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(7) ABSTRACT

Systems, methods and devices for providing combined
ultrasound, electrocardiography, and auscultation data are
provided. One such system includes an ultrasound sensor, an
electrocardiogram (EKG) sensor, an auscultation sensor, and
a computing device. The computing device includes
memory and a processor, and the processor receives signals

(51) Imt. CL from the ultrasound sensor, the EKG sensor, and the aus-
A61B 8/08 (2006.01) cultation sensor. Artificial intelligence techniques may be
A61B 5/0205 (2006.01) employed for automatically analyzing the data obtained
A61B 5/0408 (2006.01) from the ultrasound sensor, the EKG sensor, and the aus-
A61B 5/04 (2006.01) cultation sensor and producing a clinically-relevant deter-
A61B 8/00 (2006.01) mination based on a combined analysis of the data.
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SYSTEM AND METHOD FOR FUSING
ULTRASOUND WITH ADDITIONAL
SIGNALS

BACKGROUND

Technical Field

[0001] The present application pertains to physiological
sensing systems and methods, and more particularly to such
systems and methods for acquiring and displaying ultra-
sound, electrocardiography, and auscultation data.

Description of the Related Art

[0002] Ultrasound imaging is typically performed in a
clinical setting, by trained ultrasound experts, utilizing ultra-
sound systems that are specifically designed to acquire
ultrasound data. Similarly, electrocardiography (EKG) is
typically performed in a clinical setting by trained experts
and utilizing equipment that is specifically designed for
acquiring electrocardiography data. Auscultation data is
typically acquired by a physician or other clinician utilizing
a stethoscope.

[0003] Acquisition of these different types of clinical data,
1.e., ultrasound data, EKG data, and auscultation data, is thus
conventionally performed utilizing separate pieces of equip-
ment, and often in separate patient visits or separate envi-
ronments.

BRIEF SUMMARY

[0004] The present disclosure provides systems, methods
and devices for acquiring or providing combined ultrasound,
electrocardiography, and auscultation data. All three or any
combination of two signals may be concurrently obtained by
a single computing device connected to an ultrasound sen-
sor, an electrocardiogram (EKG) sensor, and an auscultation
sensor. The obtained signals may be synchronized with one
another, such that the data obtained from the various sensors
may be stored in a time-aligned manner. Alternatively or
additionally, the obtained signals may be displayed in syn-
chronization. Alternatively or additionally, the computing
device may be configured such that each signal is obtained
and displayed separately. Artificial intelligence techniques
may be utilized to analyze the signals received from the
ultrasound sensor, EKG sensor, and auscultation sensor to
determine whether the signals, individually or in combina-
tion with one another, indicate one or more pathologies.
[0005] In at least one embodiment, a system is provided
that includes an ultrasound sensor, an EKG sensor, an
auscultation sensor, and a computing device. The computing
device includes memory and a processor, and the processor
is configured to receive and process signals from the ultra-
sound sensor, the EKG sensor, and the auscultation sensor.
[0006] In another embodiment, a handheld device is pro-
vided that includes a processor, a memory coupled to the
processor, an ultrasound sensor, an EKG sensor, and an
auscultation sensor. The ultrasound sensor, EKG sensor, and
auscultation sensor are positioned on a sensing surface of the
handheld device. Each of the ultrasound sensor, the EKG
sensor, and the auscultation sensor are communicatively
coupled to the processor.

[0007] In another embodiment, a method is provided that
includes receiving by a computing device, ultrasound data,
EKG data, and auscultation data; synchronizing at least two
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of the received ultrasound data, EKG data, and auscultation
data; and storing the ultrasound data, EKG data, and aus-
cultation data in memory.

[0008] In yet another embodiment, a system is provided
that includes a computing device and an artificial intelli-
gence (Al) data recognition module. The computing device
is configured to acquire ultrasound data, EKG data, and
auscultation data. The Al data recognition module is con-
figured to receive the acquired ultrasound data, EKG data,
and auscultation data and to automatically assess the data to
produce a clinically-relevant determination based on a com-
bined analysis of the data (e.g., automatically determine
whether the received data indicates one or more patholo-
gies).

[0009] In another embodiment, a handheld probe is pro-
vided that includes an ultrasound sensor positioned on a
sensing surface of the probe, and an electrocardiogram
(EKG) sensor positioned on the sensing surface of the probe.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0010] FIG. 1 is a block diagram illustrating a system for
acquiring, synchronizing, and displaying a combination of
ultrasound, electrocardiography, and auscultation signals, in
accordance with one or more embodiments of the present
disclosure.

[0011] FIG. 2 is a block diagram illustrating a system for
acquiring, synchronizing, and displaying a combination of
ultrasound, electrocardiography, and auscultation signals, in
accordance with one or more embodiments of the present
disclosure.

[0012] FIG. 3Ais a perspective view of a probe that may
be used in the system shown in FIG. 2, in accordance with
one or more embodiments of the present disclosure.
[0013] FIG. 3B is a front view of the probe shown in FIG.
3A, in accordance with one or more embodiments of the
present disclosure.

[0014] FIG. 4 is a block diagram illustrating a synchroni-
zation module that synchronizes data acquired from an
auscultation sensor, an EKG sensor, and an ultrasound
sensor, in accordance with one or more embodiments of the
present disclosure.

[0015] FIG. 5 is a pictorial diagram illustrating synchro-
nous display of acquired ultrasound data, EKG data, and
auscultation data, in accordance with one or more embodi-
ments of the present disclosure.

[0016] FIG. 6 is a block diagram illustrating a system for
acquiring ultrasound, EKG, and auscultation signals that
includes an artificial intelligence (AT) data recognition mod-
ule, in accordance with one or more embodiments of the
present disclosure.

[0017] FIG. 7is a block diagram illustrating training of the
Al data recognition module shown in FIG. 6, in accordance
with one or more embodiments.

DETAILED DESCRIPTION

[0018] Three primary techniques used extensively in
medicine for physiological assessment, e.g., of the cardio-
thoracic cavity, include sonography, auscultation, and elec-
trocardiography. Each technique provides different kinds of
information usable to assess the anatomy and physiology of
the organs present in a region of interest, e.g., the cardio-
thoracic cavity.
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[0019] Medical ultrasound imaging (sonography) has been
one of the most effective methods for examining both the
heart and the lungs. Ultrasound imaging provides anatomi-
cal information of the heart as well as qualitative and
quantitative information on blood flow through valves and
main arteries such as the aorta and pulmonary artery. One
significant advantage of ultrasound imaging is that, with its
high frame rate, it can provide dynamic anatomical and
blood flow information which is vital for assessing the
condition of the heart which is always in motion. Combined
with providing blood flow information, ultrasound imaging
provides one of the best available tools for assessing the
structure and function of heart chambers, valves, and arter-
ies/veins. Similarly, ultrasound imaging can assess fluid
status in the body and is the best tool in assessing pericardial
effusion (fluid around the heart).

[0020] In the case of lungs, ultrasound imaging provides
information on the anatomical structure of the lungs with the
ability to show specific imaging patterns associated with
various lung diseases and with an ability to assess fluid
status around the lung and within individual compartments
of the lung including the assessment of pericardial effusion.
[0021] Auscultation allows for assessing the physiological
condition and function of organs such as the heart and lungs
by capturing audible sounds that are produced by or other-
wise associated with these organs. The condition and func-
tion of these organs, or other organs as the case may be, can
be evaluated based on clinical information indicating how
different sounds are associated with various physiological
phenomena and how the sounds change for each pathologi-
cal condition.

[0022] Electrocardiography (EKG or ECG) is focused on
the heart by capturing the electrical activity of the heart as
it is related to the various phases of the cardiac cycle. The
condition and function of the heart may be evaluated based
on clinical knowledge indicating how the electrical activity
of the heart changes based on various pathological condi-
tions.

[0023] The present disclosure provides systems, devices,
and methods in which these three types of signals (i.e.,
auscultation, EKG, and ultrasound signals) are acquired and
displayed (possibly in a synchronous manner) via one or
more audiovisual outputs. Providing a combination of aus-
cultation, EKG, and ultrasound data significantly enhances
the ability of doctors and others to accurately and efficiently
assess the physiological condition of a patient, especially of
the patient’s heart and lungs. Furthermore, by digitizing all
three signals, analysis of such signals using digital signal
processing is enabled, thereby allowing for implementation
of various signal and image processing algorithms that can
assess the signal data in combination. Such algorithms may
include algorithms that are based on machine learning and
pattern recognition to detect patterns in each of the three
signals that are known to be associated with certain disease
conditions.

[0024] When combined and jointly evaluated, the three
signals may provide more insight into the physiological
condition of a patient than would otherwise be provided by
separate, individual assessment of each of the signals. That
is, the combined acquisition and display of these signals
provides additional information, particularly if the signals
are synchronized, which ultimately results in significantly
better sensitivity and specificity than would be obtained
using any one signal alone. By combining these three signals
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in a synchronous manner, as described herein, analysis of the
signals using machine learning is facilitated, including
advanced methods such as deep learning, which provides a
clear path for capturing expert physician knowledge asso-
ciated with all three signals into the systems and devices.
This results in the ability of non-expert physicians and
others to assess the physiological condition of a patient
quickly with high sensitivity and specificity.

[0025] The systems and devices provided by the present
disclosure allow for ultrasound, EKG, and auscultation
sensors to be connected to a single computing device,
digitized, stored in memory, and visualized through a user
interface or display showing all three signals to the user,
possibly in real-time as they are acquired. Furthermore,
modules and methods are provided for synchronizing all
three signals as they are acquired such that dynamic phe-
nomena in the patient are properly captured and are time
aligned for all three signals. The synchronization of the three
signals has clinical importance in that, when physiological
phenomena are properly represented by all three different
signals and shown in a time-aligned manner, the information
revealed in the ultrasound, audible sound, and electrical
signals reflects conditions associated with the physiology at
the same moment of time.

[0026] FIG. 1 is a block diagram illustrating a system 10
for acquiring ultrasound, electrocardiographic, and auscul-
tation signals. The system 10 includes a computing device
12 (also referred to as a “medical device™), at least one
auscultation sensor 14, at least one electrocardiogram
(EKG) sensor 16, and at least one ultrasound sensor 18. One
or more additional sensors 26 may further be included, for
example a pulse oximeter sensor, although embodiments
provided herein are not limited thereto. For example, the
additional sensors 26 may include one or more of a gyro-
Scope, a pressure sensor, a motion sensor, a temperature
sensor, an EEG sensor, or any other type of sensor for
sensing a physiological state, condition, or response of a
patient, an environment around the patient, or a state or
condition of the system 10.

[0027] The auscultation sensor 14, EKG sensor 16, and
ultrasound sensor 18 are each communicatively coupled to
the computing device 12 by a wired or wireless communi-
cation channel. The computing device 12 acquires, prefer-
ably digitizes, and processes the three types of signals, e.g,,
auscultation, EKG, and ultrasound signals.

[0028] The auscultation sensor 14 may be any sensor that
detects internal body sounds of a patient, including, for
example, body sounds associated with the circulatory, respi-
ratory, and gastrointestinal systems. The auscultation sensor
14 has a sensor surface that may be placed in contact with
a patient’s skin in order to detect sound signals through the
skin surface. The auscultation sensor 14 may be an elec-
tronic or digital stethoscope, and may include amplification
and signal processing circuitry for amplifying and process-
ing sensed signals, as may be known in the relevant field.

[0029] The EKG sensor 16 may be any sensor that detects
electrical activity of a patient’s heart, as may be known in
the relevant field. For example, the EKG sensor 16 may
include any number of electrodes, which in operation are
placed on a patient’s skin and used to detect electrical
changes in the patient that are due to the heart muscle’s
pattern of depolarizing and repolarizing during each heart-
beat.
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[0030] The ultrasound sensor 18 includes a transducer
configured to transmit an ultrasound signal toward a target
structure in a region of interest in the patient. The transducer
is further configured to receive echo signals returning from
the target structure in response to transmission of the ultra-
sound signal. To that end, the transducer may include
transducer elements that are capable of transmitting an
ultrasound signal and receiving subsequent echo signals. In
various embodiments, the transducer elements may be
arranged as elements of a phased array. Suitable phased
array transducers are known in the art.

[0031] The transducer array of the ultrasound sensor 18
may be a one-dimensional (1D) array or a two-dimensional
(2D) array of transducer elements. The transducer array may
include piezoelectric ceramics, such as lead zirconate titan-
ate (PZT), or may be based on microelectromechanical
systems (MEMS). For example, in various embodiments,
the ultrasound sensor 18 may include piezoelectric micro-
machined ultrasonic transducers (PMUT), which are micro-
electromechanical systems (MEMS)-based piezoelectric
ultrasonic transducers, or the ultrasound sensor 18 may
include capacitive micromachined ultrasound transducers
(CMUT) in which the energy transduction is provided due to
a change in capacitance.

[0032] As shown in FIG. 1, the auscultation sensor 14, the
EKG sensor 16, and the ultrasound sensor 18 may each be
separately coupled to the computing device 12 via respective
wired or wireless channels. For example, each of the aus-
cultation sensor 14, the EKG sensor 16, and the ultrasound
sensor 18 may be electrically and communicatively coupled
to the computing device 12 by respective cables. In the case
of the EKG sensor 16, which may include any number of
electrodes, the electrodes may be coupled to the computing
device 12 by leads. For example, the EKG sensor 16 may be
a 10-electrode, 12-lead EKG sensor, although any EKG
sensing configuration may be utilized as the EKG sensor 16
in accordance with the present disclosure. For example, the
probe 140 shown in FIGS. 3A and 3B, described in greater
detail below, includes an EKG sensor 116 with three elec-
trodes.

[0033] In operation, a user of the system 10 may place
each of the sensors 14, 16, 18 in a desired location in order
to acquire signals, preferably simultaneously or during over-
lapping time intervals, from each of the sensors. For
example, the EKG sensor 16 may include multiple elec-
trodes, which may be placed in a suitable configuration on
a patient’s body, with the electrodes coupled to the comput-
ing device 12 by one or more leads. The user may place the
auscultation sensor 14 at any desired location on the
patient’s skin, and similarly, may position the ultrasound
sensor 18 as desired in order to obtain signals of interest.
Accordingly, in operation, the computing device 12 may
receive signals from each of the auscultation sensor 14, the
EKG sensor 16, and the ultrasound sensor 18, preferably as
the signals are each obtained.

[0034] The computing device 12 includes various elec-
tronics and a processor (referred to herein, collectively, as
“electronics and processor 20” or in some cases simply
“processor 20”). The electronics and processor 20 may
include processing circuitry and driving circuitry. In part, the
processing circuitry, or processor, controls the acquisition of
signals from the auscultation sensor 14, the EKG sensor 16,
and the ultrasound sensor 18.
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[0035] For example, the electronics and processor 20 may
include processing circuitry that controls the transmission of
an ultrasound signal from the transducer elements of the
ultrasound sensor 18, and driving circuitry that is opera-
tively coupled to the transducer elements for driving the
transmission of the ultrasound signal. The driving circuitry
may drive the transmission of the ultrasound signal in
response to a control signal received from the processing
circuitry. The computing device 12 may further include a
power supply that provides power to the electronics and
processor 20, for example, to power the driving circuitry for
transmission of the ultrasound signal. The electronics and
processor 20 may similarly include processing circuitry that
controls the acquisition of auscultation signals from the
auscultation sensor 14, and controls the acquisition of EKG
signals from the EKG sensor 16.

[0036] Additionally, the electronics and processor 20 may
include signal processing circuitry, such as filters, amplifi-
ers, preconditioning and digitization circuitry, and the like,
which process the signals received from the auscultation
sensor 14, the EKG sensor 16, and the ultrasound sensor 18.
In particular, the electronics and processor 20 may include
or otherwise implement a synchronization module for syn-
chronizing the received signals, as will be discussed in
further detail with respect to FIG. 4.

[0037] The electronics and processor 20 may include one
or more application specific integrated circuits (ASICs) for
providing or implementing the operations of the computing
device 12 as described herein.

[0038] The computing device 12 shown in FIG. 1 further
includes a memory 22 and a display 24. The memory 22 may
be or include any computer-readable storage medium,
including, for example, read-only memory (ROM), random
access memory (RAM), flash memory, hard disk drive,
optical storage device, magnetic storage device, electrically
erasable programmable read-only memory (EEPROM),
organic storage media, or the like. The memory 22 is
coupled to the electronics and processor 20, which may
execute programmed instructions that are stored in the
memory 22 to perform the functions of the computing
device 12 as described herein. Moreover, the memory 22
may store the signals acquired by the computing device 12.
The signals may be stored in the memory 22 in a synchro-
nized manner, or with associated information for synchro-
nizing the signals, as will be discussed in further detail
below with respect to FIG. 4.

[0039] The display 24 is an output interface that provides
visual and/or audible information to a user of the computing
device 12. The display 24 and/or the computing device 12
may include or be coupled to one or more speakers to
provide audible information to the user. The display 24 may
use, for example, any type of display technology including,
but not limited to, an LED display technology. The display
24 may display signals acquired from the auscultation sensor
14, the EKG sensor 16, and the ultrasound sensor 18. More
particularly, the display 24 may be used to display the
signals and/or images acquired from the auscultation sensor
14, the EKG sensor 16, and the ultrasound sensor 18 in a
synchronized manner, as will be discussed in further detail
below with respect to FIGS. 4 and 5. In some embodiments,
the display 24 may provide an input interface, such as a
touch screen capable of receiving input from a user that
touches the screen. In some embodiments, the computing
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device 12 may include one or more buttons, knobs, switches,
and the like, capable of receiving input from a user of the
computing device 12.

[0040] FIG. 2 is a block diagram illustrating a system 100
for acquiring ultrasound, electrocardiographic, and auscul-
tation signals. The system 100 is similar to the system 10 in
many respects; however, a main difference between the
system 100 of FIG. 2 and the system 10 of FIG. 1 is that, in
the system 100, the auscultation sensor 114, the EKG sensor
116, and the ultrasound sensor 118 are all included in a probe
140, which is communicatively coupled to a computing
device 112, e.g., by any wired or wireless communication
channel. For example, the probe 140 may be coupled to the
computing device 112 by one or more electrical cables.
[0041] Additionally, the probe 140 may itself include
electronics and processor 130, which may be substantially
the same as the electronics and processor 20 of the com-
puting device 12 of FIG. 1. For example, the electronics and
processor 130 in the probe 140 may include processing
circuitry and driving circuitry that controls the acquisition of
signals from the auscultation sensor 114, the EKG sensor
116, and the ultrasound sensor 118. In implementations
where the probe 140 includes a power source, the probe may
be operated separate from the computing device 112 to
acquire ultrasound, electrocardiographic, and auscultation
signal data from a patient, and later if desired, be commu-
nicatively coupled to the computing device 112 to upload the
acquired signal data for further processing.

[0042] In some implementations, the probe 140 may be
configured to use the electronics and processor 130 when the
probe is operating separate from the computing device 112,
but when the probe 140 is coupled (or “docked”) to the
computing device 112, the probe 140 may use some or all of
the electronics and processor 120 in the computing device
112 in place of its own electronics and processor 130. This
may be advantageous in cases where the electronics and
processor 120 in the computing device 112 employs higher-
quality components, such as a quieter power supply, more
precise oscillator, and/or improved heat dissipation ele-
ments, or provides greater computational resources for gen-
erating, receiving, and/or processing the acquired signals or
signal data.

[0043] For example, U.S. patent application Ser. No.
15/446,290, assigned to the assignee of the present disclo-
sure and incorporated by reference herein, describes an
ultrasound system that comprises an ultrasound probe and a
docking station. The ultrasound probe is preferably a por-
table ultrasound probe, such as the handheld probe, that
includes one or more first transducer elements that transmit
an ultrasound signal toward a target structure in a region of
interest. The ultrasound probe also includes processing
circuitry that controls transmission of the ultrasound signal
from the one or more first transducer elements and driving
circuitry operatively coupled to the one or more first trans-
ducer elements and the processing circuitry. The driving
circuitry drives the transmission of the ultrasound signal by
the one or more first transducer elements in response to a
control signal received from the processing circuitry. The
ultrasound probe further includes one or more second trans-
ducer elements that receive echo signals returning from the
target structure in response to transmission of the ultrasound
signal, and a power supply that provides power to the
driving circuitry for transmission of the ultrasound signal in
at least a pulsed wave mode of operation.
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[0044] The docking station includes an interface that
allows coupling to the ultrasound probe. The docking station
also includes circuitry that electrically couples to the ultra-
sound probe via the interface and enhances the ultrasound
functionality of the ultrasound probe. In at least one embodi-
ment, the docking station is provided separate from the
ultrasound probe. In various embodiments, the circuitry in
the docking station enhances the ultrasound functionality of
the ultrasound probe by employing higher-quality compo-
nents, such as a quieter power supply, oscillator, and/or heat
dissipation elements or by providing greater computational
resources for generating, receiving, and/or processing ultra-
sound signals or data.

[0045] The system described in U.S. patent application
Ser. No. 15/446,290 may be adapted to further include
auscultation and EKG signal acquisition as described herein,
and provide a combined probe 140 according to the prin-
ciples of the present disclosure. The auscultation and EKG
signal acquisition of the combined probe 140 may similarly
be enhanced when the combined probe 140 is electrically
coupled or docked to the computing device 112.

[0046] Further, the probe 140 may include memory 132
that is coupled to the electronics and processor 130. The
memory 132 may store the signals acquired by, and possibly
digitized by, the electronics and processor 130. The auscul-
tation, EKG, and ultrasound signal data may be stored in a
synchronized manner, or with associated information for
synchronizing the signals, as described herein.

[0047] The auscultation sensor 114, EKG sensor 116, and
ultrasound sensor 118 may be similar to the auscultation
sensor 14, EKG sensor 16, and ultrasound sensor 18
described above with respect to the system 10 of FIG. 1.
However, some implementations may include certain dif-
ferences as described herein with reference to FIG. 2 and
FIGS. 3A and 3B.

[0048] FIG. 3A is a perspective view of at least one
embodiment of the probe 140, and FIG. 3B is a front view
of the embodiment shown in FIG. 3A, which illustrates a
sensing surface 160 of the probe 140.

[0049] As shown in FIG. 3B, the auscultation sensor 114,
EKG sensor 116, and ultrasound sensor 118 may be disposed
on the sensing surface 160 of the probe. For example, the
ultrasound sensor 118 (which may include an array of
ultrasound transducers) may form a central portion of the
sensing surface 160, while the EKG sensor 116 and the
auscultation sensor 114 may be positioned on portions of the
sensing surface 160 that extend outwardly from the central
portion on which the ultrasound sensor 118 is positioned.
[0050] The auscultation sensor 114 may otherwise be
substantially the same as the auscultation sensor 14 shown
in FIG. 1, and may be any sensor for detecting internal body
sounds of a patient, including, for example, body sounds
associated with the circulatory, respiratory, and gastrointes-
tinal systems. A plurality of auscultation sensors 114 may be
provided on the sensing surface 160 of the probe 140. In
such a case, one or more auscultation sensors 114 may be
positioned on either or both sides of the ultrasound sensor
118. Any number of auscultation sensors 114 may be
included in the probe 140 and positioned, for example, on
the sensing surface 160.

[0051] The EKG sensor 116 may be any sensor for detect-
ing the electrical activity of a patient’s heart, as may be
known in the relevant field. As shown in FIG. 3B, the EKG
sensor 116 may include a plurality of electrodes arranged on
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the sensing surface 160 of the probe 140. In such a case, one
or more EKG sensors 116 may be positioned on either or
both sides of the ultrasound sensor 118. The EKG sensors
116 may preferably be positioned such that at least one EKG
sensor 116 is positioned on each side of the ultrasound
sensor 118, which provides a greater distance between the
EKG electrodes.

[0052] The ultrasound sensor 118 includes a transducer,
which may include transducer elements that are capable of
transmitting an ultrasound signal and receiving subsequent
echo signals as described above with respect to the ultra-
sound sensor 18 of FIG. 1.

[0053] In use, the sensing surface 160 of the probe 140
may be placed on a patient’s skin, and auscultation, EKG,
and ultrasound signals may be received, preferably simul-
taneously, by the probe 140. The acquisition of signals may
be controlled by the electronics and processor 130 and
stored in the memory 132 in the probe 140, in a manner that
is the same or similar to that described above with respect to
the electronics and processor 20 and memory 22 of FIG. 1.
[0054] In some embodiments, only the ultrasound sensor
118 and the EKG sensor 116 may be positioned on the
sensing surface 160 of the probe 140, while in other embodi-
ments, the auscultation sensor 114 may further be positioned
on the sensing surface 160 of the probe 140.

[0055] Returning to FIG. 2, the computing device 112
shown in FIG. 2 includes electronics and processor 120 and
memory 122. The electronics and processor 120 and
memory 122 of the computing device 112 may control the
acquisition of signals by the probe 140, in addition to or as
an alternative to the acquisition of signals performed by the
electronics and processor 130 and memory 132 of the probe.
The electronics and processor 120 and memory 122 of the
computing device 112 may also control operations of the
computing device 112. For example, the electronics and
processor 120 and memory 122 may receive signals from the
probe 140, and cause the computing device 112 to display
the signals and/or images associated with the signals on the
display 124.

[0056] The computing device 112 may be, for example, a
tablet computer, a PC or workstation computer, a mobile
computing device such as a smartphone, or the like. The
computing device 112 may communicate with the probe 140
over any wired or wireless communications channel, and
may thus receive the signals acquired, processed and/or
stored by the probe 140, and may display such signals or
images associated with or derived from such signals.
[0057] In one or more embodiments, the probe 140 may
include a display for displaying the acquired signals, images
or clinical parameters associated with or derived from the
acquired signals. In such a case, the computing device 112
may not be needed in order to acquire, process and display
signals from the auscultation sensor 114, EKG sensor 116,
and ultrasound sensor 118, as this may all be performed by
the probe 140 itself.

[0058] FIG. 4 is a block diagram illustrating a synchroni-
zation module 400 that synchronizes signals or data that are
simultaneously acquired from any two or more of an aus-
cultation sensor, an EKG sensor, and an ultrasound sensor.
In one or more embodiments, the synchronization module
400 may synchronize signals or data that is acquired from all
three of the auscultation sensor, EKG sensor, and ultrasound
sensor, as will be described herein. However, it will be
readily appreciated that the embodiments provided herein
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are not limited to synchronization of signals from all three
sensors, as the synchronization module may synchronize
signals from any two or more of such sensors. With regard
to the system 10 of FIG. 1, the synchronization module 400
may be included in or otherwise be accessible by the
electronics and processor 20 and memory 22. In the system
100 of FIG. 2, the synchronization module 400 may be
included in or otherwise accessible by the electronics and
processor 130 and memory 132 in the probe 140 and/or may
be included in or accessible by the electronics and processor
120 and memory 122 in the computing device 112.

[0059] As shown in FIG. 4, auscultation data, EKG data,
and ultrasound data, which are derived from signals received
by the auscultation sensor, EKG sensor, and ultrasound
sensor, respectively, are provided to the synchronization
module 400. In one embodiment, the synchronization mod-
ule 400 synchronizes the auscultation data, EKG data, and
ultrasound data by appending or associating time stamp
information to each of these data. For example, the synchro-
nization module 400 may include a clock (or otherwise have
access to a clock) and may time stamp the data with time
stamp information that indicates a time of receiving the data.
The time stamp information may indicate a time with respect
to a reference time, such as UTC time.

[0060] The synchronization module 400 may be coupled
to memory (e.g., memory 22 of FIG. 1, or memory 122 or
132 of FIG. 2), such that the output data may be stored in the
memory in a synchronized manner. For example, the data
may be stored in the memory along with the associated time
stamp information provided by the synchronization module
400. Alternatively or additionally, the synchronization mod-
ule 400 may provide the auscultation data, EKG data, and
ultrasound data to a remotely-located memory for storage in
a synchronized mannet.

[0061] In another embodiment, the synchronization mod-
ule 400 does not append a time stamp to the received data,
but instead associates the auscultation data, EKG data, and
ultrasound data that are acquired at the same time and jointly
stores the data in a combined manner in memory locations
that are ordered or that may be retrieved based on the
sequence in which the data is received. For example, aus-
cultation data, EKG data, and ultrasound data that are
acquired at a same point in time (e.g., time t,) may be
associated with one another by the synchronization module
400, and then stored in an ordered memory location. At a
next point in time (e.g., at time t,), the auscultation data,
EKG data, and ultrasound data at that time may be associ-
ated with one another and stored in an ordered memory
location that sequentially follows the memory location of the
data acquired at time t,;. That is, the acquired data may be
ordered based on a relative time that it was received by the
synchronization module 400.

[0062] FIG. 5 is a pictorial diagram illustrating synchro-
nous display of the auscultation data, EKG data, and ultra-
sound data, which may be acquired by the separate auscul-
tation sensor 14, EKG sensor 16, and ultrasound sensor 18
in the system 10, or which may be acquired by the combi-
nation auscultation sensor 114, EKG sensor 116, and ultra-
sound sensor 118 that are provided on a same sensing
surface 160 of the probe 140 in the system 100. Synchronous
display of the data may be provided on the display 24 of the
computing device 12 of the system 10, on the display 124 of
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the computing device 112 of the system 100, or may be
displayed on the probe 140 in embodiments where the probe
includes a display.

[0063] As shown in FIG. 5, the ultrasound image 502 is
shown for a particular point in time, t. The EKG waveform
504 at the time, t, is depicted by the dashed line. Similarly,
the auscultation waveform 506 for the time, t, is depicted by
the dashed line, which corresponds to the dashed line for the
EKG waveform 504. As the signals in this embodiment are
acquired in real-time, the ultrasound image 502 is sequen-
tially updated (e.g., to reflect the current ultrasound image),
and the EKG and auscultation waveforms 504, 506 grow
from left to right with the dashed bar always indicating the
time, t, that corresponds to the displayed ultrasound image
502.

[0064] The three auscultation, EKG, and ultrasound sig-
nals may be displayed in real-time, i.e., as they are acquired,
or may be stored in memory in a synchronous manner, and
later retrieved from memory and displayed in a synchro-
nized display as shown in FIG. 5. Additionally, audio
information may be provided in synchronization with the
display of one or more of the auscultation data, EKG data,
and ultrasound data. The audio information may be provided
through one or more speakers. For example, the auscultation
data may be output as audible information through one or
more speakers in synchronization with the display of video
information associated with the auscultation data.

[0065] The ultrasound data may be any ultrasound data
associated with any ultrasound mode, including but not
limited to, A-mode, B-mode, C-mode, M-mode, Doppler
mode including continuous wave (CW) and pulsed wave
(PW), and the like. The ultrasound data may be acquired in
any ultrasound mode and may be displayed and/or provided
as audible information in any ultrasound mode.

[0066] In one or more embodiments, artificial intelligence
techniques may be employed in an artificial intelligence
(“AI”) data recognition module to analyze the auscultation,
EKG, and ultrasound signals acquired by any of the devices
or systems described herein. The analysis by the Al data
recognition module may be based on any of the auscultation,
EKG, and ultrasound signals individually, or may be based
on any combination of these signals.

[0067] For example, U.S. patent application Ser. No.
15/454,678, assigned to the assignee of the present disclo-
sure and incorporated by reference herein, describes various
embodiments of artificial intelligence network systems and
methods for ultrasound imaging, which utilize an ultrasound
image recognition module to make determinations regarding
acquired ultrasound images, such as determining whether (i)
acquired ultrasound images accurately or substantially accu-
rately depict or represent, or do not accurately or substan-
tially accurately depict or represent, a desired view of a
structure and/or anatomy including, for example, a patient’s
organ or other tissue, feature or region of interest in a patient,
and (ii) whether acquired images representing clinically
desired views of anatomy indicate normal function or a
particular pathology.

[0068] The artificial intelligence techniques described in
U.S. patent application Ser. No. 15/454,678 may be modi-
fied and implemented in embodiments of the present dis-
closure for similarly analyzing the acquired auscultation,
EKG, and ultrasound signals and determining whether the
signals indicate one or more pathologies. In at least one
embodiment, Al parameters that are used to implement the
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artificial intelligence techniques are learned by processing
training data obtained from auscultation, EKG, and ultra-
sound signals that are known to indicate one or more
pathologies.

[0069] FIG. 6 is a block diagram illustrating a system 200
for acquiring ultrasound, EKG, and auscultation signals, in
accordance with embodiments of the present disclosure. The
system 200 shown in FIG. 6 is similar to the system 100
shown in FIG. 2; however, one difference is that the system
200 further includes an Al data recognition module 228 for
analyzing acquired auscultation, EKG, and ultrasound sig-
nals.

[0070] As shown in FIG. 6, the system 200 includes the
computing device 112 and the probe 140, which may be the
same as shown and described with respect to FIG. 2. In one
or more embodiments, the system 200 may instead utilize
the computing device 12 separately coupled to one or more
of the auscultation sensor 14, the EKG sensor 16, the
ultrasound sensor 18, and the additional sensors 26, as
shown and described with respect to FIG. 1. In one or more
embodiments, the system 200 may instead utilize probe 140
without the use of computing device 112.

[0071] The system 200 may further include a communi-
cations network 202, an Al data recognition module 228,
and an Al knowledge database 226. One or both of the Al
data recognition module 228 and Al knowledge database
226 may be incorporated into the computing device 112 or
probe 140, or they may constitute multiple devices opera-
tively and/or communicatively linked or linkable to one
another.

[0072] As described with respect to FIG. 2, the probe 140
may be used to acquire auscultation data, EKG data, and
ultrasound data. The acquired data may be provided to the Al
data recognition module 228 via the communications net-
work 202. Communications network 202 may utilize one or
more protocols to communicate via one or more physical
networks, including local area networks, wireless networks,
dedicated lines, intranets, the Internet, and the like.

[0073] In one or more embodiments, the Al data recogni-
tion module 228 may be provided within the computing
device 112, or a local implementation of the Al data recog-
nition module 228 and/or knowledge stored in the Al
knowledge database 226 may be contained within the com-
puting device 112, with the computing device 112 having
access to a remotely located (e.g., stored on one or more
server computers, or in the “cloud”) Al data recognition
module 228, e.g., for receiving updated data recognition
algorithms and/or knowledge.

[0074] The Al data recognition module 228 receives the
auscultation, EKG, and ultrasound data acquired by the
computing device 112, and makes determinations based on
the acquired data. For example, the Al data recognition
module 228 may determine whether the acquired data indi-
cates normal function or a particular pathology. Such deter-
minations may be made by the Al data recognition module
228 based on individual data signals (e.g., any one of the
auscultation data, EKG data, or ultrasound data), or based on
any combination of the acquired data signals.

[0075] The Al data recognition module 228 may be imple-
mented by any computationally intelligent system that
employs artificial intelligence, drawing from an Al knowl-
edge database 226, to determine whether the acquired data
indicates a particular pathology. Such determination may be
performed automatically by the Al data recognition module
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228, for example, in response to receiving the acquired
auscultation, EKG, and ultrasound data.

[0076] “Artificial intelligence” is used herein to broadly
describe any computationally intelligent systems and meth-
ods that can learn knowledge (e.g., based on training data),
and use such learned knowledge to adapt its approaches for
solving one or more problems. Artificially intelligent
machines may employ, for example, neural network, deep
learning, convolutional neural network, and Bayesian pro-
gram learning techniques to solve problems such as image
recognition. Further, artificial intelligence may include any
one or combination of the following computational tech-
niques: constraint program, fuzzy logic, classification, con-
ventional artificial intelligence, symbolic manipulation,
fuzzy set theory, evolutionary computation, cybernetics,
data mining, approximate reasoning, derivative-free optimi-
zation, decision trees, and/or soft computing. Employing
one or more computationally intelligent techniques, the Al
data recognition module 228 may learn to adapt to an
unknown and/or changing environment for better assess-
ment of the auscultation, EKG, and ultrasound signal data.

[0077] The Al knowledge database 226 may include a
variety of information facilitating data analysis, with respect
to received auscultation, EKG, and/or ultrasound data, by
the Al data recognition module 228. In particular, the Al
knowledge database 226 may contain information correlat-
ing particular auscultation, EKG, and/or ultrasound data to
various pathologies. The Al knowledge database 226 may be
stored in any computer-readable storage medium accessible
by the Al data recognition module 228.

[0078] FIG. 7is a block diagram illustrating training of the
Al data recognition module 228, in accordance with one or
more embodiments. The Al data recognition module 228
may be trained based on training data 210. Training data 210
may include any auscultation, EKG, or ultrasound informa-
tion. For example, the training data 210 may include a
variety of auscultation data (e.g., audio waveforms) that are
associated with particular pathologies, such as abnormal
heart sounds that may be associated with heart murmurs or
the like, abnormal lung sounds such as wheezes, crepitations
or the like, or any other body sounds that may be associated
with one or more pathologies. Similarly, the training data
210 may include a variety of EKG data (e.g., electrical
waveforms) that are associated with particular pathologies,
such as arrhythmia, myocardial infarction, pulmonary
embolism or the like. The training data 210 may further
include a variety of ultrasound data (e.g., ultrasound image
data) associated with known views of an organ, such as the
heart, as well as ultrasound data associated with particular
pathologies.

[0079] Other training input 220 may further be provided to
the Al data recognition module 228 for training. The other
training input 220 may include, for example, manually-
entered input to adjust or otherwise manage the data recog-
nition model developed in the Al data recognition module
228 through the training process.

[0080] Using training data 210, the Al data recognition
module 228 may implement an iterative training process.
Training may be based on a wide variety of learning rules or
training algorithms. For example, the learning rules may
include one or more of the following: back-propagation,
real-time recurrent learning, pattern-by-pattern learning,
supervised learning, interpolation, weighted sum, reinforced
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learning, temporal difference learning, unsupervised learn-
ing, and/or recording learning.

[0081] As a result of the training, the Al data recognition
module 228 may learn to modify its behavior in response to
the training data 210, and obtain or generate Al knowledge
230. The Al knowledge 230 may represent any information
upon which the Al data recognition module 228 may deter-
mine an appropriate response to new data or situations. In
particular, the Al knowledge 230 represents relationships
between auscultation, EKG, and ultrasound data and one or
more pathologies. The Al knowledge 230 may be stored in
the Al knowledge database 226.

[0082] Based on the training data 210, the Al recognition
module 228 may learn to modify its behavior, and may apply
knowledge contained in the Al knowledge database 226 to
alter the manner in which it makes determinations with
respect to new input, such as, for example, auscultation,
EKG, and ultrasound data received by the computing device
112. The Al data recognition module 228 may apply the
acquired knowledge to incoming auscultation, EKG, and
ultrasound data, and automatically assess the data to produce
one or more clinically-relevant determinations based on a
combined analysis of the data. For example, the Al recog-
nition module 228 may automatically determine whether the
received data indicates one or more specific pathologies.
[0083] In one or more embodiments, the present disclo-
sure provides a system that includes: a computing device
configured to acquire ultrasound data, electrocardiogram
(EKG) data, and auscultation data; and an artificial intelli-
gence (Al) data recognition module configured to receive
the acquired ultrasound data, EKG data, and auscultation
data and to automatically determine whether the received
data, in any combination, indicates one or more pathologies.
[0084] The system may further include a synchronization
module communicatively coupled to the computing device,
and the synchronization module may be configured to syn-
chronize two or more of the acquired ultrasound data, EKG
data, and auscultation data.

[0085] The Al data recognition module may be configured
to determine whether the synchronized two or more of the
acquired ultrasound data, EKG data, and auscultation data
indicates one or more pathologies.

[0086] In one or more embodiments, the present disclo-
sure provides a handheld probe that includes: an ultrasound
sensor positioned on a sensing surface of the probe; and an
electrocardiogram (EKG) sensor positioned on the sensing
surface of the probe.

[0087] The handheld probe may further include: a proces-
sor; and a memory coupled to the processor, wherein the
ultrasound sensor and the EKG sensor are communicatively
coupled to the processor. The EKG sensor may include a
plurality of electrodes positioned on the sensing surface of
the probe.

[0088] The various embodiments described above can be
combined to provide further embodiments. All of the U.S.
patent applications referred to in this specification and/or
listed in the Application Data Sheet are incorporated herein
by reference, in their entirety. Aspects of the embodiments
can be modified, if necessary to employ concepts of the
various patents, applications and publications to provide yet
further embodiments.

[0089] These and other changes can be made to the
embodiments in light of the above-detailed description. In
general, in the following claims, the terms used should not
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be construed to limit the claims to the specific embodiments
disclosed in the specification and the claims, but should be
construed to include all possible embodiments along with
the full scope of equivalents to which such claims are
entitled. Accordingly, the claims are not limited by the
disclosure.

1. A system, comprising:

a handheld device including:

an ultrasound sensor;

an electrocardiogram (EKG) sensor; and

an auscultation sensor; and

a processor configured to:

digitize signals acquired by two or more of the ultra-
sound sensor, the EKG sensor, and the auscultation
sensor, and

synchronize the digitized signals acquired by the two or
more of the ultrasound sensor, the EKG sensor, and
the auscultation sensor.

2. The system of claim 1, further comprising a computing
device communicatively coupled to the handheld device, the
computing device including a display configured to display
information associated with the signals acquired by the
ultrasound sensor, the EKG sensor, and the auscultation
sensot.

3. The system of claim 1, wherein the processor includes
a clock, and the processor is configured to synchronize the
digitized signals acquired by the two or more of the ultra-
sound sensor, the EKG sensor, and the auscultation sensor
based on the clock.

4. The system of claim 1, wherein the processor is
configured to time stamp the digitized signals acquired by
the two or more of the ultrasound sensor, the EKG sensor,
and the auscultation sensor.

5. The system of claim 1, further comprising a memory
communicatively coupled to the processor, the memory
configured to store the synchronized digitized signals.

6. The system of claim 1, further comprising a display
communicatively coupled to the processor, wherein the
display is configured to display information derived from the
signals acquired by the two or more of the ultrasound sensor,
the EKG sensor, and the auscultation sensor in a synchro-
nized manner.

7. The system of claim 1, further comprising at least one
additional EKG sensor that is electrically coupled to the
handheld device.

8. The system of claim 1, wherein the ultrasound sensor,
the EKG sensor, and the auscultation sensor are positioned
coplanar with one another on a sensing surface of the
handheld device.

9. The system of claim 1, wherein, in use, at least two of
the ultrasound sensor, the EKG sensor, and the auscultation
sensor simultaneously acquire respective signals of a
patient, and the processor digitizes and synchronizes the
simultaneously acquired signals.

10. The system of claim 1 wherein the processor is located
within the handheld device.

Apr. 16, 2020

11. A handheld device, comprising:

a processot;

an ultrasound sensor;

at least one of an electrocardiogram (EKG) sensor or an

auscultation sensor,

wherein the ultrasound sensor and the at least one of the

EKG sensor or the auscultation sensor are configured to
simultaneously acquire respective signals of a patient,
and the processor is configured to digitize and synchro-
nize the simultaneously acquired signals.

12. The handheld device of claim 11, further comprising
a memory communicatively coupled to the processor, the
memory configured to store the synchronized signals.

13. The handheld device of claim 11, further comprising
a display communicatively coupled to the processor, the
display configured to display the synchronized signals.

14. The handheld device of claim 11, whetrein the ultra-
sound sensor, the EKG sensor, and the auscultation sensor
are configured to simultaneously acquire respective signals
of the patient, and the processor is configured to digitize and
synchronize the simultaneously acquired signals from each
of the ultrasound sensor, the EKG sensor, and the ausculta-
tion sensor.

15. The handheld device of claim 11, wherein the pro-
cessor includes a clock, and the processor is configured to
digitize and synchronize the simultaneously acquired signals
based on the clock.

16. The handheld device of claim 11 wherein the ultra-
sound sensor includes piezoelectric micromachined ultra-
sonic transducers or capacitive micromachined ultrasound
transducers.

17. A method, comprising:

simultaneously acquiring ultrasound data and at least one

of electrocardiogram (EKG) data or auscultation data
by a handheld device;

receiving, by a processor within the handheld device, the

ultrasound data and the at least one of the EKG data or
the auscultation data;

digitizing the ultrasound data and the at least one of the

EKG data or the auscultation data; and
synchronizing, by the processor, the ultrasound data and
the at least one of the EKG data or the auscultation data.

18. The method of claim 17, further comprising:

storing the synchronized ultrasound data and the at least

one of the EKG data or the auscultation data in a
memory.

19. The method of claim 17, further comprising:

displaying the synchronized ultrasound data and the at

least one of the EKG data or the auscultation data on a
display of a computer device.

20. The method of claim 17, wherein the synchronizing of
the ultrasound data and the at least one of the EKG data or
the auscultation data includes synchronizing the ultrasound
data and the at least one of the EKG data or the auscultation
data based on a clock in communication with the processor.
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