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AURAL HEART MONITORING APPARATUS
AND METHOD

CROSS REFERENCE TO PRIOR APPLICATIONS

[0001] This application is a division of U.S. patent appli-
cation Ser. No. 12/744954, filed May 27, 2010, which is the
National Stage of International Application No. PCT/
1B2008/054840, filed on Nov. 18, 2008, which claims benefit
of U.S. Provisional Application No. 60/990456, filed Nov. 27,
2007.

[0002] This invention relates generally to systems and
methods for measuring heart activity and, more particularly,
to sensing pulsatile blood flow using an electroacoustic trans-
ducer positioned proximate to the ear which detects pulse and
provides audio output.

[0003] Personal digital assistants (PDAs), portable digital
music players, cell phones, and other electronic devices have
become ubiquitous. Portable digital music players are par-
ticularly popular as they can store a user’s entire library of
music and can be taken anywhere. They are particularly well
suited for use while jogging such as they are not affected by
movement. Recently, products have emerged that enable a
portable digital music player to function as a pedometer,
measuring a person’s footsteps to provide an estimate of
speed and distance traveled. Based on this information some
products further provide an estimate of calories burned.
[0004] Although these functions are helpful they do not
provide a complete picture of a person’s workout. The more
critical aspect of exercise is maintaining one’s heart rate at a
level high enough to provide a good workout without causing
injury or premature burnout. Experts suggest that maintaining
the heart rate between 50 and 85 percent of a one’s maximum
heart rate enables one to maximize the benefits of a workout
while avoiding injury.

[0005] Inview of the foregoing it would be advantageous to
incorporate into a portable digital music player a means for
measuring and displaying a person’s heart rate.

[0006] In accordance with the principles of the present
invention, a portable media playback device includes an elec-
troacoustic transducer mounted to an ear piece adapted to be
positioned within a user’s ear. A receiving circuit and a con-
troller are coupled to the transducer. The controller is pro-
grammed to selectively read media files form a media storage
device and convert them to signals coupled to the transducer.
The controller is further programmed to receive signals from
the transducer and process the signals to determine the user’s
heart rate.

[0007] Inanother aspect of the invention a signal condition-
ing circuit receives the signals from the transducer and filters
them to remove noise. The signal conditioning circuit may
also perform common mode noise reduction using the signals
from a pair of transducers.

[0008] In another aspect of the invention, the controller
receives signals from one transducer while outputting signals
to another transducer.

[0009] In another embodiment of the present invention, a
heart monitoring system is incorporated into an automatic
external defibrillator. The heart monitoring system receives
signals from an electroacoustic transducer, such as an ear-
phone mounted within an ear piece, and processes the signals
to determine the presence of pulsatile blood flow in a subject.
This arrangement is useful for confirming an ECG analysis
that indicates a shock is needed by the absence of sensed
pulsatile activity from the patient’s ear canal. Correspond-
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ingly, a sensed pulsatile activity in the patient’s ear contra-
indicates the need for a resuscitation shock. The arrangement
is especially useful in a “pulseless electrical activity” (PEA)
situation, where the lack of a sensed pulse in the ear canal will
contradict an ECG analysis that indicates the presence of
effective electrical activity in the heart.

[0010] In the drawings:

[0011] FIG. 1is a schematic block diagram of a system for
measuring a person’s heart rate in accordance with an
embodiment of the present invention.

[0012] FIG. 2 is a graph plotting the output of an electroa-
coustic transducer conditioned to facilitate extraction of a
person’s heart rate.

[0013] FIG. 3 is a flow diagram for measuring a person’s
heart rate in accordance with an embodiment of the present
invention.

[0014] FIG. 4 is a schematic block diagram of a media
playback device including a system for measuring a person’s
heart rate in accordance with an embodiment of the present
invention.

[0015] FIG. 5 is a flow diagram of a method for incorpo-
rating heart rate monitoring into media playback in accor-
dance with an embodiment of the present invention.

[0016] FIG. 6isa flow diagram of an alternative method for
incorporating heart rate monitoring into media playback in
accordance with an embodiment of the present invention.
[0017] FIG. 7is a schematic block diagram of an automatic
external defibrillator (AED) incorporating a system for indi-
cating the presence of pulsatile blood flow in accordance with
an embodiment of the present invention.

[0018] Referring to FIG. 1, a heart monitoring system 10
includes an electroacoustic transducer 12. such as an audio
earphone, coupled to a receiver 14. The transducer 12 is
mounted within an ear piece 16 that is adapted to mount to a
user’s ear. The ear piece 16 may be positioned around the
user’s auricle, nested in the user’s auricle, or inserted in the
user’s ear canal.

[0019] Thereceiver 14 receives signals from the transducer
12 and outputs them to a signal conditioning module 18. The
signal conditioning module 18 amplifies and removes noise
from the signal. In some embodiments, the signal condition-
ing module 18 performs low pass filtering on the signal to
remove frequency content that is the result of noise. In some
embodiments, two transducers 12 are used, one for each of the
user’s ears. In such embodiments, the signal conditioning
module 18 may use signals from both transducers to perform
common mode noise rejection.

[0020] The output of the signal conditioning module 18 is
provided to a controller 20 including an extraction module 22,
a monitoring module 24, and an output module 26. In some
embodiments, the signal conditioning module 18 is also
incorporated into the controller 20.

[0021] Referring also to FIG. 2, the extraction module 22
analyzes the conditioned signal in order to isolate individual
heart beats. As shown in the plots 284, 285, which represent
signals detected in a user’s two ears, portions of the received
pulsatile signals correspond to a person’s heart beat including
portions 30a, 305 corresponding to the S, and S, tones,
respectively, of the heart beat. Also apparent is alow pressure
portion 30c occurring between the S, and S, tones. As is
apparent in FIG. 2, the heart beat may be readily identified in
one ear or the other. Accordingly, the extraction module 22
may useone, both, ora weighted combination, of the received
signals in order to determine the user’s pulsatile blood flow
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and, if desired, measurements thereof such as heart rate. The
extraction module 22 may, for example, evaluate the quality
of the signal from each ear and use only the one having the
highest quality to isolate the heart rate. Quality may be deter-
mined by evaluating and comparing the signal-to-noise ratio
of the signals as known in the art. In other embodiments the
signals from the two ears may be correlated to identify the
heart beat signal.

[0022] The extraction module 22 may extract the heart
beats from the signal from the transducer 12, or signals from
two transducers 12, by locating the S, and S, tones. As is
apparent in plot 285, the low pressure portion 30c between the
S, and S, tones 304, 305 is of relatively large magnitude even
though the S, and S, tones are of relatively weak magnitude.
Accordingly, the extraction module 22 may identify heart
beats by identifying the low pressure portion 30c¢ in place of
orinadditionto locating the S| and S, tones 30a, 30. Insome
embodiments, the extraction module 22 identifies individual
heart beats by using conventional methods, such as those
disclosed in U.S. Pat. Nos. 4,549,551 and 7,135,002.

[0023] The monitoring module 24 evaluates the timing of
the beats to determine the user’s heart rate. The monitoring
module 24 may record the heart rate over time and produce
values derived from the recorded data, such as average heart
rate, minimum and maximum heart rate, amount of time the
heart rate falls within a target range of heart rates. For
example, auser may input into the monitoring module arange
of heart rates within which the user’s heart rate should remain
during a workout to improve results and avoid injury. In some
embodiment, a user may input a maximum heart rate and the
monitoring module will calculate a range of heart rates in
which the user’s heart rate should remain to improve results.
In some embodiments, the monitoring module 24 produces a
plot showing variation in heart rate over time.

[0024] The output module 26 outputs the heart rate and
values derived from the heart rate to the user. The output
module 26 may output the data to a display device (not
shown) coupled to the controller 20, such as an LCD or other
digital display. In embodiments where the transducer 12, or
transducers 12, are embodied as audio earphone, the output
module 26 may generate a audio message that is output
through the earphone. In other embodiments, the output mod-
ule 26 produces a wireless signal that is received by another
device having areceiver anda display, and used to generate an
output for display to a user.

[0025] Referring to FIG. 3, a method 32 for measuring a
heart rate includes inserting an electroacoustic transducer
into a person’s ear at step 34. Step 34 may include positioning
the transducer around the person’s ear or into the person’s
auricle or ear canal. At step 36, sound waves induced in the
person’s tympanum by blood flow therethrough are commu-
nicated to the transducer and converted into electrical signals
by the transducer. At step 38, the electrical signals are condi-
tioned to remove noise. Step 38 may include one or both of
low pass filtering and common mode noise rejection using the
output of two transducers placed in two ears. At step 40, the
conditioned signal is processed to extract a person’s heart
beats and at step 42 the beats are monitored to calculate a
heart rate. Other values related to the heart rate over time can
be calculated as well, such as average, maximum, and mini-
mum heart rate during a monitoring period or the duration of
time in which the heart rate has been within a target range. At
step 44, an output is produced indicating the user’s heart rate
and/or the values corresponding to the heart rate over time.

Apr. 21,2016

Producing an output 44 may include producing a visual dis-
play or an audible verbal message presented over the same
transducer used to detect the person’s heart rate.

[0026] Referring to FIG. 4, a heart rate monitoring system
is incorporated into a portable media playback device 46. In
such embodiments, the electroacoustic transducers 12 may be
embodied as earphone 48, such as the illustrated earphone
adapted to be inserted within the auricle of a user, or as any
other type of earphone known in the art. The device 46
includes a media reader 50 for reading media data from a
media storage device 52, such as a flash memory, hard drive,
compact disc, audio tape, or the like. The media data from the
mediareader 50 is provided to an audio driver 54 that converts
the media data into electrical signals that are coupled to the
earphone 48 to produce sound.

[0027] The media reader 50 and audio driver 54 are con-
trolled by a controller 56 incorporating an extraction module
22, monitoring module 24, and output module 26 of the heart
rate monitoring system. The earphone 48 may also be coupled
to the controller 56 by a receiver 14 and signal conditioning
module 18.

[0028] The controller 56 may be coupled to a display 58,
such as an LCD or other display device, for presenting infor-
mation to a user. The controller 56 may include a media
selection module 62 that receives one or moreinputs from one
or more input devices 60 such as a touch pad and/or one or
more buttons. The media selection module 62 receives the
inputs and selects a media file from the media storage device
52 for playback based on the inputs.

[0029] Thecontroller 56 may further include a mode selec-
tion module 64. The mode selection module 64 selects
whether the media playback device 46 is to function as a
mediaplayback device or as a heart monitor. In some embodi-
ments, the mode selection module 64 selects which of the
earphones 48 is to output audio signals and which is to receive
signals for monitoring a user’s heart rate. For example, the
mode selection module 64 may cause one earphone to output
music while the other earphone is simultaneously measuring
the user’s heart rate.

[0030] In other embodiments, the mode selection module
64 measures the user’s heart rate between playback of media
files. For example, the mode selection module 64 may switch
the mode from playback to heart rate monitoring for a brief
period, such as two to five seconds after a song, during which
period the user’s heart rate is monitored by receiving signals
at the receiver and processing them as discussed above. The
mode selection module 64 may then cause the media reader
50 and audio driver 54 to output another song to the earphone
48.

[0031] Referring to FIG. 5, a method 65 for combining
media playback with heart rate monitoring may include
inserting an earpiece in a user’s ear, either in the auricle or ear
canal, at step 66. The method 64 further includes reading a
first media file from a media storage device at step 68 and
outputting the media file to an earpiece at step 70. At step 72,
signals from the earpiece are received following output of the
media file at step 70. At step 74 the received signals are
processed to extract the user’s heart rate. At step 76 the heart
rate is output, such as by means of a display or verbal message
output over the earpiece. At step 78, following receiving
signals from the earpiece at step 72, a second media file is read
from the media storage device and at step 80 the second media
file is output to the earpiece.
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[0032] Referring to FIG. 6, a method 82 is performed.
Method 82 includes inserting two earphones in a uset’s ears,
either in the auricles or ear canals, at step 84. The method 82
further includes reading a media file from a media storage
device at step 86 and outputting the media file to the ear-
phones at step 88. Output to one of the earphones is inter-
rupted at step 90 while continuing playback on the other
earphone. Signals are received from the interrupted earphone
at step 92. At step 94, the received signals are processed to
extract the user’s heart rate. At step 96 the heart rate is output,
such as by means of a display or verbal message output over
the earphone. In some embodiments, the output is delayed
until requested by a user, such as in response to an input. In
such embodiments, step 96 may be replaced with storing the
heart rate for later presentation. At step 98, the media file is
again output to both earphones.

[0033] In some embodiments, the method 82 is repeated
with playback to the other earphone being interrupted at step
90. The method 82 may further include comparing the signals
received from each ear during step 92 to determine which ear
provides a better signals to noise ratio. Following this com-
parison, in subsequent iterations of the method 82, only the
ear found to have the higher signal to noise ratio is interrupted
at step 90.

[0034] Referring to FIG. 7, ablood flow monitoring system
10 is incorporated into an automatic external defibrillator
(AED) 100. The AED includes electrodes 102 for contacting
a victim’s skin when administering a shock. The AED 100
further includes a power source 104 providing electrical
power for delivering a shock. The AED 100 further includes
a controller 106 that is programmed to control the delivery of
electrical power from the power source 102 to the electrodes
100. The controller 106 also detects the electrical activity of
the victim’s heart through the electrodes 102 and analyzes the
electrical activity to determine whether a shock should be
administered.

[0035] In the illustrated embodiment, the controller 106
further includes the extraction module 22, monitoring module
24, and output module 26 as discussed above for monitoring
a patient’s pulsatile blood flow using electroacoustic trans-
ducers 12, such as headphones or earphones. The AED 100
likewise includes a receiver 14 and signal conditioner 18 for
receiving signals from the transducers 12. In some embodi-
ments, the AED 100 includes a display 108 and the controller
is programmed to display instructions for operating the AED
on the display 106. In such embodiments, the output module
26 of the heart monitoring system may determine that the
patient is presenting pulsatile blood flow from the detection of
acoustic signals in the ear canal as discussed above and output
to the display 108 an indication of the blood flow condition
and other values determined by monitoring the pulsatile sig-
nals, when present, over time. In other embodiments the
blood flow indication signal is output as an audible signal.
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[0036] From the foregoing it will be appreciated that,
although specific embodiments of the invention have been
described herein for purposes of illustration, various modifi-
cations may be made without deviating from the spirit and
scope of the invention. Reference to modules and other ele-
ments constituting embodiments of the invention indicate
structures and steps for performing the functions attributed to
amodule, however the structures for performing the functions
attributed to a module or other element may be operate at
different times or include multiple distinct structures that may
or may not be collocated. Accordingly, the invention is not
limited except as by the appended claims.

What is claimed is:

1. A method for determining a condition treatable by an
electrotherapy shock, comprising the steps of:

positioning an electroacoustic transducer proximate the

person’s ear to be in acoustic communication with the
person’s tympanum;
receiving a signal from the transducer;
processing the signal from the transducer to extract data
corresponding to the person’s pulsatile blood flow;

outputting the extracted data to a shock delivery circuit in
a defibrillator analyzing an ECG signal for a pulsatile
ECG signal with an ECG processor in the defibrillator;
and

making a decisionto deliver a shock based upon an absence

of apulsatile ECG signal from the ECG processor and an
absence of pulsatile blood flow in the extracted data.

2. The method of claim 1, wherein processing the signal
includes filtering the signal.

3. The method of claim 2, wherein filtering the signal
includes low-pass filtering the signal.

4. The method of claim 3, wherein low-pass filtering the
signal includes passing frequency content below 30 Hz.

5. The method of ¢laim 1, wherein the transducer is a first
transducer, and further comprising a second transducer, the
method further comprising:

inserting the second transducer in the person’s other ear;

receiving a signal from the second transducer; and

wherein processing the signal from the first transducer
includes performing common mode noise rejection
using the signal from the second transducer.

6. The method of claim 1, further comprising the step of
abstaining from the step of making a decision to shock in the
presence of pulsatile blood flow sensed by the transducer.

7. The method of claim 1, further comprising the step of
indicating a condition of pulseless electrical activity by the
detection of a pulsatile ECG signal by the ECG processor and
the absence of pulsatile blood flow as sensed by the trans-
ducer.
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