20147207597 AT |10 000 1010 RO 0

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/207597 Al

31 December 2014 (31.12.2014) WIPO | PCT
(51) International Patent Classification: (74) Agents: STEFFEN, Thomas et al.; High Tech Campus
A61B 5/00 (2006.01) A61B 5/145 (2006.01) Building 5, NL-5656 AE Eindhoven (NL).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/IB2014/062200 kind of national protection available): AE, AG, AL, AM,
22) Tnt tional Filine Date: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) Imternational Filing Date: . 2014 (13.06.2014 BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
une 2014 (13.06.2014) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
L. ) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(30) Priority Data: OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
61/838,373 24 June 2013 (24.06.2013) Us SC, SD, SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(71) Applicant (for all designated States except DE): ZW.
KONINKLIJKE PHILIPS N.V. [NL/NL]; High Tech . L
Campus 5, NL-5656 AE Eindhoven (NL). (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for DE only): PHILIPS GMBH [DE/DE]; GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
Liibeckertordamm 5, 20099 Hamburg (DE). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(72) Tnventors: GREINER, Harald; c/o High Tech Campus, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
g . . EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Building 5, NL-5656 AE Eindhoven (NL). MEIER, Wil-
. g, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
helm; c/o High Tech Campus, Building 5, NL-5656 AE
. . TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
Eindhoven (NL). ENSLIN, Frank; c/o High Tech Cam- KM, ML, MR, NE, SN, TD, TG)
pus, Building 5, NL-5656 AE Eindhoven (NL). NEU- > > T ’
MANN, Rolf; ¢/o High Tech Campus, Building 5, NL- Published:

5656 AE Eindhoven (NL).

with international search report (Art. 21(3))

(54) Title: SPO2 TONE MODULATION WITH AUDIBLE LOWER CLAMP VALUE

thre:

12

N

1 Patient monitor
O~ sensor — 147\ (16
10 N Controller — Evaluation unit
\ . .
Medical monitor 18—\ | /~=20
Audio source — Audio output device

FIG. 1

(57) Abstract: A patient monitor device includes one or more sensors which measure physiological parameters of a patient, a con-
troller which controls an audio source to generate an audible tone and adjust the pitch of the audible tone to indicate the measured
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SPO2 TONE MODULATION WITH AUDIBLE LOWER CLAMP VALUE

The present application relates generally to patient monitoring. It finds
particular application in conjunction with SpO2 tone modulation with an audible lower clamp
value and will be described with particular reference thereto. However, it is to be understood
that it also finds application in other usage scenarios and is not necessarily limited to the
aforementioned application.

Pulse oximetry typically involves measurement of the saturated percentage
of oxygen in the blood as well as the rate of biood pulsations corresponding to each heartbeat
of a patient. Traditionally, pulse oximeter monitors produce tonal signals which have a pitch
proportional to the ratio of oxygen saturation and a sequential repetition proportional to the
pulse. For example, typical pulse oximeters generate a quick response tone with a fixed
frequency for every heartbeat of a patient. Further, these pulse oximeters modulate this tone
by mapping the full range of SpO2 values (100% to 0%) to a specific range of different
audible frequencies for that tone. This mapping is usually done utilizing a linear relation
between the SpO2 values and the frequency of that tone. For example, linear relation
mapping produces a tone at a frequency of 662 Hz for a 100% SpO2 value and a tone at a
frequency of 163 Hz for a 0% SpO2 value. Another version of this mapping utilizes a
logarithmic relationship which matches much better with the human perception of a sequence
of tone pitches. A logarithmic relation mapping also produces a tone at a frequency of 662
Hz for a 100% SpO2 value, however, for each 24% drop in SpO2, the frequency of the tone
is cut in half. For example, a tone at a frequency of 331 Hz will be produced for a 76% SpO2
value, a tone at a frequency of 165.5 Hz will be produced for a 52% SpO2 value, a tone at a
frequency of 82.75 Hz will be produced for a 28% SpO2 value, and a tone at a frequency of
41.37 Hz will be produced for a 4% SpO2 value.

However, in humans, the audible range of frequencies usually ranges from 20
to 20,000 Hz. For both linear and logarithmic relation mapping, the frequency for low Sp02
values are quite low thus making it difficult if not impossible to hear. Typically, the upper
frequency for a 100% SpO2 value is chosen to be well supported by the audio system.
Providing a mapping such that the frequency of a low SpO2 value is supported by the audio
system and can be heard and discerned by the user is very difficult. Further, with a family of
monitors with different audio outputs and different limitations of their frequency bands, the
produced tones are very ambiguous and inconsistent thus making it difficult to recognize a

particular monitor producing a certain tone.
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The present application provides new and improved methods and system

which overcome the above-referenced problems and others.

In accordance with one aspect, a patient monitoring device is provided. The
device includes one or more sensors which measure physiological parameters of a patient, a
controller which controls an audio source to generate an audible tone and adjust the pitch of
the audible tone to indicate the measured physiological parameter according to a mapping
scheme, the audio source which generates the audio tone, and an audio output device which
outputs the audible tone. The mapping scheme clamping a frequency of the audible tone after
reaching a predetermined threshold.

In accordance with another aspect, a method for tone modulation with an
audible lower clamp value is provided. The method including measuring physiological
parameters of a patient with one or more sensors and generating an audible tone and
adjusting the pitch of the audible tone to indicate the measured physiological parameter
according to a mapping scheme. The mapping scheme clamping a frequency of the audible
tone after reaching a predetermined threshold.

In accordance with another aspect, a method is provided. The method
including outputting a first audible tone from a first patient monitor with a first audio output
device, outputting a second audible tone from a second patient monitor with a second audio
output device, the second audio output device having a different audio characteristics than
the first audio output device, and transposing the first and second audible tones such that the

audible tone being produced matches the audio characteristics of the audio output device.

One advantage resides in providing a mapping scheme which enables low
SpO2 values to be heard and easily discerned by a user.

Another advantage resides in defining a lower range limit for SpO2 tone
modulation.

Another advantage resides in transposing tones to address different frequency
characteristics of various audio output devices.

Another advantage resides in improved patient care.

Still further advantages of the present invention will be appreciated to those of

ordinary skill in the art upon reading and understanding the following detailed description.
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The invention may take form in various components and arrangements of
components, and in various steps and arrangement of steps. The drawings are only for
purposes of illustrating the preferred embodiments and are not to be construed as limiting the
invention.

FIGURE 1 illustrates a block diagram of a patient monitoring device
according to aspects of the present application.

FIGURE 2 illustrates a block diagram of multiple patient monitoring devices
according to aspects of the present application.

FIGURE 3 illustrates a flowchart diagram of a method tone modulation with

an audible lower clamp value to aspects of the present application.

The present application is directed to Sp02 tone modulation with an audible
lower clamp value. One aspect of the present application is directed to limiting the value for
the audible frequency to a reasonable clinical value (e.g. 52% = 165.5 Hz for a logarithmic
relationship). The user is aware of this audible clamp by modifying other aspects of the tone
being output. For example, a double pulse can be provided with a two times 30 milliseconds
duration with a space of 20 milliseconds instead of a tone with a 80 milliseconds duration.
Another method may use a specific audio tone signal or combine two different audio tone
signals such as combining the usual tone for Sp02 clamp with a specific “clamp” tone. Such a
scheme avoid tones with lower frequencies representing very low values which may not be
heard as the volume of the audible output device may decline in those low ranges. Clamping
at a reasonable low frequency and changing the pattern to indicate dangerous SpO2 values is
much more clinically appropriate. Further, if sounds are used in a family of devices with
different audio output device which have different limitations in their frequency band, those
sounds are still almost immediately recognizable by the user. Another aspect of the present
application is directed to transposing known sounds that were design for classic output
devices, such as speakers to, be used for other smaller audio output device, such as piezo
audio elements. For example, transposing an audio tone up three octaves for a piezo audio
element may provide an audio signal which can easily be heard or discerned by the user.

With reference to FIGURE 1, a patient (not shown) is monitored by various
medical monitoring devices or sensors 10 that measure physiological parameters of the
patient and generate physiological data indicative thereof. These medical monitoring devices
10 may include a blood oxygenation (Sp0O,), an electrocardiographic (ECG) instrument with

ECG electrodes, a medical monitor, which may for example be configured to blood
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oxygenation (SpQ;), pulse, or one or more other physiological parameters. Other medical
monitoring devices 10 can be associated with a patient, and not all of the above-mentioned
medical monitoring devices 10 have to be associated with a patient at any given time. It
should be appreciated that while only two medical monitoring devices 10 are illustrated, one
or more medical monitoring devices are contemplated. As used herein, medical monitoring
devices signifies data sources indicating patient health, or the like. Electronics for receiving
signals from the medical monitoring device and for optionally performing signal processing
on such signals are embodied in the illustrated embodiment as a multi-functional patient
monitor device 12. The patient monitor device 12, for example, may be a monitor that travels
with the patient, such as the transmitter of an ambulatory patient worn monitoring system, or
the like.

The medical monitoring devices 10 report the measured or other physiological
data to the patient monitor device 12. The patient monitor device 12 serves as a gathering
point for the physiological data measured by the medical monitoring devices, and provides
temporary storage for the data. The collected physiological data is concurrently transmitted
to a controller 14 in the patient monitor devicel2. A physiological evaluation unit 16 or
computer program in the patient monitor device evaluates the physiological data collected
from the patient and determines whether the patient’s condition warrants notifying an
appropriate medical responder by generating an alarm signal. For example, the patient
monitor device 12 checks whether each measured parameter is approaching threshold values,
whether a trend of any parameter is approaching a threshold, whether any parameter lacks
stability or fluxuates too much, combinations of parameters are approaching a threshold, and
other indicators that a patient needs more or less medical monitoring or assistance. The
thresholds include values exceeding a limit based on time, severity, escalation, or the like.

The controller 14 in the patient monitor device 12 also controls an audio
source 18 to produce an audible tone which output of an audio output device 20 based on the
physiological data. The audio output device includes an electric acoustic transducer, a classic
speaker, piezo elements, and the like. For example, the controller 14 controls the audio
source 18 to output a short audible tone for each characteristic point in a cardiac cycle. The
controller 14 also controls the audio source 18 adjust the pitch of the short audible tone to
indicate SpO2 concentration. Specifically, the physiological evaluation unit 16 evaluates the
collected physiological data to determine a measurement of the saturation percentage of
oxygen in the blood as well as the rate of blood pulsation corresponding to each heartbeat of

a patient. The controller 14 then controls the audio source 18 to output an audible tone based
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on the oxygen saturation and a sequential repetition proportional to the pulse. As stated
above, utilizing typical linear and logarithmic relation mapping schemes to indicate SpO2
concentration and pulse result in numerous problems for the user. The present application
addresses these problems by providing an audio mapping scheme which enables low SpO2
values to be heard and easily discerned by a user and defines a lower range limit for SpO2
tone modulation.

Specifically, the controller 14 controls the audio source 18 to output audible
tones based on a musical scale, which is non-linear. That is, each octave doubles the
frequency. For example, upper C is twice the frequency of middle C. The mapping scheme
utilized by the controller 14 step the frequency in the audible tone in full-tone or half-tone
increments which are easier for the human ear to distinguish and recognize. For example, the
mapping scheme produces a tone at a frequency of 5296 Hz for a 100% SpO2 value,
however, for each 24% drop in SpO2, the frequency of the tone is cut in half. In other words,
for each 1% change in the blood oxygen concentration the frequency is changed by a half-
tone. For example, a tone at a frequency of 2648 Hz will be produced for a 76% SpO2 value,
a tone at a frequency of 1324 Hz will be produced for a 52% SpO2 value. The blood oxygen
concentrations are also based on a musical scale such that the 100% SpO2 value is upper C
and the 52% SpO2 value is lower C. However, due to the challenging hearing or discerning
below this frequency range, the frequency of the audible tone is clamped after two octaves or
a predetermined threshold. Specifically, after the frequency of the audible tone reaches a
predetermined threshold, the frequency would no longer step down and remaining at the
predetermined clamp frequency. For example, the frequency of the audible tone is clamped
after the 1324 Hz for a 52% SpO2 value, or a quarter of the 5296 Hz for a 100% SpO2 value.
Once the lower clamp value is reached, the frequency would no longer step down. Rather,
the lowest frequency would merely indicate that the blood oxygen is critically low and needs
immediate attention. In another embodiment, once the lower clamp value is reached, other
aspects of the audible tone are modified. For example, for saturation values below the lower
clamp value, a tone at a frequency of 1324 Hz is produced with a double pulse in order to
differentiate it from the 52% SpO2 concentration. In another example, after the lower clamp
value, a specific “clamp” tone or a combination of the usual tone and the specific “clamp”
tone are produced. It is contemplated that this mapping scheme is utilized to represent
physiological parameters other than SpO2 concentration. It is also contemplated that the
threshold and clamp value can also be at the upper end of a range. It is further contemplated

that the mapping scheme is also used to indicate various behaviors of the physiological
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parameters including the physiological parameters approaching threshold values, whether a
trend of any parameter is approaching a threshold, whether any parameter lacks stability or
fluxuates too much, combinations of parameters are approaching a threshold, and other
indicators that a patient needs more or less medical monitoring or assistance.

In another embodiment, the controller 14 transposes the audible tone based on
the type of audio output device 20. For example, various types of audio output devices 20
have different audio characteristics and tonal frequency limitations. For instance, a classic
output speaker device such as a speaker (662 Hz) has a much lower optimal frequency range
than a smaller audio output device such as a piezo element (5296 Hz). As such, the controller
14 transposes the audible tone being produced to best match the audio characteristics of the
audio output device 20 being used. For example, if a classic speaker is being used as the
audio output device 20, the controller 14 will transpose the audible tone to being around the
662 Hz range, whereas if a piezo element is being used as the audio output device 20, the
controller 14 will transpose the audible tone to be around the 5296 Hz range.

In another embodiment, if multiple patient monitor devices 12 are being used
with different audio output devices 20 and those patient monitor devices 12 utilize the same
mapping scheme, the controller 14 transposes the audible tone, such that audible tone will
operate in different octaves. As shown in FIGURE 2, utilizing the above clamp mapping
scheme, a first patient monitor device 40 will operate in upper octave #1 42 and lower octave
#2 44 and a second patient monitor device 46 will operate in upper octave # 48 and lower
octave #4 50. It is important to note that each of the octaves is different from one another
such that the user can differentiate between patient monitor devices. Thus, for a family of
patient monitor devices with different audio output devices all the audible tones are
unambiguous but still consistent.

With reference to FIGURE 3, a method for providing tone modulation with an
audible lower clamp value is illustrated. In a step 100, physiological data is received. The
frequency for a stepped audible tone is determined based on the physiological data and an
audio mapping scheme in a step 102. In a step 104, it is checked if the determined frequency
of the audible tone would fall predetermined threshold(s). In a step 106, the audible tone is
clamped in response to the audible tone falling outside predetermined threshold(s). In
response to being clamped, the audible tone is modified in a step 108. In step 110 the audible

tone is output.
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In another embodiment the mapping already includes the clamping in a way
that physiological data outside the predetermined threshold(s) is directly mapped to the
clamped audible tone.

One having ordinary skill in the art will appreciate in view of the teachings
provided herein, features, elements, components, etc. described in the present
disclosure/specification and/or depicted in the appended Figures and/or any other
Appendixes, may be implemented in various combinations of hardware and software, and
provide functions which may be combined in a single element or multiple elements. For
example, the functions of the various features, elements, components, etc.
shown/illustrated/depicted in the Figures can be provided through the use of dedicated
hardware as well as hardware capable of executing software in association with appropriate
software. When provided by a processor, the functions can be provided by a single dedicated
processor, by a single shared processor, or by a plurality of individual processors, some of
which can be shared and/or multiplexed. Moreover, explicit use of the term “processor” or
“controller” should not be construed to refer exclusively to hardware capable of executing
software, and can implicitly include, without limitation, digital signal processor (“DSP”)
hardware, memory (e.g., read-only memory (“ROM”) for storing software, random access
memory (“RAM”), non-volatile storage, etc.) and virtually any means and/or machine
(including hardware, software, firmware, combinations thereof, etc.) which is capable of
(and/or configurable) to perform and/or control a process.

Moreover, all statements herein reciting principles, aspects, and embodiments
of the invention, as well as specific examples thereof, are intended to encompass both
structural and functional equivalents thereof. Additionally, it is intended that such
equivalents include both currently known equivalents as well as equivalents developed in the
future (e.g., any elements developed that can perform the same or substantially similar
function, regardless of structure). Thus, for example, it will be appreciated by one having
ordinary skill in the art in view of the teachings provided herein that any block diagrams
presented herein can represent conceptual views of illustrative system components and/or
circuitry embodying the principles of the invention. Similarly, one having ordinary skill in
the art should appreciate in view of the teachings provided herein that any flow charts, flow
diagrams and the like can represent various processes which can be substantially represented
in computer readable storage media and so executed by a computer, processor or other device

with processing capabilities, whether or not such computer or processor is explicitly shown.
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Furthermore, exemplary embodiments of the present invention can take the
form of a computer program product accessible from a computer-usable and/or computer-
readable storage medium providing program code and/or instructions for use by or in
connection with, e.g., a computer or any instruction execution system. In accordance with
the present disclosure, a computer-usable or computer readable storage medium can be any
apparatus that can, e.g., include, store, communicate, propagate or transport the program for
use by or in connection with the instruction execution system, apparatus or device. Such
exemplary medium can be, e.g., an electronic, magnetic, optical, electromagnetic, infrared or
semiconductor system (or apparatus or device) or a propagation medium. Examples of a
computer-readable medium include, e.g., a semiconductor or solid state memory, magnetic
tape, a removable computer diskette, a random access memory (RAM), a read-only memory
(ROM), flash (drive), a rigid magnetic disk and an optical disk. Current examples of optical
disks include compact disk — read only memory (CD-ROM), compact disk — read/write (CD-
R/W) and DVD. Further, it should be understood that any new computer-readable medium
which may hereafter be developed should also be considered as computer-readable medium
as may be used or referred to in accordance with exemplary embodiments of the present
invention and disclosure.

Having described preferred and exemplary embodiments for systems, methods
and others, for example (which embodiments are intended to be illustrative and not limiting),
it is noted that modifications and variations can be made by persons skilled in the art in light
of the teachings provided herein, including the Figures and Appendixes. It is therefore to be
understood that changes can be made in/to the preferred and exemplary embodiments of the
present application which are within the scope of the embodiments described herein.
Modifications and alterations may occur to others upon reading and understanding the
preceding detailed description. It is intended that the invention be construed as including all
such modifications and alterations insofar as they come within the scope of the appended

claims or the equivalents thereof.
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CLAIMS:

1. A patient monitoring device, the device comprising:

one or more sensors which measure physiological parameters of a patient;

a controller which controls an audio source to generate an audible tone and adjust the
pitch of the audible tone to indicate the measured physiological parameter according to a
mapping scheme;

the audio source which generates the audio tone;

an audio output device which outputs the audible tone;

wherein the mapping scheme clamps a frequency of the audible tone after reaching a

predetermined threshold.

2. The device according to claim 1, wherein the audio tone includes a short
audible tone for each characteristic point in a cardiac cycle and the pitch indicates blood

oxygen concentration

3. The device according to either one of claims 1 and 2, wherein the controller
steps the frequency of the audible tone in full-tone or half-tone increments based on the blood

oxygen concentration.

4. The device according to claim 4, wherein for each on percent change in the

blood oxygen concentration the frequency is changed by a half-tone or a full-tone.

5. The device according to any one of claims 1-4 wherein the predetermined

threshold is two octaves below the peak frequency.

6. The device according to any one of claims 1-5, wherein the controller

modifies the audible tone after reaching the predetermined threshold.

7. The device according to any one of claims 1-6, wherein the controller

transposes the audible frequency based on a type of audio output device.

8. A method for tone modulation with an audible lower clamp value, the method

comprising:
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measuring physiological parameters of a patient with one or more sensors;

generating an audible tone and adjusting the pitch of the audible tone to indicate the
measured physiological parameter according to a mapping scheme;

wherein the mapping scheme clamps a frequency of the audible tone after reaching a

predetermined threshold.

0. The method according to claim 8, wherein the audio tone includes a short
audible tone for each characteristic point in a cardiac cycle and the pitch indicates blood

oxygen concentration

10. The method according to either one of claims 8 and 9, further including:
stepping the frequency of the audible tone in full-tone or half-tone increments based

on the blood oxygen concentration.

11. The method according to claim 10, wherein for each on percent change in the

blood oxygen concentration the frequency is changed by a half-tone or a full-tone.

12. The method according to any one of claims 8-11, wherein the predetermined

threshold is two octaves below the peak frequency.

13. The method according to any one of claims 8-12, further including:

modifying the audible tone after reaching the predetermined threshold.

14. The method according to any one of claims 8-13, further including:

transposing the audible frequency based on a type of audio output device.

15. A method for monitoring patients, the method comprising:
outputting a first audible tone from a first patient monitor with a first audio output
device;
outputting a second audible tone from a second patient monitor with a second audio
output device, the second audio output device having a different audio characteristics than
the first audio output device; and
transposing the first and second audible tones such that the audible tone being

produced matches the audio characteristics of the audio output device.
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16. The method according to claim 15, wherein the audio characteristics include a

frequency limitation.
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