US 20180256061A1
ao) United States

12 Patent Application Publication o) Pub. No.: US 2018/0256061 A1

Landgraf et al. (43) Pub, Date: Sep. 13,2018
(54) WIRELESS CARDIAC SENSOR (52) US. CL
CPC ... A61B 5/04085 (2013.01); A61B 5/684
(71) Applicant: Eko Devices, Inc., Berkeley, CA (US) (2013.01); A61B 2562/16 (2013.01); A61B
7/04 (2013.01); A61B 5/6843 (2013.01); 4618
(72) Inventors: Connor Landgraf, San Francisco, CA 5/0006 (2013.01)
(US); Philip Goolkasian, San
Francisco, CA (US); Tyler Crouch, San (57), | di ABS.TRAC; 4 Th b
Francisco, CA (US) A wireless cardiac sensor is provided. The sensor may be

utilized by a patient, on themselves, in an at home or other
non-clinical environment. A sensor housing contains ECG
electrodes and an audio transducer to simultaneously capture
heart sound and ECG data with a single device. The ECG

(73) Assignee: Eko Devices, Inc.

(21) Appl. No.: 15/455,987 electrodes may be positioned on opposite sides of, and
preferably adjacent to, an audio transducer sensor, for place-
(22) Filed: Mar. 10, 2017 ment against a user’s chest. The wireless cardiac sensor may

include a button on a surface opposite the ECG electrodes
and audio sensor, facilitating one-handed operation by a

Publication Classification patient. The sensor transmits acquired data to a personal

(51) Imt. CL electronic device, such as a smartphone, via a wireless
A61B 5/0408 (2006.01) communication link. The personal electronic device may in
AGIB 5/00 (2006.01) turn transmit data to a centralized server and/or health care

A61IB 7/04 (2006.01) provider devices, via a wide area network.




Patent Application Publication  Sep. 13,2018 Sheet 1 of 7 US 2018/0256061 A1

FIG. 1

)
] ° [aa]
N 2
£ ~—

100“’“\
114

112

110A



Patent Application Publication  Sep. 13,2018 Sheet 2 of 7 US 2018/0256061 A1

FIG. 2




Patent Application Publication  Sep. 13,2018 Sheet 3 of 7 US 2018/0256061 A1

[

H.C. PROVIDER
DEVICES 320

FIG. 3

SERVER 310

TRANSDUCER
100
% 450
PED 400




US 2018/0256061 A1

Sep. 13,2018 Sheet 4 of 7

Patent Application Publication

Oiy Ad3aLivd
80 AHOW3N gov iN
?0¥ 4OSSaD0Hd 20V YADX 14

¥ Old

00 4d3d

0sv

" 021 SNOLLNG
HIDNASNYHL
503
- $CL AHILIVE
HIONASNYHL
oliany
zel
ovl AHOWIN
9EL HADX 19 0€1 HOSS3ID0Hd

001 JOSNZS OVIadvD




Patent Application Publication

Sep. 13,2018 Sheet 5 of 7

INITIATE APP ON
PED
5500

l

PLACE SENSOR
ON CHEST
S510

l

USER INITIATES
CARDIAC
MONITORING
5520

l

TRANSMIT
CARDIAC DATA
TO PED
S530

l

PUBLISH
CARDIAC DATA
5540

FIG. 5

US 2018/0256061 A1



Patent Application Publication  Sep. 13,2018 Sheet 6 of 7 US 2018/0256061 A1

FIG. 7

FIG. 6




Patent Application Publication  Sep. 13,2018 Sheet 7 of 7 US 2018/0256061 A1

i
.

=] i
~ ~
D [+)]

FIG. 8




US 2018/0256061 A1

WIRELESS CARDIAC SENSOR

TECHNICAL FIELD

[0001] The present disclosure relates to medical devices
utilizing wireless electronic communications. More specifi-
cally, this disclosure relates to wireless mobile cardiac
sensors and uses thereof.

BACKGROUND

[0002] As healthcare costs continue to escalate, solutions
to reduce the cost and improve the efficacy of diagnostic
efforts become increasingly important. In other situations,
improving access to medical diagnostic and monitoring
capabilities may be desirable. These objectives may be
particularly valuable for cardiac care, since cardiac function
is vital to human health and well-being, and cardiovascular
diseases continue to be the most common cause of death.
[0003] However, traditional cardiac monitoring and evalu-
ation tools are not well-suited to non-clinical environments.
Equipment may be costly and difficult to use for untrained
lay users. Cardiac monitoring equipment often involves
numerous sensors, requiring specific placement, which may
be difficult and time consuming for lay users to apply, and
particularly difficult for a user to apply to themselves—
thereby preventing or discouraging regular use. Sensor
cables can become tangled, pulled and damaged, further
frustrating users and reducing equipment reliability. In addi-
tion, the majority of all cardiac monitors currently providing
continuous monitoring are limited to a short period of time,
typically 2 weeks or 30 days. This time limitation is very
significant because many cardiac conditions manifest them-
selves over a long period of months or years, where a short
continuous monitoring window will not be useful for the
lifetime of the disease. In view of these and other issues,
traditional cardiac monitoring equipment may be particu-
larly unsatisfactory for use by patients at their homes, or in
other non-clinical environments.

SUMMARY

[0004] A wireless cardiac sensor is provided. In some
embodiments, the sensor may be effectively used by lay
users in an at home or other non-clinical environment. The
sensor includes an audio transducer and ECG electrodes to
simultaneously capture heart sound and ECG data. The
audio transducer includes a sensor that, together with ECG
transducer electrodes, may be positioned on a front surface
of a wireless cardiac sensor housing. In some embodiments,
ECG electrodes may be arranged on opposite sides of, and
preferably adjacent to, the audio transducer sensor.

[0005] A button may be provided for user interaction with
the wireless cardiac sensor. The button may be used for
initiating a cardiac monitoring function. The button may be
positioned on a back surface of the wireless cardiac sensor,
preferably opposite the audio transducer sensor and ECG
electrodes, such that the application of pressure on the
button may operate to improve contact with the user’s body
when in use. Thus, in some applications, the wireless cardiac
sensor may be applied to a user’s own body, with one hand.
[0006] The wireless cardiac sensor may also include a
wireless transceiver, for transmitting measured cardiac data
to a separate personal electronic device, such as a smart-
phone, tablet computer, or personal computer. In some
embodiments, the wireless cardiac sensor includes a Blu-
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etooth transceiver, for exchanging data with a personal
electronic device via a Bluetooth communications link. The
personal electronic device includes user interface compo-
nents, such as a display screen. The personal electronic
device display screen may present instructions for proper
sensor placement to the user. The personal electronic device
may process cardiac data received from the wireless cardiac
sensor, and display diagnostic information derived therefore.
Data from the wireless cardiac sensor may be stored locally
within the personal electronic device, and/or transmitted to
remote computing systems for storage and/or analysis.

BRIEF DESCRIPTION OF THE FIGURES

[0007] FIG. 1 is a front perspective view of a wireless
cardiac sensor, in accordance with one embodiment.

[0008] FIG. 2 is a rear perspective view of a wireless
cardiac sensor.
[0009] FIG. 3 is a schematic block diagram of a wireless

cardiac sensor computing environment.

[0010] FIG. 4 is a schematic block diagram of a wireless
cardiac sensor and a personal electronic device, communi-
cating via a wireless communication channel.

[0011] FIG. 5 is a process for using a wireless cardiac
Sensor.
[0012] FIG. 6 is an instructional user interface display on

a personal electronic device.

[0013] FIG. 7 is an instructional user interface display on
a personal electronic device.

[0014] FIG. 8is an informational user interface display on
a personal electronic device.

[0015] FIG. 9 is a user interface display of acquired sensor
data on a personal electronic device.

DETAILED DESCRIPTION OF THE DRAWINGS

[0016] While this invention is susceptible to embodiment
in many different forms, there are shown in the drawings and
will be described in detail herein several specific embodi-
ments, with the understanding that the present disclosure is
to be considered as an exemplification of the principles of
the invention to enable any person skilled in the art to make
and use the invention, and is not intended to limit the
invention to the embodiments illustrated.

[0017] In accordance with some embodiments, a portable
cardiac transducer may be provided that is portable, cost-
effective, and simple-to-use for layperson and self-diagnos-
tic applications.

[0018] FIG. 1 is a front perspective view of a wireless
cardiac sensor 100. Housing 105 encases circuitry described
further hereinbelow, and is preferably formed from plastic or
other non-conductive material. Housing 105 is generally
rectangular cuboid in shape, with rounded edges. Sensor 100
further includes ECG transducer electrodes 110A and 110B,
positioned on a front side of housing 105. Electrodes 110A
and 110B are physically separated from one another to
facilitate measurement of electrical signals on a person’s
skin resulting from depolarization of the person’s heart
muscle during each heartbeat, when appropriately posi-
tioned, e.g., against a user’s chest on the user’s left pectoral
region.

[0019] In the embodiment of FIG. 1, electrodes 110A and
110B are positioned adjacent to, and on opposite sides of,
acoustic sensor 112, which is also positioned on the front
side of transducer 100. When placed against a user’s chest,
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acoustic sensor 112 may be utilized to detect, record and/or
characterize a user’s heart sounds, as conducted acoustically
through their chest wall. Acoustic sensor 112 may be a
piezoelectric sensor, which along with associated analog-to-
digital converters and signal processing components, forms
audio transducer 142 (FIG. 4). Collectively, ECG electrodes
110A and 110B and acoustic sensor 112 form a sensor
package occupying a portion of the front side of sensor
housing 105.

[0020] By providing an integrated ECG and heart sound
sensor within a unitary housing communicating with a
wireless communication protocol, cardiac sensor 100 pro-
vides significant usability and reliability benefits, particu-
larly for layperson users and/or users of the cardiac sensor
in home, field and other non-clinical environments. For
example, combining ECG and heart sound sensors in a
unitary package allows an individual to easily use the device
on themselves, using one hand. Combining ECG and heart
sound sensors in one package allows for precise examination
of the electrical and mechanical characteristics of the heart.
Positioning electrodes 110 and sensor 112 proximate one
another, and preferably adjacent, provides a unitary sensor
package for a user to position on their chest. The absence of
lead wires prevents users from become entangled in wires.
The absence of lead wires also improves reliability, as
kinked, pulled or tangled cords and strained connectors are
common points of failure for conventional cardiac sensors.
[0021] The shape and design of the sensor housing is
optimized to balance multiple factors, including (1) comfort
for a user to securely hold against their own chest (fits in the
hand); (2) secure fit against a wide variety of patient body
types and shapes, male and female, for good contact with
electrodes 110A/B and acoustic sensor 112; (3) providing
sufficient physical separation of the two ECG electrodes to
provide accurate signal quality; and (4) providing an audio
transducer sensor of sufficient diameter for optimal detection
of heart and lung sound frequencies. The ECG electrodes are
of a sufficient size to allow good electrical contact between
the patient’s skin and the electrode even if the patient has
chest hair or curves of their skin. The ECG electrodes are of
a set separation distance to allow for precision placement
over the iso-electric lines of the heart.

[0022] FIG. 2 is a rear perspective view of wireless cardiac
transducer 100. A rear portion of housing 105 includes
button 120. Button 120 may be actuated by a user in order
to initiate signal measurement by transducers 140 (FIG. 4,
described further below). By placing button 120 on a surface
of housing 105 that is opposite electrodes 110 and audio
sensor 112, and positioned on that opposing surface at a
location that is approximately centered over sensors 110 and
112, force applied by a user pressing button 120 during a
measurement serves to press electrodes 110 and sensor 112
directly against the user’s skin, thereby improving quality of
contact with the user’s skin. This configuration may be
particularly helpful for applications in which a person is
using wireless cardiac sensor 100 on themselves, in a
one-handed mode of operation.

[0023] FIG. 3 is a schematic block diagram of an envi-
ronment in which wireless cardiac transducer 100 may be
beneficially employed. Transducer 100 communications
with personal electronic device (“PED”) 400 via wireless
communications link 450, as described further hereinbelow.
In some applications, PED 400 may be a computing device
having diverse functionality and used for multiple purposes,
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such as a smartphone, tablet computer, smart watch, laptop
computer, desktop computer, voice-controlled home assis-
tant or the like. By integrating functionality between trans-
ducer 100 and PED 400, PED 400 can be used to implement
various elements of functionality that are beneficial to use of
transducer 100, thereby reducing the cost and complexity of
transducer 100. For example, in some embodiments, PED
400 may be a smartphone having a graphical display,
touchscreen and application software enabling exchange of
data and control signaling with transducer 100.

[0024] PED 400 communicates with other systems and
devices via wide area network (WAN) 300, which may
include the Internet. In some embodiments, server 310 may
be provided to implement services associated with trans-
ducer 100, such as data storage, data analysis, data publi-
cation, as well as web applications and/or application pro-
gramming interfaces for same. Health care provider devices
320 are electronic systems and devices used by health care
service providers, in order to exchange information with
server 310 and/or PED 400, as described further hereinbe-
low. Devices 320 may include smartphones, tablet comput-
ers, personal computers, or healthcare service provider com-
puting systems or equipment.

[0025] FIG. 4 is a detailed schematic block diagram of
cardiac sensor 100, as it interacts with PED 400. Cardiac
sensor 100 includes microprocessor 130 and digital memory
132. Battery 134 is a rechargeable battery serving to power
wireless transducer 100 during operation. In some embodi-
ments, it may be desirable for battery 134 to incorporate
wireless charging circuitry, thereby enabling further mini-
mization or avoidance of ports and other apertures within the
cardiac sensor housing.

[0026] Transducer package 140 include audio transducer
142. Audio transducer 142 includes piezoelectric sensor 112;
an analog-to-digital converter to digitize audio signals
detected by sensor 112; as well as signal processing circuitry
to filter and condition detected signals. Audio signal pro-
cessing circuitry may be implemented in the analog domain
(i.e. prior to digitization), in the digital domain (i.e. by
microprocessor 130 and/or a dedicated digital signal pro-
cessing integrated circuit) or both.

[0027] Transducer package 140 also includes ECG trans-
ducer 144. ECG transducer 144 includes ECG electrodes
110A and 110B; an analog-to-digital converter to digitize
voltage differentials measured by electrodes 110A and 110B;
as well as signal processing circuitry to filter and conditions
detected signals. ECG signal processing circuitry may be
implemented in the analog domain (i.e. prior to digitization),
in the digital domain (i.e. by microprocessor 130 and/or a
dedicated digital signal processing integrated circuit) or
both.

[0028] Cardiac sensor wireless transceiver 136 is prefer-
ably a Bluetooth transceiver, enabling wireless digital com-
munications with other Bluetooth-enabled devices, such as
PED 400, via wireless communication link 450. In some
embodiments, PED 400 may be a standard, commodity
mobile wireless computing device, such as a smartphone
(e.g. Apple iPhone™), tablet computer (e.g. Apple iPad™),
or laptop computer. In other embodiments, PED 400 may
less preferably be a dedicated computing device, such as a
central sensor monitoring station with embedded software.
PED 400 includes wireless (e.g. Bluetooth) transceiver 402,
microprocessor 404, user interface components 406 (such as
a touch-sensitive display screen, or combinations of graphi-
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cal display, keyboard, mouse, touchpad or the like), digital
memory 408 for data storage. and battery 410 for cordless
operation. Various wireless communication protocols may
be utilized to convey data between cardiac sensor 100 and
PED 400, including, without limitation, those described in
applicant’s co-pending U.S. patent application Ser. No.
15/384,506, filed on Dec. 20, 2016, the contents of which are
hereby incorporated by reference in their entirety.

[0029] By providing a cardiac sensor 100 which is com-
pact in size, while leveraging a user’s existing personal
electronic device 400 for functions such as data storage,
analysis, transmission and user interaction, cardiac sensor
100 may be relatively inexpensive as compared to alterna-
tive solutions.

[0030] FIG. 5 illustrates an exemplary process for using
cardiac sensor 100. In step S500, a user initiates use of a
software application installed on PED 400. For example, in
an embodiment in which PED 400 is a smartphone, a
smartphone app may be downloaded and installed on PED
400. The app may subsequently be executed by processor
404 to control operation of PED 400. When launched, the
app may provide guidance and instructions to the user via Ul
406. For example, the app may provide visual displays on a
display screen to illustrate proper placement of cardiac
sensor 100 on the user’s body.

[0031] In step S510, a user places cardiac sensor 100 into
contact with their chest, preferably over their left pectoral
area and with guidance displayed on PED UI 406. Elec-
trodes 110A and 110B contact the user’s chest, enabling
ECG transducer 144 to measure electrical changes on the
skin occurring as a result of the heart muscle’s electrophysi-
ologic pattern of depolarization during each heartbeat.
Simultaneously, piezoelectric sensor 112 makes physical
contact with the user’s chest to detect heart sounds con-
ducted through the user’s chest wall to audio transducer 142.
[0032] In step S520, the user presses button 120 to initiate
cardiac monitoring. Specifically, depression of button 120
initiates simultaneous recording of ECG and heart sound
data by transducer package 140. With a cardiac sensor
embodiment such as that of FIGS. 1 and 2, a user may
readily hold sensor 100 against their own chest with one
hand, while utilizing one finger to press button 120.
[0033] In step S530, cardiac sensor 100 captures cardiac
data generated by transducers 140 and transmits that data to
PED 400. In the course of doing so, electrical signals
generated by transducers 142 and 144 are digitized using
analog-to-digital converters. Various filters and other signal
processing operations may be performed on the sensed ECG
and heart sound signals, either locally within cardiac sensor
100, remotely by PED 400, or elsewhere. Data may be
stored for a period of time locally within cardiac sensor
memory 132, before, during and/or after transmission to
PED 400. Preferably, ECG and heart sound data is streamed
in near-real time from sensor 100 to PED 400 via wireless
communication link 450. Such cardiac data is then stored
locally within PED 400 by digital memory 408.

[0034] In step S540, cardiac data received by PED 400
may be published to other stakeholders in a user’s care. For
example, in some embodiments, PED 400 (under control of
the application initiated in step S500) may transmit recorded
cardiac data to a centralized server 310 via WAN 300. Server
310 may then make the recorded cardiac data available to
other services, such as health care provider computing
devices 320 accessing server 310 via a web application or
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application programming interface. In such a use case, a
patient using cardiac monitor 100 at home or in another
non-clinical environment, may make data from cardiac
sensor 100 available to doctors or other health care profes-
sionals in remote locations for expert diagnostic purposes.

[0035] In some embodiments, cardiac data may be
streamed from sensor 100 to PED 400 to server 310, such
that the data may be made available to third parties in
near-real time. In some embodiments, data from cardiac
monitoring sessions may be stored over time within server
310, providing a repository of historical data for subsequent
analysis by, e.g., health care professionals.

[0036] In some embodiments, PED 400 may also retain a
repository of historical cardiac monitoring data, with local
software applications operating on PED 400 providing tools
for analyzing such data and providing diagnostic results
based thereon, delivered via displays on UI 406.

[0037] In some embodiments, the PED 400 may provide
feedback to the user on the quality of the ECG and PCG
(phonocardiogram) signals obtained, preferably including a
voice-based audio feedback system to communicate this
information to the user during the process of signal acqui-
sition. In particular, PED 400 may execute a local applica-
tion on microprocessor 404, to assess sensor data received
via transceiver 402 and, based on that assessment, workflow
logic and/or other logic implemented by the local applica-
tion, provide feedback to the user via user interface 406,
preferably including audio instructions and feedback via an
audio loudspeaker within Ul 406. For example, upon initi-
ating a cardiac monitoring session, PED 400 may render
user interface display 600 (FIG. 6) on a display screen to
prompt the user regarding positioning of sensor 100, while
simultaneously playing audio instructions as well. After the
user presses a button to start measurement, PED 400 may
render user interface display 700 (FIG. 7) on the PED
display screen to instruct the user to remain still during the
measurement. The audio and/or visual feedback will alert
the user when a data capture is complete or when data
quality is poor.

[0038] In some embodiments, PED 400 will alert the user
when a data capture is reviewed by a physician or clinician
and/or is sent to the physician or clinician (such as via
transmission from PED 400 to healthcare provider device
320 via wide area network 300). In particular, PED 400 may
render user interface 800 (F1G. 8) to confirm transmission of
sensor data to a health care provider.

[0039] PED 400 may also operate to display data acquired
via sensor 100 for user review. FIG. 9 illustrates a user
interface display 900 that may be rendered on a display
screen. Display 900 includes two continuous waveforms 910
and 915 of the ECG and PCG data, allowing a user to
compare differences or similarities between the data. Dis-
play 900 includes other diagnostic as well, derived from
waveforms 910 and 915, such as heart rate output 920.

[0040] The foregoing description of the disclosed embodi-
ments is provided to enable any person skilled in the art to
make or use the invention disclosed herein. Various modi-
fications to these embodiments will be readily apparent to
those skilled in the art, and the generic principles defined
herein may be applied to other embodiments without depart-
ing from the spirit or scope of the disclosure. Thus, the
present disclosure is not intended to be limited to the
embodiments shown herein but is to be accorded the widest
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scope consistent with the principles and novel features
disclosed herein. All references cited herein are expressly
incorporated by reference.

What is claimed is:

1. A wireless cardiac sensor comprising;

a sensor housing having a first side for positioning against
a user’s chest;

a battery within the sensor housing for powering the
sensor;

an ECG transducer within the sensor housing, the ECG
transducer comprising plurality of electrodes exposed
on the first side of the sensor housing;

an audio transducer within the sensor housing, the audio
transducer comprising an audio transducer sensor
exposed on the first side of the sensor housing; and

a wireless transceiver, the transceiver adapted for trans-
mitting data recorded by the ECG transducer and the
audio transducer to a personal electronic device proxi-
mate the cardiac sensor.

2. The cardiac sensor of claim 1, in which the ECG
transducer comprises two electrodes positioned on opposite
sides of the audio transducer sensor.

3. The cardiac sensor of claim 2, in which the ECG
electrodes are adjacent to the audio transducer sensor.

4. The cardiac sensor of claim 1, in which the sensor
housing is approximately rectangular cuboid in shape.

5. The cardiac sensor of claim 1, in which the sensor
housing also has a second side opposite the first side, the
sensor further comprising a button for actuation by a user,
the button exposed on the second side of the sensor housing
and positioned directly above one or more of the audio
transducer sensor and ECG electrodes.

6. The cardiac sensor of claim 5, in which the button is
centered over a sensor package comprised of the ECG
electrodes and audio transducer sensor, whereby application
of pressure on the button by a user holding the sensor against
the user’s chest promotes contact of the sensor with the
user’s chest.

7. The cardiac sensor of claim 1, further comprising a
separate personal electronic device (“PED”), the PED com-
prising:

a PED wireless transceiver configured for communication
with the sensor wireless transceiver to convey cardiac
data therebetween;

a user interface comprising a graphical display screen
configure to render displays conveying diagnostic
information derived from cardiac data received by the
PED wireless transceiver.
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8. A method for monitoring the cardiac function of a
human using a wireless cardiac sensor and a personal
electronic device, the method comprising the steps of:

initiating a cardiac monitoring application on the personal

electronic device;

positioning against the human’s chest, an audio trans-

ducer sensor and a plurality of ECG electrodes
arranged within a unitary wireless cardiac sensor hous-
ing on a first side thereof;

initiating cardiac monitoring by the human, whereby the

wireless cardiac sensor captures data indicative of the
human’s cardiac function via the ECG electrodes and
audio transducer sensor;

transmitting data indicative of cardiac function from the

wireless cardiac sensor to the personal electronic
device; and

displaying cardiac diagnostic information on a display

screen within the personal electronic device, the car-
diac diagnostic information derived from the data trans-
mitted from the wireless cardiac sensor.

9. The method of claim 8, in which the step of initiating
a cardiac monitoring application on the personal electronic
device comprises displaying, on the personal electronic
device, instructions for positioning of a wireless cardiac
sensor on the human’s chest.

10. The method of claim 8, in which the step of initiating
cardiac monitoring by the human comprises the substep of
pressing a button positioned on a side of the wireless cardiac
sensor opposite the side on which the audio transducer
sensor and ECG electrodes are arranged.

11. The method of claim 8, in which the step of position-
ing against the human’s chest an audio transducer sensor and
a plurality of ECG electrodes, comprises the substep of
holding the wireless cardiac sensor by the human against
their own chest using one hand, with one finger positioned
over the button.

12. The method of claim 8, further comprising transmit-
ting the data indicative of cardiac function from the personal
electronic device to a network-connected server; and storing
the data by the network-connected server for subsequent
analysis by a health care professional.

13. The method of claim 8, further comprising transmit-
ting the data indicative of cardiac function from the personal
electronic device to a health care professional computing
device via the Internet, for remote diagnostic analysis.
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