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ATARM SENSITIVITY CONTROL FOR PATIENT MCNITORS

The present disclosure relates to alarm sensitivity
control, and more particularliy relates to providing a range

of alarm sensitivities for a patient monitor.

Summary

A patient monitoring system is provided with
adjustable alarm sensitivity. The patient monitoring
gystem may receive a user indication of alarm sensitivity,
and may configure one or more alarm settings based on the
user 1lndication. The patient monitoring system may
configure alarm settings for physiclogical parameters
{e.g., blood oxygen saturation, pulse rate, respiration
rate, blood pressure, temperature), operating condition
metrics (e.g., power level, sensor signal gquality, patient
movement, sensor movement), signal metrics (e.g., waveform
pattern detection), any other suitable parameter or metric,
or any combination thereof. Alarm settings may include
alarm limit thresholds (e.g., for wvalues, change, rate of
change, or trend), durations of limit violations, number of
limit viclations, integral thresholds (e.g., time integrals
of signal excursiocns cutside of a limit), any other
suitable settings, or any combinaticn therecf. Alarm
gsensitivity may be indicated by selection of a preset based
on user identification, patient identification, medical
procedure, drug administration, default preset, any other

suitable preset, or any combination thereof.

Brief Description of the Figures

The above and other features of the present
disclosure, its nature and various advantages will be more

apparent upon consideration of the following detailed
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description, taken in conjunction with the accompanying
drawings in which:

FIG. 1 shows an illustrative patient monitoring
system, in accordance with some embodiments of the present
disclosure;

FIG. 2 is a block diagram of the illustrative patient
monitoring system of FIG. 1 coupled tec a patient, in
accordance with some embodiments of the present disclosure;

FIG. 3 shows a table of illustrative parameters for
which an alarm may be activated, in accordance with some
enmbodiments of the present disclosure;

FIG. 4 shows an illustrative display of a
physiological monitoring system, in accordance with some
embodiments of the present disclosure;

FIG. 5 shows an illustrative panel of two plots, each
including a time series and alarm limits, in accordance
with some embodiments of the present disclosure;

FIG. 6 is a flow diagram of illustrative steps for
configuring alarm settings of a patient monitoring system
based at least in part on a user indication, in accordance
with some embodiments of the present disclosure;

FIG. 7 is a fiow diagram of illustrative steps for
configuring alarm settings of a patient monitoring system,
in accordance with some embodiments of the present
disclesure;

FIG. 8 is a flow diagram of illustrative steps for
configuring alarm settings of a patient monitoring system
to an indicated alarm sensitivity, 1n accordance with some
embodiments of the present disclosure;

FIG. 9(a) shows an illustrative indication of alarm
sensitivity, in accordance with some embodiments of the

present disclosure;
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FIG. 92(b) shows an illustrative indication of alarm
sensitivity using user identification, in accordance with
some embodiments of the present disclosure;

FIG. 9(c) shows an illustrative indication of alarm
sensitivity using a patient identification, in accordance
with some embodiments of the present disclosure; and

FIG. 9{(d) shows an illustrative indication of alarm
sensitivity using a mode, in accordance with some

embodiments of the present disclosure.

Detailed Description of the Figures

The present disciosure is directed towards methods and
systems for configuring alarm sensitivity. In some
embodiments, a patient monitoring system may configure
alarm settings to provide a particular alarm sensitivity.
The patient monitoring system may include an oximeter, or
other suitable device, or combinations therecf, for
monitoring physiological activity of a patient.

An oximeter is a medical device that may determine the
oxygen saturation of the blood. One common type of
oximeter is a pulse oximeter, which may indirectly measure
the oxygen saturation of a patient's blood {(as opposed to
measuring oxygen saturation directly by analyzing a blood
sample taken from the patient). Pulse oximeters may be
included in patient monitoring systems that measure and
display varilous blood flow characteristics including, but
not limited to, the oxygen saturation of hemoglobin in
arterial blood. Such patient monitoring systems may also
measure and display additional physiological parameters,
such as a patient's pulse rate and blood pressure.

An oximeter may include a light sensor that is placed
at a2 site on a patient, typically a fingertip, toe,
forehead cor esarlcbe, or in the case of a neonate, across a

foot. The oximeter may use a light source to pass light
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through blood perfused tissue and photoelectrically sense
the absorption of the light in the tissue. In addition,
locations which are not typically understood to be optimal
for pulse oximetry serve as suitable sensor leccations for
the blocod pressure monitoring processes described herein,
including any location on the body that has a strong
pulsatile arterial flow. For example, additional suitable
gensor locations include, without limitation, the neck to
monitor carotid artery pulsatile flow, the wrist to monitor
radial artery pulsatile flow, the inside of a patient's
thigh to monitor femoral artery pulsatile flow, the ankle
to monitor tibial artery pulsatile flow, and around or in
front of the ear. Suitable sensors for these locations may
include sensors for sensing absorbed light based on
detecting reflected light. In all suitable locations, for
example, the oximeter may measure the intensity of light
that is received at the light sensor as a function of time.
The oximeter may also include sensors at muitiple
locations. A signal representing light intensity versus
time or a mathematical manipulation of this signal (e.g., a
scaled version thereof, a log taken thereof, a scaled
version of a log taken thereof, etc.) may be referred to as
the photoplethysmograph (PPG) signal. 1In addition, the
term "PPG signal," as used herein, may also refer to an
absorption signal (i.e., representing the amount of light
absorbed by the tissue) or any suitable mathematical
manipulation thereof. The light intensity or the amount of
light absorbed may then be used to calculate any of a
number of physiolcogical parameters, including an amount of
a blood censtituent (e.g., oxyhemoglcbin) being measured as
well as a pulse rate and when each individual pulse occurs.
In some applications, the light passed through the
tissue is selected to be of one or more wavelengths that

are absorbed by the blood in an amount representative of

4
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the amount of the blood constituent present in the bklood.
The amount of light passed through the tissue varies in
accordance with the changing amount of blcood constituent in
the tissue and the related light absorption. Red and
infrared {(IR) wavelengths may be used because it has been
observed that highly oxygenated blood will absorb
relatively less Red light and more IR light than blood with
a lower oxygen saturation. By comparing the intensities of
two wavelengths at different points in the pulse cycle, it
is possible to estimate the blood oxygen saturation of
hemoglobin in arterial blood.

When the measured blood parameter is the oxygen
saturation of hemoglobin, a convenient starting peint
assumes a saturation calculation based at least in part on
Lambert-Beer's law. The following notation will be used

herein:

I(h, 1) = 15 (L) exp(—(sBo (M) + (1= )B, (W)I()) (1)
where:
A=wavelength;
{=time;
I=intensity of light detected;
I,=intensity of light transmitted;
s=cxygen saturation;
B, B.=empirically derived absorption coefficients; and
{(ty=a combination of concentration and path length from

emitter to detector as a function of time.
The traditional approach measures light absorption at
two wavelengths (e.g., Red and IR), and then calculates

saturation by solving for the "ratio of ratiocs™ as follows.
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1. The natural logarithm of Eg. 1 is taken ("log" will he
used to represent the natural logarithm) for IR and Red to
yvield
log I = log Is—(sPet(l-s) Pr)l. (2)
5 2. Eg. 2 is then differentiated with respect to time to
yvield

dlogl
dt

3. FEg. 3, evaluated at the Red wavelength A,, is divided

(5P + -9 | )

by Eg. 3 evaluated at the IR wavelength A, in accordance
10 with

dlogI(Ae)/dt _ 5By (Ag)+(1=5)B, (1)

. {4)
dlogl(A)/dt  sB,(Ap)+(1-5)B(A5)
4. Solving for s yields
dlog I{A dlogl
gdglﬁ)ﬁ}(R) g ( )ﬁ&([R)
- (9)
dlogI(4, dlog I(A
LB (5 a0 By - Lﬂ*)(ﬂowﬁ) B (i)
5., DNote that, in discrete time, the following
15 approximation can be made:
w ~ logI(A,t,)— log I(A.1,) (6)
6. Rewriting Eg. 6 by observing that 10gA—JogB::bgC4/B)
yields
dlogl(A,1) _ 1og I(ty,1) :
dt [t,2) )" )
20 7. Thus, Eq. 4 can be expressed as
dlogI(Ay) Iog[f( R)]
dr 1(2: R) _ R 6
dlogl(Ap) log[f(fpﬂff{)} - )
dt I(ty, A1)

where R represents the "ratio of ratios.”

6
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8. Solving Eg. 4 for s using the relationship of Eg. 5
yields

5= Br (ZR)ﬂRﬁr(ﬂ[R) .
R(By(Ap)— Br(Agp))— Po(Ag) + Pr(Ag) (9)

9. From Eg. 8, R can be calculated using two points

(e.g., PPG maximum and minimum), or a family of points.
One method applies a family of points tc a modified version

of Eg. 8. Using the relationship

dlogl dl/dt
dt I o)

Eg. 8 becomes

dlog1(Ay) Iy, Ap)— (1, Ap)

T Ty
dlogl(Apg)  1(ty, Ap)—1(4, A1)
df I(tp/l]R)

_ [f(l‘z»?ve)—f(fpﬂ;e)]f(fp/lm)
Lty A) — I, A ) (1, AR)

= R, (11)

which defines a cluster of points whose slope of y versus

x will give R when

x:[I(rzﬂﬂ’]R)_I(tD/rLIR)]‘[(tI?/lR)r 7 ' (12)

and

y =1, )~ 1t AN Ay) - (13)
Once R is determined or estimated, for example, using the
techniques described above, the blood oxygen saturation can
be determined or estimated using any suitable technique for
relating & blood oxygen saturation value to R. TFor
example, blocd oxygen saturaticn can be determined from
empirical data that may be indexed by values of R, and/or
it may be determined from curve fitting and/or other

interpolative techniques.
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FIG. 1 is a perspective view of an embodiment of a
patient monitoring system 10. System 10 may include sensor
unit 12 and monitor 14. In some embodiments, sensor unit
12 may be part of an oximeter. Sensor unit 12 may include
an emitter 16 for emitting light at one cor more wavelengths
into a patient's tissue. A detector 18 méy also bhe
provided in sensor 12 for detecting the light originally
from emitter 16 that emanates from the patient's tissue
after passing through the tissue. Any suitable physical
configuration of emitter 16 and detector 18 may be used.

In an embodiment, sensor unit 12 may include multiple
emitters and/or detectors, which may be spaced apart.
System 10 may also include one or more additicnal sensor
units (not shown) which may take the form of any of the
embodiments described herein with reference to sensor unit
12. An additicnal sensor unit may be the same type of
senscr unit as sensor unit 12, or a different sensor unit
type than sensor unit 12. Multiple sensor units may be
capable of being positioned at two different locaticns on a
subject's body; for example, a first sensor unit may be
positioned on a patient's forehead, while a second sensor
unit may be positioned at a patient's fingertip.

Sensor units may each detect any signal that carries
information about a patient's physiclogical state, such as
an electrocardiograph signal, arterial line measurements,
or the pulsatile force exerted on the walls of an artery
using, for example, oscillometric methods with a
piezoelectric transducer. According to another embodiment,
system 10 may include a plurality df sensors forming a
sensor array in lieu of either or both of the sensor units.
Each of the senscrs of a sensor array may be a
complementary metal oxide semiconductor (CMOS) sensor.
Alternatively, each sensor of an array may be charged

coupled device (CCD) sensor. In an embodiment, a sensor
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array may be made up of a combination of CMOS and CCD
sensors. The CCD sensor may comprise a photoactive region
and a transmission region for receiving and transmitting
data whereas the CMOS sensor may be made up of an
integrated circuit having an array of pixel sensors. Each
pixel may have a photodetector and an active amplifier. It
will be understood that any type of sensor, including any
type of physiclogical sensor, may be used in one or more
genscor units in accordance with the systems and techniques
disclosed herein. It is understood that any number of
sensors measuring any number of physiclogical signals may
be used to determine physiclogical information in
accordance with the techniques described herein.

In some embodiments, emitter 16 and detector 18 may be
on opposite sides of a digit such as a finger or toe, in
which case the light that is emanating from the tissue has
passed completely through the digit. In an embodiment,
emitter 16 and detector 18'may be arranged so that light
from emitter 16 penetrates the tissue and is reflected by
the tissue into detector 18, such as in a sensor designed
to obtain pulse oximetry data from a patient's forehead.

In some embodiments, sensor unit 12 may be connected
to and draw its power from monitor 14 as shown. In another
embodiment, the sensor may be wirelessly connected to
monitor 14 and include its own battery or similar power
supply (not shown). Monitor 14 may be configured to
calculate physiolcgical parameters (e.g., pulse rate, blood
pressure, blood oxygen saturation) based at least in part
on data relating to light emission and detection received
from one or more sensor units such as sensor unit 12 and an
additional sensor. In an alternative embodiment, the
calculations may be performed on the sensor units or an
intermediate device and the resuit of the calculations may

be passed to monitor 14. Further, monitor 14 may include a
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display 20 configured to display the physiolcgical
parameters or other information about the system. 1In the
embodiment shown, monitor 14 may alsc include a speaker 22
to provide an audible sound that may be used in various
other embodiments, such as for example, sounding an audible
alarm in the event that a patient's physiological
parameters are not within a predefined normal range. In
scome embodiments, the monitor 14 includes a biood pressure
meniteor. In some embodiments, the system 10 includes a
stand-alone blood pressure mconitor in communication with
the monitor 14 via a cable or a wireless network link.

In some embodiments, senscr unit 12 may be
communicatively coupled to monitor 14 via a cable 24. 1In
some embodiments, a wireless transmission device (not
shown) or the like may be used instead of or in addition to
cable 24.

In the illustrated embodiment, system 10 includes a
multi-parameter patient monitor 26. The monitor 26 may
include a cathode ray tube display, a flat panel display
(as shown) such as a liguid crystal display (LCD) or a
plasma display, or may include any other type of monitor
now known or later developed. Multi-parameter patient
monitor 26 may be configured to calculate physiological
parameters and to provide a display 28 for information from
monitor 14 and from other medical monltoring devices or
systems (not shown). For example, multi-parameter patient
monitor 26 may be configured to display an estimate of a
patient's blood oxygen saturation generated by monitor 14
(referred to as an "Sp0:;" measurement), pulse rate
information from monitor 14 and blood pressure from menitor
14 on display 28. Multi-parameter patient moniter 26 may
include a speaker 30.

Monitor 14 may be communicatively coupled to multi-

parameter patient monitor 26 via a cable 32 or 34 that is

10
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coupled to a sensor input port or a digital communications
port, respectively and/or may communicate wirelessly (not
shown). In addition, monitor 14 and/or multi-parameter
patient monitor 26 may be coupled to a network to enable
the sharing of informaticn with servers or other
workstations (not shown). Monitor 14 may be powered by a
battery (not shown) or by a conventional power source such
as a wall outlet.

Calibration device 80, which may be powered by monitor
14 via a cable 82, a battexy, or by a conveﬁtional power
source such as a wall outlet, may include any suitable
signal calibration device. Calibration device 80 may be
communicatively coupled to monitor 14 via cable 82, and/or
may communicate wirelessly {not shown). In some
embodiments, calibration device 80 is completely integrated
within monitor 14. In some embodiments, calibration device
80 may include a manual input device (not shown) used by an
operator to manually input reference signal measurements
obtained from some other source (e.g., an external invasive
or non-invasive physiological measurement system).

FIG. 2 is a block diagram of a patient monitoring
system, such as patient monitoring system 10 of FIG. 1,
which may be coupled to a patient 40 in accordance with an
embodiment. Certain illustrative compcnents of sensor unit
12 and monitor 14 are illustrated in FIG. 2.

Sensor unit 12 may include emitter 16, detector 18,
and encoder 42, In the embodiment shown, emitter 16 may be
configured to emit at least two wavelengths of light (e.g.,
Red and IR) into a patient's tissue 40. Hence, emitter 16
may include a Red light emitting light scurce such as Red
light emitting dicde (LED) 44 and an IR light emitting
light source such as IR LED 46 for emitting light into the
patient's tissue 40 at the wavelengths used to calculate

the patient's physiocleogical parameters. In one embodiment,

11
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the Red wavelength may be between about 600 nm and about
700 nm, and the IR wavelength may be between about 800 nm
and about 1000 nm. In embodiments where a senscor array 1is
used in place cof a single sensor, each sensor may be
configured to emit a single wavelength. For example, a
first sensor emits only a Red iight while a second emits
only an IE light. In another example, the wavelengths of
light used are selected based on the specific location of
the sensor.

It will be understood that, as used herein, the ferm
"light” may refer to energy produced by radiaticn socurces
and may include one or more of ultrasound, radioc,
microwave, millimeter wave, infrared, visible, ultraviolet,
gamma ray or X-ray electromagnetic radiation. As used
herein, light may also include electromagnetic radiation
having any wavelength within the radio, microwave,
infrared, visible, ultraviolet, or X-ray spectra, and that
any suitable wavelength of electromagnetic radiation may be
appropriate for use with the present technigques. Detector
18 may be chosen to be specifically sensitive to the chosen
targeted energy spectrum of the emitter 16.

In some embodiments, detector 18 may be configured to
detect the intensity of light at the Red and IR
wavelengths. Alternatively, each sensor in the array may
be configured to detect an intensity of a single
wavelength. 1In operation, light may enter detector 18
after passing through the patient's tissue 40. Detector 18
may convert the intensity of the received light into an
electrical gignal. The light intensity is directly related
to the absorbance and/cr reflectance of light in the tissue
40. That is, when mcre light at a certain wavelength is
absorbed or reflected, less light of that wavelength is
received from the tissue by the detector 18. After

converting the received light to an electrical signal,

12
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detector 18 may send the signal to monitor 14, where
physiological parameters may be calculated bkased on the
absorption of the Red and IR wavelengths in the patient's
tissue 40, '

In some embodiments, encoder 42 may contain
information about sensor 12, such as what type of sensor it
is (e.g., whether the sensor is intended for placement on a
forehead or digit) and the wavelengths of light emitted by
emitter 16. This information may be used by moniter 14 to
select appropriate algorithms, lookup tables and/or
calibration coefficients stored in monitor 14 for
calculating the patient's physiclogical parameters.

Encoder 42 may contain information specific to patient
40, such as, for example, the patient's age, welight, and
diagnosis. This information about a patient's
characteristics may allow monitor 14 to determine, for
example, patient-specific threshold ranges in which the
patient's physiological parameter measurements should fall
and to enable or disable additional physiclogical parameter
algorithms. This information may also be used to select
and provide coefficients for eguations from which, for
example, blood pressure and other measurements may be
determined based at least in part on the signal or signals
recelived at sensor unit 12. For example, some pulse
oximetry sensors rely on equations to relate an area under
a portion of a photoplethysmograph (PPG) signal
corresponding to a physiclogical pulse to determine blood
pressure. These equations may contain coefficients that
depend upon a patient's physiological characteristics as
stored in encoder 42, FEncoder 42 may, for instance, be a
coded resistor which stores values corresponding to the
type of sensor unit 12 or the type of each sensor in the
sensor array, the wévelengths of light emitted by emitter

16 on each sensor of the senscor array, and/or the patient's

13
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characteristics. In anrnother embodiment, encoder 42 may
include a memory on which one or more of the following
information may be stored for communication to moniteor 14:
the type of the sensor unit 12; the wavelengths of light
emitted by emitter 16; the particular wavelength each
sensor in the sensor array is monitoring; a signal
threshold for each sensor in the sensor array; any other
suitable information; or any combination thereof.

In some embodiments, signals from detectcer 18 and
encoder 42 may be transmitted to monitor 14. 1In the
embodiment shown, monitor 14 may include a general-purpose
microprocessor 48 connected to an internal bus 50.
Microprocessor 48 may be adapted to execute software, which
may include an operating system and one or more
applications, as part of performing the functions described
herein. Also connected toc bus 50 may be a read-only memory
(ROM) 52, a random access memory {(RAM) 54, user inputs 56,
display 20, and speaker 22.

RAM 54 and ROM 52 are illustrated by way of example,
and not limitation. Any suitable computer-readable media
may be used in the system for data storage. Computer-
readable media are capable of storing information that can
be interpreted by microprocessor 48. This information may
be data or may take the form of computer-executable
instructions, such as software applications, that cause the
microprocessor to perform certain functions and/or
computer—-implemented methods. Depending on the embodiment,
such computer-readable media may include computer storage
media and communication media. Computer storage media may
include volatile and non-volatile, removable and non-
removable media implemented in any method or technology for
storage of information such as computer-readable
instructions, data structures, program modules or other

data. Computer storage media may include, but is not

14
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limited to, RAM, RCM, EPROM, EEPROM, flash memory or other
solid state memory technology, CD-ROM, DVD, or other
optical storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or
any other medium which can be used to store the desired
information and which can be accessed by components of the
system.

In the embodiment shown, a time processing unit (TPU)
58 may provide timing control signals to l1ight drive
circuitry 60, which may control when emitter 16 is
illuminated and multiplexed timing for Red LED 44 and IR
LED 46. TPU 58 may also control the gating-in of signals
from detector 18 through amplifier 62 and switching circuit
64, These signals are sampled at the proper time,
depending upon which light scurce is illuminated. The
received signal from detector 18 may be passed through
amplifier 66, low pass filter 68, and analog-to-digital
converter T70. The digital data may then be stored in a
queued serial module (QSM) 72 {(or buffer) for later
downloading to RAM 54 as QSM 72 fills up. In one
embodiment, there may be multiple separate parallel paths
having components equivalent to amplifier 66, filter 68,
and/or A/D converter 70 for multiple light wavelengths or
spectra received.

In an embodiment, microprocessor 48 may determine the
patient's physiological parameters, such as SpO,, pulse
rate, and/or blood pressure, using various algorithms
and/or look-up tables based on the value of the received
signals and/or data corresponding to the light received by
detector 18. Signals corresponding to information about
patient 40, and particularly about the intensity of light
emanating from a patient's tissue over time, may be
transmitted from encoder 42 to decoder 74. These signals

may include, for example, encoded information relating to
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patient characteristics. Decoder 74 may translate these
signals to enabkle the microprocessor to determine the
thresholds based at least in part on algorithms or look-up
tables stored in ROM 52. In some embodiments, user inputs
56 may be used enter informaticn, select one or more
options, provide a response, input settings, any other
suitable inputting function, or any combination thereof.
User inputs 56 may be used to enter information about the
patient, such as age, weight, height, diagnosis,
medications, treatments, and so forth. In some
embodiments, display 20 may exhibit a list of wvalues which
may generally apply to the patient, such as, for example,
age ranges or medication families, which the user may
select using user inputs 56. In some embodiments,

display 20 may exhibit one or more selectable options such
as alarm settings, alarm sensitivity, or both which the
user may select using user inputs 56.

The optical signal tThrough the tissue can be degraded
by noise, among other sources. One scurce c¢f noise is
ambient light that reaches the light detector. Ancther
source of noise is electromagnetic coupling from other
electronic instruments. Movement of the patient also
introduces noise and affects the signal. For example, the
contact between the detector and the skin, or the emitter
and the skin, can be temporarily disrupted when movement
causes either to meove away from the skin. In addition,
because blood is a fluid, it responds differently than the
surrounding tissue to inertial effects, thus resulting in
meomentary changes in volume at the point to which the
oximeter probe 1s attached.

Noise (e.g., from patient movement) can degrade a
sensor signal relied upon by a care provider, without the
care provider's awareness. This is especially true if the

monitoring of the patient is remote, the moticn is too
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small to be observed, cor the care provider is watching the
instrument or other parts of the patient, and not the
sensor site. Processing sensor signals (e.g., PPG signals)
may involve operations that reduce the amount of ncise
present in the signals or otherwise identify noise
components in order to prevent them from affecting
measurements of physioclogical parametfers derived from the
SEensor signais.

It will be understood that the present disclosure is
applicakle te any suitable signal and that PPG signals are
used merely for illustrative purposes. Those skilled in
the art will reccgnize that the present disclosure has wide
applicability to other signals including, but not limited
to, other biosignals (e.g., electrocardiocgrams,
electroencephalograms, electrogastrograms, electromyograms,
pulse rate signals, pathological signals, ultrasound
signals, any other suitable biosignals), dynamic signals,
non-destructive testing signals, condition monitoring
signals, fluid dynamic signals, geophysical signals,
astronomical signals,-electrical signals, financial
signals, sound and speech signals, chemical signals {(e.g.,
arising from chemical kinetics), meteorological signals
(e.g., climate signals}, any other suitable signals, or any
combination thereof.

FIG. 3 shows a table 300 of illustrative physiological
parameters, signal metrics, and operating condition
metrics, in accordance with some embodiments of the present
disclosure. A patient monitoring system {(e.g., patient
monitoring system 10 of FIG. 1) may be configured to
provide alarms, warnings or other indicators based at least
in part on one or more alarm settings. In some embodiments,
a patient monitoring sysiem (e.g., patient monitoring
system-10 of FIG. 1) may be configured to provide alarms,

warnings or other indicators based at least in part con the
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value of a signal (e.g., a voltage), physioclcgical
parameter such as, for example, SpO02, pulse rate,
respiration rate, blood pressure, changes in any of the
foregoing, computed quantities of any the foregeing, trends
of the foregoing, any other suitable basis for providing an
alarm, or any combination thereof. 1In some embodiments, a
patient monitoring system may be configured to provide
alarms, warnings or other indicators based at least in part
on signal metrics such as, for example, plethysmograph
waveform pattern, time integral cof signal excursion outside
of a limit, any other suitable signal metric for providing
an alarm, or any combination therecf. In some embodiments,
a patient monitoring system may be configured to provide
alarmg, warnings or other indicators based at least in part
on operating condition metrics such as, for example,
sufficient power (e.g., sensor power delivered), sensor
signal guality (e.g., sensor signal strength, signal noise
level), patient and/or senscor movement, any other suitable
operating condition metric for providing an alarm, or any
combination thereof.

| In some embodiments, suitable hardware may be used to
communicate an activated alarm such as, for example,
speaker 22 (e.g., an alert tone, a beep warning), display
20 (e.g., a displayed warning, a flashing alarm color), ROM
52 (e.qg., a saved warning message, recorded data), any
other suitable hardware, or any combination.

Alarms, warnings, and other indicators may be based on

a comparison of a suitable value with a l1imit threshold
(e.g., a value less than a lower limit), comparison of a
slope or change with a change threshold {(e.g., a rate of
change greater than a rate threshold), a trend (e.g., wvailue
increasing, first derivative decreasing), & duration that
an alarm condition is achieved (e.g., a value greater than

a high limit for a particular amount of time), an integral
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of a deviation of a time series with a suitable alarm limit
(e.g., as shown in FIG. 5), a number of limit violations
(e.g., over a time interval), any other suitable comparison
or determination, or any combination thereof.

FIG. 4 shows an illustrative display 400 of a
physiological menitoring system, in accordance with some
embodiments of the present disclosure. Display 400 may
include any suitable physiological information, identifying
information, alarm information, any other suitable
information, or any combination thereof. As illustratively
shown in FIG. 4, display 400 may include time series (e.gqg.,
time series 450, 452, and 454 arranged in panel 420},
alphanumeric readouts {e.g., text boxes 430, 432, and 434),
identification information {(e.g., text box 410 showing a
patient ID), selectable options (e.g., option bar 470), any
other suitable text, graphic, image, or information (e.g.,
text box 412), or any combination thereof. Illustrative
display 400 includes time series of pulse rate (time series
450), Sp0Cp; {(time series 452), and respiration rate {(time
series 454), although any suitable values, time series,
related information (e.qg., trend, slope, average, meltrics
derived therecf), or combinations thereof may be displayed.

In some embodiments, display 400 may include alarm
limits or other indicators. For example, display 400 may
include a high limit, low limit, or both, for a
physiological parameter as shown illustratively by alarm
limits 460 for pulse rate time series 450 in FIG. 4. If a
suitakle value of pulse rate {(e.g., instantaneous value,
moving average value, ensemble average value, previous
value, value at a discrete time) falls ocutside of the high
and low limits, an alarm conditicn may be satisfied and an
alarm may be activated. 1In a further example, rate of

change limit 462 may be displayved by display 400. Although
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alarm limits are shown in illustrative display 400 for
clarity, alarm limits and conditions need nct be displavyed.

It will be understood that the abscissa of the plot
shown in panel 420 may be time, sample number, value
number, or other index which may track the progression of a
value. It will also be understood that the ordinate(s) of
the plot shown in panel 420 may be indexed in any suitable
unit or measure, referenced to any suitable origin,
normalized, or otherwise mathematically scaled to provide
an indication of the absolute or relative value cof a
particular time series.

Violations of alarm settings may include excursions of
a parameter or metric outside of a nominal range cof values
or states, possibly under a set of additional conditions.
For example, alarm viclations may include exceeding a limit
threshold (e.g., high cr low limit, slope limit), switching
to a new state (e.g., system power switched off versus on,
sensor uncoupled to patient moniter versus coupled to the
patient monitor}, exceeding a number tThresheld of limit
violations, exceeding a duration threshecld of a limit
violation, any other suitable violation of an alarm
settings, or any combination thereof.

In an illustrative example, the pulse of a patient may
be monitored by a patient monitoring system rate in beats
per minute (BPM). Alarm settings for pulse rate may
include high and low alarm limits of 75 and 50 BPM, and a
limit of +5 BPM/minute for changes in pulse rate. In some
embodiments, 1if the monitored pulse rate of the patient
increases above 75 BPM (i.e., alarm limit violation),
decreases below 50 BPM (i.e., alarm limit vieclation), or
changes by more than 5 BPM/minute (i.e., alarm limit
violation) in either direction, an alarm may be activated.
In some embodiments, an alarm may only be activated if the

alarm limit violation persists for a particular time
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interval (e.g., 10 seconds or any other time interwval).
Any suitable parameter or metric may be monitored for an
alarm limit violations.

FIG. 5 shows a panel 500 of illustrative plots 510 and
520 which include respective time series 512 and 522, and
corresponding alarm limits 514 and 524, in accordance with
some embodiments of the present disclosure. Alarm limits
514 and 524 are shown to include both a high limit and a
low 1limit, although both need not be used. At point 515 of
FIG. 5, time series 512 is shown to decrease below the low
limit of alarm limits 514. Shaded regiocn 516 shows the
integrated region corresponding to the integral cf the
deviation of time series 512 from the lower limit over time
until point 517 (i.e., the shaded area between the curves).
Egq. 14 shows an illustrative integral calculation, in which
the difference D(t} between the time series S{t) and a
threshold value V(t) is integrated ovef time from t0 to T
(e.g., referencing FIG. 5, time of point 515 to time of
point 517 or other suitable point subsequent to point 515).
The threshold wvalue V(t) may, but need not, wvary with time.
Additionally, although D(t) is shown as an absolute value
in Eqg. 14, D(t) may be positive or negative depending upon
the type of alarm limit. In some embodiments, calculations
other than a difference may be used to quantify a deviation
of a time series outside of an alarm limit. Eg. 15 shows a
numerical approximation to an integral over n data points,
although any suitable quadrature, integral, summation,
other suitable calculation, or combination therecof may be
used (e.g., trapezoid rule, Simpson’s rule). Any suitable
calculation may be used, instead of or in addition to an
integral, to quantify the excursion of a parameter ocutside

of an alarm limit.
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I=[T1S(t) - V(t)lde = [ D(Odt (14)
I = ?zl(Di)Ati (15}

A set of wvarious illustrative conditicnal expressions
are shown in Eg. 16. If an integral {e.g., I of Egs. 14 or
15} is less than a threshold integral value Iy, then no
alarm may be activated. If an integral is greater than Iy
and the duration of the alarm limit violation is greater
than a limit L, then an alarm may be activated. If the
absolute value of the deviation D is above a threshold x,
then an alarm may be activated. The illustrative alarm
conditions shown in Eg. 16 are presented as exemplary
conditions, and it will be understood that any suitable
conditions, or combinations thereof, may be used to

determine whether to activate an alarm.

if I < Iy then do not activate alarm
if 1 > 1, & (T —ty) < L, then activate alarm (16)
if |D| > x,then activate alarm

In some embodiments, an integral such as shaded region
516 may be compared with an alarm threshold value, and if
the integral exceeds the threshold, an alarm is activated.
Such an alarm setting factors both the amplitude and
duration of deviation and may allow alarm activations based
on small amplitude deviations, or “spikes” over short time
scales, to be avoided. For example, the alarm threshold
value may be reached at point 517, at which point the alarm
is activated, as shown by the different shading of shaded
regicn 518 relative to shaded region 516. The alarm may
stay activated as the deviation continues as shown by

shaded region 518. TIn some embodiments, if the amplitude
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of the deviation decreases to a particular threshold, the
alarm may be deactivated. Any suitable conditions may be
used to reset or otherwise deactivate an alarm. As shown
in plot 520, time series 522 decreases below the low limit
of alarm limits 524 at point 525, and the integration
begins, as shown by shaded region 526. At peint 527, prior
to the alarm threshold being reached, time series 522 nc
longer deviates from the lower alarm limit, and the
integration ceases.

In some embodiments, alarm activation may depend on
more than one alarm setting. For example, referring to
plot 510, alarm activation may depend on the integration of
the deviation between time series 512 and lower alarm limit
of alarm limits 514, shown by shaded regions 516 and 518,
and on tThe magnitude of the deviation. If both the
integral and the magnitude of the deviation reach
respective alarm thresholds, then an alarm is activated.

If only one alarm threshecld (or no alarm threshold) is
reached, then ﬁo alarm is activated. An alarm setting may
have any sultable number of conditions, and may require any
suitable number of these conditions to be met to activate
the alarm.

In some clircumstances, it may be desirable to adjust
or otherwise manage the sensitivity of a physiological
moniter te an alarm. The sensitivity of a physiological
monitor to an alarm may be adijusted or otherwise managed by
a user, a physiolocgical monitoring system, a processing
facility, any other suitable entity, or any combination
thereof. For example, the gensgitivity of a physiological
monitor may be adjusted by a clinician depending upon the
expected propensity of an emergency situation for a
particular patient. In a further example, the sensitivity
of a physiological monitor may be reduced to reduce the

likelihood of false alarm activations (e.g., due to
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instantaneous spikes or other transient deviations). In a
further example, the sensitivity of a physiological monitor
to one or more alarm limits of one or more physiological
parameters may be adjusted depending upon a medical
procedure, )

FIG. 6 is a flow diagram 600 of illustrative steps for
configuring alarm settings of a patient monitoring system
based at least in part on a user indication, in accordance
with some embodiments of the present disclosure.

Step 602 may include receiving a user indication of
one or more alarm sensitivities. The user indication may
be received by a patient monitor to a user input interface
(e.g., user inputs 56 of FIG. 2) which may include a device
such as, for example, a keyboard, keypad {(e.g., hard
command buttons}), mouse (e.g., with on-screen cursor),
touchscreen (e.g., soft command buttons), microphone (e.g.,
voice activated control), any other suitable user input
device which may be part of or coupled to a patient
monitoring system, or any combiration thereof. For
example, step 602 may include a user entering a number
(e.g., a number from 1 to 100 with 100 being most
sensitive) on a keypad to indicate a desired alarm
sensitivity. In a further example, step 602 may include a
user selecting an on-screen cption {e.g., a slide-bar, a
pull-down menu, a check box, a text field) using a mouse or
touchscreen command to indicate a desired alarm
gensitivity. In a further example, step 602 may include a
user selecting one alarm sensitivity option from a
plurality of alarm sensitivity options (e.g., using an on-
screen highlighted region to highlight the desired option).

Step 604 may include configuring alarm settings based
at least in part on the recelved user indication of step
602. Alarm settings may include alarm limits (e.g.,

thresholds), parameters which may activate an alarm, alarm
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reset conditions, the type of alarm functionality to
provide (e.g., audible, wvisible, event marking), any other
suitable alarm settings, or any combination thereof.
Configuring an alarm setting may include increasing or
decreasing one or more alarm limits, selecting one or more
parameters (e.qg., physiological parameters, operating
conditiocn metrics) te be monitored for an alarm condition,
determining under what conditions an alarm is to be reset,
determining how data is to be stored, determining how data
is to be displayed, updating the alarm settings in memory,
storing the updated alarm settings in memory, any other
suitable action related to configuring an alarm setting, or
any combination thereof. '

FIG. 7 is flow diagram 700 of illustrative steps for
configuring alarm settings of a patient monitoring system,
in accordance with some embodiments of the present
disclosure. In some embodiments, alarm settings may be
configured based on a user indication, preset alarm
sensitivity settings, or both.

Step 702 may include receiving a user indication of
one or more alarm sensitivities. The user indication may
be received by a patient monitor to a user input interface
which may include a device such as, for example, a
keyboard, keypad, mouse, touchscreen, microphone, any other
suitable user input device which may part of or coupled to
a patient monitoring system, or any combination thereof.
For example, step 702 may include a user entering a number
cn a keypad to indicate a desired alarm sensitivity. 1In a
further example, step 702 may include a user selecting an
on—-screen option using a mouse or touchscreen command to
indicate a deéired alarm sensitivity. In a further
example, step 702 may include a user selecting one alarm
sensitivity option from a plurality of alarm sensitivity

opticns.
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In some embodiments, a user indication may inciude
determining whether to recall a previously set (“preset”)
alarm sensgitivity, as shown by step 703. In some
embodiments, a user indication may provide a direct
indication of a desired sensitivity, and need nct recall a
preset alarm sensitivity. In some embodiments, a user may
indicate that a preset alarm sensitivity is desired at step
703. The determination of whether to recall a preset alarm
sensitivity may be performed by the user, or by processing
equipment of a patient meonitoring system.

Step 704 may include recalling a previously set
(“preset”) alarm sensitivity. Recalling a preset alarm
sensitivity may include recalling preset alarm limits,
which parameter (s} which may activate an alarm, alarm reset
conditions, the type of alarm functionality to provide
(e.g., audible, wvisible, event marking), recalling any
other suitable stored alarm settings, or any combination
thereof. In some embodiments, alarm settings may be stored
(e.g., for later use) in memcry. In some embodiments, a
set of stored alarm settings may be categcrized or
otherwise arranged according to user (e.g., a clinician),
patient, medical procedure (e.g., surgical procedure, drug
administration), any other suitable designation, or any
combination thereof. In some embodiments, step 704 may be
performed in response to the user indication of step 702.
For example, a user may indicate that a particular preset
alarm sensitivity is to be used. In some embodiments, step
704 need not receive a user indication in order to be
performed {(i.e., step 702 need not be performed). For
example, a patient monitor may recall a preset alarm
sengitivity as a default sensitivity in the absence of user
input.

Step 706 may include configuring alarm settings based

at least in part on the received user indication of step
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702, based at least in part on the recalled preset alarm
sensitivity of step 704, or both. Alarm settings may
include alarm limits (e.g., threshclds), parameters which
may activate an alarm, alarm reset conditions, the type of
alarm functionality to provide (e.g., audible, visible,
event marking), any other suitable alarm settings, or any
combination thereof. Configuring an alarm setting may
include increasing or decreasing one or more alarm limits,
selecting one or more parameters (e.g., physiological
parameters, operating condition metrics) to be monitored
for an alarm condition, determining under what conditions
an alarm is to be reset, determining how data is to be
stored, determining how data is to be displaved, updating
the alarm settings in memory, storing the updated alarm
settings in memory, any other suitable action related to
configuring an alarm setting, or any combination thereof.

In some embodiments, one or more parameters {e.g.,
physiological parameters, operating condition metrics) may
be monitored for conditions which violate one or more of
the configured alarm settings of step 706.

FIG. 8 is a flow diagram 800 of illustrative steps for
configuring alarm settings of a patient monitoring system
to an indicated alarm sensitivity, in accordance with some
embodiments of the present disclosure.

Step 802 may include receiving a user indication of
one or more alarm sensitivities. The user indication may
be received by a patient monitor to a user input interface
(e.g., user inputs 56 of FIG. 2) which may include a device
such as, for example, a keyboard, keypad, mouse,
touchscreen, microphone, any other suitable user input
device which may be part of or coupled to a patient
monitoring system, or any combination thereof. For
example, step 802 may include a user entering a number on a

keypad to indicate a desired alarm sensitivity. In a
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further example, step 802 may include a user selecting an
on-screen opticn using a mouse or touchscreen command to
indicate a desired alarm sensitivity. In a further
example, step 802 may include a user selecting one alarm
sensitivity option from a plurality of alarm sensitivity
options.

Depending upon the alarm sensitivity (e.g., low, high,
intermediate) indicated by the user in step 802, alarm
settings may be configured differently. As shown by
illustrative steps 804, B08, and 812 of FIG. 8, a range of
alarm sensitivities may be available. Accordingly, a range
of configurations may be availlable, as shown by steps 806,
810, and 814 of FIG. 8. Although shown as discrete
determinations in FIG. 8, any of steps 804, 808, and B12
may be performed in any suitable order, simultaneously, to
the exclusion of other steps, as a yes—no determination, as
a table loock-up, as a single step, by any other suitable
determination, or any combination thereof. 1In some
embodiments, the range of alarm sensitivities may be
divided into any suitable number of intervals. For
example, the range may be coarsely divided {(e.g., high or
low only), or the range may be finely divided {(e.g., a 100
point scale). .

Step 804 may include determining whether a low
sensitivity has been indicated. Step 808 may include
determining whether an intermediate sensitivity has been
indicated. Step 812 may include determining whether a high
sensitivity has been indicated.

In an illustrative example, referencing flow diagram
800 of FIG. 8, a user may indicate an alarm sensitivity for
a physiclogical parameter such as SpO,, pulse rate,
respiration rate, blood pressure, temperature, or any other
suitable physiclogical parameter, or any combination

thereof. An alarm setting for the physiological parameter
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may be set to an integral threshcold if “low” sensitivity is
indicated, so that transient excursions are less likely to
activate the alarm. Alternatively, an alarm setting for
the physiclogical parameter may be set an alarm threshold
if “high” sensitivity 1s indicated, so that any limit
violation will activate the alarm. An alarm setting for
the physiological parameter may be set to both an integral
threshold and an alarm limit if an intermediate alarm
gsensitivity between “low” and “high” is indicated, so that
small transient deviations do not activate the alarm but
larger transient deviations will activate the alarm.
Although this example iliustrates particular alarm
settings, any suitable alarm settings or combinations
thereof may be used in accordance with the present
disclosure.

In a further illustrative example, referencing flow
diagram 800 of FIG. 8, a user may indicate an alarm
sensitivity for a physiological parameter such as SpO,,
pulse rate, respilration rate, blcod pressure, temperature,
or any other suitable physiological parameter, or any
combination thereof. BAn alarm setting for the
physiological parameter may be set to a particular integral
threshold if “low” sensitivity is indicated, so that
transient excursions are nct likely tc activate the alarm.
Alternatively, an alarm setting for the physiological
parameter may be set to a lower integral threshold if
“high” sensitivity is indicated, so that transient
excursions are more likely to activate the alarm. An alarm
setting for the physiological parameter may be set toc an
intermediate integral threshold if an intermediate alarm
sensitivity between “low” and “high” 1s indicated.
Althcugh this example illustrates particular alarm

settings, any suitable alarm settings or combinations
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thereof may be used in accordance with the present
disclosure.

In a further illustrative example, referencing flow
diagram 800 of FIG. 8, a user may indicate an alarm
sensitivity for an operating condition metric such as
sufficient monitor or sensor power, sensor signal quality,
patient movement, or any other suitable operating condition
metric, or any combination therecf. An alarm setting for
sensor signal quality may be set to a duration threshold of
30 seconds if “low” sensitivity is indicated, so that short
intervals of poor signal guality do not activate the alarm.
Alternatively, an alarm setting for sensor signal gquality
may be set to a duration threshold of 10 seconds if “high”
sensitivity is indicated, so that short intervals of poor
signal guality are more likely (relative to the “low”
indication) teo activated the alarm. Although this example
illustrates particular alarm settings, any suitable alarm
settings or combinations thereof may be used in accordance
with the present disclesure.

In a further illustrative example, referencing flow
diagram 800 of FIG. 8, a user may indicate an alarm
sensitivity for an operating condition metric such as a
sensor disconnect (e.g., unplugged sensor) or other state
change. For example, if “low” sensitivity is indicated, an
alarm may be activated after 1 minute of continuous sensor
disconnect. Alternatively, if “high” sensitivity is
indicated, an alarm may be activated after 10 seconds of
continuous sensor disconnect, or at each determination of a
sensor disgconnect condition. In scome embodiments, the
volume of an audible alarm when activated may correspond to
the indicated alarm sensitivity {e.g., high volume for high
sengitivity, low volume for low sensitivity). Although

this example iilustrates particular alarm settings, any
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suitable alarm settings or combinations therecof may be used
in accordance with the present disclosure.

In a further illustrative example, referencing flow
diagram 800 of FIG. 8, a user may indicate an alarm
sensitivity for a physiological parameter such as SpO;,
pulse rate, respiration rate, blocd pressure, temperature,
or any other suitable physiological parameter, or any
combination thereof. Alarms may be completely disabled if
“low” sensitivity is indicated, so that no alarms will be
activated. Alternatively, an alarm setting for the
physiological parameter may be an alarm threshold for a
particular time duration if “high” sensitivity is
indicated, so that any limit wvioclation for longer than the
particular duration activates the alarm. Although this
example illustrates particular alarm settings, any suitable
zlarm settings or combinations thereof may be used in
accordance with the present disclosure.

In a further illustrative example, referencing flow
diagram 800 of FIG. 8, a user may indicate an alarm
gensgitivity for a combination of physiolcgical parameters
such as Sp0., pulse rate, respiration rate, blood pressure,
temperature, or any other suitable physiological parameter.
Alarm settings for the combination of physiolcgical
parameters may be an alarm limit for a single physiclogical
parameter if “low” sensitivity is indicated, so that a
limit violation of a single physiological parameter will
activate the alarm. Alterﬁatively, alarm settings for the
physiological parameters may be alarm thresholds for each
of the physioclogical parameters if “high” sensitivity 1is
indicated, so that any limit viclation activates the alarm.
In regards to this example, increased alarm sensitivity
includes monitoring an increased number of physiocleogical
parameters. Although this example illustrates particular

alarm settings, any suitable alarm settings or combinations
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thereof may be used in accordance with the present
disclosure.

It will be understood that the illustrative steps of
FIGS. 6-8 may be implemented using any human-readable or
machine-readable instructions on any suitable system or
apparatus, such as those described herein (e.g., patient
monitoring system 10 of FIG. 1).

FIGS. 9(a)-9(d) show i1llustrative indications of alarm
sensitivity, in accordance with some embodiments of the
present discliosure.

Illustrative display 900 of FIG. 9(a) includes options
for indicating alarm sensitivity based on automatic
selection (e.g., a default selected by a patient monitor),
manual selection {e.g., a user selection), a preset
categorized by user (e.g., using a user identification), a
preset categorized by patient (e.g., using a patient
identification), or a mode preset {e.g., based on a medical
procedure). The manual option has been selected as shown
by the highlighted “Manual” field 902. It will be
understood that illustrative display 900 is used for
illustrating some embodiments, and that any suitable
options, user interface, display, and any combinations
thereof may be used in acccrdance with the present
disclosure.

Slide field 910 may represent a range of sensitivity
values varying from low sensitivity, as shown by icon 914,
to high sensitivity, as shown by icon 916. In some
embodiments, a user may select a desired alarm sensitivity
by moving slide 912 along slide field 910 (e.g., an axis)
to reach a position corresponding to a desired alarm
sensitivity. For example, positional information may be
received by a processcr of a patient monitering system
which may include the position of slide 912. In some

embodiments, a user may enter a sensitivity index (e.g., a
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number, letter or other suitable character) representing a
desired alarm sensitivity into text field 918. 1In some
embodiments, a user may do either of both of moving slide
912 and entering a sensitivity index into text field 9218 to
indicate a particular alarm sensitivity. In the
illustrated example, the number “37” has been entered into
text field 918, out of a 1-100 range, indicating an
intermediate-to-low sensitivity.

Although shown in FIG. 9{(a) as a user input of a
desired alarm sensitivity, any suitable indication of alarm
sensitivity may be used in accordance with the present
disclosure. For example, user identification may be used
as shown by field %20 of FIG. %(b), and may include a name
being entered into a suitable text field 922 to recall a
preset alarm sensitivity for the user. In a further
example, a patient identification as shown by field 930 of
FIG. 9{c) may be used, and may include a name being entered
into a suitable text field 932 to recall a preset alarm
sensitivity for the patient. In a further example, a
particular mode may be selected as shown by field 940 of
FIG. 9(d). The mode may refer to a medical procedure, drug
administration, specific condition, or other preset, as
shown by menu 942 to recall a preset alarm sensitivity for
the particular mode. A medical procedure identification
such as, for example, a surgery type may be selected from
menu 942 to recall a preset alarm sensitivity for that
surgery type. A drug administration identification such
as, for example, a drug name may be selected from menu 942
to recall a preset alarm sensitivity for administration of
that drug type. A specific monitoring identification such
as, for example, pulse rate monitoring may be selected from
menu 942 to recall a preset alarm sensitivity for
monitoring a pulse rate. In some embodiments, combinations

of user identification, patient identification, mode
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presets, user selection, or other criteria may be used-to
indicate an alarm sensitivity. For example, an alarm
sensitivity may be selected by a user entering a patient
identification and a surgery tvpe to recall a preset alarm
sensitivity.

[0001] The foregoing is merely illustrative of the
principles of this disclosure and various modifications may
be made by those skilled in the art without departing from
the scope of this disclosure. The above described

embodiments are presented for purposes of illustraticn and

‘not of limitation. The present disclosure alsc can take

many forms other than those explicitly described herein.
Accordingly, it is emphasized that this disclosure is not
limited to the explicitly disclosed methods, systems, and
apparatuses, but is intended tc include variations to and
modifications therecf which are within the spirit of the

following claims.
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What is clalmed is:

1. A method for configuring alarm settings of a patient
monitoring system, the method comprising:

recelving a user indication of alarm sensitivity;
and

automatically configuring, using a processor, the
alarm settings of the patient monitoring system based at

least in part on the user indication.

2. The method of claim 1, wherein the user indication

comprises a sensitivity index.

3. The method of ¢laim 1, wherein receiving the user
indication of alarm sensitivity comprises receiving
positiconal information for a slide bar along an axis, the
positional information comprising a position corresponding

to a level cof alarm sensitivity.

4, The method of claim 1, wherein the configuring the
alarm settings further comprises configuring the alarm

settings for one or more physioclogical parameters.

5. The method of claim 4, wherein the one or more
physiological parameters comprise a physiclogical parameter
selected from the group consisting of blood oxygen
saturation, pulse rate, respiration rate, bklood pressure,

temperature, and a combination thereof.

6. The method of claim 1, wherein the alarm settings
comprise an alarm setting selecting from the group
consisting of a limit threshold, a change threshold, an
integral threshold, an alarm state, a duration threshold, a

number of violations threshold, and a combination thereof.

35



10

15

20

25

30

WO 2012/177733 _ PCT/US2012/043304

7. The method of claim 1, wherein the configuring the
alarm settings further comprises configuring the alarm

settings of one or more operating condition metrics.

8. The method of claim 1, wherein the configuring the
alarm settings further comprises configuring the alarm

settings of one or more signal metrics.

9. The method of claim 1, wherein the receiving the user
indication comprises receiving a user indication selected
from the group consisting of a patient identification, a
user ildentification, a medical procedure identification, a
drug administration identification, a default alarm

sensitivity identification, and a combination thereof.

10. The method of claim 1, further comprising recalling

stored alarm settings based at least in part on the user
indication, and wherein the configuring the alarm settings
of the patient monitoring system is further based at least

in part on the stored alarm settings.

11. A patient monitoring system comprising:

a user input interface configured to receive a
user indication; and

a processor coupled to the user input interface,
the processor configured to configure the alarm settings of
the patient monitoring system based at least in part on the

user indication.

12. The system of claim 11, wherein the user indication

comprises a sensitivity index.
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13. The system of claim 11, wherein the receiving the user
indication of alarm sensitivity comprises receiving
positional information for a slide bar along an axis, the
positiconal infermation comprising a position corresponding

to a level of alarm sensitivity.

14. The system of claim 11, wherein the processor is
further configured to configure the alarm settings cf one

or more physiological parameters.

15. The system of claim 14, wherein the one or more
physiclogical parameters comprise a physiological parameter
selected from the group consisting of blood oxygen
saturation, pulse rate, respiration réte, blood pressure,

temperature, and a combination thereof.

16. The system of c¢laim 11, wherein the alarm settings
comprise an alarm setting selecting from the group
consisting of a limit threshceld, & change threshold, an
integral threshold, an alarm state, a duration threshold, a

number of violations threshold, and a combination thereof.

17. The system of claim 11, wherein the processor is
further configured to configure the alarm settings of one

or more operating condition metrics.
18. The system of claim 11, wherein the processor is

further configured tco configure the alarm settings of one

or more signal metrics.

37



10

15

20

25

30

WO 2012/177733 PCT/US2012/043304

19. The system of c¢laim 11, wherein the user indicaticn
comprises a user indication selected from the group
consisting of a patient identification, a user
identification, a medical procedure identification, a drug
administration identification, a default alarm sensitivity

identification, and a combination thereotf.

20. The system of claim 11, further comprising:

memory configured to store alarm settings,

wherein the processcr is further configured to
recall stored alarm settings based at least in part on the
user indication, and

wherein the processor is further configured to
configure the alarm settings of the patient monitoring
system is further based at least in part on the stored

alarm settings.
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