US 20140012149A1

United States

(19)
12) Patent Application Publication (o) Pub. No.: US 2014/0012149 A1
TRICE 43) Pub. Date: Jan, 9, 2014
(54) WIRELESS STETHOSCOPE AND METHOD A6IB 5/02 (2006.01)
OF USE THEREOF A61B 7/00 (2006.01)
AG6IB 5/00 (2006.01)
(71) Applicant: PULMONARY APPS, LLC, Cleveland, (52) US.CL
OH (US) CPC . A61B 7/04 (2013.01); A61B 7/003 (2013.01);
) AG6IB 5/0004 (2013.01); A61B 5/7203
(72) Inventor: Kevin TRICE, Cleveland, OH (US) (201301), AG6IB 5/6801 (201301), A61B
. 7/008 (2013.01); A61B 5/02028 (2013.01);
(73) Assignee: gI}JILMSONARY APPS, LLC, Cleveland, AGIB 5/08 (2013.01)
US) USPC e 600/528; 600/586; 600/529
(21) Appl. No.: 13/827,443
(22) Filed:  Mar. 14,2013 7) ABSTRACT
Related U.S. Application Data A wireless stethoscope is described, having wireless sensors
(60) Provisional application No. 61/668,191, filedonJul. 5, ~ thatare enclosed in disposable pads so that the same pads are
2012. not used on more than one patient, preventing cross-infection
of patients associated with conventional stethoscopes. The
Publication Classification present wireless stethoscope also detects pulmonary sounds
and cardiac sounds, allowing the user to monitor one or the
(51) Imt.ClL other without interference. Also described is a method for
A61B 7/04 (2006.01) diagnosing a pulmonary condition using the wireless stetho-
AG6IB 5/08 (2006.01) scope.

PRE-
MIC AMPLIFIER

FILTER & POWER
AMPLIFIER

ADC

BATTERY MICROCONTROLLER

UNIT

TRANSMITTER
UNIT




US 2014/0012149 A1

Jan.9,2014 Sheet1 of 5

Patent Application Publication




Patent Application Publication Jan. 9,2014 Sheet2 of 5 US 2014/0012149 A1

0000000
0000000
0000000
0000000
0000000
O00000O0
O0000O0O0

MUTE
CHANNEL REPLAY VOLUME SPEAKER

O O@-O

%Ar@r

i

FIG. 2



Patent Application Publication Jan. 9,2014 Sheet3of 5 US 2014/0012149 A1

FIG. 3A FIG. 3B




Patent Application Publication

Jan.9,2014 Sheet4 of 5

US 2014/0012149 A1

FIG. 4

/(

N




Jan. 9,2014 Sheet5of5 US 2014/0012149 A1

Patent Application Publication

9 9OId

1INN
d3LLINSNYHL

)
LINN
YITI0HLNODOHOIN AY3LLvE
[ oav | )
ﬁ YIENAY || ¥3EdnY
Y3IMOd B ¥3LT14 [* “Tyd

OIN




US 2014/0012149 Al

WIRELESS STETHOSCOPE AND METHOD
OF USE THEREOF

[0001] This application claims priority of U.S. Provisional
Application No. 61/668,191, filed on Jul. 5, 2012. The
entirety of the provisional application is incorporated herein
by reference.

FIELD

[0002] This application generally relates to medical
devices. In particular, the application relates to wireless
stethoscopes.

BACKGROUND

[0003] Annually, more than one million people contract
infections in a hospital while they are being treated for some
other disease or condition. One common cause of transfer of
infections between patients is the stethoscope. The stetho-
scope 1s used on nearly all patients to monitor cardiac, pul-
monary or digestive sounds, but is rarely washed between
patients. One study sampling 150 stethoscopes found that 133
of them (88%) harbored Staphylococcus bacteria. Infections,
including nosocomial infections, which are those that are
contracted in a medical facility, cost taxpayers over 25 billion
dollars annually. While increased washing of stethoscopes or
the use of barrier devices, such as plastic sleeves, may reduce
nosocomial infections, these options are often not practical in
fast-paced medical environments.

[0004] Additionally, conventional stethoscopes cannot
separate the sounds from one bodily function from another
and require the practitioner to listen for pulmonary, cardiac or
digestive sounds while the other sounds are also present, and
sometimes louder than the sound of interest. While simple
non-invasive cardiac function can be monitored by taking a
patient’s pulse or measuring blood pressure, simple non-
invasive pulmonary function can only be adequately detet-
mined by directly listening to the lungs with a stethoscope.
Placing a hand over the patient’s mouth or listening to breath
from the mouth and nose do not provide adequate insight into
lung function. Furthermore, cardiac and pulmonary sounds
tend to be in the same frequency, so pulmonary sounds, par-
ticularly weak pulmonary sounds, can be difficult to discern.
[0005] Accordingly, there exists a need in the art for a
stethoscope device that is useable on a single patient and is
disposable in order to prevent transmission of infectious
organisms by conventional stethoscopes and for a device that
can filter cardiac, pulmonary and digestive sounds, allowing
the practitioner to listen to, and focus on, only one type of
bodily sound.

[0006] As the shortage of medical professionals persists,
there exists a need for a stethoscope that will allow for a
physician to simultaneously monitor multiple patients.

SUMMARY

[0007] One aspect of the present application relates to a
wireless stethoscope comprising at least one wireless sensor
for monitoring at least one bodily sound and a receiver unit,
wherein the wireless sensor detects one or more bodily
sounds, converts the one or more bodily sounds into sound
signals, and transmits the sound signals wirelessly to the
receiver unit, wherein the receiver receives and processes the
sound signals and transmits the sound signals to a user-end
listening and displaying device.
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[0008] Another aspect of the present application relates to a
wireless stethoscope system, comprising at least one wireless
sensor for monitoring at least one bodily sound, a receiver
unit and a central transmitting unit, wherein the wireless
sensor transmits the at least one bodily sound to the receiver
unit by wireless transmission, and wherein the receiver unit is
interfaced with the central transmitting unit and further trans-
mits the at least one bodily sound to the central transmitting
unit. In some embodiments, the interface between said
receiver unit and said central transmitting unit is wired or
wireless.

[0009] Another aspect of the present applicationrelates to a
method for monitoring at least one bodily sound of a patient.
The method comprises contacting a wireless sensor with the
body of the patient, wherein the wireless sensor detects and
wirelessly transmits a bodily sound; receiving the bodily
sound with a receiver unit in the vicinity of the patient;
wherein the receiver unit is an electronic device selected from
the group consisting of cell phones, smart phones, PDAs and
tablet computers.

[0010] Still another aspect of the present application relates
to a method for monitoring at least one bodily sound of a
patient. The method comprises contacting a wireless sensor
with the body of the patient, wherein the wireless sensor
detects and wirelessly transmits a bodily sound; receiving the
bodily sound with a receiver unit in the vicinity of the patient;
wherein the receiver unit transmits the bodily sound to a
listening device, wherein the listening device selected from
the group consisting of cell phones, smart phones, PDAs and
tablet computers. In some embodiments, the central transmit-
ting unit transmits the bodily sound to an additional listening
device. In some embodiments, the additional listening device
is selected from the group consisting of cell phones, smart
phones, PDAs and tablet computers. In some embodiments,
the wireless sensor amplifies detected bodily sound and filters
amplified sound to reduce background noise. In other
embodiments, the receiver unit filters received bodily sound
to reduce back ground noise prior to transmission.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 shows exemplary placement of disposable
sensors over the lungs of a patient.

[0012] FIG. 2 shows an exemplary receiver unit of the
device along with a handheld sensor holder unit, further hav-
ing ports for the programming of individual sensors.

[0013] FIGS. 3A-E show an exemplary schematic showing
components of the device and their deployment.

[0014] FIG. 4 shows another exemplary receiver unit of the
device along with a handheld sensor holder unit.

[0015] FIG. 5 shows an exemplary graphic of the monitor-
ing of a bodily sound as transmitted to a remote device.
[0016] FIG. 6 shows a schematic for an embodiment of the
device that can transmit directly to a wirelessly linked listen-
ing device.

DETAILED DESCRIPTION

[0017] The following detailed description is presented to
enable any person skilled in the art to make and use the
invention. For purposes of explanation, specific nomencla-
ture is set forth to provide a thorough understanding of the
present invention. However, it will be apparent to one skilled
in the art that these specific details are not required to practice
the invention. Descriptions of specific applications are pro-



US 2014/0012149 Al

vided only as representative examples. The present invention
is not intended to be limited to the embodiments shown, but is
to be accorded the widest possible scope consistent with the
principles and features disclosed herein.

[0018] One aspect of the present application relates to a
wireless stethoscope comprising at least one wireless sensor
for monitoring at least one bodily sound and a receiver unit,
wherein the wireless sensor detects one or more bodily
sounds, converts the one or more bodily sounds into sound
signals, and transmits the sound signals wirelessly to the
receiver unit, wherein the receiver receives and processes the
sound signals and transmits the sound signals to a user-end
listening and displaying device.

[0019] In some embodiments, the wireless sensor is
enclosed in or attaches to a disposable pad.

[0020] In other embodiments, the wireless sensor com-
prises at least one microphone that detects bodily sounds.
[0021] In other embodiments, the wireless stethoscope
comprises more than one wireless sensor programmed to the
receiver unit.

[0022] In other embodiments, the wireless sensor com-
prises a rechargeable battery.

[0023] In other embodiments, the bodily sound is selected
from the group consisting of a pulmonary sound, a cardiac
sound, and a digestive sound.

[0024] In other embodiments, the receiver unit is an elec-
tronic device selected from the group consisting of a cell
phone, smart phone, PDA and tablet computer. In other
embodiments, the electronic device comprises an application
for monitoring said at least one bodily sound.

[0025] In other embodiments, the wireless sensor com-
prises a preamplifier that amplifies bodily sounds within a
specific wavelength range.

[0026] In other embodiments, the specific wavelength
range corresponds to the wavelength of sounds typical of
pulmonary sounds or the wavelength of sounds typical of
cardiac sounds.

[0027] In other embodiments, the wireless sensor com-
prises a filter circuit that removes or reduces bodily noises
that are outside a specific wavelength range. In some embodi-
ments, the specific wavelength range corresponds to the
wavelength of sounds typical of pulmonary sounds or the
wavelength of sounds typical of cardiac sounds. In some
embodiments, the filter circuit further removes or reduces
background noises selected from the group consisting of
ambient noises, voices, and metallic sounds. In some embodi-
ments, the filter circuit is interfaced with a power amplifier
that amplifies bodily sounds that are within the specific wave-
length range.

[0028] In other embodiments, the wireless sensor com-
prises an analog to digital converter interfaced to a microcon-
troller that digitizes bodily sounds that are within the specific
wavelength range. In some embodiments, the wireless sensor
comprises a transmitter unit for wireless transmission of digi-
tized bodily sounds within a specific wavelength range to the
receiver unit. In some embodiments, the wireless transmis-
sion is selected from the group consisting of radio frequency
communication signals, infrared communication signals,
short-wavelength radio transmissions and IEEE 802.15.1 sig-
nals.

[0029] In other embodiments, the wireless sensor com-
prises: at least one microphone that detects bodily sounds, a
preamplifier that amplifies bodily sounds within a specific
wavelength range, a filter that removes or reduces noises that
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are outside a specific wavelength range, wherein the filter is
interfaced with a power amplifier that amplifies bodily sounds
that are within said specific wavelength range, an analog to
digital converter interfaced to a microcontroller that digitizes
bodily sounds that are within said specific wavelength range,
and a transmitter unit for wireless transmission of digitized
bodily sounds within a specific wavelength range to said
receiver unit.

[0030] Another aspect of the present application relates toa
wireless stethoscope system, comprising at least one wireless
sensor for monitoring at least one bodily sound, a receiver
unit and a central transmitting unit, wherein the wireless
sensor transmits the at least one bodily sound to the receiver
unit by wireless transmission, and wherein the receiver unit is
interfaced with the central transmitting unit and further trans-
mits the at least one bodily sound to the central transmitting
unit. In some embodiments, the interface between said
receiver unit and said central transmitting unit is wired or
wireless.

[0031] Insome embodiments, the central transmitting unit
is interfaced with more than one receiver unit.

[0032] In other embodiments, the central transmitting unit
is further interfaced with at least one storage device. In some
embodiments, the at least one bodily sound is recorded on the
at least one storage device.

[0033] In other embodiments, the central transmitting unit
is further interfaced with at least one listening device. In some
embodiments, the at least one listening device is an electronic
device selected from the group consisting of a cell phone,
smart phone, PDA, tablet computer and combinations
thereof. In some embodiments, the central transmitting unit
or said at least one listening device comprises an application
that allows a practitioner to monitor at least one bodily sound
from more than one patient. In some embodiments, the appli-
cation analyzes the at least one bodily sound and provides or
suggests a preliminary diagnosis based upon the at least one
bodily sound.

[0034] Another aspect of the present applicationrelates to a
method for monitoring at least one bodily sound of a patient.
The method comprises contacting a wireless sensor with the
body of the patient, wherein the wireless sensor detects and
wirelessly transmits a bodily sound; receiving the bodily
sound with a receiver unit in the vicinity of the patient;
wherein the receiver unit is an electronic device selected from
the group consisting of cell phones, smart phones, PDAs and
tablet computers.

[0035] Another aspect of the present application relates to a
method for monitoring at least one bodily sound of a patient.
The method comprises contacting a wireless sensor with the
body of the patient, wherein the wireless sensor detects and
wirelessly transmits a bodily sound; receiving the bodily
sound with a receiver unit in the vicinity of the patient;
wherein the receiver unit transmits the bodily sound to a
listening device, wherein the listening device selected from
the group consisting of cell phones, smart phones, PDAs and
tablet computers. In some embodiments, the central transmit-
ting unit transmits the bodily sound to an additional listening
device. In some embodiments, the additional listening device
is selected from the group consisting of cell phones, smart
phones, PDAs and tablet computers. In some embodiments,
the wireless sensor amplifies detected bodily sound and filters
amplified sound to reduce background noise. In other
embodiments, the receiver unit filters received bodily sound
to reduce back ground noise prior to transmission.
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The Wireless Sensor

[0036] The wireless sensor comprises at least a detection
device that is capable of detecting normal and abnormal
bodily sounds, such as normal and abnormal pulmonary
sounds, cardiac sounds, digestive sounds, and other bodily
sounds. Examples of pulmonary sounds include, but are not
limited to, breathing sounds, bronchial sounds, bronchove-
sicular sounds and vesicular sounds. Examples of abnormal
breathing sounds include, but are not limited to, crackles,
wheezes, rales, ronchi, stridor and stertor. Examples of abnor-
mal cardiac sounds include, but are not limited to murmurs
such as systolic murmurs and diastolic murmurs, abnormal
sinus rhythm. Examples of digestive sounds include, but are
not limited to, stomach growls, bowel sounds, and borboryg-
mus.

[0037] Thewireless sensor is capable of picking up a bodily
sound, converting the sound into an electrical signal, and
transmitting the electrical signal wirelessly to the receiver
unit. In some embodiments, the wireless sensor comprises a
microphone comprising a transducer that converts a sound
into an electrical signal, a printed circuit board (PCB) that
processes the electrical signal, and a transmitter that transmits
the processed electrical signal wirelessly to the receiver unit.
In some embodiments, the wireless sensor simply transmits
all the detected sounds to the receiver unit. In other embodi-
ments, the wireless sensor filters the detected sounds to
reduce background noise and/or unwanted frequencies, and
transmits the filtered sounds to the receiver unit. In other
embodiments, the wireless sensor amplifies the detected
sounds and transmits the amplified sounds to the receiver unit.
In yet other embodiments, the wireless sensor amplifies and
filters the detected sounds and transmits the amplified and
filtered sounds to the receiver unit.

[0038] The microphone can be any microphone suitable to
be fitted into a wireless sensor and to pick up a bodily sound.
In some embodiments, the microphone is optimized to detect
pulmonary sounds. In one embodiment, the microphone is an
unidirectional microphone that is sensitive to sounds from
only one direction. In other embodiments, the microphone is
optimized to detect sound in the frequency range of 20 to
3000 Hz, 20 to 2500 Hz, 20 to 2000 Hz, 20 to 1800 Hz, 20 to
1500 Hz, 20 to 1200 Hz, 20 to 1000 Hz or 20 to 800 Hz
[0039] In some embodiments, the microphone is a contact
microphone that picks up vibrations directly from a solid
surface or object, as opposed to sound vibrations carried
through air. In one embodiment, the contact microphone
comprises a magnetic (moving coil) transducer, contact plate,
and contact pin. The contact plate is placed directly on to a
body surface, and the contact pin transfers vibrations to the
coil.

[0040] In some embodiments, the PCB comprises a sound
filter circuit that removes or reduces background noise. As
used herein, the term “background noise” refers to any noise
that 1s not intended to be captured and transmitted to the
receiver unit for monitoring bodily sounds of interest from the
subject. For example, background noises include, but are not
limited to, ambient sounds, voices, and metallic sounds. In
another embodiment, the sound filter circuit is capable of
distinguishing cardiac sounds from pulmonary sounds or
digestive sounds. In some embodiments, the PCB comprises
a filtering circuit for separating cardiac sounds from pulmo-
nary sounds and/or digestive sounds and transmitting only the
pulmonary sounds or the cardiac sounds to the receiver. In
some embodiments, the PCB comprises an amplification cir-
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cuit that amplifies the detected bodily sounds or the filtered
sounds for transmission. In some other embodiments, the
PCB comprises an amplification circuit that selective ampli-
fies the cardiac sounds, the pulmonary sounds, or both cardiac
sounds and pulmonary sounds. In some embodiments, the
sounds detected by the microphone are amplified first and
then filtered to reduce noise and unwanted frequencies. The
amplified and filtered sound signals are then digitized for
transmission.

[0041] The transmitter is capable of transmitting signals
wirelessly. In one embodiment, the transmitter transmits sig-
nals via radio frequency communication (e.g., a FM radio
transmitter). In another embodiment, the transmitter trans-
mits signals via microwave communication. In another
embodiment, the transmitter transmits signals via infrared
(IR) communication. In some embodiments, the transmitter is
ashort range transmitter with a maximum transmission range
0f 50, 25, 10 or 5 feet in order to prevent interference between
the signals of wireless stethoscopes used on different patients.
In aparticular embodiment, the maximum transmission range
of the wireless sensor is about 50 feet. In another embodi-
ment, the maximum transmission range of the wireless sensor
is about 25 feet. In another embodiment, the maximum trans-
mission range of the wireless sensor is about 10 feet. In yet
another embodiment, the maximum transmission range of the
wireless sensor is about 5 feet.

[0042] In some embodiments, the wireless sensor is
capable of converting a detected sound into an electronic
sound file and transmitting the sound file instantaneously or
within 5, 4, 3, 2 or 1 second from the time of detection.
[0043] Inother embodiments, the wireless sensor comprise
two or more microphones that are capable of picking up
different types of bodily sounds. In one embodiment, the
wireless sensor comprise two microphones, one is optimized
for detecting pulmonary sounds and the other one is opti-
mized for picking up cardiac sounds. In another embodi-
ments, the wireless sensor comprise three microphones, one
is optimized for detecting pulmonary sounds, the other one is
optimized for detecting cardiac sounds, while the third one is
optimized for detecting digestive sounds.

[0044] In some embodiments, the wireless sensor is pro-
grammable wirelessly through the receiver unit. Examples of
the programmable features include, but are not limited to,
optimized sounds detection (e.g., pulmonary sounds only,
cardiac sounds only, digestive sounds only, or combinations
of thereof), transmission range, transmission duration (e.g.,
30, 60, 90 or 120 seconds), transmission interval (e.g., every
30, 60, 90 or 120 minutes). In other embodiments, the wire-
less sensor transmits signal with a unique electronic signature
or unique transmission channel so that multiple wireless sen-
sors may be used on a single patient (e.g., at different loca-
tions on the patient body) or on different patients (e.g., one or
two sensors on each patients) with a single receiver unit. The
receiver unit will be able to identify each of the multiple
sensors attached to the same patient or each of the multiple
sensors attached to different patients based on the unique
electronic signature or unique transmission channel of each
Sensor.

[0045] In other embodiments, the wireless sensor further
comprises a battery. In a further embodiment, the battery is
rechargeable. In another further embodiment, the battery is
non-rechargeable. In some embodiments, the wireless sensor
has an on/off switch to preserve battery life when the monitor
is not in use. In some embodiments, the on/off switch is
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manually toggled on the wireless sensor. In some embodi-
ments, the on/off switch on the wireless sensor is remotely
toggled from a control on the receiver unit or another device.
In some embodiments, the wireless sensor is equipped with
an Intelligent Power Management system and contains a cit-
cuitry that automatically turns off the sensor under pre-set
conditions. For example, the on/off switch on the wireless
sensor toggles may be automatic when the receiver unit is
turned on or off. In some embodiments, there is a removable
tab interrupting the current flow from the battery prior to use
of the wireless sensor and said tab is removed when the
wireless sensor is first used on a patient.

[0046] The wireless sensor of the present application is
sized for easy attachment to a body part. The wireless sensor
can be of any shape or color. In some embodiments, the
wireless sensor has a diameter of 5, 4, 3, 2 or 1 cm. In some
embodiments, the wireless sensor is a light-weight sensor
with a weight of less than 50, 40, 30, 20, 10 or 5 grams. In
other embodiments, the wireless sensor is wrapped in a dis-
posable pad. In some embodiments, the disposable pad con-
tains an adhesive to attach the wireless sensor to the body of
a patient. In some embodiments, the wireless sensor is a
light-weight, short range sensor that has a weight of less than
50, 40, 30, 20, 10 or 5 grams and a transmission range of less
than 50, 25, 10 or 5 feet.

[0047] In some embodiments, the wireless sensor com-
prises a disposable pad or cover that is discarded after each
use. In other embodiments, the wireless sensor is mountable
to a handheld sensor holder.

The Receiver Unit

[0048] The receiver unit is capable of receiving a wireless
signal from one or more wireless sensors. In some embodi-
ments, the receiver unit receives radio frequency communi-
cation signals (e.g., a FM radio signals) from the wireless
sensor. In other embodiments, the receiver unit receives
microwave or infrared (IR) communication signals from the
wireless sensor. In still other embodiments, the receiver unit
receives short-wavelength radio transmissions, for example
in the ISM band from 2400-2480 MHz (IEEE 802.15.1, or
Bluetooth).

[0049] Insome embodiments, the receiver comprises a fil-
ter circuit that reduces the back ground noise in the signals
received from the wireless sensor. In some embodiments, the
receiver comprises an amplifying circuit and/or an amplifier.
In other embodiments, the receiver comprises one or more
circuits that filters for, and/or amplifies, desired sounds, such
as pulmonary sounds, cardiac sounds, digestive sounds, or
combinations thereof.

[0050] The receiver can be a single channel receiver or
multichannel receiver. In some embodiments, the receiveris a
single channel receiver. In other embodiments, the receiver is
a multi-channel receiver that is capable of receiving wireless
transmissions from a plurality of wireless sensors. In some
embodiments, the receiver is a multi-channel receiver that is
capable of programing and/or receiving wireless transmis-
sions fromup t0 2,3, 4, 5, 6, 7, 8, 9 and 10 wireless sensors.
In some embodiments, the receiver is programmable to des-
ignate the multiple channels to two or more patients in a
setting where multiple patients are located in the same room.
In other embodiments, the receiver is programmable to
receiver and/or process only the signals from designated
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wireless sensors so that two or more receivers can be placed in
the same room or in the proximity of each other without
interfering with each other.

[0051] In some embodiments, the receiver comprises a
speaker such that a healthcare professional may listen to the
bodily sound transmitted from the wireless sensor. Ina related
embodiment, the receiver comprises a volume control with or
without a mute function. In other embodiments, the receiver
does not contain a speaker but can be connected to a speaker
to play the sound received from the wireless sensor. In other
embodiments, the receiver further comprises a graphic dis-
play that is capable of displaying sound waves or sound
profiles. In other embodiments, the receiver is a smart phone
or tablet.

[0052] In some embodiments, the receiver comprises a
memory or record means that is capable of storing sound
signals received from the wireless sensor. In one embodi-
ment, the receiver stores sound signals received from the last
180, 120, 90, 60, 30 or 10 seconds.

[0053] In some embodiments, the receiver is powered by
110 v or 220 v AC power. In other embodiments, the receiver
unit is battery powered or comprises a battery back-up. In
another embodiment, the wireless sensor further comprises a
battery. The battery may be a rechargeable or non-recharge-
able battery. In some embodiments, the wireless sensor has an
on/off switch to preserve battery life when the monitor is not
in use.

[0054] In certain embodiments, the receiver further com-
prises a transmitting unit that is capable of further transmit-
ting the sound files to a user-end unit, such as a central
monitoring and/or transmitting unit located at a convenient
location such as a nurse station, or a hand-held listening
device. The central monitoring/transmitting unit can interface
or communicate with multiple receiver units that are each
dedicated to wireless sensors attached to different individual
patients. The central monitoring/transmitting unit can be
interfaced with said multiple receiver units by wired or wire-
less means or a combination thereof. The central monitoring/
transmitting unit can be further interfaced with a computer
and/or storage device for processing sounds from the indi-
vidual patients and/or storing the transmitted bodily sounds
from individual patients into a medical record. The central
transmitting unit can also interface with the listening device
of one or more health practitioners. In some embodiments,
the listening device is an electronic device such as, but not
limited to, a cell phone, smart phone, PDA or tablet computer.
In some embodiments, the central monitoring/transmitting
unit is capable of analyzing sounds received from individual
patient and providing analysis results that may facilitate diag-
nosis of the patient.

[0055] In some embodiments, the receiver unit simply
transmits all the received sounds to the central monitoring/
transmitting unit. In other embodiments, the receiver unit
filters the received sounds to reduce background noise and/or
unwanted frequencies, and transmits the filtered sounds to the
central monitoring unit. In other embodiments, the receiver
unit amplifies the detected sounds and transmits the amplified
sounds to the central monitoring/transmitting unit. In yet
other embodiments, the receiver unit amplifies and filters the
detected sounds and transmits the amplified and filtered
sounds to the central monitoring/transmitting unit.

[0056] Insome embodiments, the receiver unit, the central
monitoring/transmitting unit and/or the end listening devices
(such as cell phone, smart phone, PDA or tablet computer)
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comprises a dedicated software application that allows the
health practitioner to, for example, hear the real time bodily
sounds transmitted from a patient, delayed bodily sounds
transmitted from a patient or previously recorded bodily
sounds transmitted from a patient. In some embodiments, the
software application provides a visual output representing the
real time, delayed, and/or recorded bodily sounds transmitted
from a patient. In some embodiments, the software applica-
tion allows the health practitioner to compare the real time or
delayed bodily sounds transmitted from a patient to the
delayed or recorded bodily sounds transmitted from said
patient. In some embodiments, the software application pro-
cesses the bodily sounds transmitted from a patient and pro-
vides the health practitioner with a preliminary diagnosis of
the patient’s condition.

[0057] Another aspect of the present application relatesto a
method for monitoring bodily sounds of a patient comprising:
programming at least one wireless sensor of a wireless stetho-
scope to transmit to a receiver unit, contacting said wireless
sensor with the body ofthe patient, and monitoring the bodily
sounds detected by the wireless sensor. In a particular
embodiment, the bodily sounds are pulmonary sounds. In
another particular embodiment, the bodily sounds are cardiac
sounds. In another particular embodiment, the bodily sounds
are digestive sounds.

[0058] In another particular embodiment, the wireless sen-
sor is comprised ina disposable pad. In a further embodiment,
the disposable pad is adhered to a single location on the skin
of the patient. In another further embodiment, the disposable
pad is contained in a handheld sensor holder unit that is
movable on the body of the patient.

[0059] FIG.1shows anembodiment of a wireless sensor. In
this embodiment, the wireless sensor is enclosed in a dispos-
able pad that makes direct contact with the skin of the patient.
Also in this embodiment, the disposable pad has an adhesive
surface that is applied to the skin of the patient. In this case,
the disposable pad comprising the wireless sensor can remain
on the same location of patient during the entire time that
monitoring is required, such as during a hospital stay. In other
embodiments, the wireless sensor is mounted on a handheld
sensor holder as shown, for example, in FIG. 3D. The hand-
held handle can be used in the same manner as a conventional
stethoscope, being moved around to different locations on the
patient’s body.

[0060] In either case, when there is no longer a need to
monitor the bodily sounds of said patient, the disposable pad
is discarded. In some embodiments, for example, as shown in
FIG. 3E, the wireless sensor is removed from the disposable
pad prior to discarding the disposable pad. In some embodi-
ments, the wireless sensor is then sterilized and inserted into
a new disposable pad.

[0061] FIG. 2 shows an embodiment of a receiver unit. The
receiver unit is placed in proximity to the patient, in order to
receive the signal transmitted by a wireless sensor being used
on the patient. In some embodiments, the receiver unit is
located at the bedside of the patient. In other embodiments,
the receiver unit is worn by the patient, for example when the
patient is being transported.

[0062] Inparticular embodiments, the receiver unit is asso-
ciated with a single wireless sensor being used on a patient. In
other embodiments, the receiver unit is associated with mul-
tiple wireless sensors. For example, as shown in FIG. 2, a
single receiver unit can monitor wireless sensors placed on

Jan. 9, 2014

multiple locations on a patient, such as over each lung on the
chest or back, as well as an additional wireless sensor on a
handheld sensor holder.

[0063] In some embodiments, the receiver unit further
comprises a filtering and/or amplifving means for separating
cardiac sounds from pulmonary sounds when the wireless
sensor transmits both the pulmonary sounds and the cardiac
sounds to the receiver unit.

[0064] In particular embodiments, as shown in FIG. 2, the
receiver unit comprises a speaker for listening to the pulmo-
nary, cardiac or digestive sounds of the patient. In some
embodiments, the receiver unit comprises, for example, vol-
ume controls, a control for muting the speaker, controls for
selecting the wireless sensor being monitored by the receiver
unit, controls and contacts, such as a dedicated slot, for pro-
gramming the association of a wireless sensor with the
receiver unit and a place to store a handheld sensor holder unit
comprising a wireless sensor associated with the receiver
unit.

[0065] Insomeembodiments, the receiver unit comprises a
headphone jack so that the practitioner can more closely/
clearly hear the pulmonary, cardiac or digestive noises being
monitored. In some embodiments, the receiver unit can replay
a segment of the monitored noises so that the practitioner can
further analyze a noise or event. In a particular embodiment,
the receiver unit can replay about the previous 30 seconds of
monitored sounds. In another particular embodiment, the
receiver unit can replay about the previous 20 seconds of
monitored sounds. In still another particular embodiment, the
receiver unit can replay about the previous 15 seconds of
monitored sounds. In yet another particular embodiment, the
receiver unit can replay about the previous 10 seconds of
monitored sounds.

[0066] FIG. 3 depicts an exemplary programming of wire-
less sensors to be associated with a particular receive unit. A
packaged sterile wireless sensor contained in a disposable
pad (FIG. 3A) is contacted with a dedicated slot on a receiver
unit (FIG. 3B). The disposable pad comprising a wireless
sensor is then removed from the package (FIG. 3C) and
placed either in a handheld sensor holder (FIG. 3D) or on the
corresponding location (FIG. 2) on the patient’s body, as
depicted in FIG. 1. When a wireless sensor is no longer
needed on the patient, the wireless sensor can either be dis-
carded with the disposable pad, or removed from the dispos-
able pad (FIG. 3E), sterilized and/or refurbished and installed
into a new, sterile disposable pad for future reuse.

[0067] FIG. 4 depicts another exemplary receiver unit com-
prising volume controls, a control for muting the speaker,
controls for selecting the wireless sensor being monitored by
the receiver unit, controls for programming the association of
a wireless sensor with the receiver unit and a place to store a
handheld sensor holder unit comprising a wireless sensor
associated with the receiver unit. In some embodiments, the
programming of wireless sensors to be associated with a
particular receiver unit is done using a computer, or any other
suitable input device, associated with the receiver unit.

[0068] In some embodiments, the receiver unit is further
connected to a monitoring/transmitting unit. In some embodi-
ments, the connection is a wireless connection. In some
embodiments, the connection is a wired or cabled connection.
In some embodiments, the monitoring/transmitting unit is, or
is further connected to, a computer.
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[0069] In some embodiments, the monitoring/transmitting
unit stores recorded transmissions, or portions thereof, in the
medical records of the patient.

[0070] In some embodiments, the monitoring/transmitting
unit transmits the bodily sounds detected by the wireless
sensor to a user-end listening/displaying device, as shown in
FIG. §, such as, but not limited to, a cell phone, smart phone,
PDA or tablet computer. In some embodiments, the sounds
are transmitted to the electronic device in real time. In other
embodiments, the sounds are transmitted to the electronic
device in a delayed transmission. In still other embodiments,
the sounds are transmitted to the electronic device as a record-
ing.

[0071] Insome embodiments, the receiving unit is an elec-
tronic device, as shown in FIG. 5, such as, but not limited to,
a cell phone, smart phone, PDA or tablet computer. In some
embodiments, the electronic device comprises a dedicated
software application that allows the health practitioner to, for
example, hear the real time bodily sounds transmitted from a
patient, delayed bodily sounds transmitted from a patient or
previously recorded bodily sounds transmitted from a patient.
In some embodiments, the application provides a visual out-
put representing the real time, delayed, and/or recorded
bodily sounds transmitted from a patient. In some embodi-
ments, the application allows the health practitioner to com-
pare the real time or delayed bodily sounds transmitted from
apatient to the delayed or recorded bodily sounds transmitted
from said patient. In some embodiments, the application pro-
cesses the bodily sounds transmitted from a patient and pro-
vides the health practitioner with a preliminary diagnosis of
the patient’s condition. Inother embodiments, the application
comprises functionality that allows the health practitioner to
listen to, and switch between the bodily sounds from multiple
patients. In some embodiments, the application comprises a
database of reference sounds that allow the health practitioner
to listen to, or see a graphic representation of, anexemplary or
representative sound associated with a particular condition.
[0072] Insome embodiments, the monitoring/transmitting
unit transmits the pulmonary, cardiac or digestive sounds
detected by the wireless sensor to an electronic device in an
audible format. In other embodiments, the monitoring/trans-
mitting unit transmits the pulmonary, cardiac or digestive
sounds detected by the wireless sensor to an electronic device
as a graphic representation, such as shown in FIG. 5. In still
other embodiments, the monitoring/transmitting unit trans-
mits the pulmonary, cardiac or digestive sounds detected by
the wireless sensor to an electronic device both in an audible
format and as a graphic representation.

[0073] In some embodiments, the receiver unit further
comprises software that is capable of analyzing the received
sound signal and provide a prognosis based on the result of
the analysis. In other embodiments, the receiver unit trans-
mits the sound file received from the sensor to a computer
having software that is capable of analyzing the received
sound signal and provide a prognosis based on the result of
the analysis.

[0074] FIG. 6 shows an embodiment of the device wherein
the wireless sensor comprises at least one microphone, at
least one preamplifier for cardiac and/or pulmonary sounds,
atleast one filter unit for removing background noises, at least
onepower amplifier unit for enhancing auscultation sounds of
the desired wavelengths, at least one microcontroller unit for
processing and enhancing the sounds to be transmitted and at
least one transmission unit that sends the desired sounds
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wirelessly to a receiver unit. In some embodiments, the wire-
less sensor further comprises a battery or other power source
for powering the microphone(s), preamplifier(s), filter(s),
power amplifier(s), microcontroller(s) and transmission unit
(s). In some embodiments, the microphone picks up as many
bodily sounds as possible and the filter unit is programmed to
allow the further transmission of only the bodily sounds that
occur within the range of wavelengths of interest.

[0075] Insomeembodiments, the wireless sensor transmits
signal directly to a user-end listening or displaying device. In
other embodiments, the wireless sensor transmits signal first
to areceiver unit. The receiver unit then transmits the signal to
auser-end listening or displaying device. In yet other embodi-
ments, the wireless sensor transmits signal first to a receiver
unit. The receiver unit transmits the signal to a monitoring/
transmitting unit, which then transmits the signal to a user-
end listening or displaying device. In the above-described
embodiments, the signals may be filtered and/or amplified by
the wireless sensor, the receiver unit, the monitoring/trans-
mitting unit, or combinations thereof.

[0076] In the case user-end listening or displaying device,
the present device comprises wireless connectivity of a moni-
toring/transmitting unit to a base station. In some embodi-
ments, the wireless connectivity is via Bluetooth. The base
station can be a cell phone, smart phone, PDA or a tablet
computer. In some embodiments, the smart phone or tablet
comprises an installed custom application that will depict the
data transferred through the data acquisition device with the
ability to review and compare previously recorded data from
the patient. The sensor or microphone would detect heart,
lung or digestive sounds which would be pre-amplified and
filtered for noise and unwanted frequencies prior to digitiza-
tion. In some embodiments, the microphone would be inter-
faced to a Analog to Digital Converter (ADC) microcontroller
to convert the auscultation sounds to a digital form for trans-
mission. Filtered data could be converted digitally from the
microphone by the microcontroller for onward transmission
through, for example, a Bluetooth Module in Slave Mode for
display and storage. In some embodiments, the wireless mod-
ule is a battery operated system. In some further embodi-
ments, the battery operated system comprises an intelligent
power management (IPM) system. In some embodiments
power management is programmable. In some embodiments,
the battery is rechargable.

[0077] The present application is further illustrated by the
following examples which should not be construed as limit-
ing. The present application describes a device with multiple
components that have been individually described. It is con-
ceived that these multiple components can be interchanged
with one another in any manner that can be imagined by one
of skill in the art for the operation of the described wireless
stethoscope system. The order in which various components
have been described in the present application is not limiting
upon the ability to combine said components with one
another. The contents of all references, patents and published
patent applications cited throughout this application, as well
as the Figures and Tables, are incorporated herein by refer-
ence.

EXAMPLE 1

Diagnosis of Pulmonary Condition

[0078] A patient presents in the emergency room of a com-
munity hospital in pulmonary distress. Disposable tabs com-
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prising wireless sensors are programmed with a receiver unit
and placed on the patient’s chest and back in the correspond-
ing locations.

[0079] The pulmonary sounds that have been detected by
the wireless sensors are analyzed by the attending physician.
The attending physician consults with a pulmonary specialist
in a remote location and transmits audio and graphic repre-
sentations of the patient’s pulmonary sounds to the pulmo-
nary specialist. The attending physician and the pulmonary
specialist determine a proper therapeutic course for the
patient.

[0080] The above description is for the purpose of teaching
the person of ordinary skill in the art how to practice the
subject of the present application, and it is not intended to
detail all those obvious modifications and variations of it
which will become apparent to the skilled worker upon read-
ing the description. It is intended, however, that all such
obvious modifications and variations be included within the
scope of the present application, which is defined by the
following embodiments. The embodiments are intended to
cover the components and steps in any sequence which is
effective to meet the objectives there intended, unless the
context specifically indicates the contrary.

What is claimed is:

1. A wireless stethoscope comprising at least one wireless
sensor for monitoring at least one bodily sound and a receiver
unit, wherein said wireless sensor detects one or more bodily
sounds, converts said one or more bodily sounds into sound
signals, and transmits said sound signals wirelessly to said
receiver unit, wherein said receiver receives and processes
said sound signals and transmits said sound signals to a user-
end listening and displaying device.

2. The wireless stethoscope of claim 1, wherein said wire-
less sensor is enclosed in or attaches to a disposable pad.

3. The wireless stethoscope of claim 1, wherein said wire-
less sensor comprises at least one microphone that detects
bodily sounds.

4. The wireless stethoscope of claim 1, wherein said wire-
less stethoscope comprises more than one wireless sensor
programmed to said receiver unit.

5. The wireless stethoscope of claim 1, wherein said wire-
less sensor comprises a rechargeable battery.

6. The wireless stethoscope of claim 1, wherein said bodily
sound is selected from the group consisting of a pulmonary
sound, a cardiac sound, and a digestive sound.

7. The wireless stethoscope of claim 1, wherein said
receiver unit is an electronic device selected from the group
consisting of a cell phone, smart phone, PDA and tablet
computer.

8. The wireless stethoscope of claim 7, wherein said elec-
tronic device comprises an application for monitoring said at
least one bodily sound.

9. The wireless stethoscope of claim 1, wherein said wire-
less sensor comprises a preamplifier that amplifies bodily
sounds within a specific wavelength range.

10. The wireless stethoscope of claim 1, wherein said spe-
cific wavelength range corresponds to the wavelength of
sounds typical of pulmonary sounds or the wavelength of
sounds typical of cardiac sounds.

11. The wireless stethoscope of claim 1, wherein said wire-
less sensor comprises a filter circuit that removes or reduces
bodily noises that are outside a specific wavelength range.

12. The wireless stethoscope of claim 11, wherein said
specific wavelength range corresponds to the wavelength of
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sounds typical of pulmonary sounds or the wavelength of
sounds typical of cardiac sounds.

13. The wireless stethoscope of claim 11, wherein said
filter circuit further removes or reduces background noises
selected from the group consisting of ambient noises, voices
and metallic sounds.

14. The wireless stethoscope of claim 11, wherein said
filter circuit is interfaced with a power amplifier that amplifies
bodily sounds that are within said specific wavelength range.

15. The wireless stethoscope of claim 1, wherein said wire-
less sensor comprises an analog to digital converter interfaced
to a microcontroller that digitizes bodily sounds that are
within said specific wavelength range.

16. The wireless stethoscope of claim 15, wherein said
wireless sensor comprises a transmitter unit for wireless
transmission of digitized bodily sounds within a specific
wavelength range to said receiver unit.

17. The wireless stethoscope of claim 16, wherein said
wireless transmission is selected from the group consisting of
radio frequency communication signals, infrared communi-
cation signals, short-wavelength radio transmissions and
IEEE 802.15.1 signals.

18. The wireless stethoscope of claim 1, wherein said wire-
less sensor comprises:

at least one microphone that detects bodily sounds,

a preamplifier that amplifies bodily sounds within a spe-
cific wavelength range,

a filter that removes or reduces noises that are outside a
specific wavelength range, wherein the filter is inter-
faced with a power amplifier that amplifies bodily
sounds that are within said specific wavelength range,

an analog to digital converter interfaced to a microcontrol-
ler that digitizes bodily sounds that are within said spe-
cific wavelength range, and

a transmitter unit for wireless transmission of digitized
bodily sounds within a specific wavelength range to said
receiver unit.

19. A wireless stethoscope system, comprising at least one
wireless sensor for monitoring at least one bodily sound, a
receiver unit and a central transmitting unit, wherein said
wireless sensor transmits said at least one bodily sound to said
receiver unit by wireless transmission, and wherein said
receiver unit is interfaced with said central transmitting unit
and further transmits said at least one bodily sound to said
central transmitting unit.

20. The wireless stethoscope system of claim 19, wherein
the interface between said receiver unit and said central trans-
mitting unit is wired or wireless.

21. The wireless stethoscope system of claim 19, wherein
said central transmitting unit is interfaced with more than one
receiver unit.

22. The wireless stethoscope system of claim 19, wherein
said central transmitting unit is further interfaced with at least
one storage device.

23. The wireless stethoscope system of claim 22, wherein
said at least one bodily sound is recorded on said at least one
storage device.

24. The wireless stethoscope system of claim 19, wherein
said central transmitting unit is further interfaced with at least
one listening device.

25. The wireless stethoscope system of claim 24, wherein
said at least one listening device is an electronic device
selected from the group consisting of a cell phone, smart
phone, PDA, tablet computer and combinations thereof.
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26. The wireless stethoscope system of claim 24, wherein
said central transmitting unit or said at least one listening
device comprises an application that allows a practitioner to
monitor at least one bodily sound from more than one patient.

27. The wireless stethoscope system of claim 26, wherein
said application analyzes said at least one bodily sound and
provides or suggests a preliminary diagnosis based upon said
at least one bodily sound.

28. A method for monitoring at least one bodily sound of a
patient, comprising:
contacting a wireless sensor with the body of the patient,
wherein the wireless sensor detects and wirelessly trans-
mits a bodily sound;

receiving said bodily sound with a receiver unit in the
vicinity of said patient; wherein said receiver unit is an
electronic device selected from the group consisting of
cell phones, smart phones, PDAs and tablet computers.

29. A method for monitoring at least one bodily sound of a
patient, comprising:
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contacting a wireless sensor with the body of said patient,
wherein said wireless sensor detects and wirelessly
transmits a bodily sound;

receiving said bodily sound with a receiver unit in the

vicinity of said patient; wherein said receiver unit trans-
mits said bodily sound to alistening device, wherein said
listening device selected from the group consisting of
cell phones, smart phones, PDAs and tablet computers.

30. The method of claim 29, wherein said central transmit-
ting unit transmits said bodily sound to an additional listening
device.

31. The method of claim 30, wherein said additional lis-
tening device is selected from the group consisting of cell
phones, smart phones, PDAs and tablet computers.

32. The method of claim 29, wherein said wireless sensor
amplifies detected bodily sound and filters amplified sound to
reduce background noise.

33. The method of claim 29, wherein said receiver unit
filters received bodily sound to reduce back ground noise
prior to transmission.
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