US 20120029301A1

a9 United States

12y Patent Application Publication (o) Pub. No.: US 2012/0029301 A1

Battista, JR.

(43) Pub. Date: Feb. 2, 2012

(54) ADAPTIVE ALARM SYSTEM AND METHOD

(75) Inventor:

(73) Assignee:

(21) Appl. No.:

(22) Filed:

John A. Battista, JR., Lafayette,
CO (US)

Nellcor Puritan Bennett LLC,
Boulder, CO (US)

12/845,196

Jul. 28, 2010

m

o

Publication Classification

(51) Int.ClL

AG6IB 5/00 (2006.01)
(G2 N LT ¢! K 600/300
(57) ABSTRACT

An adaptive-alarm system and its uses in the context of medi-
cal devices, such as patient monitors, are described. In one
embodiment, the monitor has a processor configured to
receive and analyze an input relating to ambient sounds. The
monitor may generate an alarm signal in response to physi-
ological data that meets a defined requirement, such as a
physiological alarm condition. The alarm signal that is gen-
erated by the monitor is substantially free of masking by the
ambient sounds.
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ADAPTIVE ALARM SYSTEM AND METHOD

BACKGROUND

[0001] The present disclosure relates generally to alarm
systems for patient physiological data monitoring instru-
ments. In particular, the present disclosure relates to an adap-
tive alarm system including features for monitoring ambient
sounds and generating an alarm suitable for use in a given
environment.

[0002] This section is intended to introduce the reader to
various aspects of art that may be related to various aspects of
the present disclosure, which are described and/or claimed
below. This discussion is believed to be helpful in providing
the reader with background information to facilitate a better
understanding of the various aspects of the present disclosure.
Accordingly, it should be understood that these statements are
to be read in this light, and not as admissions of prior art.
[0003] In the field of medicine, caregivers often monitor
certain physiological characteristics of their patients. Accord-
ingly, a wide variety of devices have been developed for
monitoring many such characteristics of a patient. Such
monitoring devices provide caregivers, such as doctors,
nurses, paramedics, and other healthcare personnel with
information they may need in order to provide the best pos-
sible healthcare for their patients. As a result, such monitoring
devices have become an indispensable part of modern medi-
cine.

[0004] Medical devices include patient monitors that facili-
tate measurement and observation of patient physiological
data. These patient monitors may be used in a number of
settings, such as patient rooms, emergency rooms, ambu-
lances, emergency helicopters, and so on. For example, pulse
oximeters are a type of patient monitor that may be employed
in such settings. A typical patient monitor cooperates with a
sensor to detect and display a patient’s vital signs (e.g., tem-
perature, pulse rate, respiratory rate) and/or other physiologi-
cal measurements (e.g., water content of tissue, blood oxygen
level) for observation by a user (e.g., clinician). In the case of
apulse oximeter, it is generally utilized with related sensors to
detect and monitor a patient’s functional oxygen saturation of
arterial hemoglobin (i.e., SpO,) and pulse rate. Other types of
patient monitors, such as blood pressure monitors, may be
utilized to detect and monitor other physiological parameters.
Further, the patient monitors may be incorporated into other
types of medical devices, such as mechanical ventilators and
anesthesia machines, among others.

[0005] A patient monitor may be designed to alert a car-
egiver when certain physiological conditions are recognized.
For example, a pulse oximeter may produce a visual and/or
audible alarm when a patient’s oxygen saturation exceeds or
dips below a predetermined threshold. In certain situations,
an audible alarm may be used when a caregiver is not in a
patient’s room or is away from the patient. Further, a patient
monitor may be designed to provide different audible alarms
representative of various indications. For example, a patient
monitor may sound one alarm in response to a set of data that
is representative of a disconnection (i.e., a sensor has been
removed from the patient), while sounding a different alarm
when measured physiological data indicates a medical con-
dition. Additionally, if the monitor is battery-powered, the
patient monitor may sound a notification alarm when battery
charge is low. Indeed, these original alarms may be based on
multiple variables and may interact with alarms from other
monitors or sounds from a surrounding environment. In these
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situations, a caregiver may have trouble hearing or recogniz-
ing the sounded original alarm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Advantages of the disclosed techniques may
become apparent upon reading the following detailed
description and upon reference to the drawings in which:
[0007] FIG. 11is a perspective view of an embodiment of a
pulse oximetry system having a pulse oximetry monitor with
an adaptive alarm system, in accordance with an aspect of the
present technique;

[0008] FIG. 2 is a front view of an embodiment of a pulse
oximetry monitor having an adaptive alarm system, in accor-
dance with one aspect of the present technique;

[0009] FIG. 2A is a front view of an embodiment of the
pulse oximetry monitor of FIG. 2 after selecting the PRE-
CONFIGURED mode, in accordance with one aspect of the
present technique;

[0010] FIG. 2B is a front view of an embodiment of the
pulse oximetry monitor of FIG. 2 after selecting the DETEC-
TION mode, in accordance with one aspect of the present
technique;

[0011] FIG. 2C is a front view of an embodiment of the
pulse oximetry monitor of FIG. 2 after selecting the
MANUAL mode, in accordance with one aspect of the
present technique;

[0012] FIG. 2D is a front view of an embodiment of the
pulse oximetry monitor of FIG. 2 after adjusting adaptive-
alarm settings, in accordance with one aspect of the present
technique;

[0013] FIG. 3 is a block diagram illustrating the various
components contained within the pulse oximetry monitor and
sensor depicted in FIGS. 1 and 2, the pulse oximetry monitor
having a microphone, processor, and related components of
an adaptive alarm system, in accordance with an aspect of the
present technique;

[0014] FIG. 4 is a flow chart illustrating an embodiment of
a method of monitoring a patient and generating a modified
alarm where appropriate using the pulse oximetry monitor
illustrated in FIGS. 1-3, in accordance with an aspect of the
present technique;

[0015] FIG. 5is a flow chart illustrating one embodiment of
a method of analyzing captured ambient sounds and alarm
generation determination using the pulse oximetry monitor of
FIGS. 1-3, in accordance with an aspect of the present tech-
nique;

[0016] FIG. 6 is a flow chart illustrating another embodi-
ment of a method of analyzing captured ambient sounds and
alarm generation determination which accounts for volume
using the pulse oximetry monitor of FIGS. 1-3, in accordance
with an aspect of the present technique;

[0017] FIG.7is aflow chart illustrating one embodiment of
a method of generating an alarm by allowing the pulse oxim-
etry monitor of FIGS. 1-3 to select an appropriate alarm from
a list of stored alarms, in accordance with an aspect of the
present technique;

[0018] FIG. 8is a flow chart illustrating one embodiment of
a method of generating an alarm by allowing the pulse oxim-
etry monitor of FIGS. 1-3 to select an appropriate alarm from
a list of stored alarms and to adjust a volume of the selected
alarm, in accordance with an aspect of the present technique;
[0019] FIG.9isa flow chart illustrating one embodiment of
a method of generating an alarm on the fly by identifying and
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selecting available frequencies using the pulse oximetry
monitor of FIGS. 1-3, in accordance with an aspect of the
present technique;

[0020] FIG. 10 is a flow chart illustrating one embodiment
of a method of generating an alarm on the fly by identifying
and selecting available frequencies and adjusting volumes of
the selected frequencies using the pulse oximetry monitor of
FIGS. 1-3, in accordance with an aspect of the present tech-
nique; and

[0021] FIG. 11 is an illustration of an embodiment of the
pulse oximetry sensor of FIGS. 1 and 2 having a built-in
microphone for capturing ambient sounds, in accordance
with an aspect of the present technique.

DETAILED DESCRIPTION

[0022] Oneormore embodiments of the present techniques
will be described below. In an effort to provide a concise
description of these embodiments, not all features of an actual
implementation are described in the specification. It should
be appreciated that in the development of any such actual
implementation, as in any engineering or design project,
numerous implementation-specific decisions must be made
to achieve the developers’ specific goals, such as compliance
with system-related and business-related constraints, which
may vary from one implementation to another. Moreover, it
should be appreciated that such a development effort might be
complex and time consuming, but would nevertheless be a
routine undertaking of design, fabrication, and manufacture
for those of ordinary skill having the benefit of this disclosure.
[0023] The present disclosure relates to mitigating of the
effect of ambient sounds on the alarms of medical devices.
For example, a caregiver may encounter ambient sounds that
interfere with or mask an original alarm of a given medical
device. To counteract such interference or masking, medical
devices may be adapted to include sound analysis features for
generating one or more modified alarms that are substantially
unaffected by the ambient sounds. Such medical devices may
be referred to as having adaptive alarm capabilities, and can
include medical devices such as vital sign, pulse oximetry,
respiratory, blood pressure, and other patient monitors and
therapeutic devices such as ventilators, defibrillators, resus-
citation systems, counterpulsation devices, neuromodulation
devices, and so on.

[0024] Medical devices with adaptive-alarm capabilities
may include one or more processing components for analyz-
ing ambient sounds. In response to the analysis, the process-
ing components may allow the medical device to generate an
alarm that is substantially free of masking by the ambient
sounds. As an example, the processing components may
modify one or more frequencies and/or adjust the volume of
an original alarm. Accordingly, based on the analysis of the
ambient sounds, the alarm may be volume-adjusted in lieu of
or in combination with new alarm generation, selection of a
pre-generated alarm from a table, or modification of'the origi-
nal alarm.

[0025] The process by which a modified alarm is generated
or selected may depend on a variety of factors, including the
extent to which ambient sounds are interfering with or mask-
ing the original alarm, the nature and complexity of the origi-
nal alarm, various user inputs, and/or adherence to collateral
safety standards (e.g., .LE.C. 60601-1-8). In certain embodi-
ments, a user may adjust the alarm settings of the medical
device by providing an input as to the nature of the ambient
sounds. For example, the user may input, as a user-adjusted
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alarm setting, that a specific set of sounds are present such as
those produced by an ambulance siren or spinning helicopter
blades. The user-adjusted alarm setting may result in a pre-
configured response by the processing components of the
medical device. In this way, a paramedic or other emergency
responder working in the field may switch the medical device
into modes such as an “ambulance mode,” which may provide
an input to the medical device. The input may direct the
processing components of the medical device to select a
pre-generated alarm from a set of alarms, with the selected
alarm (or set of alarms) being substantially free of masking by
the ambulance siren or other common sounds associated with
an ambulance. In other situations, such as when switched to a
“helicopter mode,” the input may result in a selected, pre-
generated alarm that is substantially free of masking by heli-
copter sounds, and so on.

[0026] Another user input may set the medical device into
a “detection mode” that allows the medical device to deter-
mine an appropriate response to the ambient sounds. In detec-
tion mode, a microphone, which may be built into or con-
nected to the medical device, may capture ambient sounds
from the surrounding environment. The microphone may
deliver a signal representative of the ambient sounds to the
processing components of the medical device for analysis.
The analysis may include, for example, performing a Fast
Fourier Transform (FFT) on the signal to generate a fre-
quency spectrum. Further, only frequencies within the
audible range of humans may be analyzed, such that certain
frequencies are filtered out. For example, in embodiments
where the signal is digitized, the range may include a fre-
quency range that is at least approximately twice the upper
limit of the selected audible range (i.e., the human audible
range), such that the audible range may be accurately ana-
lyzed and/or reproduced. Alternatively or additionally, if the
signal is analog, the range may include substantially only the
human audible range. The audible range may include a fre-
quency range and a volume range (such as those frequencies
having a volume measurement above a predefined threshold).
The filtered frequencies of the ambient sounds may be com-
pared to those of the original alarm (and other stored alarms if
applicable) to determine the extent to which the original
and/or stored alarms are masked by (i.e., overlap with) the
ambient sounds. Additionally or alternatively, the masking
may be volume-related. That is, even when the frequencies of
the ambient sounds do not substantially overlap with the
original alarm frequencies, the ambient sounds may be suffi-
ciently loud (have sufficient power) to mask the original
alarm frequencies. Where the filtered frequencies of the
ambient sounds mask one or more frequencies of the original
and/or stored alarms, the original alarm may be modified or a
new alarm may be generated accordingly.

[0027] Although the techniques introduced above and dis-
cussed in detail below may be implemented for a variety of
medical devices, the present disclosure will discuss the
implementation of these techniques in a pulse oximetry sys-
tem. FIG. 1 is a perspective view of an embodiment of such a
pulse oximetry system 10. The system 10 includes a sensor 12
and a pulse oximetry monitor 14, which may have adaptive-
alarm capabilities, as discussed below. The sensor 12 may
include an emitter 16 for emitting light at one or more wave-
lengths toward a patient’s tissue and a detector 18 for detect-
ing the light passing through, reflected or fluoresced by the
tissue of the patient. The pulse oximetry monitor 14 may be
configured to calculate physiological parameters received
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from the sensor 12 relating to light emission and detection.
Further, the pulse oximetry monitor 14 includes a display 20
configured to display the physiological parameters, other
information about the system, alarm indications, and/or alarm
modes. The pulse oximetry monitor 14 also includes a
speaker 22 to provide an audible alarm in the event that the
patient’s physiological parameters are not within a normal
range, as defined based on patient characteristics. It should be
noted, however, that in some embodiments the pulse oximetry
monitor 14 may be connected to, rather than contain, a
speaker for sounding the alarm. The sensor 12 is communi-
catively coupled to the pulse oximetry monitor 14 via a cable
24. However, in other embodiments a wireless transmission
device or the like may be utilized instead of or in addition to
the cable 24.

[0028] As noted above, the pulse oximetry monitor 14 may
have adaptive-alarm capabilities. Therefore, inaddition to the
features described above, in certain embodiments the pulse
oximetry monitor 14 may also include a microphone 26 that
is configured to sample acoustics of the surrounding environ-
ment (ambient sounds). The microphone 26 may be a micro-
phone on a chip, a built-in microphone, or any device capable
ofacting as a transducer to convert the ambient sounds into an
electrical signal. In other embodiments, the pulse oximetry
monitor 14 may be connected to an external microphone,
rather than contain a built-in microphone. In one embodi-
ment, the speaker 22 may act as a transducer, which may
allow the speaker 22 to act as the microphone 26. According
to situation-specific embodiments, the microphone 26 may
sample the ambient sounds substantially continuously, or
may sample the ambient sounds at intervals (periodically), for
example to conserve battery power. Nevertheless, the micro-
phone 26 may provide a signal representative of the ambient
sounds to one or more processing components of the pulse
oximetry monitor 14 for analysis. The processing compo-
nents may analyze the frequencies and/or volumes of the
ambient sounds and then compare them to the original alarm
stored in the pulse oximetry monitor 14. Where the frequen-
cies of the ambient sounds are above a pre-determined energy
threshold (i.e., above a certain volume), the pulse oximetry
monitor 14 may generate a modified alarm. For example,
frequencies having amplitudes sufficient to mask frequencies
of the original alarm may result in a modified alarm genera-
tion by the pulse oximetry monitor 14, such that the modified
alarm is substantially free of masking by the ambient sounds.
Where the frequencies and their energies of the ambient
sounds are relatively or substantially negligible, the pulse
oximetry monitor 14 may sound the original alarm.

[0029] The pulse oximetry monitor 14 may generate the
modified alarm “on the fly” (i.e., in substantially real time,
such as in less than approximately 5 seconds), may adjust an
existing alarm (an original alarm) by adjusting tone, pitch,
and/or volume, or may select a pre-generated alarm from a list
or table. The pulse oximetry monitor 14 may also adjust the
volume of whichever alarm is used to a level suitable for user
recognition. The method in which the pulse oximetry monitor
14 generates the modified alarm may depend on a number of
factors, including the setting in which the pulse oximetry
monitor 14 is employed, the particular configuration of the
pulse oximetry monitor 14, user input, or any combination of
these and other factors.

[0030] To allow a user to provide alarm-related input, the
pulse oximetry monitor 14 may include a mode switch 28. As
an example, the mode switch 28 may allow the user to choose
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between an “ambulance mode,” a “helicopter mode,” a “hos-
pital mode,” a “stadium mode,” and so forth. In each mode,
the pulse oximetry monitor 14 may contain a pre-configured
response to the nature and relative volume of ambient sounds
characteristic of the selected setting. For example, the “hos-
pital mode” may include a pre-configured response that takes
into account other possible hospital alarms, communication
between people, equipment noise, and so on. In another
example, the “ambulance mode” may take into account an
ambulance siren, vehicular noise, and the like. Indeed, some
modes may generate a modified alarm that is merely a volume
adjustment of the original alarm, while other modes may
generate modified alarms that may be substantially new. Fur-
ther, some modes may generate a modified alarm having both
volume and alarm tone adjustment. In embodiments accord-
ing to the present technique, the pre-configured response may
result in the selection of a pre-generated alarm from a table
and the adjustment of the volume of the selected alarm to a
suitable level.

[0031] While the mode switch 28 may allow a user to select
between pre-configured responses, other features on the pulse
oximetry monitor 14 or to which the pulse oximetry monitor
14 is connected may allow a higher degree of functionality,
such that a user is able to provide detailed information about
ambient sounds, re-configure adaptive-alarm features, set
volume thresholds, and so forth. In the illustrated embodi-
ment, such functionality may be provided by a multi-param-
eter patient monitor 30. The multi-parameter patient monitor
30 may include a computer or similar processing-relating
equipment, and is generally configured to calculate physi-
ological parameters and to provide a display 32 for informa-
tion from the pulse oximetry monitor 14 and from other
medical monitoring devices or systems. In the present con-
text, the multi-parameter patient monitor 30 may allow a user
to address the pulse oximetry monitor 14 to re-program
modes, set frequency and volume thresholds, re-program
stored alarms, manually adjust alarms, and so forth. Addition-
ally, the central display 32 may allow the user to view current
mode settings, view real-time frequency spectra, and view
alarm tables and sort them as desired, among others. In some
configurations, the pulse oximetry monitor 14 may cause the
multi-parameter patient monitor 30 to generate a modified
alarm. That is, the pulse oximetry monitor 14 may provide
adaptive-alarm capability to the multi-parameter patient
monitor 30, which may allow the multi-parameter patient
monitor 30 to generate a modified alarm in response to an
alarm condition detected by another patient monitor other
than the pulse oximetry monitor 14. The modified alarm so
generated may be sounded by the speaker 22 on the pulse
oximetry monitor 14, or a speaker 34 built into the multi-
parameter patient monitor 30. Indeed, the speaker 34 may
perform the functions described above with regard to the
speaker 22 and/or the microphone 26 built in to the pulse
oximetry monitor 14. Additionally, the multi-parameter
patient monitor 30 may generate a visible or audible alarm via
the display 32 or the speaker 34, respectively, if the patient’s
physiological characteristics are found to be outside of the
expected range. The pulse oximetry monitor 14 may be com-
municatively coupled to the multi-parameter patient monitor
30 via a cable 36 or 38 or coupled to a sensor input port or a
digital communications port, respectively. In addition, the
pulse oximetry monitor 14 and/or the multi-parameter patient
monitor 30 may be connected to a network to enable the
sharing of information with servers or other workstations.
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[0032] FIG. 2 is a perspective view illustrating various fea-
tures of the pulse oximetry monitor 14 that may allow a user
to interface with and control adaptive-alarm functions. In
addition to or in lieu of the mode switch 28, a user may actuate
inputs 50 to control operation of the pulse oximetry monitor
14 and to switch between, select, and configure various alarm
modes. For example, a user may input volume and tone set-
tings, or may use the inputs 50 to create new “modes.” The
selectable inputs 50 may include buttons that may be pressed
to change information shown on the display 20, which may be
a cathode ray tube or liquid crystal display. Moreover, the
display 20 may include a touch screen that allows a user to
provide input.

[0033] Ingeneraluse, asnoted above with respect to FIG. 1,
the display 20 may show processed plethysmographic data
(ie. a plethysmographic waveform) and/or other data
received through a sensor interface 52 from the pulse oxim-
etry sensor 12. The display 20 may also display user interface
options, such as a setup and/or configuration screen for
adjusting parameters related to the adaptive-alarm features,
such as alarm modes, frequencies, volumes, and tones,
among others. In the illustrated embodiment, the display 20 is
illustrated as showing a mode menu 54, which may list a
number of modes from which the user may select, including
the “detection” mode, a “manual” mode, a “pre-configured”
mode, and a “volume” mode. The selection of such modes is
discussed in further detail below.

[0034] The display 20 may also include an alarm status
indicator such as a bell that flashes when an alarm condition
is present, or if the adaptive alarm system has been activated.
One of the input devices, such as an alarm silence button 56,
may be actuated to silence the alarm and display an alarm
silence indicator such as a slash and a timer, on the display 20.
The display 20 also may show monitoring mode setting infor-
mation describing a specific monitoring mode to which alarm
limits are set. In another example, the display 24 may show an
indicator 58 that informs a caretaker that the pulse oximetry
monitor 14 is operating in a fast alarm response mode rather
than a normal alarm mode. In such embodiments, the fast
alarm response mode may direct the processing components
within the pulse oximetry monitor 14 to select an alarm from
a table, rather than generate an alarm on the fly.

[0035] As noted above, to change information provided on
the display 24 and to control operating functions of the pulse
oximetry monitor 14, a user may press or actuate the inputs
50. The selectable inputs 50 may include fixed function keys,
such as the alarm silence button 56 described above, arrow
keys 60, a contrast selection key 62, and a power key 64. For
example, the arrow keys 60 may be actuated to adjust alarm
limits and/or to act as part of the mode switch 28. In another
example, the contrast selection key 62 may be actuated to
adjust the contrast of the display 20. Further, the inputs 50
may be programmed to control multiple functions or to oper-
ate in different manners based upon various factors, such as
the duration the key is pressed, the simultaneous activation of
otherkeys, and so forth. For example, an arrow key 60 may be
configured to scroll upwards or downwards more rapidly
based upon how long the respective key is held down.
[0036] Theinputs 50 may also include programmable func-
tion keys (“soft keys™) 66, and associated soft key icons in the
soft key menu 68. Each of the soft keys may be pressed to
select a corresponding function indicated by the respective
soft key icon. For example, the soft keys may be pressed to
display alarm limits information, patient physiological trend
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information, setup menus, and adaptive alarm settings,
among others. In one embodiment according to the present
techniques, actuating the soft keys 66 may access the adaptive
alarm mode menu 54, which a user may navigate using the
arrow keys 60 to choose between modes, adjust volume or
energy thresholds, input sources of ambient noise, and so
forth. That is, the soft keys 66 together with the arrow keys 60
may act in a similar manner to the mode switch 28. In an
example use, a user may access the mode menu 54 using the
mode switch 28 and/or one or more soft keys 66. The user may
move a cursor or highlight 70 over one of the listed modes and
select a desired mode by pressing one or more of the soft keys
66 and/or a combination of the arrows 60. The selected
modes, which in the illustrated embodiment include
“DETECTION,” “MANUAL,” and “PRE-CONFIGURED,”
are shown in FIGS. 2A-2C, respectively, as example illustra-
tions of the information provided on the display 20 upon
accessing each listed mode.

[0037] In the illustrated embodiment, the highlight 70 is
shown as highlighting the “DETECTION” mode. In embodi-
ments where the user selects the “detection” mode, for
example by actuating a “SELECT” soft key, a detection mode
screen 72, an embodiment of which is illustrated in FIG. 2A,
is displayed. A variety of options may be listed on the detec-
tion mode screen 72, such as a “continuous” option and a
“periodic” option. As an example, the “continuous” option
may direct the pulse oximetry monitor 14 to monitor (i.e.,
capture via microphone 26 and analyze via processing cir-
cuitry) ambient sounds substantially continuously, such that
there is no lapse in ambient noise processing. Such an option
may be desirable in settings that experience rapid changes in
ambient noise, such as in a mobile setting (e.g., an emergency
vehicle, on a hospital cart) or in a setting where many people
(e.g., caregivers, patients, staff) may come and go. The “peri-
odic” option, which is illustrated as being highlighted by
highlight 70, may direct the pulse oximetry monitor 14 to
monitor ambient sounds periodically, such as every 30 sec-
onds, every minute, every two minutes, and so on. The peri-
odicity of the ambient sounds monitoring may be user-de-
fined or may be determined based upon the operational
parameters of the pulse oximetry monitor 14. That is, a user
may specify the amount of time between ambient noise sam-
pling or a particular setting, such as while the pulse oximetry
monitor 14 is on battery power, may determine the amount of
time between sampling. The “periodic” option may be desir-
able in situations where the pulse oximetry monitor 14 is
deployed in mobile settings, such that it is desirable to con-
serve battery power, or in settings where ambient sounds do
not rapidly change. While in detection mode, the pulse oxim-
etry monitor 14 may automatically generate a modified alarm
in response to the continuous or periodic analysis of the
ambient sounds.

[0038] In other embodiments, a user may desire to manu-
ally configure alarm settings. In such embodiments, returning
to the display 20 illustrated in FIG. 2, a user may place the
highlight 70 over the “MANUAL” mode. For example, the
user may press the down arrow key 60 once to highlight the
“MANUAL” mode, followed by selection using a
“SELECT” or similar soft key 66. In such embodiments, the
pulse oximetry monitor 14 may then display a manual mode
screen 74, an embodiment of which is illustrated in FIG. 2B.
In the illustrated embodiment, the user may select, via high-
light 70, between an “adjust volume™ option, an “adjust tone”
option, an “input source” option, and a “learn new” option. As
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an example, in the “adjust volume” option, the user may
adjust the volume of an original or any stored alarm such that
the alarm has sufficient volume to allow the user to readily
distinguish the alarm from ambient sounds. In the “adjust
tone” option, the user may select and adjust one or more tones
ofan original or stored alarm, such as by viewing a frequency
spectrum of an alarm and adjusting one or more frequencies
accordingly. In such an option, the frequencies available for
selection by the user may be limited by safety standards and
so forth (e.g., I.LE.C. 60601-1-8 standards), such that the user
does not inadvertently select frequencies that would result in
violation of the standard. Additionally or alternatively, the
user may actively adjust an alarm, such as by listening to each
tone sounded by the pulse oximetry monitor 14 and adjusting
as appropriate. In the “input source” option, the user may
select from a series of stored ambient sounds, such as those
characteristic of a particular setting (e.g., a hospital or an
emergency vehicle), and manually select an alarm from a list
of'stored alarms to sound in response to the selected ambient
sounds. Similarly, in the “learn new” option, the user may
define a set of ambient sounds (e.g., sounds characteristic of
a particular setting) and select an appropriate alarm for the
defined ambient sounds from a list of stored alarms.

[0039] Indeed, the pulse oximetry monitor 14 may be con-
figured to sound a specific set of stored alarms in response to
certain ambient sounds or based upon a user-defined setting.
As an example, returning to the mode menu 54 illustrated in
FIG. 2, the user may select the “PRE-CONFIGURED” mode
by using the arrow keys 60 and soft keys 66 as described
above. Further, in some configurations, actuation of the mode
switch 28 may directly access the pre-configured mode,
which allows the user to choose between options within the
pre-configured menu. When the pre-configured mode is
selected, the display 20 may then provide a pre-configured
mode screen 76, an embodiment of which is illustrated in
FIG. 2C. While in the pre-configured mode, the user may
select between different settings in which the pulse oximetry
monitor 14 is deployed for which the pulse oximetry monitor
14 has one or more pre-configured alarm responses. In the
illustrated embodiment, the settings include an “ambulance”
mode, a “helicopter” mode, a “hospital” mode, and a “sta-
dium” mode. Indeed, based upon user input, for example
while in “MANUAL” mode, other modes may be available
that have been pre-configured for certain settings. In such
embodiments, these modes would also be listed, such as by
“user 1,” “user 2,” or “manual 1” or “manual 2" As noted
above, the “ambulance” mode would direct the pulse oxim-
etry monitor 14 to sound alarms that are not substantially
masked by ambulance sounds, the “helicopter” mode (illus-
trated as highlighted by highlight 70) would direct the pulse
oximetry monitor 14 to sound alarms that are not substan-
tially masked by helicopter sounds, and so on. Each mode
may specify a particular set of alarms, may direct the pulse
oximetry monitor 14 to only monitor certain frequencies, may
simply adjust volumes of alarms, or any combination of these.
[0040] After selecting a desired mode, making desired
adjustments and so forth in accordance with the embodiments
described above, the user may return to a main pulse oximetry
screen 78, an embodiment of which is illustrated in FIG. 2D.
Substantially real-time physiological information may be
provided on the main pulse oximetry screen 78, for example
as a plethysmographic waveform 80 or other related metric.
[0041] Returning to FIG. 2, in addition to the adaptive-
alarm information provided on the display 20, the pulse oxim-
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etry monitor 14 may include various indicators 82 (e.g., indi-
cator lights and display screen graphics) that facilitate
operation of the pulse oximetry monitor 14 and observation of
apatient’s physiological metrics (e.g., pulserate). In this way,
even while the user is making adjustments to various settings,
the user may also monitor the patient to which the pulse
oximetry monitor 14 is connected and/or ascertain the status
of the pulse oximetry monitor 14. Accordingly, some of the
indicators 82 are specifically provided to facilitate monitor-
ing of a patient’s physiological parameters. For example, the
indicators 82 may include representations of the most
recently measured values for SpO,, pulse rate, and pulse
amplitude. Other indicators 82 may be specifically provided
to facilitate operation of the pulse oximetry monitor 14. For
example, the indicators 82 may include an A/C power indi-
cator, a low battery indicator, an alarm silence indicator, a
mode indicator, and so forth.

[0042] FIG. 3 is a block diagram of an embodiment of the
pulse oximetry monitor 14 coupled to a patient 84 in accor-
dance with present embodiments. As mentioned, embodi-
ments of the pulse oximetry monitor 14 may be implemented
with any suitable sensor and patient monitor, such as those
available from Nellcor Puritan Bennett LLC. The pulse oxim-
etry monitor 14 and the sensor 12, as discussed with respect to
FIG. 1, may be configured to obtain, for example, a plethys-
mographic signal from patient tissue. The sensor 12, as noted
above, includes the emitter 16 and detector 18. The sensor 12
further includes two cables, 86 and 88, which allow the sensor
12 to interface with the pulse oximetry monitor 14. The sensor
12 may also include an encoder 90, as described below. The
cable 86 allows signals to be transmitted from the pulse
oximetry monitor 14 to the emitter 16 and the cable 88 allows
a signal to be transmitted from the detector 18 to the pulse
oximetry monitor 14. The signals may be electrical signals or
may be light signals (i.e., the cables 86, 88 may be electrical
or fiber optic.) It should be noted that the cables 86, 88 may be
contained within the cable 24 illustrated in FIG. 1.

[0043] The encoder 90 of the sensor 12 may contain infor-
mation about the sensor 12, such as what type of sensor it is
(e.g., whether the sensor is intended for placement on a fore-
head or digit), the wavelengths of light emitted by the emitter
12, and what features the sensor 12 may include, such as a
built-in microphone. This information may allow the pulse
oximetry monitor 14 to take appropriate action, such as the
selection of appropriate algorithnis, use of appropriate cali-
bration coefficients, and so forth for calculating the patient’s
physiological parameters. The encoder 90 may, for instance,
be a coded resistor whose value corresponds to the type of the
sensor 12 and/or the wavelengths of light emitted by the
emitter 16. These coded values may be communicated to a
detector/decoder 92 disposed within the monitor 14, which
determines how to calculate the patient’s physiological
parameters. In another embodiment, the encoder 90 may be a
memory or may include memory circuitry on which one or
more operational parameters may be stored for communica-
tion to the monitor 14: Indeed, in some embodiments, the
encoder 90 may provide information to the monitor 14 indi-
cating the sensor 12 includes a microphone, which may, in
turn, set the monitor 14 into a certain mode, such as a detec-
tion mode. Such embodiments are described further with
respect to FIG. 11. Examples of pulse oximetry sensors con-
figured to cooperate with pulse oximetry monitors may
include OxiMax® sensors available from Nellcor Puritan
Bennett LLC.
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[0044] To allow the pulse oximetry monitor 14 to generate
the light for provision to the patient 84, a time processing unit
(TPU) 96 may provide timing control signals to light drive
circuitry 98. The light drive circuitry 98 may contain a set of
emitters (e.g., LEDs) that may control which wavelength of
light is emitted and may also control when light is emitted,
and if multiple light sources are used, the multiplexed timing
for the different light sources. Signals from the light drive
circuitry 98 may be transmitted through cable 86 to the sensor
12 and may cause light to be sent out of the emitter 16 and into
the patient tissue 84. The light may be absorbed and/or scat-
tered by the tissue 84, and may be collected by the detector 18.
The detector 18 may collect the light and send a representa-
tive signal to the pulse oximetry monitor 14 via the cable 88.
[0045] Inasimilar manner to the emission of light from the
emitter 16, the gating-in of signals from the detector 18 to
various processing circuitry within the pulse oximetry moni-
tor 14 may be controlled by the TPU 96 through an amplifier
100 and a switching circuit 102. These signals may be
sampled at the proper time, depending upon which of mul-
tiple light sources is illuminated, if multiple light sources are
used. The received signals from the detector 18 may be passed
through another amplifier 104, a low pass filter 106, and an
analog-to-digital (A/D) converter 108 for amplifying, filter-
ing, and digitizing the received signals. The digital data may
then be stored in a queued serial module (QSM) 110, for later
downloading to RAM 112 as the QSM 110 fills up.

[0046] The QSM 110 and RAM 112 may be connected to
an internal bus 114, which allows various circuitry within the
pulse oximetry monitor 14 to share and process information
as appropriate. The raw digital diagnostic data stored in the
QSM 110 and/or the RAM 112 may be further sampled by a
microprocessor 116 of the pulse oximetry monitor 14. The
microprocessor 116 may then generate specific diagnostic
data of interest, such as pulse rate, blood oxygen saturation,
and so forth to determine if an alarm condition exists. To
generate such data of interest, the microprocessor 116 may
calculate one or more physiological parameters of interest
using various algorithms. These algorithms may utilize coef-
ficients, which may be empirically determined, correspond-
ing to, for example, the wavelengths of light used. In one
embodiment, these algorithms may be stored ina ROM 118,
which is attached to the internal bus 114.

[0047] Also attached to the internal bus 114 are the inputs
50, the display 20, and the speaker 22, which are described
above with respect to FIGS. 1 and 2. The inputs 50, as
described above, may include the mode switch 28 of FIGS. 1
and 2, the arrow keys 60 soft keys 66 of FIG. 2, as well as
connection points for a keyboard, a mouse, a trackball, or
similar input device. Additionally, a network interface card
(NIC) 120 connected to the internal bus 114 allows a remote
computer (e.g., the monitor 30 of FIG. 1) to provide and
receive instructions, patient- and/or alarm-related informa-
tion to and from the pulse oximetry monitor 14. Such infor-
mation may be accessed via a mass storage 122, also con-
nected to the internal bus 114, which may store caregiver
preferences, patient information, or various parameters.
Information such as programs for performing analyses on
ambient sounds captured by the microphone 28 and for gen-
erating the alarms described above may also be stored on the
mass storage 122, or may be stored on the ROM 118.

[0048] In addition to the acts related to light emission and
detection for patient monitoring described above, the pulse
oximetry monitor 14 may, substantially concurrently, per-
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form adaptive-alarm-related tasks. Accordingly, the mass
storage 122 and/or other storage circuitry such as the RAM
112 and/or ROM 118 may store information and algorithms
related to tasks such as alarm generation on the fly (new alarm
generation), original alarm modification, selection of a pre-
generated alarm, and user-configured alarms. However, as
noted above, before performing such alarm generation/modi-
fication, the pulse oximetry monitor 14 first performs analysis
of'the ambient sounds to determine if modified alarm genera-
tion is appropriate.

[0049] In performing the analysis, the pulse oximetry
monitor 14 captures ambient sounds with the microphone 28
and analyzes the ambient sounds with the microprocessor
116. Specifically, the microphone 28 may act as a transducer
to capture ambient sounds and generate a signal representa-
tive of the ambient sounds. The representative signal may be
filtered and amplified by a filter/amp 124. In some embodi-
ments, the filter/amp 124 may filter signals representative of
sounds outside of the average range of perception by humans.
In one embodiment, the filter/amp 124 may filter out (re-
move) signals representative of frequencies outside of the
range between approximately 20 Hz and 20000 Hz, approxi-
mately 510 Hz and 16000 Hz, or approximately 1000 Hz and
12000 Hz. In one embodiment, the filter/amp 124 may
remove all frequencies outside of the range of the original
alarms sounded by the pulse oximetry monitor 14, such that
substantially only those frequencies that may potentially
mask the original alarms are analyzed. The filtered signal may
then be converted from analog to digital by an analog-to-
digital (A/D) converter 126, which sends a digital signal
representative of the ambient sounds to the microprocessor
116 for analysis. In filtering the ambient sounds signal, the
microprocessor 116 may perform the analysis between the
ambient sounds and the stored and/or original alarms more
efficiently, as the number of frequencies that are analyzed has
been limited. This may allow lower processing power to be
used for performing the FFT that generates a frequency spec-
trum of the ambient sounds. Accordingly, the microprocessor
116 may be a microprocessor with lower processing power
than would otherwise be suitable if filtering were not per-
formed. Nevertheless, the microprocessor 116 then performs
the analysis between the ambient sounds signal and the origi-
nal alarms stored by the pulse oximetry monitor 14. For
example, the microprocessor 116 may access spectrum ana-
lyzer software stored on the mass storage 122 and/or RAM
112 to compare frequency spectra of ambient sounds to the
frequency spectra of one or more original alarms to determine
whether modified alarm generation is appropriate. When the
ambient sounds are determined to not have a substantial effect
on the original alarms, the original alarms may be sounded by
the speaker 22 upon detection of the presence of an alarm
condition. In embodiments where the microprocessor 116
determines that modified alarm generation is appropriate,
algorithms stored on the memory circuitry (e.g., the mass
storage 122, the RAM 112 and/or the ROM 118) are per-
formed to generate an alarm on the fly (new alarm genera-
tion), modify an original alarm, select a pre-generated alarm,
or to allow a user to manually configure an alarm. The alarm
so generated may then be sounded by the speaker 22.

[0050] To generate one or more alarms on the fly, such as in
the detection mode described above with respect to FIG. 2,
the microprocessor 116 may run an algorithm stored on the
mass storage 122 (or other memory circuitry) that is capable
of determining frequencies that are not masked by ambient
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sounds (i.e., available frequencies). Further, the volume of
each ambient sound frequency (or filtered frequency) may be
analyzed by one or more algorithms, such that the volume of
the alarm generated on the fly is at an appropriate volume. The
microprocessor 116 may then run one or more sound synthe-
sis algorithms to string together two or more of the available
frequencies to generate an alarm. The microprocessor 116
may also run one or more stored algorithms that are capable of
forming ambient sounds trends, such that alarms generated on
the fly may be stored for later use when similar or the same
ambient sounds are encountered.

[0051] In some embodiments, generating an alarm on the
fly may result in a new alarm altogether. However, it may be
desirable to generate a modified alarm that substantially
retains the essence of an original alarm while suitably adjust-
ing the original alarm (e.g., by tone, pitch, volume) to account
for the ambient sounds. Such a modified alarm may be desir-
able in embodiments where the pulse oximetry monitor 14
monitors more than one parameter and contains more than
one concomitant alarm. Therefore, the microprocessor 116
may access the mass storage 122 and/or RAM 112, which
may store the original alarm that corresponds to pulse rate,
blood oxygen saturation, and total hemoglobin, among oth-
ers, as well as their representative frequency spectra. The
microprocessor 116 may then execute one or more algorithms
stored on the mass storage 122 and/or the RAM 112 for
modifying the tone, pitch, and/or volume of one or more of
the frequencies of the original alarms.

[0052] Inaddition to the original alarms that may be modi-
fied, the mass storage 122 and/or the RAM 112 may also store
several pre-generated alarms as well as their representative
frequency spectra, for example to use in lieu of the original
alarms where appropriate. For example, in the pre-configured
mode described above, when the user selects a mode such as
the “ambulance mode,” the microprocessor 116 may run one
ormore algorithms that override the use of the original alarms
and selects one or more ambulance-appropriate pre-gener-
ated alarms stored on the mass storage 122 and/or the RAM
112. In other embodiments, the microprocessor 116 may,
when a modified alarm is deemed appropriate, run analysis
algorithms to compare the ambient sounds spectra to the
pre-generated alarms spectra. The microprocessor 116 may
then select a pre-generated alarm that is not substantially
masked by or appropriately distinguishes over the ambient
sounds.

[0053] In addition to or in lieu of allowing the pulse oxim-
etry monitor 14 to automatically generate and/or select an
alarm as described above, a user may manually configure one
or more alarms of the pulse oximetry monitor 14, such as
when in the manual mode. To facilitate such configuration
and personalization, the mass storage 122 and/or RAM 112
may store historical data, configuration and personalization
options, frequency spectra, and so forth. For example, the
mass storage 122 and/or RAM 112 may store historical data
relating to various ambient sounds in a given setting which
allows a user to program a certain response (i.e., a stored
alarm or a manually-configured alarm) to utilize when such
ambient sounds are again encountered. The user may access
such data and settings options using the inputs 50 and the
display 20 to configure alarms (i.e., create new alarms,
modify tones, pitches, and volumes of original alarms) as
desired.

[0054] It should be noted that the acts and methods intro-
duced above may be performed by one or more processing
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components, such as the microprocessor 116, substantially
automatically or along with user input. That is, in one
embodiment, some of the methods introduced above and
described in further detail below may be partially or fully
implemented on software, which may allow for a re-configu-
ration of a conventional patient monitor to perform these
adaptive alarm tasks. For example, spectral analysis may be
performed by suitably configured software that is readily
available and stored on the memory circuitry within the pulse
oximetry monitor 14. Further, the pulse oximetry monitor 14
may be modified to include or may be connected to another
piece of equipment including the speaker 22 and/or the micro-
phone 26. Therefore, the methods introduced above may be
applicable to newly manufactured medical devices or medical
devices that have been outfitted with adaptive-alarm capabil-
ity.

[0055] FIG.4 illustrates a high-level flow chart depicting an
example of one such method 150 in which the pulse oximetry
monitor 14 monitors the patient and generates an original or
modified alarm. When a modified alarm is generated, the
modification may be frequency-based and/or volume-based,
which will be described below with respect to FIGS. 7-10. As
noted above, the pulse oximetry monitor 14 may monitor
patient physiological parameters (block 152). The pulse
oximetry monitor 14 may compare the monitored physiologi-
cal parameters from block 152 to a set of stored predefined
data values which, where appropriate, signals to the pulse
oximetry monitor 14 whether an alarm condition may exist.
Accordingly, the pulse oximetry monitor 14 may substan-
tially continuously determine if an alarm condition exists
(query 154) based on the measured patient parameters.

[0056] While the pulse oximetry monitor 14 substantially
continuously determines if an alarm condition exists (query
154), the pulse oximetry monitor 14 may also capture ambi-
ent sounds (block 156). For example, as noted above, the
microphone 26 (or the speaker 22) may capture ambient
sounds so that a signal representative of the ambient sounds
may be provided to the microprocessor 116 (FIG. 3) for
analysis (block 158). In embodiments where an alarm condi-
tion does not exist, the method 150 may cycle back to moni-
toring patient parameters (block 152) and the pulse oximetry
monitor 14 may continue to substantially simultaneously cap-
ture ambient sounds (block 156) and perform analyses on the
same (block 158).

[0057] It should be noted that by performing such analyses
(block 158) and determinations (query 154) substantially
concurrently, in embodiments where an alarm condition is
identified (such as when measured patient parameters have
dropped below or exceeded threshold values), the pulse oxim-
etry monitor 14 may promptly perform a follow-up determi-
nation as to whether the alarm corresponding to the alarm
condition should be modified (query 160). In embodiments
where the pulse oximetry monitor 14 determines that no
modified alarm is needed, the pulse oximetry monitor 14 may
sound the original alarm (block 162) corresponding to the
alarm condition. However, in embodiments where the pulse
oximetry monitor 14 determines that a modified alarm is
needed, the pulse oximetry monitor 14 may generate a modi-
fied alarm based on the captured ambient sounds (block 164).
For example, the pulse oximetry monitor 14 may synthesize a
new alarm on the fly, may modify the original alarm (includ-
ing modifying the volume, the pitch, the tone, etc.), or may
select a pre-generated alarm from a table. Nevertheless, the
nature of the modified alarm may be a direct result of the
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analysis of the captured ambient sounds (block 158), such
that the new or modified alarm is substantially free of mask-
ing by the ambient sounds. Accordingly, the pulse oximetry
monitor 14 may sound the modified alarm (block 166) to alert
the caregiver that an alarm condition exists.

[0058] To allow the pulse oximetry monitor 14 to perform
frequency adjustment to generate a modified alarm, the
present techniques provide a method 156A for analyzing the
frequencies of captured sounds and comparing them to fre-
quencies of stored original alarms, which is illustrated as a
flow chart in FIG. 5. Upon capturing the ambient sounds
(block 156, FIG. 4), a transform may be performed on a signal
representative of the ambient sounds (block 168), which
results in a frequency spectrum of the ambient sounds. In
some embodiments, the transform may be a Fast Fourier
Transform (FFT), a discrete Fourier Transform (DFT), or any
similar transform. Accordingly, the pulse oximetry monitor
14 may act as a digital or hybrid analog-digital spectrum
analyzer, which transforms the captured ambient sounds into
the components of its frequency spectrum. In one embodi-
ment, the pulse oximetry monitor 14 may perform the analy-
sis in substantially real-time (i.e., less than approximately 5
seconds).

[0059] While the pulse oximetry monitor 14 may be
capable of analyzing the full frequency spectrum of the cap-
tured ambient sounds, it should be noted that not every fre-
quency of the ambient sounds may mask an alarm. Therefore,
a threshold may be set (e.g., by a user or automatically by the
pulse oximetry monitor 14) to exclude frequencies having
sufficiently low volume (e.g., amplitude, intensity, power) so
as not to interfere with original alarm frequencies and to focus
on frequencies that have sufficient volume to mask original
alarm frequencies. Accordingly, the pulse oximetry monitor
14 may identify frequencies having volumes above the
threshold (block 170). As an example of possible thresholds,
the frequency spectrum may be a plot of frequency versus
amplitude, frequency versus decibel level (dB), frequency
versus intensity, and so forth, each of which may have a
threshold value. In some embodiments, volume, as measured
by the amplitude, dB level, intensity, or power, may be a
perceived quality of the ambient sounds (i.e., may differ
between users). As such, adaptive-alarm settings, such as
volume thresholds, of the pulse oximetry monitor 14 may be
customized for each caregiver.

[0060] After identifying one or more frequencies having a
volume above a certain threshold (block 170), the pulse oxim-
etry monitor 14 then determines if an alarm condition exists
(query 172), which may or may not correspond to the query
154 of FIG. 4. In situations where an alarm condition does not
exist, the pulse oximetry monitor 14 will return to the captur-
ing ambient sounds block 156 in FIG. 4 (block 174). If an
alarm condition does exist, the type of alarm condition is then
identified (block 176). For example, if the pulse oximetry
monitor 14 is configured to monitor more than one patient
parameter (pulse rate, blood oxygen saturation, total hemo-
globin, etc.), the type of alarm may be identified, as each
alarm corresponding to each metric may be different. In one
embodiment, each physiological metric may have a corre-
sponding alarm, such that a caregiver may recognize the type
of alarm even when the pulse oximetry monitor 14 is not
within sight. Therefore, each alarm may have a distinct and
characteristic quality of tone and pitch/perceived pitch, with
different component frequencies.
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[0061] Upon identification of the alarm condition (block
176), the pulse oximetry monitor 14 may then compare the
frequencies of the identified alarm with the frequencies of the
ambient sounds above the given threshold (block 178). For
example, the pulse oximetry monitor 14 may perform a
matching function to determine if the frequencies of the
ambient sounds overlap with those of the identified original
alarm. The extent of overlap between the ambient sounds and
the identified original alarm may determine whether the iden-
tified original alarm may be masked by the ambient sounds
(query 180). As an example, the alarm may be at least par-
tially masked if the degree of frequency overlap is at least
approximately 20%. In the event that there is not substantial
overlap between the ambient sounds and the identified origi-
nal alarm, the pulse oximetry monitor 14 may not modify the
alarm (block 182). In embodiments where there is substantial
overlap between the frequencies of the ambient sounds and
the identified original alarm, such as when the percentage
overlap meets, exceeds, or falls within a predetermined range,
the pulse oximetry monitor 14 may then modify the original
alarm based on the captured ambient sounds (block 184).
Indeed, the query 180 may correspond, at least in part, to the
query 160 of FIG. 4. Similarly, block 184 may correspond, at
least in part, to block 164 of FIG. 4.

[0062] It should be noted that an original alarm may be
masked even in situations where there is little to no overlap of
frequencies between the original alarm and ambient sounds,
such as when the ambient sounds are sufficiently loud (i.e.,
have sufficient volume) to drown out the original alarm.
Therefore, in addition to the frequency analysis described
above, the pulse oximetry monitor 14 may also analyze the
volume (i.e., dB level, intensity, power, amplitude) corre-
sponding to the frequencies and compare the volume to the
volume of the original alarm, such that volume adjustment in
addition to or in lieu of frequency adjustment may be per-
formed. FIG. 6 is a flow chart illustration of one such method
156B of analyzing the frequencies of the captured ambient
sounds and their volumes, and determining whether a modi-
fied alarm should be volume and/or frequency-adjusted.

[0063] Theinitial frequency analysis acts performed by the
pulse oximetry monitor 14 in method 156B may be similar or
the same to those of method 156A. Accordingly, those steps
are referred using the same reference numerals. The initial
frequency analysis includes performing a transform (e.g.,
FFT, FT, DFT) on the ambient sounds signal (block 168),
identifying frequencies with a volume above a given thresh-
old (block 170), determining if an alarm condition exists
(query 172), and identification of the alarm condition (block
176). Of course, if an alarm condition does not exist, the
method returns to block 156 of FIG. 4 to capture ambient
sounds (block 174).

[0064] Upon identification of the alarm condition (block
176), the pulse oximetry monitor 14 may then compare the
frequencies of the ambient sounds that are above a given
volume threshold with the frequencies and their volumes
corresponding to the identified original alarm (block 190).
That is, the pulse oximetry monitor 14 may compare various
measurements relating to volume between the ambient
sounds and the identified original alarm. Such measurements
may include the amplitudes of the frequencies (e.g., peak,
root mean square (RMS), pulse, instantaneous), the dB level
of'the frequencies, the RMS amplitude for the overall ambient
sounds signal, and the like.
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[0065] The volume and frequency comparisons described
above may allow the pulse oximetry monitor 14 to determine
if substantial frequency overlap and/or volume levels exist
such that the identified original alarm may be masked. In the
illustrated embodiment, the pulse oximetry monitor 14 deter-
mines whether there is substantial overlap between the fre-
quencies of the ambient sounds and those of the identified
original alarm (query 192). As noted above, substantial over-
lap may be present if the degree of frequency overlap is at
least approximately 20%. Ultimately, the query 192 may
determine whether the frequencies of the original alarm are
modified. However, it should be noted that a determination as
to whether the volume of the generated alarm should be
modified may be performed regardless of the degree of fre-
quency overlap between the ambient sounds and the original
alarm.

[0066] In embodiments where there is not a substantial
overlap of frequencies, the pulse oximetry monitor 14 then
determines if the identified original alarm may benefit from
volume adjustment (query 194). In situations where the ambi-
ent sounds are not sufficiently loud to mask the identified
original alarm, the pulse oximetry monitor 14 may not modify
the identified alarm (block 196) and sound the original alarm.
Insituations where the ambient sounds are sufficiently loud to
mask the identified original alarm, the pulse oximetry moni-
tor 14 may increase the volume of the identified original
alarm (block 198) to a level where a user may clearly recog-
nize the original alarm, even in the presence of the ambient
sounds. It should be noted that the volume increase may be to
a level where the average volume measurement value of the
identified original alarm is at least approximately 20% greater
than the highest volume measurement value of the ambient
sounds. For example, the average volume measurement value
of the identified alarm may be increased to at least approxi-
mately 10% greater than the highest value for the ambient
sounds.

[0067] Inembodiments where there is a substantial overlap
of frequencies between the ambient sounds and the identified
alarm, the pulse oximetry monitor 14 then makes a determi-
nation as to whether the modified alarm will benefit from a
volume adjustment (query 200). In embodiments where the
ambient sounds are not sufficiently loud to mask the modified
alarm, the modified alarm will not be volume-adjusted (block
202). In situations where the ambient sounds have a high
measured volume, the alarm may be volume-adjusted (block
204). As with the volume modification of the identified origi-
nal alarm (block 198), the modified alarm’s average volume
measurement value may be increased to at least 10% greater
than the highest value of the same for the ambient sounds
(block 204).

[0068] Once the pulse oximetry monitor 14 has performed
analysis of the ambient sounds according to either of the
methods described above in FIGS. 5 and 6, the pulse oximetry
monitor 14 then, as noted above in FIG. 4, generates a modi-
fied alarm based on the captured ambient sounds in block 164.
The modification may include selecting a pre-generated
alarm from a table or modifying an original alarm by adjust-
ing frequency and/or volume to slightly modify the original
alarm or to generate a new alarm altogether. Such methods are
discussed in the context of flowcharts illustrated in FIGS.
7-10. Specifically, FIG. 7 is a flow chart depicting one method
164A of alarm generation that includes selecting an alarm
from a list of pre-generated alarms stored in a table. FIG. 8 is
a flow chart depicting a method 164B of alarm generation that
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is similar to the method 164A, and includes volume adjust-
ment of the alarm. Methods 164A and 164B may be imple-
mented, for example, in situations where the response of the
pulse oximetry monitor 14 (i.e., the sounding of a modified
alarm) is desired in a short timeframe or when the pulse
oximetry monitor 14 is placed in a setting-specific mode, such
as an ambulance mode. FIG. 9 is a flow chart depicting a
method 164C of generating a modified alarm by adjusting
frequencies with respect to the captured ambient sounds, and
FIG. 10 is a flow chart depicting a similar method 164D that
includes volume adjustment in addition to frequency adjust-
ment. Methods 164C and 164D may be applicable to gener-
ating an alarm on the fly, such as generation of a new alarm or
modification of an original alarm.

[0069] Referring now to FIG. 7, the method 164 A, as noted
above, includes the selection of an appropriate stored alarm
from a table in response to the analysis of the ambient sounds
performed by the pulse oximetry monitor 14. To concentrate
on only those frequencies of the ambient sounds that may
mask an original alarm, the pulse oximetry monitor 14 may
consider the frequencies of the ambient sounds that meet or
exceed a pre-defined threshold volume (block 210) as
described above. The considered frequencies of the ambient
sounds are then compared to frequency components (within
frequency spectra) of alarms stored in the pulse oximetry
monitor 14 (block 212). As an example, the pulse oximetry
monitor 14 may perform a frequency matching or mapping
function that determines the amount of frequency overlap
between the ambient sounds and the stored alarms. The stored
alarm that best distinguishes from the measured frequency
components of the ambient sounds is then selected (block
214). For example, the pulse oximetry monitor 14 may des-
ignate a percentage match for each of the alarms with regard
to the measured frequencies of the ambient sounds. The per-
centage match may represent the percentage of frequencies in
the stored alarm that overlap with frequencies of the ambient
sounds. In such embodiments, the pulse oximetry monitor 14
may select an alarm with the lowest percentage match.

[0070] To account for situations where the ambient sounds
have sufficient volume to mask a selected alarm regardless of
frequency differences, the pulse oximetry monitor 14 may
perform the method 164B, which, as noted above, contains
similar acts to those described above with respect to method
164 A and includes selecting a stored alarm and subsequently
(or substantially concurrently) performing volume adjust-
ment. Method 164B includes nearly identical initial steps to
those of method 164A. Accordingly, method 164B includes
block 210, block 212, and block 214, which are described
above. After the modified alarm has been selected (block
214), a volume of the modified alarm is compared to a volume
of the ambient sounds (block 216) in a similar manner to that
described above with respect to FIG. 6. In embodiments
where the volume of the ambient sounds indicates that the
modified alarm may be masked, the pulse oximetry monitor
14 may increase the volume of the selected alarm (block 218).
For example, the modified alarm’s volume may be increased
to at least approximately 10% greater than the highest and/or
average volume measurement of the ambient sounds. To per-
form such volume modification, the pulse oximetry monitor
14 may adjust the amplitude of the frequencies of the modi-
fied alarm.

[0071] While the methods 164A and 164B described above
may be applicable when the pulse oximetry monitor 14isin a
setting-specific mode, such as the ambulance, helicopter, hos-
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pital, or similar pre-configured mode, the pulse oximetry
monitor 14 may instead perform methods 164C and 164D
described below when set to a different mode, such as the
detection mode described above with respect to FIG. 2. For
example, it may be desirable to modify an original alarm’s
pitch and/or tone, or to generate a new alarm altogether. That
is, the pulse oximetry monitor 14 may, in certain embodi-
ments, synthesize a modified alarm on the fly. The modified
alarm may be synthesized either de novo or may be based
upon the essence of the existing tones of the original alarm
identified in block 176 of FIG. 5. As noted above, FIGS. 9 and
10 illustrate such methods 164C and 164D for synthesizing a
modified alarm on the fly.

[0072] According to the method 164C depicted in FIG. 9,
the pulse oximetry monitor 14 may identify available fre-
quencies and generate a modified alarm based on the same. As
with the methods 164A and 164B described above, the pulse
oximetry monitor 14 may consider the frequency components
of the ambient sounds that meet or exceed a given threshold
(block 210), such as a volume threshold. Based upon an
analysis of the frequency components of the ambient sounds,
frequencies are identified where the ambient sounds do not
emit, or do not emit at a predefined volume (block 230). The
pulse oximetry monitor 14 may then generate a modified
alarm based on the available frequencies (block 232). For
example, based on the identified available frequencies, the
identified original alarm may be modified, such as by shifting
a masked frequency of a beep tone to an available frequency.
In other embodiments, a new alarm may be synthesized de
novo, where the alarm does not substantially retain the
essence of the identified original alarm.

[0073] To modify the original alarm, the pulse oximetry
monitor 14 may change the pitch or perceived pitch of at least
one of the beep tones of the original alarm. For example, the
pulse oximetry monitor 14 may add overtones, such as partial
overtones, harmonic overtones, and so forth to one or more of
the beep tones. In this way, the pulse oximetry monitor 14
retains the essence of the original alarm while distinguishing
(unmasking) it from the ambient sounds. Additionally or
alternatively, the pulse oximetry monitor 14 may modify the
original alarm by increasing the frequency of at least one or a
combination of the beep tones by one or more octaves, such
that the alarm’s essence is substantially retained.

[0074] Inembodiments where the modified alarm is gener-
ated de novo, the pulse oximetry monitor 14 may select one or
more frequencies that are substantially free of masking by the
ambient sounds. The pulse oximetry monitor 14 may then
string together a series of tones having such frequencies to
generate the modified alarm. To allow a caregiver to recog-
nize the nature of the modified alarm that has been generated
de novo, the pulse oximetry monitor 14 may retain one or
more properties of the original alarm, such as the number of
beep tones. As an example, an original alarm with three tones
may correspond to a blood oxygen saturation alarm while an
original alarm with two tones may correspond to a pulse
alarm, and so on. In such embodiments, a caregiver may
recognize that a modified alarm having three tones corre-
sponds to the blood oxygen saturation alarm and that a modi-
fied alarm having two tones corresponds to the pulse alarm.
Indeed, in generating a modified alarm de novo, any combi-
nation of tones may be used, such that the modified alarms
comply with L.LE.C. 60601-1-8 standards.

[0075] Inaddition to the frequency-related on the fly modi-
fied alarm generation acts described above, the pulse oxim-
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etry monitor 14 may be configured to determine a suitable
volume level for the modified alarm, such that its tones are not
overwhelmed by the ambient sounds. FIG. 10 is a flow chart
illustration depicting one such method 164D that determines
a suitable volume of a modified alarm generated on the fly. As
with the methods described above, the pulse oximetry moni-
tor 14 may consider frequencies above a given threshold, such
as a volume threshold (block 210). Subsequently, in addition
to identifying which frequencies are available (i.e., not
present within a frequency spectrum of the ambient sounds),
the pulse oximetry monitor 14 may determine a suitable vol-
ume (as defined by a volume measurement) such that the
modified alarm generated on the fly may be recognizable even
in the presence of loud ambient sounds (block 234). There-
fore, the pulse oximetry monitor 14 may use the volume of the
frequencies of the ambient sounds to determine a suitable
volume for the frequencies that are selected. The pulse oxim-
etry monitor 14 may then synthesize the modified alarm
based on the available frequencies, with the generated fre-
quencies having a volume level suitable for recognition
(block 236). When the modified alarm is a modified original
alarm, such as when one or more beep tones have been modi-
fied but the alarm retains its essence, the pulse oximetry
monitor 14 may modify the volume of its frequencies, as
described above with respect to FIG. 8.

[0076] As noted above, the methods disclosed herein per-
formed by the pulse oximetry monitor 14 may utilize ambient
sounds that are captured via a transducer (i.e., a microphone
or a suitably configured speaker). Further, the methods dis-
closed herein may be performed on a newly manufactured
pulse oximetry monitor having a built-in speaker, or may be
performed on an existing pulse oximetry monitor having suit-
ably configured software. In such embodiments, it may be
desirable to provide an external microphone that is capable of
being coupled to the pulse oximetry monitor 14 for capturing
ambient sounds. It should be noted that existing pulse oxim-
etry monitors may not have a dedicated interface for coupling
with a microphone. However, the present techniques may
provide for the pulse oximetry sensor 12 to have a built-in
microphone, such that the pulse oximetry sensor 12 may
collect the ambient sounds and provide a signal representative
of the ambient sounds to the processing components within
the monitor 14 through the sensor interface 52 (FIG. 2). One
such embodiment of the pulse oximetry sensor 12 is illus-
trated in FIG. 11, which is a perspective view of the pulse
oximetry sensor 12 having the microphone 26.

[0077] Specifically, the pulse oximetry sensor 12 of FIG. 11
includes the emitter 16, detector 18, and the microphone 26 in
a main sensor body 238. It should be noted that the main
sensor body 238 may also include the encoder 90 described
above with respect to FIG. 2, which may be memory circuitry
that is capable of providing information about the pulse oxim-
etry sensor 12 to the pulse oximetry monitor 14. The pulse
oximetry sensor 12 also includes a connector 240 coupled to
the main sensor body 238 via the cable 24. The connector 240
enables the ambient sounds collected by the microphone 26
as well as the physiological data generated by the emitter 16
and detector 18 to be provided to the pulse oximetry monitor
14 through connection with the sensor interface 52 (FIG. 2).
Further, as noted above, after connecting the pulse oximetry
sensor 12 with the pulse oximetry monitor 14, the information
stored on the pulse oximetry sensor 12 may place the pulse
oximetry monitor 14 into the detection mode described
above, where the pulse oximetry monitor 14 periodically or
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substantially continuously performs acoustic analysis of
ambient sounds captured by the microphone 26.

[0078] While the disclosure may be susceptible to various
modifications and alternative forms, specific embodiments
have been shown by way of example in the drawings and have
been described in detail herein. However, it should be under-
stood that the embodiments provided herein are not intended
to be limited to the particular forms disclosed. Rather, the
various embodiments may cover all modifications, equiva-
lents, and alternatives falling within the spirit and scope of the
disclosure as defined by the following appended claims.

What is claimed is:

1. A patient monitor, comprising:

a processor capable of generating an alarm signal in
response to an ambient sounds input and patient physi-
ological data indicative of an alarm condition; and

a user interface coupled to the processor and being oper-
able to receive the alarm signal generated by the proces-
sor and to provide a user-audible indication of the alarm
condition, the user-audible indication being substan-
tially free of masking by ambient sounds in an environ-
ment in which the patient monitor is located.

2. The patient monitor of claim 1, comprising a second user
interface coupled to the processor being operable to allow a
user to provide the ambient sounds input to the processor for
generating the alarm signal.

3. The patient monitor of claim 1, wherein the processor is
configured to perform an acoustic analysis of ambient sounds
and the alarm signal is generated in response to the analysis.

4. The patient monitor of claim 3, wherein the acoustic
analysis comprises a comparison of frequencies of the ambi-
ent sounds to frequencies of an original alarm signal corre-
sponding to the alarm condition, and the processor generates
a modified alarm having different frequencies than the fre-
quencies of the ambient sounds if the frequencies of the
original alarm and the ambient sounds overlap by a pre-
determined amount.

5. The patient monitor of claim 3, wherein the acoustic
analysis comprises a comparison of a volume of the ambient
sounds to a volume of an original alarm signal corresponding
to the alarm condition, and the processor generates a modified
alarm having a volume greater than the volume of the ambient
sounds if the volume of the ambient sounds is sufficient to
mask the original alarm.

6. The patient monitor of claim 3, wherein the processor
generates a modified alarm signal from an original alarm
signal on the fly in response to the analysis.

7. The patient monitor of claim 3, wherein the processor
selects a stored alarm signal from a table of stored alarm
signals in response to the analysis.

8. The patient monitor of claim 1, wherein the monitor is a
pulse oximetry monitor.

9. A patient monitoring system, comprising:

a patient monitor having:

a processor capable of generating an alarm signal in
response to an ambient sounds input and patient
physiological data indicative of an alarm condition;
and

auser interface coupled to the processor and being oper-
able to receive the alarm signal generated by the pro-
cessor and to provide a user-audible indication of the
alarm condition, the user-audible indication being
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substantially free of masking by ambient sounds in an
environment in which the patient monitor is located;
and

a sensor capable of being coupled to the patient monitor
and being operable to collect the patient physiological
data.

10. The patient monitoring system of claim 9, wherein the
sensor comprises a transducer being operable to capture the
ambient sounds and provide the ambient sounds input to the
processor, and wherein the processor is capable of perform-
ing an acoustic analysis of the ambient sounds and generating
the alarm signal in response to the analysis.

11. The patient monitoring system of claim 10, wherein the
acoustic analysis comprises a comparison of frequencies of
the ambient sounds to frequencies of an original alarm signal
corresponding to the alarm condition, and the processor gen-
erates a modified alarm having different frequencies than the
frequencies of the ambient sounds if the frequencies of the
original alarm and the ambient sounds overlap by a pre-
determined amount.

12. The patient monitoring system of claim 10, wherein the
acoustic analysis comprises a comparison of frequencies of
the ambient sounds to frequencies of an original alarm signal
corresponding to the alarm condition, and the processor gen-
erates a modified alarm having different frequencies than the
frequencies of the ambient sounds.

13. The patient monitoring system of claim 10, wherein the
acoustic analysis comprises a comparison of a volume of the
ambient sounds to a volume of an original alarm signal cor-
responding to the alarm condition, and the processor gener-
ates a modified alarm having a volume greater than the vol-
ume of the ambient sounds if the volume of the ambient
sounds is sufficient to mask the original alarm.

14. A method of patient monitoring comprising:

monitoring a patient physiological parameter;

determining if an alarm condition exists based on measure-
ments of the patient physiological parameter; and

sounding an alarm if an alarm condition exists, wherein the
alarm is selected such that it is substantially un-masked
by ambient sounds.

15. The method of claim 14, comprising:

capturing ambient sounds;

analyzing the captured ambient sounds to determine

whether the ambient sounds will mask an original alarm
of the alarm condition; and if so, generating a new alarm
substantially unmasked by the ambient sounds.

16. The method of claim 15, wherein analyzing the cap-
tured ambient sounds comprises:

comparing a volume of the ambient sounds with a volume

of the original alarm;

identifying whether the volume of the ambient sounds is

sufficient to mask the volume of the original alarm; and
generating a modified alarm with a higher volume than the
volume of the ambient sounds.

17. The method of claim 15, wherein analyzing the cap-
tured ambient sounds comprises:

generating a frequency spectrum of the captured ambient

sounds;

comparing the frequency spectrum of the ambient sounds

with a frequency spectrum of the original alarm;
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12
identifying whether the frequencies of the ambient sounds adjusting a volume of the selected alarm if a volume of the
overlap with frequencies of the original alarm; and ambient sounds is above a predetermined volume
generating a modified alarm with substantially no overlap. threshold.
18. The method of claim 17, comprising generating the 20. The method of claim 18, wherein generating a substan-
modified alarm by selecting an alarm stored in a table, gen- tially new alarm comprises:
erating a substantially new alarm, modifying the original analyzing the frequency spectrum of the captured ambient
alarm, or any combination thereof. sounds to identify available frequencies, the available
19. The method of claim 18, wherein selecting an alarm frequencies comprising frequencies not substantially
stored in a table comprises: emitted by the ambient sounds;
comparing the frequency spectrum of the captured ambient selecting a plurality of frequencies from the available fre-
sounds with frequency spectra of alarms stored in the quencies; and
table; synthesizing a tone based on the selected frequencies.

selecting an alarm having the least overlapping frequencies
with the ambient sounds; and woOk kR %
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