subject is greater than the
chest recoil threshold, produce the second feedback
signal and go to step (vii)(a),

(vi) when the chest recoil of the subject is less than the
chest recoil threshold, produce the third feedback sig-
nal and go to step (vii)(b),

(vii)(a) when the CPR stop signal is not received, wait for
a plurality of CPR chest compressions, return to step
(iv),

(vii)(b) when the CPR stop signal is not received, return
to step (ii).

Step (ii) may be further include:

(ii)(a) set a CPR counter equal to x,

(i1)(b) receive an impedance signal of the subject mea-
sured during a plurality of CPR chest compressions by
the rescuer,

(ii)(c) receive a CPR chest compression rate measured
during the plurality of CPR chest compressions,

(ii)(d) compare the measured compression rate with a
minimum required compression rate,

(i1)(e) when the measured compression rate is greater than
the minimum required compression rate, go to step (iii),

(i1)(f) when the measured compression rate is less than the
minimum required compression rate, when the CPR
counter is not equal to zero, decrease the CPR counter
by 1, produce a fifth feedback signal and go to step
(i)(b),

(i1)(g) when the measured compression rate is less than
the minimum required compression rate, when the CPR
counter is equal to zero, go to step (iii).

Step (i1)(f) may further include when the measured com-
pression rate is less than the minimum required compression
rate, when the CPR counter is not equal to zero, decrease the
CPR counter by 1, produce a fifth feedback signal, wait for
a plurality of compressions and go to step (ii)(b).

Alternatively, step (il) may further include:

(ii)(a) set a CPR counter equal to x,

(i1)(b) receive an impedance signal of the subject mea-
sured during a plurality of CPR chest compressions by
the rescuer,

(ii)(c) receive a compression rate measured during the
plurality of CPR chest compressions,

(ii)(d) compare the measured compression rate with a
maximum required compression rate,
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(ii)(e) when the measured compression rate is less than
the maximum required compression rate, go to step
(iid),

(11)(f) when the measured compression rate is greater than
the maximum required compression rate, when the
CPR counter is not equal to zero, decrease the CPR
counter by 1, produce a sixth feedback signal and go to
step (ii)(b),

(i1)(g) when the measured compression rate is greater than
the maximum required compression rate, when the
CPR counter is equal to zero, go to step (iii).

Step (i1)(f) may further include when the measured com-
pression rate is greater than the maximum required com-
pression rate, when the CPR counter is not equal to zero,
decrease the CPR counter by 1, produce a sixth feedback
signal, wait for a plurality of compressions and go to step
(i)(b).

Alternatively, step (ii) may further include:

(i1)(a) set a CPR counter equal to x,

(i1)(b) receive an impedance signal of the subject mea-
sured during a plurality of CPR chest compressions by
the rescuer,

(i1)(c) receive a compression rate measured during the
plurality of CPR chest compressions,

(11)(d) compare the measured compression rate with a
minimum required compression rate and a maximum
required compression rate,

(i1)(e) when the measured compression rate is greater than
the minimum required compression rate and when the
measured compression rate is less than the maximum
required compression rate, go to step (iii),

(11)(f) when the measured compression rate is less than the
minimum required compression rate, when the CPR
counter is not equal to zero, decrease the CPR counter
by 1, produce a fifth feedback signal and go to step
(i)(b),

(i1)(g) when the measured compression rate is less than
the minimum required compression rate, when the CPR
counter is equal to zero, go to step (iii), (i1)(h) when the
measured compression rate is greater than the maxi-
mum required compression rate, when the CPR counter
is not equal to zero, decrease the CPR counter by 1,
produce a sixth feedback signal and go to step (ii)(b),

(11)(1) when the measured compression rate is greater than
the maximum required compression rate, when the
CPR counter is equal to zero, go to step (iii).

Step (i1)(f) may further include when the measured com-
pression rate is less than the minimum required compression
rate, when the CPR counter is not equal to zero, decrease the
CPR counter by 1, produce a fifth feedback signal, wait for
a plurality of compressions and go to step (ii)(b).

Step (i1)(h) may include when the measured compression
rate is greater than the maximum required compression rate,
when the CPR counter is not equal to zero, decrease the CPR
counter by 1, produce a sixth feedback signal, wait for a
plurality of compressions and go to step (ii)(b).

Step (i) may further include:

(i1)(a) set a CPR counter equal to x,

(i1)(b) receive an impedance signal of the subject mea-
sured during a plurality of CPR chest compressions by
the rescuer,

(i1)(c) receive a CPR chest compression depth measured
during the plurality of CPR chest compressions,

(11)(d) compare the measured compression depth with a
minimum required compression depth,
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(ii)(e) when the measured compression depth is greater
than the minimum required compression depth, go to
step (iii),

(i1)(f) when the measured compression depth is less than
the minimum required compression depth, when the
CPR counter is not equal to zero, decrease the CPR
counter by 1, produce a seventh feedback signal and go
to step (ii)(b),

(i1)(g) when the measured compression rate is less than
the minimum required compression rate, when the CPR
counter is equal to zero, go to step (iii).

Step (i1)(f) may further include when the measured com-
pression depth is less than the minimum required compres-
sion depth, when the CPR counter is not equal to zero,
decrease the CPR counter by 1, produce a seventh feedback
signal, wait for a plurality of compressions and go to step
(i)(b).

Alternatively, step (il) may further include:

(ii)(a) set a CPR counter equal to x,

(i1)(b) receive an impedance signal of the subject mea-
sured during a plurality of CPR chest compressions by
the rescuer,

(ii)(c) receive a compression depth measured during the
plurality of CPR chest compressions,

(i1)(d) compare the measured compression depth with a
maximum required compression depth,

(ii)(e) when the measured compression depth is less than
the maximum required compression depth, go to step
(iii),

(i1)(f) when the measured compression depth is greater
than the maximum required compression depth, when
the CPR counter is not equal to zero, decrease the CPR
counter by 1, produce an eighth feedback signal and go
to step (ii)(b),

(i1)(g) when the measured compression depth is greater
than the maximum required compression depth when
the CPR counter is equal to zero, go to step (iii).

Step (i1)(f) may further include when the measured com-
pression depth is greater than the maximum required com-
pression depth, when the CPR counter is not equal to zero,
decrease the CPR counter by 1, produce an eighth feedback
signal, wait for a plurality of compressions and go to step
(i)(b).

Alternatively, step (il) may further include:

(ii)(a) set a CPR counter equal to x,

(i1)(b) receive an impedance signal of the subject mea-
sured during a plurality of CPR chest compressions by
the rescuer,

(ii)(c) receive a compression depth measured during the
plurality of CPR chest compressions,

(i1)(d) compare the measured compression depth with a
minimum required compression depth and a maximum
required compression depth,

(ii)(e) when the measured compression depth is greater
than the minimum required compression depth and
when the measured compression depth is less than the
maximum required compression depth, go to step (iii),

(i1)(f) when the measured compression depth is less than
the minimum required compression depth, when the
CPR counter is not equal to zero, decrease the CPR
counter by 1, produce a seventh feedback signal and go
to step (ii)(b),

(i1)(g) when the measured compression depth is less than
the minimum required compression depth, when the
CPR counter is equal to zero, go to step (iii),

(i1)(h) when the measured compression depth is greater
than the maximum required compression depth, when
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the CPR counter is not equal to zero, decrease the CPR
counter by 1, produce an eighth feedback signal and go
to step (ii)(b),

(11)(1) when the measured compression depth is greater
than the maximum required compression depth, when
the CPR counter is equal to zero, go to step (iii).

Step (i1)(f) may further include when the measured com-
pression depth is less than the minimum required compres-
sion depth, when the CPR counter is not equal to zero,
decrease the CPR counter by 1, produce a seventh feedback
signal, wait for a plurality of compressions and go to step
(i)(b).

Step (i1)(h) may further include when the measured com-
pression depth is greater than the maximum required com-
pression depth, when the CPR counter is not equal to zero,
decrease the CPR counter by 1, produce an eighth feedback
signal, wait for a plurality of compressions and go to step
(i)(b).

As discussed above, a feedback unit may receive the first
feedback signal and issue CPR feedback in the form of a
‘Start CPR and Push Hard’ instruction to the rescuer or may
provide other indications or messages to a rescuer. The
feedback unit may receive the second feedback signal and
issue CPR feedback in the form of a ‘Chest Recoil Incom-
plete’ instruction to the rescuer. The feedback unit may
receive the third feedback signal and issue CPR feedback in
the form of a ‘Chest Recoil Good’ instruction to the rescuer.
The feedback unit may receive the fourth feedback signal
and issue CPR feedback in the form of a ‘Stop CPR’
instruction to the rescuer. The feedback unit may receive the
fifth feedback signal and issue CPR feedback in the form of
a ‘Push Faster’ instruction to the rescuer. The feedback unit
may receive the sixth feedback signal and issue CPR feed-
back in the form of a ‘Push Slower’ instruction to the
rescuer. The feedback unit may receive the seventh feedback
signal and issue CPR feedback in the form of a ‘Push
Harder’ instruction to the rescuer. The feedback unit may
receive the eighth feedback signal and issue CPR feedback
in the form of a ‘Push Softer’ instruction to the rescuer.

An embodiment of the disclosure will now be described,
by way of example only, with reference to the following
drawings, in which FIG. 1 is a schematic representation of
a defibrillator or CPR sensing unit consistent with the
present disclosure. FIG. 2 is a flowchart of steps that may be
performed by a CPR assessment system of the defibrillator
of FIG. 1. Referring to FIG. 1, the defibrillator 20 includes
a bio-signal measurement system 22, an impedance mea-
surement system 24, a CPR assessment system 26 and a
feedback unit 28. The defibrillator 20 assesses CPR carried
out by a rescuer (not shown) on a subject (not shown) to
assess chest recoil of the subject and provides CPR feedback
to the rescuer. As mentioned above, an apparatus consistent
with the present disclosure may perform operations of
monitoring the efficiency of CPR and may be used to
monitor patient bio-signals in a unit that does not include a
defibrillator. In such instances, a monitoring/instruction
apparatus may be used in conjunction with a defibrillator or
coupled to a defibrillator. The bio-signals may be received
from a bio-sensor that is capable of sensing heartbeat signals
or electrocardiogram (ECG/EKG) signals of a person. The
bio-signals may be provided to a controller that controls
shocks administered by a defibrillator.

It will be appreciated that the defibrillator 20 can include
other elements such as an activation mechanism, a bio-
signal processing system, defibrillation shock generation
circuitry, a power source and a sensing unit which is adapted
to be attached to the subject. Individuals or ordinary skill in
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the art would understand that a defibrillator is used to shock
a patient in order to stimulate the heart of the patient to begin
beating again after it has stopped beating.

The bio-signal measurement system 22 may be configured
to measure bio-signals of the subject, which, in this embodi-
ment, can include ECG bio-signals. In such instances, a
processor or electronic controller may execute instructions
to implement an algorithm or analysis based on received
ECG bio-signals. Such an analysis may determine whether
a subject/patient is exhibiting a condition which requires a
defibrillation shock or a condition which requires CPR.
When CPR is required, the bio-signal measurement system
22 is configured to produce a CPR start signal. This CPR
start signal may generate or provide a message or indicator
to a rescuer. When CPR is to stop, the bio-signal measure-
ment system 22 is configured to produce a CPR stop signal.

The impedance measurement system 24 measures the
impedance signals of the subject by acquiring signals
through electrodes of the defibrillator placed on the chest of
the subject. This impedance may be measured by any means
known in the art and may include exemplary methods or
circuits described later in this document.

The CPR assessment system 26 may be connected to the
bio-signal measurement system 22 to receive the CPR start
signal and the CPR stop signal. On receipt of the CPR start
signal, the CPR assessment system 26 receives impedance
signals and commences assessment of chest recoil of the
subject over multiple CPR chest compressions by the res-
cuer. This includes performance of a number of steps,
described below with reference to FIG. 2, for example. On
receipt of the CPR stop signal, the CPR assessment system
26 ceases assessment of chest recoil of the subject. A CPR
stop signal may be generated based on a number of chest
compressions, may be generated based on an identification
that the patient’s heart is beating properly, or may be
generated after each of these events. In instances when CPR
is stopped, instructions to resume CPR or to provide a
defibrillator shock to the patient may be provided to the
rescuer.

The CPR assessment system 26 may be connected to the
impedance measurement system 24 and receives impedance
signals indicative of CPR chest compressions comprising
transthoracic impedance signals and uses these to assess
chest recoil of the subject over multiple pluralities of CPR
chest compressions carried out by the rescuer on the subject.
During assessment of the chest recoil of the subject, the CPR
assessment system 26 produces various feedback signals.
The feedback unit 28 is connected to the CPR assessment
system 26 and is configured to receive the feedback signals
and issue CPR feedback to the person.

FIG. 2 is a flowchart of steps that may be performed by
a CPR assessment system of the defibrillator of FIG. 1.
Referring to FIG. 2, the steps performed by the CPR
assessment system 26 of the defibrillator 20 of FIG. 1 will
be described.

On receipt of the CPR start signal in step 210 of FIG. 2,
the CPR assessment system 26 produces a first feedback
signal. The first feedback signal is received by the feedback
unit 28, which issues CPR feedback in the form of a ‘Start
CPR and Push Hard’ instruction, to the rescuer carrying out
CPR on the subject.

The CPR assessment system 26 of FIG. 1 may then
receive an impedance signal of the subject in step 220. This
impedance may be measured during a plurality of CPR chest
compressions by the rescuer over a period of time of
approximately 6 seconds, for example. This impedance
signal or impedance data may be used to assess chest recoil
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of the subject during the plurality of CPR chest compres-
sions. The CPR assessment system 26 uses the impedance
signal to assess chest recoil by measuring a characteristic of
the impedance signal in step 230 of FIG. 2. This may include
identifying an amplitude, after at least some, preferably
each, of the plurality of CPR chest compressions.

The CPR assessment system 26 then compares the ampli-
tude of the impedance signal in step 240 of FIG. 2. The
comparison may be performed after at least some, preferably
each, of the plurality of CPR chest compressions with an
impedance baseline of the subject. The impedance signal of
the subject may include a series of peaks and troughs
corresponding to the plurality of CPR chest compressions by
the rescuer and the CPR assessment system 26 may compare
the amplitude of a trough or a peak of the impedance signal
after at least some, preferably each, of the plurality of CPR
chest compressions with the impedance baseline of the
subject.

The CPR assessment system 26 then may identify
whether the chest compressions or a proportion of chest
compressions correspond to an incomplete chest recoil or a
complete chest recoil in step 250 of FIG. 2. The identifica-
tion may be based on identifying an amplitude of the
impedance signal. An incomplete recoil may be identified
based on a CPR chest compression impedance or impedance
changes not meeting or exceeding an impedance baseline. A
complete chest recoil may be identified based on an ampli-
tude of the impedance signal after a CPR chest compression
being equal to or exceeding the impedance baseline. It will
be appreciated that the CPR assessment system 26 may
identify a incomplete chest recoil when the amplitude of or
a change in the impedance signal after a CPR chest com-
pression is not is not within a predetermined tolerance of the
impedance baseline. A complete chest recoil can also be
identified when the amplitude of the impedance signal after
a CPR chest compression is not within a predetermined
tolerance of the impedance baseline. The predetermined
tolerance may be approximately 10% of the amplitude of the
impedance signal after a CPR chest compression.

The CPR assessment system 26 may identify a proportion
of incomplete chest recoils and compare the chest recoil of
the subject with a chest recoil threshold by comparing the
proportion of incomplete chest recoils with the chest recoil
threshold, which may be a proportion of incomplete chest
recoils of 25%. The CPR assessment system 26 may produce
a second feedback signal when the proportion of incomplete
chest recoils is greater than the chest recoil threshold in step
270. This indication may be received by the feedback unit
28, which issues CPR feedback, in the form of a ‘Chest
Recoil Incomplete’ instruction, to the rescuer carrying out
CPR on the subject. Alternatively, the CPR assessment
system 26 produces a third feedback signal when the pro-
portion of incomplete chest recoils is less than or equal to the
chest recoil threshold in step 260. These signals may be
received by the feedback unit 28, which may then issue CPR
feedback in the form of a ‘Chest Recoil Good’ instruction to
the rescuer carrying out CPR on the subject.

The CPR assessment system 26 then checks for receipt of
the CPR stop signal from the bio-signal measurement sys-
tem 22 in step 280 of FIG. 2. As discussed above this
determination may be based on a set of criteria. When the
CPR stop signal has not been received, the CPR assessment
system 26 returns to step 220 of FIG. 2, where an impedance
signal is received during a plurality of CPR chest compres-
sions by the rescuer. When the CPR stop signal is received
in step 280, the CPR assessment system 26 produces a fourth
feedback signal in step 290. The feedback unit 28 receives
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the fourth feedback signal and issues CPR feedback in the
form of a “Stop CPR’ instruction to the rescuer carrying out
CPR on the subject. The stop CPR message may be provided
based on various criteria as discussed above. This criterion
may also require that a percentage or proportion of complete
CPR at least meet a threshold level before stop CPR message
is issued. To determine the impedance baseline of the
subject, the impedance measurement system 24 is config-
ured to measure impedance signals during at least one period
in which no CPR chest compressions are performed by the
rescuer. The CPR assessment system 26 is configured to
receive an impedance signal of the subject measured during
the at least one period in which no CPR chest compressions
are performed by the rescuer and use the impedance signal
to establish the impedance baseline of the subject. In a
preferred embodiment, the CPR assessment system 26 is
configured to receive an impedance signal of the subject
measured during a first period before CPR chest compres-
sions by the rescuer and to use the impedance signal to
establish a first impedance baseline. The CPR assessment
system 26 can receive an impedance signal of the subject
measured during one or more subsequent periods after CPR
chest compressions by the rescuer and use the impedance
signal to establish one or more subsequent impedance base-
lines.

Each subsequent impedance baseline may replace a pre-
vious impedance baseline. The first period is when the
defibrillator 20 is making a decision as to whether the
subject is exhibiting a condition which requires a defibril-
lation shock or a condition which requires CPR. The one or
more subsequent periods are when the defibrillator 20
instructs the rescuer to cease CPR chest compressions.

The CPR assessment system 26 receives an impedance
signal of the subject measured during the period in which no
CPR chest compressions are performed by the rescuer and
uses an amplitude of the impedance signal to establish the
impedance baseline of the subject. When the subject is
experiencing a condition which requires a defibrillation
shock, i.e. ventricular fibrillation or ventricular tachycardia,
the impedance signal of the subject measured during the
period in which no CPR chest compressions are performed
by the rescuer is a substantially flat line. The aim of the
systems and methods disclosed herein is to achieve as close
to complete chest recoil as possible after each CPR chest
compression and the defibrillator provides appropriate feed-
back to the rescuer to try to achieve this. The exemplary
steps performed by the CPR assessment system 26 may
further include as follows.

Steps (v) to (vii) may further include:

(v) when the chest recoil of the subject is greater than the
chest recoil threshold, produce the second feedback
signal and go to step (vii)(a),

(vi) when the chest recoil of the subject is less than the
chest recoil threshold, produce the third feedback sig-
nal and go to step (vii)(b),

(vii)(a) when the CPR stop signal is not received, wait for
a plurality of CPR chest compressions, return to step
(iv),

(vii)(b) when the CPR stop signal is not received, return
to step (ii).

The CPR assessment system 26 may be configured to
assess rate and depth of at least some of a plurality of CPR
chest compressions by the rescuer.

Step (ii) may further include:

(ii)(a) set a CPR counter equal to x,
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(i1)(b) receive an impedance signal of the subject mea-
sured during a plurality of CPR chest compressions by
the rescuer,

(i1)(c) receive a CPR chest compression rate measured
during the plurality of CPR chest compressions,

(11)(d) compare the measured compression rate with a
minimum required compression rate,

(i1)(e) when the measured compression rate is greater than
the minimum required compression rate, go to step (iii),

(11)(f) when the measured compression rate is less than the
minimum required compression rate, when the CPR
counter is not equal to zero, decrease the CPR counter
by 1, produce a fifth feedback signal and go to step
(i)(b),

(i1)(g) when the measured compression rate is less than
the minimum required compression rate, when the CPR
counter is equal to zero, go to step (iii).

Step (i1)(f) may further include when the measured com-
pression rate is less than the minimum required compression
rate, when the CPR counter is not equal to zero, decrease the
CPR counter by 1, produce a fifth feedback signal, wait for
a plurality of compressions and go to step (ii)(b).

Alternatively, step (ii) may further include:

(i1)(a) set a CPR counter equal to x,

(i1)(b) receive an impedance signal of the subject mea-
sured during a plurality of CPR chest compressions by
the rescuer,

(i1)(c) receive a compression rate measured during the
plurality of CPR chest compressions,

(11)(d) compare the measured compression rate with a
maximum required compression rate,

(ii)(e) when the measured compression rate is less than
the maximum required compression rate, go to step
(iii),

(11)(f) when the measured compression rate is greater than
the maximum required compression rate, when the
CPR counter is not equal to zero, decrease the CPR
counter by 1, produce a sixth feedback signal and go to
step (ii)(b),

(i1)(g) when the measured compression rate is greater than
the maximum required compression rate, when the
CPR counter is equal to zero, go to step (iii).

Step (i1)(f) may further include when the measured com-
pression rate is greater than the maximum required com-
pression rate, when the CPR counter is not equal to zero,
decrease the CPR counter by 1, produce a sixth feedback
signal, wait for a plurality of compressions and go to step
(i)(b).

Alternatively, step (ii) may further include:

(i1)(a) set a CPR counter equal to x,

(i1)(b) receive an impedance signal of the subject mea-
sured during a plurality of CPR chest compressions by
the rescuer,

(i1)(c) receive a compression rate measured during the
plurality of CPR chest compressions,

(11)(d) compare the measured compression rate with a
minimum required compression rate and a maximum
required compression rate,

(i1)(e) when the measured compression rate is greater than
the minimum required compression rate and when the
measured compression rate is less than the maximum
required compression rate, go to step (iii),

(11)(f) when the measured compression rate is less than the
minimum required compression rate, when the CPR
counter is not equal to zero, decrease the CPR counter
by 1, produce a fifth feedback signal and go to step

@i (b),
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(i1)(g) when the measured compression rate is less than
the minimum required compression rate, when the CPR
counter is equal to zero, go to step (iii),

(i1)(h) when the measured compression rate is greater than
the maximum required compression rate, when the
CPR counter is not equal to zero, decrease the CPR
counter by 1, produce a sixth feedback signal and go to
step (ii)(b),

(i1)(1) when the measured compression rate is greater than
the maximum required compression rate, when the
CPR counter is equal to zero, go to step (iii).

Step (i1)(f) may further include when the measured com-
pression rate is less than the minimum required compression
rate, when the CPR counter is not equal to zero, decrease the
CPR counter by 1, produce a fifth feedback signal, wait for
a plurality of compressions and go to step (ii)(b).

Step (ii)(h) may further include when the measured com-
pression rate is greater than the maximum required com-
pression rate, when the CPR counter is not equal to zero,
decrease the CPR counter by 1, produce a sixth feedback
signal, wait for a plurality of compressions and go to step
(i)(b).

Step (ii) may further include:

(ii)(a) set a CPR counter equal to x,

(i1)(b) receive an impedance signal of the subject mea-
sured during a plurality of CPR chest compressions by
the rescuer,

(ii)(c) receive a CPR chest compression depth measured
during the plurality of CPR chest compressions,

(i1)(d) compare the measured compression depth with a
minimum required compression depth,

(ii)(e) when the measured compression depth is greater
than the minimum required compression depth, go to
step (iii),

(i1)(f) when the measured compression depth is less than
the minimum required compression depth, when the
CPR counter is not equal to zero, decrease the CPR
counter by 1, produce a seventh feedback signal and go
to step (ii)(b),

(i1)(g) when the measured compression rate is less than
the minimum required compression rate, when the CPR
counter is equal to zero, go to step (iii).

Step (i1)(f) may further include when the measured com-
pression depth is less than the minimum required compres-
sion depth, when the CPR counter is not equal to zero,
decrease the CPR counter by 1, produce a seventh feedback
signal, wait for a plurality of compressions and go to step
>iD)(b).

Alternatively, step (il) may further include:

(ii)(a) set a CPR counter equal to x,

(i1)(b) receive an impedance signal of the subject mea-
sured during a plurality of CPR chest compressions by
the rescuer,

(ii)(c) receive a compression depth measured during the
plurality of CPR chest compressions,

(i1)(d) compare the measured compression depth with a
maximum required compression depth,

(ii)(e) when the measured compression depth is less than
the maximum required compression depth, go to step
(iii),

(i1)(f) when the measured compression depth is greater
than the maximum required compression depth, when
the CPR counter is not equal to zero, decrease the CPR
counter by 1, produce an eighth feedback signal and go
to step (ii)(b), and
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(i1)(g) when the measured compression depth is greater
than the maximum required compression depth when
the CPR counter is equal to zero, go to step (iii).

Step (i1)(f) may further include when the measured com-
pression depth is greater than the maximum required com-
pression depth, when the CPR counter is not equal to zero,
decrease the CPR counter by 1, produce an eighth feedback
signal, wait for a plurality of compressions and go to step
(i)(b).

Alternatively, step (ii) may further include:

(i1)(a) set a CPR counter equal to x,

(i1)(b) receive an impedance signal of the subject mea-
sured during a plurality of CPR chest compressions by
the rescuer,

(i1)(c) receive a compression depth measured during the
plurality of CPR chest compressions,

(11)(d) compare the measured compression depth with a
minimum required compression depth and a maximum
required compression depth,

(i1)(e) when the measured compression depth is greater
than the minimum required compression depth and
when the measured compression depth is less than the
maximum required compression depth, go to step (iii),

(11)() when the measured compression depth is less than
the minimum required compression depth, when the
CPR counter is not equal to zero, decrease the CPR
counter by 1, produce a seventh feedback signal and go
to step (ii)(b),

(i1)(g) when the measured compression depth is less than
the minimum required compression depth, when the
CPR counter is equal to zero, go to step (iii),

(i1)(h) when the measured compression depth is greater
than the maximum required compression depth, when
the CPR counter is not equal to zero, decrease the CPR
counter by 1, produce an eighth feedback signal and go
to step (ii)(b),

(11)(1) when the measured compression depth is greater
than the maximum required compression depth, when
the CPR counter is equal to zero, go to step (iii).

Step (i1)(f) may further include when the measured com-
pression depth is less than the minimum required compres-
sion depth, when the CPR counter is not equal to zero,
decrease the CPR counter by 1, produce a seventh feedback
signal, wait for a plurality of compressions and go to step
(i)(b).

Step (i1)(h) may further include when the measured com-
pression depth is greater than the maximum required com-
pression depth, when the CPR counter is not equal to zero,
decrease the CPR counter by 1, produce an eighth feedback
signal, wait for a plurality of compressions and go to step
(i)(b).

The feedback unit may receive the fifth feedback signal
and issue CPR feedback in the form of a ‘Push Faster’
instruction to the rescuer. The feedback unit may receive the
sixth feedback signal and issue CPR feedback in the form of
a ‘Push Slower” instruction to the rescuer. The feedback unit
may receive the seventh feedback signal and issue CPR
feedback in the form of a ‘Push Harder’ instruction to the
rescuer. The feedback unit may receive the eighth feedback
signal and issue CPR feedback in the form of a ‘Push Softer’
instruction to the rescuer.

FIG. 3 illustrates electronic components that may be used
to control the operation of a CPR assessment apparatus or a
defibrillator that includes a CPR assessment unit consistent
with the present disclosure. The Apparatus 300 of FIG. 3
includes one or more processors 310, memory 320, a user
interface 330, inputs 330, outputs 350, and a communication
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interface 360. Various of the different components illustrated
in FIG. 3 may be communicatively coupled to each other via
a bus 370. In operation, processor(s) 310 may execute
instructions out of memory 320 to perform operations of
controlling the apparatus 300 as described herein. Processor
(s) 310 may be any processor known in the art, yet typically
may be a microcontroller executing instructions stored in
memory 320. The memory 320 may be any memory known
in the art, typically memory 320 will be or include a form of
random access memory (RAM). Memory 320 may also
include a non-volatile memory (e.g. FLASH memory) that
stores firmware program code. In operation, instructions
stored in FLASH memory may be moved to RAM as part of
an initialization process.

User interface 330 may be any type of user interface
known in the art capable of providing indications or mes-
sages to users of the apparatus 300. The user interface 330
may be coupled to a display (e.g. a computer display), a
speaker, a microphone, or to lights (e.g. LEDS). User
interface may provide instructions or information to a user/
rescuer as discussed above.

Inputs 340 may be coupled to sensors that sense human
biometric data (e.g. bio-sensors) or to collect data such as
heart beat/rhythm data (or the lack thereof) or to collect data
that may be used to identify an impedance of a patient as
CPR is administrated. Inputs 340 may also include or be
coupled to an analog-to-digital converter that converts ana-
log sensor data to digital data. In certain instances, inputs
340 may receive digital data directly from a sensor (analog
or digital). Outputs 350 may be an energy source that
provides a stimulus that may be used to identify an imped-
ance. The energy source may be a voltage source similar to
voltage source 310 of FIG. 3 or may be a current source that
provides a controlled current. Outputs 350 may include a
digital-to-analog converter that provides a stimulus based on
binary outputs from a processor.

Stimulus provided to a patient via outputs 350 and data
received via inputs 340 may be used to identify an imped-
ance or a change in impedance of a patient as CPR is
performed on that patient. In certain instances, outputs 350
may control a defibrillator, where the processor 310 may
control when the patient is shocked based on received data
and/or based on a rescuer providing input via inputs 340 or
the user interface 330 indicating that the patient is “clear.”
This clear indication may identify that the rescuer is not
touching the patient and that the shock may be provided to
the patient without shocking the rescuer or another person.

Communication interface 360 may allow the processor
310 to send data to other devices. As such, the communi-
cation interface 360 may be or include a computer network
interface, a cellular phone interface, or any other computer
communication interface known in the art.

While various flow diagrams provided and described
above may show a particular order of operations performed
by certain embodiments of the disclosure, it should be
understood that such order is exemplary (e.g., alternative
embodiments can perform the operations in a different order,
combine certain operations, overlap certain operations, etc.).

What is claimed is:

1. An apparatus that monitors cardio pulmonary resusci-

tation (CPR), the apparatus comprising:

a sensor that senses an impedance signal associated with
chest recoil of a person when CPR is administered to
the person;

a controller that:

receives the impedance signal sensed by the sensor;
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identifies an amplitude of the impedance signal associated

with the chest recoil of the person,

compares the impedance signal amplitude with imped-

ance baseline data, and

identifies that a message should be provided to a rescuer

based on the comparison of the impedance signal
amplitude with the impedance baseline data; and

a user interface that provides the message to the rescuer.

2. The apparatus of claim 1, further comprising one or
more bio-sensors that senses a bio-signal of the person.

3. The apparatus of claim 2, wherein the controller
identifies that CPR should be administered to the person
based on the received bio-signal.

4. The apparatus of claim 2, further comprising defibril-
lator electronics configured to provide a shock to the person,
wherein the controller identifies that the shock should be
provided to the person based on the received bio-signal and
the defibrillator electronics provide the shock to the person
based on the identification that the shock should be provided
to the person.

5. The apparatus of claim 3, wherein:

the controller identifies that a number of chest compres-

sions has been administered to the person based on the
received impedance signal,

the controller identifies that a stop CPR message should

be provided to the and based on the identified number
of chest compressions, and

the stop CPR message is provided to the rescuer via the

user interface.

6. The apparatus of claim 1, wherein the user interface
includes at least one of a display, a speaker, or an indicator
light.

7. The apparatus of claim 1, wherein the controller
includes:

a memory; and

a processor that executes instructions out of the memory.

8. The apparatus of claim 1, further comprising a com-
munication interface that sends data to and that receives data
from an external computing device.

9. A method for evaluating cardio pulmonary resuscitation
(CPR),

receiving an impedance signal associated with chest recoil

of a person when CPR is administered to the person;
identifying an amplitude of the impedance signal associ-
ated with the chest recoil of the person;

comparing the impedance signal amplitude with imped-

ance baseline data;

identifying that a message should be provided to a rescuer

based on the comparison of the impedance signal
amplitude with the impedance baseline data; and
providing the message to the rescuer.

10. The method of claim 9, further comprising identifying
that the impedance signal amplitude does not does not meet
or exceed a threshold level based on the comparison of the
impedance signal amplitude with the impedance baseline
data, wherein the message provided to the rescuer indicates
that the chest recoil is unacceptable based on the impedance
signal amplitude not meeting or exceeding the threshold
level.

11. The method of claim 9, further comprising identifying
that the impedance signal amplitude meets or exceeds a
threshold level based on the comparison of the impedance
signal amplitude with the impedance baseline data, wherein
the message provided to the rescuer indicates that the chest
recoil is acceptable based on the impedance signal amplitude
meeting or exceeding the threshold level.



US 11,865,063 B2

17

12. The method of claim 9, further comprising calculating
a proportion of incomplete chest compressions, wherein the
comparison of comparing the impedance signal amplitude
with the impedance baseline data includes comparing the
proportion of the incomplete chest compressions with a
chest recoil threshold.

13. The method of claim 9, further comprising:

receiving a bio-signal of the person;

identifying that CPR should be administered to the person
based on the received bio-signal;

identifying that a number of chest compressions has been
administered to the person based on the received
impedance signal; and

provide a stop CPR message to the rescuer based on the
identified number of chest compressions.

14. The method of claim 9, further comprising:

receiving a bio-signal of the person;

identifying that a shock should be administered to the
person; and

providing a shock required message to the rescuer,
wherein the person is administered the shock after the
shock required message is provided to the rescuer.

15. The method of claim 9, wherein the message provided
to the rescuer instructs the rescuer to perform an operation
that includes at least one of pushing harder, pushing softer,
pushing faster, or pushing slower during the administration
of CPR to the person.

16. A defibrillator which assesses chest recoil of a subject
during cardio pulmonary resuscitation (CPR) carried out by
a rescuer on the subject and provides feedback to the rescuer,
the defibrillator comprising:

a bio-signal measurement system configured to measure
bio-signals of the subject, identify when CPR is
required and produce a CPR start signal and identify
when CPR is to be ceased and produce a CPR stop
signal,

an impedance measurement system configured to measure
impedance signals of the subject,

a CPR assessment system connected to the bio-signal
measurement system to receive the CPR start signal
and the CPR stop signal, wherein the CPR assessments
system is also connected to the impedance measure-
ment system to receive impedance signals and config-
ured to perform the steps:

(1) receiving the CPR start signal and produce a first
feedback signal,

(ii) receiving an impedance signal of the subject mea-
sured during a plurality of CPR chest compressions
by the rescuer,

(iii) use the impedance signal to assess chest recoil of
the subject during the plurality of CPR chest com-
pressions,

(iv) comparing the chest recoil of the subject with a
chest recoil threshold,

(v) when the chest recoil of the subject is greater than
the chest recoil threshold, producing a second feed-
back signal and going to step (vii),

(vi) when the chest recoil of the subject is less than the
chest recoil threshold, producing a third feedback
signal and going to step (vii),

(vii) when the CPR stop signal is not received, return-
ing to step (ii),

(viii) when the CPR stop signal is received, producing
a fourth feedback signal, and

a feedback unit connected to the CPR assessment system
configured to receive the feedback signals and to issue
CPR feedback information to the rescuer.
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17. The defibrillator of claim 16, wherein the CPR assess-
ment system uses the impedance signal to assess chest recoil
of the subject during the plurality of CPR chest compres-
sions by measuring a characteristic of the impedance signal
after at least some of the plurality of CPR chest compres-
sions.

18. The defibrillator of claim 17, wherein the CPR assess-
ment system uses the impedance signal to assess chest recoil
of the subject during the plurality of CPR chest compres-
sions by measuring an amplitude of the impedance signal
after at least some of the plurality of CPR chest compres-
sions.

19. The defibrillator of to claim 18, wherein the CPR
assessment system compares the amplitude of the imped-
ance signal after at least some of the plurality of CPR chest
compressions with an impedance baseline of the subject.

20. The defibrillator of claim 19, wherein the CPR assess-
ment system determines either incomplete chest recoil when
the amplitude of the impedance signal after a CPR chest
compression is not within a predetermined tolerance of the
impedance baseline or complete chest recoil when the
amplitude of the impedance signal after a CPR chest com-
pression is within a predetermined tolerance of the imped-
ance baseline.

21. The defibrillator of claim 20, wherein the CPR assess-
ment system determines a proportion of incomplete chest
recoils and compares the chest recoil of the subject with the
chest recoil threshold by comparing the proportion of
incomplete chest recoils with the chest recoil threshold.

22. The defibrillator of claim 21, wherein the CPR assess-
ment system produces the second feedback signal when the
proportion of incomplete chest recoils is greater than the
chest recoil threshold and produces the third feedback signal
when the proportion of incomplete chest recoils is less than
the chest recoil threshold.

23. The defibrillator of claim 20, wherein the CPR assess-
ment system is configured to receive an impedance signal of
the subject measured during at least one period in which no
CPR chest compressions are performed by the rescuer and
use the impedance signal to establish the impedance baseline
of the subject.

24. The defibrillator of claim 23, wherein the CPR assess-
ment system may be configured to receive an impedance
signal of the subject measured during a first period before
CPR chest compressions by the rescuer and use the imped-
ance signal to establish a first impedance baseline and
receive an impedance signal of the subject measured during
one or more subsequent periods after CPR chest compres-
sions by the rescuer and use the impedance signal to
establish one or more subsequent impedance baselines.

25. The defibrillator of claim 16, wherein the impedance
measurement system measures the impedance signals of the
subject by acquiring signals through electrodes of the defi-
brillator placed on the chest of the subject.

26. The defibrillator of claim 16, wherein steps (v) to (vii)
further comprise:

(v) when the chest recoil of the subject is greater than the
chest recoil threshold, produce the second feedback
signal and go to step (vii)(a),

(vi) when the chest recoil of the subject is less than the
chest recoil threshold, produce the third feedback sig-
nal and go to step (vii)(b),

(vii)(a) when the CPR stop signal is not received, wait for
a plurality of CPR chest compressions, return to step
(iv),

(vii)(b) when the CPR stop signal is not received, return
to step (ii).
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27. The defibrillator of claim 16, wherein step (ii) further

comprises:

(ii)(a) set a CPR counter equal to x,

(i1)(b) receive an impedance signal of the subject mea-
sured during a plurality of CPR chest compressions by
the rescuer,

(ii)(c) receive a compression rate measured during the
plurality of CPR chest compressions,

(ii)(d) compare the measured compression rate with a
minimum required compression rate and a maximum
required compression rate,

(i1)(e) when the measured compression rate is greater than
the minimum required compression rate and when the
measured compression rate is less than the maximum
required compression rate, go to step (iii),

(i1)(f) when the measured compression rate is less than the
minimum required compression rate, when the CPR
counter is not equal to zero, decrease the CPR counter
by 1, produce a fifth feedback signal and go to step
(i)(b),

(i1)(g) when the measured compression rate is less than
the minimum required compression rate, when the CPR
counter is equal to zero, go to step (iii),

(i1)(h) when the measured compression rate is greater than
the maximum required compression rate, when the
CPR counter is not equal to zero, decrease the CPR
counter by 1, produce a sixth feedback signal and go to
step (ii)(b),

(i1)(1) when the measured compression rate is greater than
the maximum required compression rate, when the
CPR counter is equal to zero, go to step (iii).

28. The defibrillator of claim 16, wherein step (ii) further

comprises:

(ii)(a) set a CPR counter equal to x,

(i1)(b) receive an impedance signal of the subject mea-
sured during a plurality of CPR chest compressions by
the rescuer,

(ii)(c) receive a compression depth measured during the
plurality of CPR chest compressions,

(i1)(d) compare the measured compression depth with a
minimum required compression depth and a maximum
required compression depth,

(ii)(e) when the measured compression depth is greater
than the minimum required compression depth and
when the measured compression depth is less than the
maximum required compression depth, go to step (iii),
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(11)() when the measured compression depth is less than
the minimum required compression depth, when the
CPR counter is not equal to zero, decrease the CPR
counter by 1, produce a seventh feedback signal and go
to step (ii)(b),

(i1)(g) when the measured compression depth is less than
the minimum required compression depth, when the
CPR counter is equal to zero, go to step (iii),

(i1)(h) when the measured compression depth is greater
than the maximum required compression depth, when
the CPR counter is not equal to zero, decrease the CPR
counter by 1, produce an eighth feedback signal and go
to step (ii)(b),

(11)(1) when the measured compression depth is greater
than the maximum required compression depth, when
the CPR counter is equal to zero, go to step (iii).

29. The defibrillator of claim 16, wherein the feedback
unit receives the first feedback signal and issues CPR
feedback in the form of a ‘Start CPR and Push Hard’
instruction to the rescuer, receives the second feedback
signal and issues CPR feedback in the form of a ‘Chest
Recoil Incomplete’ instruction to the rescuer, receives the
third feedback signal and issues CPR feedback in the form
of a ‘Chest Recoil Good’ instruction to the rescuer, receives
the fourth feedback signal and issues CPR feedback in the
form of a “Stop CPR’ instruction to the rescuer.

30. The defibrillator of claim 27, wherein the feedback
unit receives the fifth feedback signal and issues CPR
feedback in the form of a ‘Push Faster’ instruction to the
rescuer, receives the sixth feedback signal and issues CPR
feedback in the form of a ‘Push Slower’ instruction to the
rescuer, receives the seventh feedback signal and issues CPR
feedback in the form of a ‘Push Harder’ instruction to the
rescuer, receives the eighth feedback signal and issues CPR
feedback in the form of a ‘Push Softer’ instruction to the
rescuer.

31. The defibrillator according to claim 28, wherein the
feedback unit receives the fifth feedback signal and issues
CPR feedback in the form of a ‘Push Faster’ instruction to
the rescuer, receives the sixth feedback signal and issues
CPR feedback in the form of a ‘Push Slower’ instruction to
the rescuer, receives the seventh feedback signal and issues
CPR feedback in the form of a ‘Push Harder’ instruction to
the rescuer, receives the eighth feedback signal and issues
CPR feedback in the form of a ‘Push Softer’ instruction to
the rescuer.



