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OPTIMIZATION OF PATIENT ALARM
SETTINGS FOR MONITORING DEVICES
UTILIZING ANALYTICS

BACKGROUND OF THE INVENTION

[0001] The invention relates generally to monitoring
devices and equipment for obtaining and illustrating data
about a patient to which the equipment is connected and
more particularly to monitoring devices and methods for
triggering alarms based on the data from the patient.
[0002] In monitoring or diagnostic devices that are cur-
rently utilized, the data obtained by the devices is compared
to a set limit for the particular physiologic parameter being
measured and represented by the incoming data to the
device. When the data exceeds the limit, the device is
configured to trigger or set off an alarm in order to indicate
the current condition of the patient to a treating physician or
other medical care professional that is monitoring the
patient.

[0003] However, in many situations the limits for the
triggering of the alarms are set close to the ranges of normal
fluctuations of the values for the parameters being moni-
tored, providing a safety net to prevent adverse events from
being missed. As such, even when the parameter value only
drops below the alarm limit for an instant due to a non-
critical event, the device will trigger an alarm based on that
sensed value. While setting the alarm limit in this manner is
a safeguard against any significant issue or clinically rel-
evant alarm 1002 being missed, the low alarm limit for the
monitored parameter also creates a large number of clini-
cally irrelevant alarms 1000, as illustrated in F1G. 3. In FIG.
3. with the alarm limit for a pulse oximetry value detected
by a suitable monitoring, device set at 90%, the monitoring
device will clearly catch any adverse event that occurs when
the event causes the pulse oximetry value for the patient to
drop below this threshold.

[0004] However, as a result of the closeness of the thresh-
old or alarm limit to the normal or acceptable ranges for this
parameter, a large number of clinically irrelevant alarms are
generated as well. Further, it is not possible to differentiate
the clinically relevant alarms from the clinically irrelevant
alarms based on the parameter value alone, such that each
alarm event must be acted on in the same manner by the
medical personnel monitoring the patient.

[0005] One result of the large number of the clinically
irrelevant alarm events is the unnecessary expenditure of
personnel, time and resources in attending to the clinically
irrelevant alarm events. Another result is that certain highly
important clinical events could inadvertently be overlooked
or missed amidst the normally much larger number of
clinically irrelevant alarm events. This is often referred to as
alarm fatigue and results from the constant representation of
the alarm events in a similar manner that can cause certain
events to become “lost” in the flood of alarms and associated
information represented on the display screen of the par-
ticular device.

[0006] As current physiologic limit alarms have a very
high false positive rate and setting the limits wider can
reduce false positives but at the risk of missing critical
events, this risk can be mitigated by the use of analytics in
the device to detect patient deterioration (e.g. respiratory
depression) which provides more actionable alerts as well as
a safety net. In a prior attempt to address this issue, devices
have been designed that include analytic engines or analytics

Jan. 5,2017

that use specific algorithms to correlate multiple sensed
parameters from a single patient. This correlation can be
utilized to relate the different parameters in a manner that
enables the device to predict the adverse event(s) that trigger
the alarm based on the trends in the incoming data regarding
the sensed parameters.

[0007] One particular embodiment of such a system is
disclosed in co-pending and co-owned U.S. Non-Provisional
patent application Ser. No. 14/101,663, which is expressly
incorporated by reference herein in its entirety. As shown in
FIG. 2, this analytic uses the respiration rate (RR) and pulse
oximetry (SpO,) parameters in a suitable algorithm to
predict pending patient respiratory distress in a patient.
[0008] However, while this can be a very useful analytic
system for predicting respiratory distress events, without
changes in the physiological alarm limits for the device the
overall alarm burden is not decreased. In particular, looking
back at FIG. 3, without any changes to the alarm limits for
the parameters used by the analytics, with the SpO, low
default limit 1006 at 90% there still will be a significant
number of clinically irrelevant limit alarms 1000 regardless
of the determinations/predictions of the adverse events 1004
made by the analytics. Further, in the absence of any
additional information, it is difficult to separate clinically
relevant alarms 1002 from the irrelevant alarms 1000. This
would also be true for other analytics and other parameters
used in those analytics, e.g., a hemodynamic analytic based
on blood pressure (BP) and pulse rate (PR) or other param-
eter combinations utilized in or by the algorithms employed
in analytics.

[0009] Therefore, in order to address alarm fatigue and
reduce the number of clinically irrelevant alarms that are
generated, it is desirable to develop a monitoring device and
associated analytic system that operates or can be configured
with variable physiological parameter limits. Such a device
and system would allow for the effective determination of an
adverse event has occurred with the patient using the ana-
Iytics, while also allowing for variations in the monitored
parameters to limit and/or reduce the number of alarms
being triggered for clinically irrelevant events.

BRIEF DESCRIPTION OF THE INVENTION

[0010] In various embodiments of the invention, a moni-
toring device, system and method for monitoring a patient
includes a display screen on which data concerning the
patient being monitored by the device is illustrated. The
incoming data sensed by the device is represented on the
display screen to enable an individual viewing the display
screen to determine the current physiological parameters of
the patient.

[0011] The device and display screen can also illustrate
various alarm conditions or events, as determined by the
device from the incoming data signals received by the
device from sensors attached to the item being monitored.
The alarm conditions or events are triggered by the com-
parison of parameter limits stored within the device to the
incoming data signals from the sensors. The device also
includes an analytics engine or analytics that are operable to
enable the device to correlate multiple aspects or attributes
of the incoming data signals from the sensors, including but
not limited to predetermined maximum and minimum val-
ues for the data signals, frequency ranges for the incoming
data, as well as correlations between one set of incoming
data from one sensor and another set of incoming data from
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another sensor, such a temporal correspondence, among
others. The analytics enable the device to predict the occut-
rence of an adverse event in the patient based on the
predictive algorithm employing the parameters utilized by
the analytics. One exemplary embodiment of such an ana-
lytics system used in a device of this type is disclosed in
co-pending and co-owned U.S. Non-Provisional patent
application Ser. No. 14/101,663, which is expressly incor-
porated by reference herein in its entirety. When an alarm
event or condition is determined in this manner by the
device, the device modifies the operation of the display
concerning the sensed data that created the alarm event or
condition to draw the attention of the monitoring individual
to those particular data signals.

[0012] Inoneembodiment, the analytics system within the
device utilizes the incoming data signals from the patient
regarding multiple parameters of the patient that are being
monitored by the device in the associated algorithm to
predict the onset of an adverse event, such as respiratory
distress.

[0013] When the analytics system is active, in one exem-
plary embodiment the device alters the physiological alarm
limits for the operation of the device to expand or widen the
limits. The limits can be expanded or widened/lowered
automatically by the device or in response to input from the
operator to the device. Further, the limits for one or more of
the parameters utilized by the analytics can be altered
individually or together when the analytics are activated on
the device.

[0014] In another exemplary embodiment, the device can
be configured to alter the physiological alarm limits by
providing a time delay for the indication of any alarm
associated with the parameters utilized by the analytics
either in conjunction with or separately from the adjustment
of the alarm limits.

[0015] In another exemplary embodiment, a method is
provided for optimizing the alarm limit settings of a moni-
toring device operable to provide information on data
obtained from sensors operably connected to the device, the
method comprising the steps of providing the device includ-
ing a central processing unit configured to receive incoming
data signals from a first sensor concerning a first physiologi-
cal parameter and from a second sensor concerning a second
physiological parameter and to compare the incoming data
signals to predetermined alarm limits for the first and second
physiological parameters to determine an alarm condition,
and an analytics engine operably connected to the central
processing unit and selectively operable to provide predic-
tions of adverse events using the incoming data signals;
activating the analytics engine; and altering the alarm limits
for at least one of the first or second physiological param-
eters in response to the activation of the analytics engine.
[0016] In still another exemplary embodiment, the moni-
toring device is operable to provide information on data
obtained from sensors operably connected between a patient
and the device and includes a central processing unit con-
figured to receive incoming data signals from a first sensor
concerning a first physiological parameter of the patient and
from a second sensor concerning a second physiological
parameter of the patient and to compare the incoming data
signals to predetermined alarm limits for the first and second
physiological parameters to determine an alarm condition
and an analytics engine operably connected to the central
processing unit and selectively operable to provide predic-
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tions of adverse events using the incoming data signals,
wherein the central processing unit is configured to alter the
alarm limits for at least one of the first or second physi-
ological parameters in response to the activation of the
analytics engine.

[0017] Instill a further exemplary embodiment, the medi-
cal monitoring device for providing information about
patient operably connected to the device includes an elec-
tronic storage medium in which values for alarm limits for
a number of physiological parameters to be monitored are
stored, a central processing unit operably connected to the
electronic storage medium and configured to receive incom-
ing data signals concerning the parameters of the patient and
to compare the incoming data signals to the alarm limits for
the parameters to determine an alarm condition, one or more
sensors operably connected to the central processing unit
and adapted to be connected to the patient to obtain and
transmit the incoming data signals on the parameters to be
monitored from the patient to the central processing unit, an
analytics engine operably connected to the central process-
ing unit and selectively operable to provide predictions of
adverse events using the incoming data signals and a display
operably connected to the central processing unit, the dis-
play including a display screen and a user interface config-
ured to enable the selective activation of the analytics
engine, wherein the central processing unit is configured to
alter the alarm limit for at least one physiological parameter
in response to the activation of the analytics engine.
[0018] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a schematic view of a monitoring device
in accordance with an exemplary embodiment of the inven-
tion.

[0020] FIG. 2 graphically illustrates the operation of an
exemplary analytics engine utilized with the monitoring
device of FIG. 1;

[0021] FIG. 3 graphically illustrates exemplary SpO,
parameter values over time for a patient as measured by the
monitoring device using default SpO, alarm limits.

[0022] FIG. 4 graphically illustrates exemplary SpO,
parameter values over time for a patient as measured by the
monitoring device using modified SpO, alarm limits in
accordance with an exemplary embodiment of the invention.
[0023] FIG. 5 graphically illustrates exemplary RR param-
eter values over time for a patient as measured by the
monitoring device using default RR alarm limits.

DETAILED DESCRIPTION OF THE
INVENTION

[0024] FIG. 1 illustrates an exeniplary embodiment of the
invention which includes a monitoring or diagnostic device
and system 100, which can be any suitable type of moni-
toring device for monitoring various operating parameters of
an object, machine, individual or other item 101 operably
connected to the device 100. The device 100 includes a
display 102 of any suitable type, such as a touch screen
display, having a screen 103 thereon on which the monitor-
ing data signals 104 regarding the object 101 connected to
the device 100 can be displayed. When formed as a touch
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screen, the display 102 can additionally function as a user
interface 105 for use in controlling the operation of the
device 100, though the interface 105 can be formed as a
separate component connected to the device 100, if desired.
[0025] In the exemplary embodiment of FIG. 1, the device
100 takes the form of a medical monitoring device 106 that
has one or more leads or sensors 108, such as impedance
respiration/respiratory sensors 109, operably connected in
any suitable manner between the medical, monitoring device
106 and a patient 110 in order to monitor various vital
statistics of the patient 110. In addition to the sensors 109,
the device 100 can employ additional sensors 108 used to
monitor other parameters or statistics of the patient 110, such
as a pulse oximeter sensor 121 and/or an invasive pressure
catheter 130 and invasive pressure transducer 132 to mea-
sure the blood flow and pressure of the patient 110 for
comparison with the data obtained from the sensors 109.
[0026] The medical monitoring device 106 includes a
central processing unit (CPU) 112 operably connected to the
sensors 108 in order to receive and process data from, the
sensors 108 on the various vital statistics or parameters of
specified bodily functions of the patient 110, which in the
exemplary embodiment of FIG. 1 relates to respiratory
functions, though other bodily functions or systems are also
contemplated as being within the scope of the present
invention. These parameters can then be transmitted from
the CPU 112 to the display 102 for presentation in a
specified manner on the screen 103 of the display 102 for
review by an individual monitoring the patient 110 via the
display 102. Alternatively, the CPU 112 can be operably
connected, such as by wired or wireless connections, to a
network (not shown) that permits the use of multiple visual
interfaces (not shown) including those such as a television,
health monitor, iPhone or similar device, laptop, portable
electronics, among others. This integration of the monitoring
device 100 into a system with personal computing devices
and portable electronics expands the communication capa-
bilities between clinicians, as well as to facilitate patient
observation from remote locations, e.g., central staff sta-
tions.

[0027] The device 100 also includes memory module 114,
which can take the form of any suitable computer-readable
storage media, for example a RAM module, and an analytics
engine 116, each of which are operably connected to the
CPU 112 in order to assist in the monitoring function of the
device 100 using the data signals 104 supplied to the CPU
112 via the sensors 108. The device 100 also includes an
audio speaker 117 for enabling the device 100 to provide
audible indications of various operating characteristics of
the device 100.

[0028] The storage media 114 can include certain infor-
mation regarding the predetermined normal or acceptable
ranges for the operating parameters, vital statistics or physi-
ological parameters for the patient 110 to which the device
100 is connected. These stored ranges can be utilized by the
CPU 112 in conjunction with the incoming data signals 104
from the sensors 108 and the personal statistics of the patient
110 to determine the current vital statistics or physiological
parameters of the patient 110 and whether those vital sta-
tistics or physiological parameters are outside of the prede-
termined ranges for those particular vital statistics or physi-
ological parameters. The stored ranges for the incoming data
signals 104 on the different physiological parameters and
vital statistics received by the CPU 112 from the various
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sensors 108 can include ranges for minimum and maximum
absolute values of the sensed parameters, minimum and
maximum frequency ranges for the sensed physiological
parameters, or any other suitable aspect of the incoming data
signals 104 to be used in the determination of an alarm event
or condition.

[0029] The analytics engine 116 is operable within the
device 100 to utilize one or a combination of the incoming
data signals 104 from the CPU 112 in a suitable manner to
provide a prediction of any adverse event, such as respira-
tory distress, for the patient. While the particular functioning
of or algorithm utilized in the engine 116 can be varied as
desired to utilize any number of different combinations of
incoming data signals 104, one exemplary embodiment of a
suitable analytics engine 116 is disclosed in co-pending and
co-owned U.S. Non-Provisional patent application Ser. No.
14/101,663, which is expressly incorporated by reference
herein in its entirety. In this exemplary embodiment of the
engine 116, the incoming data signals 104 relating to the
SpO? and RR of the patient are combined in order to provide
the operator with a predictive indicator of the occurrence of
respiratory distress in the patient 110.

[0030] The operation of the analytics engine 116 using the
incoming data signals 104 occurs in conjunction with the
operation of the CPU 112 in comparing the incoming data
signals 104 with the alarm limits stored in the media 114.
Thus, separate from the determination made by the analytics
engine 116 with regard to the prediction of any respiratory
distress, the CPU 112 is actively comparing the individual
incoming data signals 104 to the alarm limits stored in media
114,

[0031] However, in order to reduce the number of clini-
cally irrelevant alarms generated by the device 100, when
the analytics engine 116 is activated, e.g., through the user
interface 105, the CPU 112 of the device 100 is configured
to alter the alarm limits of one or more of the parameters
being utilized by the analytics engine 116. In one embodi-
ment, when the analytics engine 116 is activated by an
operator, the CPU 112 automatically alters the alarm limits
for at least one of the parameters sensed by the device 110
and utilized by the analytics engine 116. Referring to FIGS.
3 and 4, FIG. 3 represents the operation of the device 100
without use of the analytics engine 116 and an alarm limit
for SpO, of 90%, resulting in a very significant number of
clinically irrelevant alarms 1000. However, when the ana-
Iytics engine 116 is activated, the CPU 112 can alter the
lower limit of the parameter to 81%, as shown in FIG. 4,
which is the SpO, parameter in the illustrated example,
thereby significantly reducing the number of clinically irrel-
evant alarms 1000 that are generated by the device 100.
[0032] While the above example shows the device 100 as
automatically adjusting or optimizing the alarm limit set-
tings when the analytic engine 116 is activated, the device
100 can alternatively actively prompt the operator when the
analytics 116 are activated for adjustment or optimization of
the alarm limit(s) as desired by the operator. In this embodi-
ment, the device 100 can prompt the operator to accept or
approve of the alarm limit alteration programmed into the
device 100, or the user can alternatively be prompted to
enter a desired or modified alarm limit to optimize the alarm
limit settings for the device 100, optionally within a range of
acceptable alterations stored in media 114, for use with the
selected parameter(s) while the analytics engine 116 is
active.
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[0033] 1In another exemplary embodiment, either separate
from or in conjunction with the alteration of the alarm limits,
the CPU 112 can be configured to activate a pre-determined
delay for the alarm to be indicated or sounded by the device
100 via the display 102 and/or speaker 117. The time delay
in this embodiment can be pre-determined, e.g., thirty (30)
seconds, or can alternatively be selected by the operator to
optimize the operation alarm limits for the device 100,
optionally within specified ranges of time for the delay
stored in media 114.

[0034] Additionally, in any of the above described exem-
plary embodiments, once the analytics engine 116 is
switched off or disabled by the operator, the device 100
automatically resets the alarm limits to the default levels,
i.e., as illustrated in FIG. 3 concerning the illustrated exem-
plary embodiment of the device 100 represented in FIGS. 3
and 4.

[0035] While the above described examples illustrate the
changes in the alarm limits used by the device 100 when a
single parameter is altered, in other situations the limits for
one of the parameters being utilized by the analytics 116
may not be readily alterable in the manners illustrated above.
For example, as shown in FIG. 5, the RR default high limit
1006 is set to 60 bpm, which effectively makes it useless in
the determination of any adverse events due to the high level
of noise in that parameter. In addition, significant changes
normally occur in the RR value over the hour of monitoring
prior to the occurrence of the adverse event 1004. As such,
selecting an alarm limit that would be clinically useful for
the RR parameter can be difficult.

[0036] To accommodate for these situations, in one exem-
plary embodiment, when the analytics engine 116 is acti-
vated, the CPU 112 can disable all single parameter limit
alarms for those parameters being used by the analytic
engine 116. Instead, the CPU 112 will only trigger a limit
alarm if the alarm limits are violated in each of the multiple
parameters used in the algorithm employed in the analytic
engine 116, such as the RR and SpO2 for the illustrated
example in FIGS. 3 and 4. In other words, the device 100
alters the alarm limits by associating the alarm limits for
both of the first (RR) and second (SpO2) physiological
parameters with one another to form a combined alarm limit
that is triggered when the alarm limits for both of the first
and second physiclogical parameters are exceeded. An alter-
native exemplary embodiment of this device 100 employs a
time delay either separately from or in conjunction with the
requirement that each or the combined parameter alarm
limits be violated.

[0037] The written description uses examples to disclose
the invention, including the best mode, and also to enable
any person skilled in the art to practice the invention,
including making and using any devices or systems and
performing any incorporated methods. The patentable scope
of the invention is defined by the claims, and may include
other examples that occur to those skilled in the art. Such
other examples are intended to be within the scope of the
claims if they have structural elements that do not differ
from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differences
from the literal language of the claims.

What is claimed is:

1. A method for optimizing the alarm limit settings of a
monitoring device operable to provide information on data
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obtained from sensors operably connected to the device, the
method comprising the steps of:

a) providing the device including a central processing unit
configured to receive incoming data signals from a first
sensor concerning a first physiological parameter and
from a second sensor concerning a second physiologi-
cal parameter and to compare the incoming data signals
to predetermined alarm limits for the first and second
physiological parameters to determine an alarm condi-
tion, and an analytics engine operably connected to the
central processing unit and selectively operable to
provide predictions of adverse events using the incom-
ing data signals;

b) activating the analytics engine; and

¢) altering the alarm limits for at least one of the first or
second physiological parameters in response to the
activation of the analytics engine.

2. The method of claim I wherein the step of altering the
alarm limits comprises lowering the alarm limits for at least
one of the first and second physiological parameters.

3. The method of claim 2 wherein the step of altering the
alarm limits comprises lowering the alarm limits for the first
and second physiological parameters.

4. The method of claim 1 wherein the step of altering the
alarm limits is performed automatically by the device upon
activation of the analytics engine.

5. The method of claim 1 wherein the step of altering the
alarm limits comprises:

a) prompting for an input for a modification to an alarm
limit for at least one of the first or second physiological
parameters; and

b) modifying the alarm limit in response to the input.

6. The method of claim 1 wherein the step of altering the
alarm limits comprises adding a time delay to triggering the
alarm limits for at least one of the first and second physi-
ological parameters.

7. The method of claim 1 wherein the step of altering the
alarm limits comprises adding a time delay to triggering the
alarm limits for the first and second physiological param-
eters.

8. The method of claim 1 wherein the step of altering the
alarm limits comprises associating the alarm limits for the
first and second physiological parameters with one another
to form a combined alarm limit that is triggered when the
alarm limits for the first and second physiological param-
eters are exceeded.

9. The method of claim 8§ wherein the step of associating
the alarm limits for the first and second physiological
parameters with one another to form a combined alarm limit
comprises adding a time delay to the combined alarm limit.

10. The method of claim 9 wherein the step of adding the
time delay to the combined alarm limit comprises adding a
time delay to the alarm limit for at least one of the first and
second physiological parameters.

11. The method of claim 10 wherein the time delay added
to the alarm limit for the first physiological parameter is
different than the time delay added to the alarm limit for the
second physiological parameter.

12. The method of claim 1 wherein the first physiological
parameter is peripheral oxygen saturation and the second
physiological parameter is respiration rate.

13. A monitoring device operable to provide information
on data obtained from sensors operably connected between
a patient and the device, the device comprising:
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a) a central processing unit configured to receive incom-
ing data signals from a first sensor concerning a first
physiological parameter of the patient and from a
second sensor concerning a second physiological
parameter of the patient and to compare the incoming
data signals to predetermined alarm limits for the first
and second physiological parameters to determine an
alarm condition; and

b) an analytics engine operably connected to the central
processing unit and selectively operable to provide
predictions of adverse events using the incoming data
signals, wherein the central processing unit is config-
ured to alter the alarm limits for at least one of the first
and second physiological parameters in response to the
activation of the analytics engine.

14. The monitoring device of claim 13 wherein the central
processing unit is configured to alter the value of the alarm
limit for at least one of the first and second physiological
parameters in response to the activation of the analytics
engine.

15. The monitoring device of claim 13 wherein the central
processing unit is configured to alter a time delay for the
alarm limit for at least one of the first and second physi-
ological parameters in response to the activation of the
analytics engine.

16. The monitoring device of claim 13 wherein the central
processing unit is configured to automatically alter the alarm
limit for at least one of the first and second physiological
parameters in response to the activation of the analytics
engine.

17. The monitoring device of claim 13 wherein the central
processing unit is configured to prompt an operator to
confirm the alteration the alarm limit for at least one of the
first and second physiological parameters in response to the
activation of the analytics engine.

18. The monitoring device of claim 13 wherein the central
processing unit is configured to alter the alarm limits the first
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or second physiological parameters in response to the acti-
vation of the analytics engine.

19. A medical monitoting device for providing informa-
tion about a patient operably connected to the device, the
device comprising:

a) an electronic storage medium in which values for alarm

limits for a number of physiological parameters to be
monitored are stored;

b) a central processing unit operably connected to the
electronic storage medium and configured to receive
incoming data signals concerning the parameters of the
patient and to compare the incoming data signals to the
alarm limits for the parameters to determine an alarm
condition;

¢) one or more sensors operably connected to the central
processing unit and adapted to be connected to the
patient to obtain and transmit the incoming data signals
on the parameters to be monitored from the patient to
the central processing unit;

d) an analytics engine operably connected to the central
processing unit and selectively operable to provide a
prediction of adverse events using the incoming data
signals; and

e) a display operably connected to the central processing
unit, the display including a display screen and a user
interface configured to enable the selective activation
of the analytics engine, wherein the central processing
unit is configured to alter the alarm limit for at least one
physiological parameter in response to the activation of
the analytics engine.

20. The medical monitoring device of claim 19 wherein
the central processing unit is configured to activate a delay
time for the alarm limit in response to the activation of the
analytics engine.
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