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(54) Apparatus and method for obtaining cardiac data

(57) An apparatus and method for obtaining informa-
tion, such as heartrate or the presence of atrial fibrillation,
from electrodes (32, 34) applied to the feet of a subject.
A scale (30) having electrodes (32, 34) may be used for
this purpose. The signal obtained from the electrodes
(32, 34) is digitized (46) and filtered (50) to obtain an
electrocardiographic signal exhibiting periodic, sequen-

tial, discrete, magnitudinal variations associated with the
heartbeats of the subject. The electrocardiographic sig-
nalis then analyzed (60) to identify discrete magnitudinal
variations useful for obtaining the desired information. In
determining the heart rate of the subject, an interval be-
tween variations having a desired magnitudinal charac-
teristic may be employed. The absence of such variations
is indicative of atrial fibrillation.
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Description

[0001] The presentinvention relates to an apparatus and method for obtaining cardiac data using conductive elements
applied to the feet of a subject. While the invention is not so limited, the invention may be carried out using a body fat
analysis scale.

[0002] Scales are conventionally used to measure body weight. For a commonly used type of scale, a person steps
on footpads on the scale and the resulting compressive loading operates a mechanical or electrical apparatus to provide
an indication of the person’s weight.

[0003] Scales have been developed that can also be used to measure a person’s body fat. The footpads on such a
scale are made electrically conductive. A small electrical current is passed through the body of a person standing on
the footpads. Fat tissue has different electrical properties than muscle tissue, due to differing amounts of water in the
different tissues. The bioelectrical impedance that exists between the footpads is measured °and used to determine
body fat properties, typically the body fat percentage.

[0004] In an aspect of the invention, information about the heart, such as heart rate or the detection of arrhythmias,
may be obtained from the feet of a person, as by using conductive footpads of a scale of the above type.

[0005] The heartrate of a person is an important physiological measurement. Increases in the heart rate are indicative
of a variety of different diseases and conditions in the body, such as the presence of fever or the consumption of alcohol,
caffeine, nicotine, or certain drugs. A permanently high heart rate is a risk predicator for overall mortality as noted in
literature such as Wojciech Zaeba, Prognostic Significance of a Standard 12-Lead ECG after Myocardial Infarction,
International Journal of Bioelectromagnetism, Vol. 5, No. 1, 2003. Hence, it may be desirable to frequently measure a
person’s heart rate. The convenience of obtaining a person’s heart rate by simply stepping on a body fat analysis scale
facilitates obtaining such information.

[0006] Arrhythmias can occur when the muscle fibers of the heart fail to contract synchronously. This has the potential
to lessen the efficiency of the heart to pump blood. In fibrillation, the muscles of the heart quiver randomly and erratically.
Ventricular fibrillation is fatal in the absence of immediate medical intervention. However, if the atrial portion of the heart
is in fibrillation, the heart can still pump some blood so that the condition can exist until diagnosed and treated.

[0007] The detection of atrial fibrillation is important because of its serious nature, because of its frequent existence
among the elderly, and because of the adverse prognosis attendant the presence of atrial fibrillation. See Nusser, Trieb,
Weidner, Differentialdiagnostik des EKG, Schattauer Verlag. In some subjects atrial fibrillation is intermittent in that it
is sometimes present and disappears at other times.

[0008] A way to check for the existence of atrial fibrillation that is convenient and lends itself to frequent use thus
presents further significant health benefits.

[0009] To the foregoing ends, electrocardiographic (ECG) signal data is obtained from conductive footpads and proc-
essed to identify features, such as the reoccurring QRS complexes appearing in the electrocardiographic data. The
timing between successive features is used to determine heart rate. Variations in the timing characteristics among
successive heartbeats, or the absence of a heartbeat feature, are indicative of arrhythmias, such as those characterizing
atrial fibrillation.

[0010] Various aspects and embodiments of the invention will now be described in connection with the accompanying
drawings, in which:

Fig. 1 shows an electrocardiographic signal associated with a heartbeat;
Fig. 2 shows a typical electrical signal obtained from conductive element applied to the feet of a person;

Fig. 3 shows an embodiment of the present invention suitable for obtaining cardiac data from an electrical signal of
the type shown in Fig. 2;

Fig. 4 shows an electrocardiographic signal provided at the output of a bandpass filter element of the apparatus of
Fig. 3;

Fig. 5 shows an autocorrelation function of the electrocardiographic signal of Fig. 4 and the manner in which the
function is used to obtain cardiac data such as a person’s heart rate;

Fig. 6 shows an electrocardiographic signal exhibiting high variability in the heartbeats and indicative of the presence
of atrial fibrillation;

Fig. 7 shows the autocorrelation function of the signal of Fig. 6; and
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Fig. 8 shows a further embodiment of the apparatus of the present invention.

[0011] Fig. 1 shows the electrical phenomena or signal 10 associated with a heartbeat, along with the conventional
designations for its various components. An initial feature in the morphology of the signal is the P wave resulting from
the contraction of the atria of the heart to commence the heartbeat. The major feature of the graph, the QRS complex,
is followed by the contraction of the ventricles, and in turn, by the T wave indicative of a refractory period for the heart
muscle at the end of the heartbeat. An electrocardiographic signal 10 of the type shown in Fig. 1 is ordinarily obtained
by electrodes applied to the chest and extremities of a person.

[0012] Fig. 2 shows a typical electrocardiographic signal 20 received from the feet of a person containing a small
magnitude ECG signal and a considerable amount of electrical noise in the output from conductive footpads applied to
the feet.

[0013] Fig. 3 shows apparatus for obtaining information about the heart from output signal 20 obtained from electrodes
applied to the feet of a person. Scale 30 has pairs of conductive footpads 32 and 34 on which a subject stands to
determine his/her body weight and body fat. While the invention is not so limited, the use of pairs of footpads increases
the quality of data collected as one set of footpads may be used for data collection and the other set used for common
mode rejection of noise. Scale 30 has display 36 for providing this information. Leads 38 and 40 extend from scale 30
to provide the output signal shown in Fig. 2.

[0014] Leads 38 and 40 are connected to input ECG amplifier 42 having appropriate characteristics of frequency
response, gain, circuit protection, and the like. The ECG lead signal output from amplifier 42 is provided in conductor
44 to analog/digital converter 46. Analog/digital converter 46 samples the signal in conductor 44 at an appropriate rate
and converts the analog signal in conductor 44 to a digital signal in conductor 48. The minimum sampling rate to collect
data that will reproduce a signal accurately is two times the highest frequency component of the signal, as determined
by Nyquist's theorem. Therefore a sampling rate of at least twice the line frequency is required to filter out the line
frequency. In an embodiment of the invention, a sampling rate of 200 Hz is used when the line frequency is 50 Hz or
240 Hz is used when the line frequency is 60 Hz.

[0015] The signal in conductor 48 is supplied to bandpass filter 50 that carries out high pass and low pass filtering of
the signal to improve the signal to noise ratio over that found in the digital signal in conductor 48. In an embodiment of
the invention, the bandpass filter 50 may have a low frequency cutoff at 2 Hz and a high frequency cutoff at 25 Hz. As
a result of bandpassing only a selected portion of the total signal shown in Fig. 2, QRS complexes, P-waves, and T-
waves found in the bandpassed signal are augmented and the noise in the signal is reduced. That is, the signal shown
in Fig. 2 may contain noise frequency components in a range from 0 - 1,000 Hz whereas the signal in conductor 52 will
contain only noise components between 2 - 25 Hz so that a substantial amount of the frequency content of the signal
is removed by the bandpass filter. This results in leaving the predominant ECG signal while removing a substantial
amount of the noise, as can be seen by comparing Figs. 2 and 4.

[0016] The high pass filter found in element 50 may comprise an infinite impulse response (IIR) filter. An IIR filter is
suited for use as a high pass filter because a lower order and easier to calculate and implement filter of this type will
provide a steeper cut-off frequency. An IIR filter also provides faster real-time signal processing also making it advan-
tageous for use as a high-pass filter. The low pass filter found in element 50 may comprise a finite impulse response
(FIR) filter. A FIR filter is appropriate for a low pass filter due to its stability and linear phase response and the ability to
reject 60Hz or 50Hz line noise. It will be appreciated that other types of filters and sampling rates may be used in the
apparatus shown in Fig. 3.

[0017] The output from bandpass filter 50 in conductor 52 is shown in Fig. 4 as the graph 54. It will be appreciated
from an inspection of Fig. 4 that the features of the electrocardiographic data shown in Fig. 1 are augmented in the signal
54 in conductor 52 in the process of filtering signal 20 shown in Fig. 2. This includes the prominent QRS complex of the
electrocardiographic signal shown in Fig. 1.

[0018] The signal 54 in conductor 52 is supplied to element 56 that performs an autocorrelation on the signal. An
autocorrelation is carried out by comparing and correlating a signal with itself. An autocorrelation function measures the
dependence of time series values at one time on the values of that time series at another time. A modified autocorrelation
is calculated by equation (1):
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y(k) = = N_K (1)

Given the time series x(n), x(n+k), n=1, 2... N, k=1, 2... K

[0019] By definition, over a large time series, a stochastic or random process tends towards being a zero-mean time
series, thus having an autocorrelation of zero. Therefore, the autocorrelation removes any random signal processes,
leaving the desired underlying periodic signal, in this case the ECG signal. An autocorrelation function is most useful in
extracting an underlying periodic signal out of random background noise including circumstances in which the underlying
signal is masked by high amplitude and high frequency noise. This is the case in ECG signal processing. In element 56,
the autocorrelation function pulls the ECG signal out of the underlying noise in the signal 54 in conductor 52 and provides
the same to analysis element 60 in conductor 58.

[0020] The analysis of the autocorrelation function is carried out in the following manner as shown graphically in Fig.
5. The signal in conductor 58 is examined to locate a maximum spike amplitude 62 found in the autocorrelation function
y(k). A threshold value is then defined as a percentage of the maximum spike amplitude. For example, the threshold
may be set at 60% of the spike amplitude. This permits information about the heart to be determined even in the presence
of ventricular and supraventricular extrasystoles. Extrasystoles, or premature beats, are typically contractions of the
ventricles that do not alter the fundamental rhythm of the heart or inject significant amounts of blood into the circulatory
system.

[0021] Thereafter, the distance or timing from a first spike to a second spike that exceeds the threshold is determined.
This is shown as the quantity K in Fig. 5.

[0022] When K is considered as a time quantity, such as 0.8 seconds between spikes, the formula for determining
heart rate in beats per minute is

HR = 60/K (2)

[0023] Due to the sampling carried out in analog/digital converter 46, it is often more convenient to express K as the
number of samples between spikes. In this case, the formula would be

HR = (60 x sampling rate)/K (3)

[0024] The heart rate of a person standing on scale 30 is thus determined from the feet of the person. Typically 10
seconds of data may be used to determine the heart rate. The heart rate so determined may be provided to display 36
of scale 30.

[0025] Fig. 6 shows an electrocardiographic signal 70 for a subject who is experiencing atrial fibrillation, as indicated
by the high variability in the intervals between the QRS complexes in the ECG signal and the poor definition, or lack, of
characteristics, such as the P wave.

[0026] Fig. 7 shows the autocorrelation function for the signal 70 of Fig. 6 in a manner corresponding to that of Fig. 5
showing a normal ECG signal. As can be seen from Fig. 7, the high variability, or conversely the low regularity, in the
periodicity of the signal 70 shown in Fig. 6 results in low magnitude spikes in the autocorrelation function 72 of Fig. 7.
As a result, none of the spikes will exceed the threshold established in analysis element 60 and this phenomenon may
be used to provide an indication at output of element 60 that the subject from whom the data is obtained is experiencing
atrial fibrillation.

[0027] While discrete components are shown for illustrative purposes in Fig. 3 and to facilitate an explanation of the
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disclosed apparatus, it will be appreciated that many of the components may be formed by an appropriately programmed
microprocessor or central processing unit (CPU), including that found in scale 30 for use in determining body weight
and fat.

[0028] Fig. 8 shows another embodiment of apparatus suitable for carrying out the present invention. Apparatus 100
shown in Fig. 8 employs QRS trigger element 102. QRS trigger element 102 employs the magnitude or rate of change
properties contained in the filtered signal 54 in conductor 52 to identify the QRS complexes in signal 54. For example,
a digital equivalent of a Schmitt trigger may be used for this purpose. In such a circuit, a change in state of the output
signal is "triggered" when the input signal crosses a predetermined threshold level. The output of QRS trigger element
102 is provided in conductor 104 to element 106 that includes timing or other circuitry to identify the interval between
successive QRS complexes. For example, the interval between the feature in signal 54 corresponding to the R feature
of the QRS complex in the ECG signal may be determined. The average of the duration of a series of intervals between
R features, the average PR interval, for example from 10 seconds of ECG signal data is inserted in equation (4) to obtain
the heart rate.

HR = 60/average RR interval (4)

[0029] For the detection of atrial fibrillation, the irregularity in the intervals between QRS complexes may be used for
this purpose. Or, an average or median heart beat characteristic comprising the PQRST-data for a given number of
cycles, for example 10 cycles, may be determined from the signal in conductor 104. As noted above in atrial fibrillation,
the P-wave is absent or ill-defined. The absence of at least a proper P-wave within the time of an average or median
heart beat may be used to detect atrial fibrillation.

[0030] It will be appreciated that the present invention provides a convenient, simple way for a person to learn of an
important health criteria from a small and noisy signal obtained from the feet. The information so obtained can be used
along, or in connection, with other information, such as weight and body fat determined from a scale.

[0031] Various alternatives and other embodiments are contemplated as being within the scope ofthe presentinvention.
For example, it is possible to provide the ability to enter age and gender information into the apparatus to personalize
the data analysis carried out by analysis element 60 thus increasing the usefulness of the obtained cardiac data, for
example, the accuracy of atrial fibrillation determination. Or, by using data storage capabilities, the analysis carried out
by element 60 can be modified based on past data or over time, thus increasing the accuracy of data analysis. Data
storage capability also allows for long-term analysis and trending of the collected physiological parameters. The data
obtained by the apparatus may be communicated via RF, modem, or broadband technology to a related data collection
site, such as a healthcare provider. Alternatively, the communication ability may comprise RF, infrared or serial connection
to a data storage unit, a computer, or a printer.

PARTS LIST
Part# | Part Name Part# | Part Name
30 Scale 50 Bandpass
32 Conductive Footpads 52 Conductor
34 Conductive Footpads 56 Autocorrelation Element
36 Display 58 Conductor
38 Lead 60 Analysis Element
40 Lead 100 Invention Apparatus
42 ECG Amplifier 102 Trigger Element
44 Conductor 104 Conductor
46 A/D Converter 106 Timing Circuit
48 Conductor
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Claims

1.

10.

A method for obtaining cardiac information from a person, said method comprising the steps of:

applying electrodes (32, 34) to the feet of the person to obtain a bioelectrical signal (20) from the person including
cardiac data;

filtering (50) the bioelectric signal to provide a filtered signal containing the cardiac data;

processing (56) the filtered signal to identify discrete magnitudinal variations in the signal useful for obtaining
desired cardiac information;

determining a characteristic of the discrete variations (60); and

using the determined characteristic to obtain the desired cardiac information from the person.

The method according to claim 1 further defined as determining an interval property between successive discrete
variations.

The method according to claim 2 further defined as using the determined interval property to obtain the heart rate
of the person.

The method of claim 2 or claim 3 further defined as using variation in the interval property between discrete mag-
nitudinal variations to obtain information regarding atrial fibrillation in the person.

The method according to any preceding claim further defined as using the absence of a morphological feature of a
heartbeat feature to obtain information regarding atrial fibrillation in the person.

The method according to any preceding claim wherein the step of applying the electrodes (32, 34) is further defined
as the act of a person stepping on a scale having electrodes.

Apparatus for obtaining cardiac information from a person, said apparatus comprising:

electrodes (32, 34) appliable to the feet of the person to obtain a bioelectrical signal (20) from the person
containing cardiac data;

a filter (50) receiving said bioelectrical signal and providing a filtered signal containing the cardiac data;
means for processing (56) the filtered signal to identify discrete magnitudinal variations in the signal useful for
obtaining desired cardiac information;

means for determining (60) a characteristic of the discrete variations; and

means for using the determined characteristic to obtain the desired cardiac information from the person.

The apparatus according to claim 7 wherein said means for using is further defined as using the determined interval
property between successive discrete variations to obtain the heart rate of the person.

The apparatus according to claim 7 or claim 8 wherein said means for using is further defined as using variation in
the interval property between discrete magnitudinal variations to obtain information regarding arterial fibrillation in
the person.

The apparatus according to any one of claims 7 to 9 wherein said determining means is further defined as determining
the absence of a morphological feature of a heartbeat to obtain information regarding arterial fibrillation in the person.
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FIG. 1
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