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(57) ABSTRACT

An external defibrillator includes patient electrodes (20) for
obtaining the patient’s electrocardiogram (ECG) and for
applying a shock to the patient. A microprocessor (24) analy-
ses the patient’s ECG using a diagnostic algorithm to detect if
the patient’s heart is in a shockable rhythm, and shock deliv-
ery circuitry (10) is enabled when a shockable rhythm is
detected by the diagnostic algorithm. The patient electrodes
also allow obtaining a signal (Z) which is a measure of the
patient’s transthoracic impedance and the microprocessor is
responsive to Z to detect conditions likely to cause the diag-
nostic algorithm to generate a false detection of a shockable
rhythm. If such detection is made, the microprocessor pre-
vents detection of a shockable rhythm by the diagnostic algo-
rithm, at least for a period of time.

20 Claims, 3 Drawing Sheets
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1
EXTERNAL DEFIBRILLATOR

This invention relates to an external defibrillator.

External automated defibrillators are normally connected
to a patient via two electrodes. An electrocardiogram (ECG)
and the patient’s transthoracic impedance (ICG) are continu-
ously recorded by the defibrillator and analysed using a diag-
nostic algorithm in order to detect a shockable rhythm, e.g.
ventricular fibrillation (VF). If such a rhythm is found, the
defibrillator prompts an audible/visible message to the opera-
tor (rescuer) to activate the defibrillator to deliver a therapeu-
tic shock which may allow the patient to regain a perfused
rhythm.

The use of a defibrillator involves a stressful time for the
operator where the patient requires a fast and adequate treat-
ment. The patient could be moved during preparation for CPR
or checking for vital signs, etc., or the electrodes could be
inadvertently touched after their application to the patient and
while the ECG is being analysed. Any of these actions can
introduce noise into the ECG and ICG signals being acquired
by the defibrillator through the attached electrodes. This sig-
nal noise can mislead the diagnostic algorithm and cause it to
generate a false determination of a shockable rhythm. This
represents a risk to the patient when a non-shockable rhythm
is wrongly classified as a shockable one and a risk to the
operator when a shock is delivered while manipulating the
patient.

It is therefore desirable that lay responders using public
access defibrillators are provided with more reliable and safer
devices.

According to an aspect of the present invention, there is
provided an external defibrillator as specified in Claim 1.

According to the invention there is provided an external
defibrillator including patient electrodes for obtaining the
patient’s electrocardiogram (ECG) and for applying a shock
to a patient, circuit means for analysing the patient’s ECG
using a diagnostic algorithm to detect if the patient’s heart is
in a shockable rhythm, and shock delivery circuitry which is
enabled when a shockable rhythm is detected by the diagnos-
tic algorithm, wherein the patient electrodes also allow
obtaining a signal (7) which is a measure of the patient’s
transthoracic impedance and the circuit means is responsive
to 7 to detect interference conditions likely to cause the
diagnostic algorithm to generate a false detection of a shock-
able rhythm and, if such detection is made, to prevent detec-
tion of a shockable rhythm by the diagnostic algorithm, at
least for a period of time.

In a preferred embodiment the circuit means detects said
conditions by forming the first derivative dZ/dt of Z, deriving
a quantity related to the energy of dZ/dt in a moving time
window, and determining if said energy-related quantity
exceeds a certain threshold level.

The present invention uses the patient’s transthoracic
impedance to detect when a faulty classification is likely to
oceur, since the impedance signal is more sensitive to inter-
ferences such as movement of the patient and touching elec-
trodes by the operator than the ECG. Dramatic changes
observed in the patient’s impedance are strong indicators of
interferences such as those mentioned above taking place.

An embodiment of the invention will now be described, by
way of example, with reference to the accompanying draw-
ings, in which:

FIG. 1isablock diagram of anautomated external defibril-
lator embodying the invention.

FIG. 2 is an impedance waveform illustrating the first
derivative dZ/dt of the impedance signal Z during periods of
no interference and interference respectively.
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2

FIG. 3 is a flow diagram of an algorithm to detect condi-
tions likely to cause the diagnostic algorithm to generate a
false detection of a shockable rhythm.

Referring to FIG. 1, an automated external defibrillator
comprises three main sections: 10, 12 and 14.

Section 10 is the main high voltage shock circuitry and
comprises a bank of capacitors 16 which are charged up to a
high voltage by a charging circuit 18, the charge being
released as a bi-phasic high voltage shock through a pair of
patient electrodes 20 by a bridge circuit 22. The charging of
the capacitors 16 and the shape and duration of the bi-phasic
shock waveform is controlled by a microprocessor 24, the
actual shock being given by the user pressing a button (not
shown) if the patient’s condition is deemed “shockable” as
determined by a diagnostic algorithm having the patient’s
ECG as input. The ECG is derived from the patient electrodes
20 in known manner, not shown. The process is prompted by
voice messages and/or visual prompts output on visual/audio
indicators 38 (the indicators are shown in section 12 for
diagrammatic simplicity). The audio/visual output indicators
38 may comprise a loudspeaker and/or LED(s).

Section 12 measures the patient’s transthoracic impedance
using the same electrodes 20 as are used for applying the
shock. A generator 26 produces a 30 kilohertz sinusoidal
waveform at a constant current of 100 microamperes. This
signal is applied across the electrodes 20. When the elec-
trodes are attached to a patient, a voltage across the electrodes
is generated which is superimposed on the 30 kHz sinusoid.
This voltage is a direct measurement of the transthoracic
impedance of the patient. The voltage generated in response
to the sinusoid is applied to a differential amplifier 28 which
converts it from a differential signal to a single signal refer-
enced to ground potential. The resultant waveform is passed
through a low pass filter 30 which removes the original 30
kHz signal leaving a signal Zo (static impedance) which is
directly proportional to the patient impedance. The imped-
ance signal Zo is used by the microprocessor 24 to set the
bi-phasic pulse amplitude and width to ensure that the correct
total energy (typically 150 Joules) is delivered to the patient.

The construction and operation of sections 10 and 12 of the
AED are well-known, and it is not thought that further detail
is necessary.

The purpose of section 14 is to provide further conditioning
of the impedance signal Zo as input to an algorithm to detect
circumstances likely to cause the main diagnostic algorithm
to generate a false detection of a shockable rhythm. Section
14 is additional to the existing circuitry for the derivation of
patient impedance in section 12.

In section 14 of the defibrillator the impedance signal Zo
which is output from the low pass filter 30 is passed through
a high pass filter 32 which removes the dc offset before
removing higher frequency noise in the low pass filter 34.
Finally the signal is scaled in an amplifier 36 incorporating
digital gain control to a level appropriate for analogue-to-
digital conversion by the microprocessor 24. The resultant
filtered and amplified signal Z is digitally converted. In this
embodiment the analog to digital sample rate is 170.66
samples per second. However, this is not a limitation for the
detection of interference since adjustments in thresholds are
possible to adapt to a different sample rate. The impedance
signal Z is differentiated and the result dZ/dt is used in an
algorithm, FIG. 3, to detect interference conditions likely to
cause the diagnostic algorithm to cause it to generate a false
detection of a shockable rhythm.

First, however, reference is made to FIG. 2 which shows a
typical dZ/dt waveform during periods of no interference and
interference respectively. On the left the signal has a relatively



US 8,909,336 B2

3

low energy, corresponding to a period when the patient and
the electrodes are undisturbed. On the right, however, the
signal becomes relatively much more energetic, correspond-
ing to a period when the patient and/or electrodes are dis-
turbed sufficiently to cause, or be likely to cause, the diag-
nostic algorithm to generate a false detection of a shockable
rhythm. The algorithm of FIG. 3 is therefore designed to
detect periods when the energy of dZ/dt is above a threshold
level likely to cause false detection. In particular, in the pre-
ferred embodiment, the algorithm detects disturbances likely
to cause the diagnostic algorithm to generate a false detection

of a shockable rhythm by forming the first derivative of Z

(dZ/dt), deriving a signal related to the energy of dZ/dt in a

moving time window, and determining if the energy signal

exceeds a certain (empirically determined) threshold level.

Referring now to FIG. 3, in respect of successive (prefer-
ably consecutive) digital values of Z input to the micropro-
cessor 24 from the scaling amplifier 36 the algorithm per-
forms the following steps for each such value:

a. At step 100 the signal Z is differentiated by software in the
microprocessor 24 to obtain its first derivative dZ/dt.

b. Next, step 110, the amplitude of dZ/dt is calculated.

c. Next, step 120, if the amplitude of the signal dZ/dt is greater
than acertain threshold a flag is set to 1, step 130, otherwise
the flag is set to 0, step 140.

d. The flag values (0 or 1) are averaged over the last 0.75 s,
step 150. This is done by feeding a binary array of 128
elements (equivalent to 0.75 s using a 170.66 sample rate).
The oldest value in the array is substituted by the newest
one, and the elements of the binary array are summed and
divided by 128.

e. If this average is greater than 0.5, step 160, which means
that most of the time dZ/dt has been higher than the thresh-
old, the algorithm flags that it has detected interference or
disturbance likely to cause the diagnostic algorithm to
generate a false detection ofa shockable rhythm (step 170).
Otherwise no interference or disturbance is detected, step
180.

f. In the case of interference being found at step 170 the
diagnostic algorithm in the defibrillator is prevented from
detecting a shockable rhythm for a period of, in this embodi-
ment, 4 seconds (step 190).

The process continues (step 200) until no more 7 values are
input, i.e. the Z signal is no longer present.

The threshold value used in step 120 of this embodiment
was obtained empirically by analysing a large volume of
patient data when interferences was documented. Addition-
ally, the threshold value depends on the A-D sample rate, the
gain from the amplifier 36, the resolution of Z, the length of
the moving time window, the technique used for calculating
dZ/dt, ete.

It will be evident that in this embodiment the average
calculated at step 150 is a measure of the energy of the dZ/dt
signal over the preceding 0.75 s window. That is to say, the
more often the amplitude of d7/dt exceeds the threshold in the
moving window, the greater the energy of the signal.

However, other methods of measuring the energy of the
signal in a moving time window can be used in other embodi-
ments of the invention. For example, the RMS value of the
signal can be calculated, or peak-to-peak value.

The invention is not limited to the embodiment described
herein which may be modified or varied without departing
from the scope of the invention.

The invention claimed is:

1. An external defibrillator comprising:

electrodes;

a processor; and
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a circuit connecting the processor and the electrodes,
wherein when the electrodes are in contact with a
patient, the processor performs operations comprising:
receiving electrical signals from the patient;
determining, from the electrical signals, a signal (7),
wherein Z is a measure of transthoracic impedance of
the patient;

establishing an electrocardiogram (ECG) of the patient
based on the electrical signals;

determining, based on Z, when an interference condition
is present and

when the interference condition is present, inhibiting a
shock delivery circuit from delivering a shock to the
patient via the electrodes, based on Z, and indepen-
dent of the ECG, for a defined period of time.

2. The external defibrillator of claim 1, wherein the detet-
mining when the interference condition is present further
comprises forming a first derivative of Z with respect to a
period of time (Z (57 47¥va7ve)y deriving a quantity of inter-
ference related to Z = %) and determining if the quan-
tity of interference exceeds a threshold level.

3. The external defibrillator of claim 2, wherein the quan-
tity of interference is a measure of the number of times the
amplitude of Z =" %7#ve) exceeds the threshold level.

4. The external defibrillator of claim 2, wherein when the
electrodes are in contact with the patient, the processor per-
forms additional operations comprising;

converting the signal Z from analog to digital, to yield a
digital signal (Z “ % 2 comvertedy. and

using (Z ¢ % P comerted) for the determining of when the
interference condition is present.

5. The external defibrillator of claim 1, wherein the elec-
trodes comprise a single pair of electrodes, and wherein the
electrical signals are detected via the electrodes.

6. A method comprising:

determining, via a processor, a transthoracic impedance
from electrical data;

calculating a first derivative of the transthoracic impedance
for a time window;

determining an average amplitude of the first derivative
within the time window; and

when the average amplitude is above a threshold:
flagging the electrical data as having an interference; and
preventing a diagnostic algorithm from detecting a

shockable rhythm from the electrical data fora period
of time.

7. The method of claim 6, further comprising iteratively
repeating the determining of the transthoracic impedance, the
calculating of the first derivative, and the determining of the
average amplitude until the interference is no longer present.

8. The method of claim 6, wherein the period of time 1s four
seconds.

9. The method of claim 6, wherein the period of time is 0.75
seconds.

10. The method of claim 6, wherein the electrical data is
sampled at 170.66 samples per second.

11. The method of claim 6, further comprising identifying
the shockable rhythm from the electrical data.

12. The method of claim 6, further comprising using a
combination of a high pass filter and a low pass filter to
determine the transthoracic impedance.

13. The method of claim 12, wherein the low pass filter
removes a 30 kHz signal from the electrical data.

14. A defibrillator comprising:

a shock circuit;

a processor;

electrodes; and
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a circuit connecting the processor and the electrodes,
wherein when the electrodes are in contact with a
patient, the processor performs operations comprising;
receiving electrical signals;
determining, from the electrical signals and using a high
pass filter in combination with a low pass filter, a
transthoracic impedance of the patient;

establishing an electrocardiogram (ECG) of the patient
based on the electrical signals;

determining, based on the transthoracic impedance,
when an interference condition is present; and

when the interference condition is present, inhibiting the
shock delivery circuit from delivering a shock via the
electrodes, based on the ECG, for a defined period of
time.

15. The defibrillator of claim 14, wherein a first derivative

of the transthoracic impedance is taken with respect to a
moving time window.

15

6

16. The defibrillator of claim 15, wherein the moving time
window is based on a binary array size and a sample rate.

17. The defibrillator of claim 14, wherein when the elec-
trodes are in contact with the patient, the processor performs
additional operations comprising:

when the interference condition is not present, allowing the

shock delivery circuit to deliver the shock via the elec-
trodes, based on the ECG.

18. The defibrillator of claim 14, wherein the high pass
filter removes a direct current offset.

19. The defibrillator of claim 14, wherein the defined
period of time 1s four seconds.

20. The defibrillator of claim 14, wherein the interference
condition is determined to be present when an average ampli-
tude of the first derivative in a time window is above a thresh-
old in more than fifty percent of the time window.
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